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STUDIA UNIV. BABEȘ-BOLYAI, CHEMIA, XXXVI, 1—2, 1991

polarographic behaviour of some isothiocyanato-
COMPEEXES OF CHROMIUM (III)

FERENC MANÓK*,  CSABA VÄRHELYI*,  ILDIKÓ TIMSA*  and ÄGNES DARADICS*

Received : 20. Ian. 1990

ABSTRACT. The polarographic behaviour of I<3[Cr(XCS)6] and somé of their 
substitution products with mono-and diamines : [Cr(XCS)4(Am)2]~ (Am = NH„ 
aniline, p-toluidine, benzylamine), cis- and trans- [Cr(en)2(XCS)a]XCS and 
[Cr(en)3](NCS)3 was studied in a wide pH range, especially írom analytical point 
of view.

Introduction. The hydrated chromium.(III)-ion : [Cr(H2O)ej3+ is reduced 
stepwise at the dropping mercury electrode to produce a polarogram with two 
well defined waves. In neutral supporting electrolytes (KCl, NH4C1O4, etc.) in 
the presence of gelatine as maximum suppressor, the half-wave potentials are 
—0.91 V and —1.4 V (vs. SCE), respectively.

The first wave corresponds to the réduction of Cr(III) to Cr(II) and the 
second to the réduction of Cr(II) to the metal. In a neutral unbuffered solution, 
the height of the second wave is significantly greater than twice the first, because 
of the hydrogen ion coreduction, which contributes to the second diffusion 
current [1].

The chromium(III)-ion has complexing properties especially towards O- 
and S- donors. The N-donors react with this transition metal ion mainly in 
anhydrous media. The formation of K3[Cr(NCS)ej is an exception. This acido- 
complex can participate in a sériés of substitution reactions with NH3, primary 
and tertiary aliphatic and heterocyclic mono- and diamines. The monoamines 
substitute only 2 — 3 co-ordinated NCS groups. The reaction with aliphatic 
diamines (ethylenediamine, 1,2- and 1,3-propanediamine) leads to the stepwise 
substitution of all six NCS_-groups [21.

From polarographic point of view the Reinecke-salt (K[Cr(NCS)4(XH3)2[) 
was studied in neutral supporting electrolytes (KC1, XH4C1O4) [3, 4'. This 
compound was also üsed for the amperometric détermination of sonie alkaloi- 
des (codeine, strichnine, cinchonine, etc.) [5 .

Ilesuits and discussions. In this preliminarv paper the réduction of eight 
isothiocynyto-chromium (III)-complexes at the dropping mercury electrode was 
studied at various p/f-values.

• University Babot- Bolyai, Dept, of Chemical Technology, 3-100 Cluj-Nàpoca, Romania
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Somé typical polarograms are presented in Figs. 1—2.
The numerical data are summarized in Table 1.
The polarograms of ail the studied complexes generally present two waves, 

corresponding to the réduction steps :
Cr(III) + e — Cr(II) (I)
Cr(II) + 2e -> Cr(O) (II)

Fig. 1.
1. Polarogram of cis-[Cr(en)2(XCS)2]NCS, (/>H = 7.96)
2. Polarogram of trans-[Cr(en)2(KCS)2]-NCS, (/>H = 8.36)
3. Polarogram of [Cr(en)3](NCS)3, (/>H = 7.96)
4. Polarogram of K3[Cr(NCS),], (/>H = 7.24)
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Fig. 2.

5. Polarogram of NH4[Cr(XCS)4(NII3)2] (pil = 6.80)
6. Polarogram of NH4[Cr(NCS)4(aniline)2] (/>H= 3.29)
7. Polarogram of p-tol. H- [Cr(NCS)4(p-toluidine)2] (pH = 11.98)
8. Polarogram of NH4[Cr(NCS)4(benzylamine)2] (pH = 7.96)

Generally, the first wave is accopmanied with a sharp maximum, which 
cannot be suppressed by addition of gelatine. The height of this maximum 
increases with the concentration of the complex, up to a well defined concen
tration value. This phenomenon shows the adsorption character of the wave. 
The half-wave potential values of the first waves and the peak potentials ol 
the maxima, respectively, lay between — 0.6 and—1.0 V (vs. SCE) depending 
on the composition of the inner co-ordination sphere of the chromium (III)
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Polarographie data on some thiocyanato-ehroiniuin (Ill)-coinplexes

Table 1

Compound />H b-/a(A)
volt volt

eis-[Cr(en)2'XCS)2]XCS 4.10 - Í.07* -1.70
7.96 -1.20* -1.68
9.91 — 1.20* -1.70

trans-[Cr(eiy,(XCS)2]-XCS 3.29 -0.95 -1.66
8.36 -1.20* -1.70

KJCrtNCSlJ 4.10 -0,76* -1.65
7.24 -0.77* -1,65
9.91 -0,78* — 1.65

11.98 -0.79* -1.69
Tdenpp-VCSh 3.29 -0.95* -1.57

7.96 -1.20* -1.68
11.20** -1.05** -1.60

NH<[Cr(N'CS)4(NH3)2] 4.10 — 0.6 —0.8** -1.55
6.80 -0.60-0.80** - 1.60
8.36 -0.60-0.80** -1.65
9.91 -0.70-0.90** -1.67

11.98 -0.70-0.90** — 1.67
NHJCpNCSidamline)»] 3.29 -0.65 -1.50

8.36 -0.65* -1.60
11.98 -0.70 -1.65

p-tol.H.[Cr(XC.S)4(p-tol.ç] . 3.29 -0.60 -1.50
8.36 -0.55 -1.50

11.98 -0.50
-0.80

-1.60

XJ r,rCr(X'CS)1(benzvlamitie),l 3.29 -0.93 -1.50
7.96 -0.93 -1.69

11.98 -0.95 -1.70

complex, (mimber of the NCS“-goups, nature of the amine ligands). With in- 
creasing pH values, these.iȚo values are shifted towards more negative Po
tentials.

The height of the second wave is grater than twice the first (In the case 
of NH4 [Cr(NCS)4(/> toluidine)2j six fold higher in acidic medium), especially 
at lower pH values.

This means, that the réduction of Cr(II) is accompanied with the catalytic 
réduction of the hydrogen ions. The catalytic activity is probably due to the 
formation of Cr(O). This phenomenon is analogous with that observed in the 
case of the polarographic réduction of the hydrated chromium (III) ion [6,7].

The half wave potential values of the second waves are situated between 
1.60—1.70 V (vs. SCE), showing that the réduction of the chromium(III) 

».< mplexes (I. step) is followed irresepctive of the nature and composition of the 
inner co-ordination sphere, bv the total décomposition of the complexes.

* — peak of a maximum ; ** — undefined adsorptioa wave
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e.g-
[Cr(NCS)ey- + e + 6H2O - [Cr(H2O)eJ2 + + 6NCS" ’
[Cr(en)2(NCS)2] + + e ± 6H2O -» [Cr(H2O)ej2+ + 2NCS~ + 2en°
[Cr(NCS)4(aniline)2J- + e + 6H2O — [Cr(H2O)6[2 + + 4NCS“ + 2 aniline’

The half-wave potentials of the second waves are independent of the pH 
in a wide range of [H + J, as in the case of the [Cr(H2O)6]2+ ion. This phenome- 
non supports the above mentioned mechanism.

The second waves are generally well formed at defined /Я-values and their 
height varies linearly with the concentration of the complex (e.g. with 
K3[Cr(NCS)ej at pH = 7.24, with NH4[Cr(NCS)4(benzylamine)2[ at pH 3.29) 
in a large concentration range : 10-3 — 10“5 molejL.

The K3[Cr(NCS)6J (aqueous solution) and the NH4[Cr(NCS)4(amine)2] (dil. 
methanol : 1:2) can be used for the amperometric détermination of varions 
heterocyclic N-bases, alkvl-aryl-phosphines and alkaloides 'chinine, scopolamine, 
nicotine, etc.), which form slightly soluble salts with theseisothiocyanato-chro- 
mium(III) complexes in the présence of hydrochloric acid.

(Amine.H)3[Cr(NCS)6j and Amine.H. [Cr(NCS)4(amine)2J, respectively). The 
titrations can be carried out at —1.2 —1.4 V (vs. SCE). The titration curves 
hâve an Z-shape. Accuracy ±0.3—0.5%. The method is not specific and selec
tive.

Experimental. The NH4[Cr(NCS)4(amine)2] type complexes were obtained 
írom anhydrous K3[Cr(NCS)e] [8j and the corresponding amines bv melting 
[91 The [Cr(en)2(NCS)2]NCS and [Cr(en)3J(NCS)3 ^derivatives are formed in an 
analogous way from the mentioned starting material and anhydrous ethylène
diamine .[10, 11 J.

The polarograms were taken with a RADEEKIS OH-120 type polarograph 
using a convențional polarographic cell with a saturated calomel reference 
electrode, connected to the cell by means of an agar-agar bridge (1 M KN03). 
The oxygen was eliminated from the solutions with purified méthane. The pola
rograms were taken in Britton Robinson’s bufl'er solutions. The constant ionic 
strenght of 0.5 M was ensured with sodium perchlorate.
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NEUE KOMPLEZSALZE DER HALOGENO-CYANO-SÄUREN 
DES PLATINS (IV)

CSABA VÄRHELYI*  und IOX GAA’ESCU**

* Universität Babeș — Bolyai, Fakultät für £kemische Technologie, 3400 Cluj-Napoca, Rumänien
** Universität Craiova, Fakultät der Naturzviss, 1100 Craiova, Rumänien

Fingegangen am 20. Ian. 1990

ABSTRACT. Xew eomplex salts oi the Halojjeno-cyano Acids of Platinum (IV) 
A nuniber of 15 new ammonium salts of the type (amine.H)2 [Pt(CN)4X2] 
and 30 new cobalt-(III) — and chromium (Ill)-atmne derivatives of the 
H2[Pt(CX)4X3] acids (X = Cl, Br, I) were obtained by double décomposition 
reactions. Somé metal — and ammonium salts were characterized by electronic 
and IR spectra.

Einleitung. Das Cyanid-Ion mit ausgeprägten nukleophilen Eigenschaften 
kann, Halogene-, Pseudohalogene-, verschiedene ein- und zweizähnige neutrale 
Liganden in klassischen Komplexen und Chelaten der Übergangsmetalle austa- 
schen [1 j. Im Falle der Platin-komplexe ist diese Substitutionsreaktion auch von 
Redoxprozessen (Pt(IV) —» Pt(II)) begleitet [2—4]. Die Reaktion der Alkalicya
nide mit Hexaacido-platinaten (IV) führt zur Bildung von M2[Pt(CN)4J (z.B. 
im Falle der K2[PtCle], K2[PtBre], Ptl4, K2[PtI6J, usw.). Ist diese Substi
tutionsreaktion von keinen Redoxvorgängen begleitet, können auch gemischte 
Pt(IV)-Derivate ([Pt(CN)2X4]2~, [Pt(CN)3X3]2“, [Pt(CN)5X]2“, usw.) erhalten 
werden.

Die Tetracyano-Platinum (Il)-Säure : H2[Pt(CN)4], und ihre Alkalisalze 
können leicht zu Derivate des Platin(IV) oxydiert werden. Zu diesem Zweck 
wurden verschiedene Oxydationsmittel, wie z.B. H2O2, JCN, (NCS)2, ver
wendet. Г5 J. Wenn die Oxydation mit freien Halogenen ausgeführt ist, entste
hen gemischte Halogene-cvano-säuren : H2[Pt(CN4X2], mit X = CI, Br, I.Tlu- 
orocyano-säuren der obigen Reihe wurden noch nicht erwähnt [6,7]. Das 

; Pt(CN4(H2O)X' - — Ion tritt bei dieser Reaktion als Zwischenprodukt auf
1.8].

Die Reaktionen verlaufen mit Farbänderung und deshalb sind diese Redox- 
und Ligandaustauschreaktionen für spektrophctometrische kinetische Unter
suchungen sehr geeignet. So wurden, z.B., die Hydrolysen — und andere Ligan
daustauschreaktionen der [Pt(CN)4X2J2_ und [Pt(CN)4(N3)X]2- (X = CI, Br, 
NCS, NCSe, NO2, usw) auf diesem wege verfolgt [9—13J.

Ergebnisse und Diskussionen. Wir haben die Oxydation des K2[Pt(CN)4]- 
Salzes in wässrigen Lösungen bei Wasserbadtemperatur mit überschüssigem 
Halogenen (gasförmiges Chlor, flüssiges Brom, alkoholische Iodlösung) durchge- 
:illírt. Durch Eindampfen dieser Lösungen scheiden sich: K2[Pt(CN)4Cl2) .
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■ 2HaO (farblose Krist.) ; K2[Pt(CN)4Br2j • 2H2O (hellgelbe, trigonale Krist.) ; 
K2[Pt(CN)4I2J (dünne, braun-violette Plättchen), aus.

Die wässrigen Lösungen dieser Salze geben eine Reihe von Fällungsreak- 
tionene mit Kationen von .verschiedenen! Typ : Amine, Sschwermetalle, Metal 
(Ill)-amine. Diese chemischen Eigenschaften der Halogeno-cyano-säuren wurden 
nur wenig untersucht.

Wir haben beobachtet, daß die aliphatischen — und aromatischen Amine 
für solche Fällungsreaktionen nur wenig geeignet sind. Die Salze der hetero
cyclischen Amine, und insbesonders der Alkaloide mit HY (Y = Cl, Br, I, HSO4, 
C1O4) geben schöne kristalline Fällungen mit den Halogenocyano-säuren. Die 
Löslichkeit dieser Kom.plexsalze ist viel geringer, als diejenige der analogen 
Derivate der H2[Pt(CN)4], und deshalb haben sie auch eine analytische Bedeu
tung. Fine Reihe von neuen Ammoniumsalze sind in Tabelle 1 charakterisiert.

Tabelle I

Neue Amoniumsalze der Ha [Pt(CN)4X2] — Säuren

Xo. Formel Mol. Charakteristik Analyse
Gew. Ber. Gef.
her.

1. (cc, a'-Dipyridyl.H)2.A 684,4 gelbbraune mikrokrist. C 42,11 42,01
Masse H 2,65 2,50

N 16,36 16,25
2. (a, a'-Dipyrjc|y].H)2.jj 773,3 braune mikrokrist. C 37,27 37,20

Masse H 2,35 2,30
N 14,48 14,40

3. (a, a'-Dipyrjjyj.H)2-C 864,3 unregelmässige, kleine C 33,23 33,09
braune Krist. H 2,09 1,99

N 12,91 12,65
4. (o-Phenanthrolin-H)2-A 736,1 gelbbraune mikrokrist. C 45,68 45,50

Masse H 2,46 2,29
N 15,21 15,17

5. (o-Phenanthrolin-H)2-B 825 braune mikrokrist. C 40,76 40,60
Masse H 2,20 2,15

N 13,58 13,41
6. (o-Phenanthrolin-H)2-C 919 dunkelbraune mikrokrist. C 36,59 36,41

Masse H 1,97 1,91
N 12,19 12,02

7. (o-Oxy-Chinolein-II)2A 660,4 goldgelbe, dünne C 40,01 39,88
Plättchen H 2,42 2,30

N 12,72 12,66
8. (o-Oxy-Chinolem-H)2-B 749,2 goldgelbe hexagonale C 35,26 35,11

Platten H 2,15 2,00
N 11,21 11,07

9. (o-Oxy-Chinolein-H)-C 843,2 gelbbraune unregelmäss. C 31,33 31,17
Plättchen H 1,91 1,76

N 9,96 9,80
10. (Pyramidon-H)2-A 834,7 gelbbraune unregelmäss. c 43,17 43,00

Plättchen H 4,35 4,20
N 16,77 16,70

11. (Pyramidon-H)2-B 923,5 braune mikrokryst. C 39,01 38,74
Masse H 3,93 3,80

N 15,16 15,02
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( continuare tabelle 1 ]

No. Formel Mol. Charakteristik
Gew.
ber.

Analyse
Ber. Gef.

12. (Pvramidon-H)2-C 1017,5

13. (Benzimidazol-H)2A 608,3

14. (Benzimidazol-H)2-В 697,2

15. (Piperazin.H)2-C 792

dunkelbraune mikrokryst. C 35,41 35,18
Masse H 3,57 3,31

N 13,69 13,33
gelbbraune rechtanguläre C 35,54 35,10
Prismen H 2,32 2,19

N 18,41 18,23
braune mikrokrist. C 31,00 31,20
Masse H 2,02 1,80

N 16,06 16,20
braune, lange Nadeln C 27,32 27,10

N 13,69 13,93

Die Kobalt(III)- und Chrom(III)-amin-Basen von Monoacido-pentammin 
[CoiNH3)5XJ2, [Cr(NH3)5X]2+), bzw. Diacido-tetramin - Typ ([M((Am)4X2]+ 
!M(Diox.H)2(Am2jT) geben schöne, charakteristische kristalline Fällungen mit 
diesen zweibasischen Platin(IV)-Söuren. Die leicht erhaltbare Co(III)- und 
Cr(III)-amin-Basen können auch zur gravimetrischen Bestimmung des Platins, 
nach Überführung in H2[Pt(CX)4X2], verwendet werden.

Die erhaltenen neuen Komplexsalze sind in den Tabellen 2 — 4 charakte’ 
risiert.

Tabelle 2

Metall (Ill)-amiu-Salze der H2 [Pt(CN)4CI2] — Säure

No. Formel Mol. 
Gew. 
ber.

Charakteristik Analyse
Ber. Gef.

16. trans-[Co(en)2Br2] • Ä-II2O 1065,8 gelbbraune mikrokrist. Pt 18,30 18,42
Masse Co 11,05 10,93

N 15,76 15,60
H2O 1,75 1,14

17. trans-rCo(pn),Chl ■ А 926,2 grüne Nadeln Pt 21,06 20,92
Co 12,73 12,88
N 18,13 18,31

18. trans-[Co(en)2Cl2]-A-H2O 888,1 grüne rhomb. Pt 21,96 21,90
Plättchen Co 13,27 13,60

H2O 1,89 1,87
19. trans-rCr(en),(NCS),l • А 946,7 gelbbraune mikrokrist. Pt 20,60 20,51

Masse N 23,65 23,53
20. ГСо( PyridinhCUl» ■ А • H,0 1280,1 grüne unregelmässige Pt 15,23 15,48

mässige Prismen Co 9,20 9,27
N 13,12 13,06

21. [Co(DH)2(Pyridin)2]2 • А 1268,4 schimmernde.braune Pt 15,38 15,42
rhomb. Plättchen Co 9.29 9,17

N 17,65 17,82
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(Fortsetzung Tabelle 2)

No. Formel Mol 
Gew. 
ber.

Charakteristik Analyse
Ber. G e L

22. [Co(DH)2(m-Toluidin)2]2- A 1376,6 gelbbraune, kleine Pt 14,17 14,30
Prismen Co 8,56 8,77

N 16,27 16,19
23. [Co(DH)2(p-Phenetidin)]2-A 1496,6 braune, lange Prismen Pt 13,03 13,30

Co 7,88 7,70
N 14,96 14,81

24. rCo(DH),(p-Toluidin),L-A 1376,6 braune rhomb. Pt 14,17 14,29
Plättchen Co 8,56 8,80

N 16,27 16,19
25. [Co(DH)2(m-Amino-Phenol)2]2-A 1384,5 braune trigonale Pt 14,09 13,95

Prismen Co 8,51 8,64
N 16,17 16,26

A = [Pt(CN)4Cl2] . en = Äthylendiamin, pn = 1,2-Diamino-propan, DH = deprotoniertes Dimethylglyoxim

'Metall (IH)-amin-Salze der H2 [Pt(CX)4Br2] - Säure
Tatfelle 3

No. Formel Mol. Charakteristik Analvse
Gew. Ber. Gef.

• ber.

26. trans-[Co(pn),(NCS),],B 1105,7 rotbraune rechtianguläre Pt 17,64 17,83
Platten Co 10,66 10,50

N 20,25 20,19
27. trans-[Co(en)2Cl2]2-B-H2O 977 grüne Dendryte Pt 19,96 19,83

Co 12,06 12,30
HaO 1,84 1,90

28. trans-rCr(en),(NCS),l,-B 1035,5 rotbraune, kleine Pt 18,84 18,77
unregelmäss. Prismen N 21,62 21,50

29. trans-rCo(en),Br,l,-B.H,O 1154,7 glänzende, grüne lange Pt 16,89 16,80
Nadeln Co 10,20 10,47

Hao 1,70 1,90
30. trans-rCo(pn),Cl,l,-B-H,O 1033,1 gelbgrüne, rhomb. Pt 18,88 19,08

Plättchen Co 11,40 11,23
N 16,26 16,09
HaO 1,77 1,90

31. [Co(Pyridin),Cl2]2-B-H2O 1369 kleine, grüne unregelmäss. Pt 14,25 14,00
Krist. Co 8,61 9,85

N 12,27 12,00
32. [Co(DH)2(Pyridin)2]2-B 1357.3 gelbbraune Dendryte Pt 14,37 14,70

Co 8,68 8,59
N 16,50 16,24

33. rCo(DH),(m-Toluidin)2%-B 1465,4 rotbraune Nadeln Pt 13,31 13,20
Co 8,04 8,24
N 15,28 15,02

34. rCo(DH),(p-Phenetidin),],-В 1585,5 braune, kurze Prismen Pt 12,30 12,69
Co 7,43 7,35
N 14,12 14,01

35. [Co(DH)2(m-Amino-Phenol)2]2- В 1473,4 rotbraune mikrokrist. Pt 13,24 13,54
Masse Co 8,00 7,96

N 15,20 15,02
в - PtfCNhBr,]
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Tabelle 4

Metall (IH)-amin-Salze der H2 [Pt(CX)4I2] - Säure

No. Formel Mol.
Gew. 
ber.

Charakteristik Analyse
Ber. Gef.

36. trans-[Co(en)2Br2]a-C-H2O 1248,7 grüne, glänzende Pt 15,62 15,49
Dendrvte Co 9,43 9,80

N 13,45 13,33
37. trans-[Co(en)2Cl2]2-C'H2O 1071 grüne, rechtanguläre Pt 18,21 18,70

Prismen
Co 11,00 10,92
N 15,68 15,35
HaO 1,70 1,90

38. trans-[Co(pn)2Cl2]2-C 1109,1 unregelmässige, dicke Pt 17,59 17,38
Platten Co 10,62 10,80

N 15,14 15,08
39. tfans-[Cr(en)2(XCS)2]2-C 1129,6 rotbraune, mikrokrist. Pt 17,27 - 17,49

Masse N 19,82 19,76
40. [Co(Pyridin)4Cl2]2-C-H2O 1463 gelbrüne, kleine Pt 13,33 13,26

unregelmäss. Krist. Co 8,05 8,20
N 11,48 11,58

41. trans-[Co(pn)2(NCS)2]2-.C 1200 rotbraune, dicke Pt 16,26 16,39
unregelmäss. Platten Co 9,83 9,77« N 18,67 18,38

42. [Co(DH)2(Pyridin)2]2-C 1441,3 gelbbraune Dendryte Pt 13,53 13,20
Co 8,18 8,40
N 15,54 15,84

43. [Co(I')H)2(m-Toluidin)2]2-C 1559,4 gelbbraune Sternchen Pt 12,51 12,30
Co 7,56 7,76
N 14,36 14,08

44. Г С о ( DH ), ( p-Phenetidin ), ],■ C 1679,5 braune Platten Pt 11,61 11,40
Co 7,02 6,68
N 13,3’3 13,59

45. [Co(DH)2(m-Amino-Phenol)2]2-C 1567,4 dünne, braune rhomb. Pt 12,45 12,10
Platten Co 7,52 7,81

N 14,29 14,09

c = [Р1(с*ад 3]2-

Die Analysendaten bestätigen daß in allen untersuchten Fällen nur normale 
Salze der zweibasischen Pt(IV)-Säuren entstehen. Die meisten neuen Komplex
salze sind sehr schwer löslich im Wasser und lösen sich in einigen polaren orga
nischen Lösungsmitteln, wie Aceton, Dimethylformamid, Dimethylsulphoxid, 
usw.

In den IR Spektren einiger Metall- und Ammonium salze ÍK, Pyridin) tritt 
eine sehr scharfe Bande um 2130—2155 cm-1 auf, die'der vC=N — Valenzschwin
gungsfrequenz der komplexgebundenen CN — Gruppe zuzuordnen ist. Diese Fre
quenzen erscheinen bei den freien, nicht koordinierten CN — Liganden, wie z.B. 
îm’Falle des KCN, bei 2080 cm-1. Die Verschiebung der vC=N — Valenzschwing
ung sfrequenzen nach höheren Wellenzahlen ist im Einklang mit der Resonanz
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theorie (:C=N:_ Struktur CN“ in KCN und 
Pt + = C=N Struktur für die in Cyano-kom: 
plexen gebundenen GN“[14—16].

Die vPt—C — Schwingungsfrequenzen er
scheinen bei 490—510 cm“1. Diese IR — Daten 
bestätigen daß die Pt—CN Bindung durch das 
Kohlenstoff-atom verwirklicht ist.

Das Aufstreten der SPt—G=N und SG- 
Pt—C Deformations-schwingungsfrequenzen ist 
in fernem IR — Bereiche 240—330 cm“1, bzw. 
um 100 cm“1 zu erwarten. [17—18].

Die elektronischen Spektren der 
K2[Pt(CN)4X2] wurden in wässrigen Lösungen 
aufgenommen (siehe Abb. 1.)

Die Spektraldaten der obigen Verbindun
gen sind in der Tabelle 5 zusammengestellt.

Abb. 1. Elektronische Spektren der
K2[Pt(CN)4X2]-Komplexe

I. - K2[Pt(CN)4Cl2]
II. - R2[Pt(CN)4Br2]

III. - K2[Pt(CN)4I2]

Tabelle 5

Elektronische Spektral Data der K2 [Pt(CSJ)4X2] — Komplexen

Verbindung Absorptionsbande (ÄK)
A В С D

K2[Pt(CX)4Cl2] 29—32' _ 37-39 44,6
K2[Pt(CN)4Br2] 29,2 33,5-35 38» 41,5

45
K2[Pt(CN)4I2] 24,6 36,4 38» 41,5У

46,5

i — Inflexionspunkt

Die gemischten Cyanokomplexe haben nur eine Absorptionsbande im sicht
baren Bereiche des Spektrums, um 24—30 kK, welche einem Kristallfeldüber
gänge zuzuordnen ist. Diese Bande ist in er Reihe

A: Cl < Br < I
nach niedrigeren Wellenzahlen verschoben.
Die Absorptionsbanden im UV — Bereiche gehören zu Dadungsüberführungs 
Übergänge.
Experimenteller Teil - K2[Pt(CN)4Cl2] -, K2[Pt(CN)4Br2] - und K2[Pt(CX)4I2] - Lösungen

4,5 g K2[PtCl4] • 2HäO (10 mMol) werden auf dem Wasserbade in 200 ml Wasser mit 2,8 g 
NaCN behandelt. Nach 30—40 Min. Erwärmen entfärbt siel die rotbraune Lösung. Dann wird das 
[Pt(CX4)J2- — Komplex durch Einleiten von Chlor oxidiert. Die Lösung wird hellgelb gefärbt. Das 
überschüssige Chlor wird durch 30—40 Min. Erwärmen entfernt. Dann wird die Lösung auf 200 ml 
Volumen aufgefüllt, filtriert und zur doppelten Umsetzungsreaktionen verwendet. 20 ml Lösung 
.enthalt 1 mMol Kä[Pt(CN)4Cl2]. Die analogerweise entstehende K2[Pt(CN)4Br2] — Lösung ist gel
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borange und die K2[Pt(CN)4I2] hellbraun gefärbt. Die (amin. H)2 [Pt(CN)4X2] und die Kobalt 
(III) —, bzw. Chrom’(III)-amin-I)erivate der H2[PtiCX)4X2] — Säuren wurden nach in vorherge
henden Arbeiten beschriebenen Methoden erhalten [19, 20].
Analyse. Das Platin wurde mikrogravimetrisch als metallisches Pt, Kobalt komplex ometrisch, G, H 
und N gazvolumetrisch bestimmt.
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ABSTRACT. The composition of some rhodium (Ill)-chelates with aliphatic 
a-dioxLnes (dimethylglyoxime, methyl-isopropyl-dione dioxime) (Rh : L = 1:2) 
and a-keto-oximes (diacetylmonoxime, methyl-isopropyl-dione monoxime) (7Í : /.== 
= 1:3) were determined by the continuons variation method. The electronic 
spectra of these compounds and those of some [Rh(Diox.H)aX2] (X = CI, Br, 
I, N3, XO2) derivatives were recorded and discussed. Some complexes сап be 
used for the spectrophotometric détermination of rhodium.

Introduction. The rhodium forms (in various oxidation states) coloured 
classical complexes and chelates with O-, S- and especially with N—donor 
ligands. The structure and stability of these derivatives are unknown in any 
cases. The electronic spectral data show that these compounds can be considered 
as sensitive analytical reaction products, but their selectivity is generally not 
sufficient. E.g. the well-known spectrophotometric method for Rh(III) with 
SnX2 (X = Cl, Br, I) is interfered by a sériés of transition metals (Ag, Hg, 
Au), platin metals and non metals (Se, Te) [1].

The Rh(III) salts can be oxidized with NaCIO, NaBiO3, Na2Ș2Os, to Rh(V) 
derivatives coloured in violet, blue, dark brown, with unknown structure [2]. 
One can also mention the catalytic action of Rh(III) upon the oxidation of Mn(II) 
to MnO4 [3], and Cu(II) to Cu(III) ( [Cu(IO6)2]7- and [CuCTeOe)2]7-, respec
tivele, of redbrown colour). These reactions were also proposed for the spectro
photometric détermination of the above mentioned metal [4]. The interférence 
of other accompanying metals was not studied.

From the sulphur containing organic ligands, some thioalcohols [5, 6], 
thioacids [7j, substituted thioureas [8,9], and thiazole derivatives [10, llj, 
hâve been recommended for this purpose.

The nitrogen donor ligands also present high affinity for the formation of 
different type complexes with rhodium(III) (e.g. some heterocyclic amines 
(imidazole, triazole, tetrazole derivatives [12, 13]), aminopolycarboxylic acids 
[14, 15], azo-dyes [16—21]). These soluble derivatives were also used for the 
spectrophotometric détermination of this metal. However these methods are, 
generally, not specific from analytical point of view.,

Various oximes form chelates with rhodium(III). a-Nitroso-ß-naphtol 
[22, 23] and thiophen-2-aldoxime [24] hâve been proposed for the gravimetric 
détermination of Rh(III). The majority of chelates with oxime derivatives are 
soluble in water or in organic solvents and for this reason are useful in the- 
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analysis of this platin metal (e.g. phenantrenchinone monoxime [25], 1,4-naph- 
tochinone monoxime [26, 27 j, oc-benzylmonoxime [28, 29, 30], a-furylmono- 
xime and a-dioxime [31]).

For the aliphatic oxime derivatives has been shown only a few attention 
írom this point of view.

In the present paper we studied the formation and optical properties of 
some rhodium(III)-complexes with aliphatic monoximes (diacetylmonoxime, 
methyl-isopropyi-dione monoxime) and dioximes (glyoxime, dimethylglyoxime, 
methyl-isopropyl-dione dioxime), which might be used for analytical purposes.

Results and Discussion. As compared to the analogous cobalt(III) comple
xes, the formation rate of Rh(III) derivatives is 100—1000 times slower and 
for this reason it is necessary to warm the aqueous solutions of the reagents 
(45—60 minutes on a sand bath). The oximino-chelates of Rh(III) are stable in 
aqueous solutions in a wide pH range, their colour varies from light to dark 
yellow (yellow-brown) as function of the nature of the chelating agent and 
the anions present (the latter in the case of anionic chelates).

The electronic spectra of the ketoxime-RhCl3-systems (5: 1) and those of 
the di0xim.e-R.hCl3 (5:1) ones in a wide pH range are presented in Fig. 1—4.

The spectral data are shown in a Table 1.
In the case of the a-dioximino-chelates, the absorption bands of RhCl3 at 

22 and 29 kK disappear and in the visible part of the spectrum, only a single 
band or inflexion appears at 24—28 kK, the position of which is influenced in 
some extent by the nature of the monodentate ligand (ligand : halogen or pseu- 
dohalogen). The ultraviolet part of the spectra of the [Rh(Diox.H)2X2]~ com
plexes shows an analogy with that of the [Co(Diox.H)2X2]~ ones. This pheno- 
menon pleads for an analogous trans-octahedral geometric structure [32—33].

Fig. 1. Electronic spectra of theRhCl3- 
diacetylmoxime mixture (1:5) at var- 

ious />H-values

Fig. 2. Electronic spectra of the RhCls- 
methyl-isopropyl-dione monoxime mix

ture (1 : 5) at various p/f-values
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Fig. 3. Electronic spectra of the RhCl3-di- 
methylgly oxime mixture (1: 5) at va- 

rious ÿH-values

Fig. 4. Electronic spectra of the RhCl3- 
methyl-isopropyl-dione dioxime mixture 

(1:5) at various />H-values

Table 1

Eleetronic speetral data on somé Rh(III)-oxime Systems at various pH — values

Oxime
log =1

Va X,
log e2 log e3

diacetylmonoxime
pH = 1.81 25—27. 31-33 44.5

2.6 3.25 4.63
pH = 4.10 25—26. 31-33 44.5

3.1 3.5 4.5
pH = 11.98 26—29; 36 44

3.55 4,48 4.3
pH = 14.00 25-30: 36.5 49

2.95 4,58 4.2
methyl-isopropyl-dione monoxime

pH = 1.81 25.5-26.5 31-33 43.5
2.7 3.3 4.57

pH = 4.10 26-28; 31-33 43.5
3.3 3.5 4.48

pH = 11.98 25—28: 35 43
3.4 4.5 4.48

pH — 14.0 25 — 27. 35.5 49
3.3 4.9 4.38

dimethylgly oxime 24—28; 35-37 48
pH = 4.1 3.7 4.7 5.1

methyl-isopropyl-dione dioxime 25-27.5 35-37 46-48
3.5 4.6 5.0

pH = 4.1
46-48glyoxime 24-28 36-38

pH = 4.1 2.7 4.0 4-5.

Wave number in kK: i — inflexion

2 — Chemia 1—2/1991

»
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Fig. 5. Job’s curves for the RliCl3- 
glyoxime (I) and RhCl3-dimethyl-glyo- 

xime (II) System al pH- xH =4.1

? - ? î ' - i г i ч i.

Fig. 6. Job’s curve for the RhCl3- 
methyl-isopropyl-dione dioxime System 

at pH 1.81 and 4.1

The UV band at 40 — 41 kK appears in the spectra of ail complexes of the 
types [Co(Diox.H)2(Am)X], [Co(Diox.H)2(Am)2 IX and H[Co(Diox.H)2X2] and 
can be attributted to the CozI)iox.H)2 coplanar moiety [34]. In the case of the 
H[Rh(Diox.H)2X2] derivatives this band is shifted towards lower frequency 
values : 35—37 kK. B y substitution of the central cobalt atom with rhodium 
with a greater atomic number, appears a hypsochromic effect.

In the spectra of the Rh(III)-ketoxime Systems the band at 35—37 kK 
is absent and a new band is observed at 31—33 kK, which pleads probably for 
an other geometric (assymetric) structure. In the spectra of the majority of 
chelates with dioximes and ketoximes, the band at approx. 48 kK can be 
attributed to a charge transfer with the participation of the oxime ligands [35].

The composition of the rhodium(III)-oxime complexes was established by 
means of the continuons variation method (Job’s method).

The RhCl3-glyoxime, RhCl3-dimethyglyoxime and RhCl3-propoxime Sys
tems (pH = 1.81, 4.10) show the formation of Rh : Biox.H2 = 1:2 complexes 
(Fig. 5-6).

The known H [Rh(DH)2Cl2j and H [Rh(DH)2Br2j studied by v-ray and 
l.R. spectral measurements hâve a trans geometric structure stabilized by strong 
intramolecular O —H..O hydrogen bridges [36]. The monodendate X ligands 
are situated in trans position.

In the visible region the electronic spectra of these complexes are influ- 
enced in a certain extent by the nature of the X-ligand.

The electronic spectra of some ]Rh(L)H)2X2” and [Rh(Propox.H)2X2] ~ com
plexes (X = Cl, Br, N3, NO2) are presented in Fig. 7—8.

’These derivatives are easily formed from the components in aqueous solu
tion by warming. With the exception of irridium, the other platin metals, which 
form sparingly soluble M(Diox.H)2 (M = Pd, Pt) type complexes, don’t inter-
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F i g. 7. Electronic spectra of : I. 
H[Rh(DH)2(N3)2] ; II. H[Rh(DH)2I2] ; 
III. H[Rh(DH)2Br2] IV. Na[Rh(DH)„

(NO2)2]

F i g. 8. Electronic spectra of : I. 
H[Rh(Propox.H)2Br2] ; II. H[Rh(Pro- 
pox-H)2(XO2)2] ; III. H[Rh(Pro- 

pox-H)2I2]

fere the spectrophotometric détermination of rhodium in [RhíDiox.H)2X2J_ 
form. The brown coloured iodine derivative: [Rh(Diox.H)2I2j_ seems to be 
most suitable for this purpose. The interférence of Ru and Os was not studied. 
The presence of Cu and Co is to be avoided, since they form also brown coloured 
soluble compounds with these chelating agents. The Rambert-Beer’s law is follo- 
wed in a wide concentration range (5 X 10"s — 10~3 mole Rh/Z). The sensitivity 
of these colour reactions is, however, not very significant (г = 500 — 2000 
in the visible region).

From the a-keto-oximes, diacetylmonoxime and methyl-isopropyl-dione- 
monoxime were used for the above mentioned purpose. The electronic spectra 
of the RhCl3-keto-oxime Systems at various ^H-values are presented in Fig. 1 
and 2.

The Job’s curves of these Systems taken at 440 and 480 nm, at various 
pH values (1.81,4.10) are shown in Fig. 9 and 10.

•F i g. 9. Job’s curves for the RhCl3-dia- 
cetylmonoxime System at pH 1.81 (I, Г) 
and pH 4.1 (II, II') by 440 and 480 nm

Fig. 10. Job’s curves for the RhCl3- 
methyl-isopropyl-dione monoxime Sys
tem at pH 1.81 (1,1') and/>77 4.1 (II, 

II') by 440 and 480 nm
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Unlike the Rh-dioxime-systems, in this case the optical measurements show 
the formation of Rh : keto-oxime =1:3 complexes, analogously with the 
Co(III) and Rh(III) derivatives with a-nitroso-ß-naphtol, where the keto-modifi- 
cation participâtes in the formation of nonelectrolytic type chelates :

OH

(M = Со, Rh)

The UV spectral data present also important déviations from those of 
the a dioximine derivatives (Table 1).

The light yellow colour of these chelates (log s = 2.8—3.5 in a wave number 
range of 25—28 kK), can be used also for the above mentioned analytical 
purpose. The yellow solutions obey the Rainbert-Beer’s law in a concentration 
range of 5 X 10“s — 10-3 molefl Rh, as in the case of dioximine derivatives.

Experimental. With the exception of dimethylglyoxime (p.a.), the reagens 
were prepared and recrystallized in our laboratory from water or alcohol, res
pecți vely.

The eleetronic spectra were recorded in aqueous Britton-Robinson briffer 
solutions {pH = 1.81, 4.11, 11.98) and in KOH 0.1 2V. The RhCl3-oxime 
(1: 5) mixtures were heated in 10 ml buffer solution on a sand bath during 
45—60 minutes, cooled, adjusted to 25 ml with water and the absorbance mea- 
sured with a Specord spectrophotometer. Concentration: 10~3 molc[l RhCl3 in 
the visible region and 5 X 10molejl in the ultraviolet part.-

RhCl3-oxime izomolar solutions : 
0, 1, 2, 3,...................................10 ml КГ - mole fl RhCl3 +
10, 9, 8, ................................0 ml 10~2 molejl oxime in dil.éthanol

(1:2) in 10 ml Britton-Robinson solution were kept on a sand bath during 45 
minutes, cooled, adjusted to 25 ml and the extinction measured at 440 (480 nm, 
respectively) with a FRK colorimeter ÍUSSR).

Observation : At higher pH values and Rh/oxime > 1 ratios a turbulence 
appears in the studied solutions (Rh(OH)3), which affects the measurements.
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ABSTRACT. A number of 23 new isothiocyanato mixed chelates of cobalt (III) 
of the type [Co(DH)2(NCS)(Am)] (DH2 — dimethylglyoxime, Am — primary 
aromatic or tertiary heterocyclic amine and phosphine) were obtained by substi
tution reactions from K[Co(DH)2(XCS)2] and the corresponding Am ligands in 
aqueous-alcoholic ammonium acetate buffer solutions. The new products were 
characterized by chemical methods, electrical conductivity and thermal measu- 
rements and IR spectra. Force constants are calculated in a rough approxima
tion and discussed in terms of electronic effects.

Introduction. The first thiocyanațo-complex acid of cobalt (III) with 
a-dioximes, the hydrogen-dithiocyanato-bis-dimethyl-glyoximato-cobaltat(III) : 
H[Co(DH)2(NCS)2j was obtained by Ablov et al. [1]. Other mixed chelates of 
this type: H[Co(DH)/NCS)X] (X = Cl, Br, I, NO2) were described also by 
these authors [2 — 4].

The NCS —group has a greater trans-effect as the halide and NO2_ — 
ions and therefore in aqueous solutions these mixed thiocyanato- derivatives 
undergo an aquation process resulting always the thiocyanato-aquo-nonelectro- 
lyte: [Co(DH)2(H2O)(NCS)].

Our kinetic measurements show the H[Co(DH)2(NCS)2] acid to undergo 
an aquation reaction, but the rate constants are with 3—4 orders of magnitude 
less than those of the mixed halogenothiocyanato derivatives at the same tempe- 
rature and even the formation of [Co(DH)2(H2O)(NCS)] leads to an equilib- 
rium [5].

Nonelectrolytic chelates of this type with amine ligands instead of water 
molécules in the inner coordination sphere were obtained first by Chugaev [6] 
by the oxidation of a mixture of Co(NO3)2, dimethylglyoxime and amine, follo- 
wed by addition of NH4NCS. The formation of [Co(DH)2(NCS)(amine] ] as 
relatively stable intermediate was reported as the resuit of the partial dç- 
amination reaction :

[Co(DH)2(amine)2]NCS = [Co(DH)2(NCS) (amine) J + amine 
occuring in the solid state under dynamic température conditions and evidenced 
by means of thermogravimetry [7,8J. The above mentioned procedures do not 
lead to pure products.

Results and discussion. We observed the substitution reaction of 
[Co(DH)2(NCS)2J_ in ammonium acetate buffer solution with various aromatic 
primary amines and tertiary heterocyclic amines and phosphines to yield the 
above mentioned nonelectrolytes in a pure state.

K[Co(DH)2(NCS)2] + amine = [Co(DH)2(NCS) (amine) J + KCNS.
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The very weak bases (nitro anilines, sulphanylic acids, etc. with pKb = 
= 14 — 16) are not suitable for this purpose.

In the present paper 23 new compounds were obtained by means of the 
above reaction. They are indicated and characterized in Table I.

New ]Co(I)H)2 (NCS) (am)] type epomplexes
Table 1

No. Formula Mol.
Wt. 
calcd.

Yield
(%)

Appearance Analysis (%)
Calcd. Found

1. [Co(DH)2(NCS)(aniline)J 440.3 80 yellow-brown 
prisms

Со
S

13.38
7.28

13.14
7.10

2. [Co(DH)2(NCS)(p-toluidine)] 454.3 75 brown rhomb. 
prisms

Со
S

12.97
7.05

13.16
6.98

3. [Co(DH)2(NC S) (m-toluidine) ] 454.3 70 brown hexagonale 
plates

Со
S

12.97
7.05

13.05
7.17

4. [Co(DH)2(NCS) (N-diethyl-aniline) ] 496.4 50 orange needles Со
S

11.87
6.46

12.15
6.20

5. [Co(DH)2(XCS)(m-xylidine)] 468.4 85 light brown short 
prisms

Со
S

12.58
6.84

12.25
'6.65

6. [Co(DH)2(XCS)(o-ethylaniline)] 468.4 75 yellow-brown 
needles

Со
S

12,58
6.84

12.88
7.10

7. [Co(DH)2(NCS)(p-ethylaniline)] 468.4 80 brown prisms Co 12.58 12.50
8. ÍCo(DH)2(NCS)(m-Cl-aniline)] 474.8 85 brown dendrytes Co

S
12.41
6.75

12.33
6.60

9. [Co(DH)2(NCS)(m-Br-anilme)] 519.2 70 light brown 
dendrvtes

Co 
S

11.35
6.24

11.42
6.17

10. [Co(DH)2(XCS) (o-dianisidine) ] 591.5 45 brown cryst. 
crops

Co 
S

9.96
5.42

10.20
5.23

n. [Co(DH)ä(XCS)(2,4-dimethoxy-
aniline)]

499.4 45 red-brown irreg. 
plates

Co 
S

11.80
6.42

11.52
6.26

12. [Co(DH)2(XCS)(triethyl-amine)J 448.4 40 brown. rhomb. 
prisms

Co 
S

13.45
7.15

13.75
7.27

13. [Co(DH)2(NCS) (pyridine) ] 426.3 55 dark yellow Co 
S

13.82
7.52

13.45
7.97

14. [Co(DH)2(XCS)(ß-picoline)] 440.3 90 sparkling, gold- 
yellow hexag. 
plates

Co

S

13,38

7.28

13.32

7.47
15. [Co(DH)2(NCS)(Y-picoline)] 440.3 85 sparkling brown 

octahedral cryst.
Co
S

13.38
7.28

13.52
7.05

16. [Co(DH)2(XCS)(3,5-lutidine)J 454.4 90 sparkling rhomb. 
prisms

Co
S

12.97
7.05

12.55
7.06

17. [Co(DH)2(NCS)(3,4-lutidine)J 454.4 90 brown dendrytes Co
S

12,97
7.05

13.00
7.11

18. [Co(DH)2(NCS)(imidazole)] 415.3 75 sparkling dark 
yellow plates

Co 
S

14.19
7.72

14.51
8.13

19. [Co(DH)2(XCS)(2-aminothiazole)] 448.6 40 dark brown 
cryst. crops

Co 
S

13.13
14.30

12.90
13.87

20. [Co(DH),(NCS)(Bu,P)] 549.5 35 dark yellow 
cryst. crops

Co
S

10.73
5.84

10.66
5.55

21. [Co(DH)2(NCS)(Et2Ph.P)l 513.4 60 dark yellow 
rhomb. prisms

Co 
S

11.48
6.24

11.51
6.35

22. [Co(DH)2(NCS)(Ph2EtP)] 561.5 70 irregulär crops Co 
S

10.50
5.71

10.58
5.92

23. [Co(DH)2(NCS)(Et2(p-tolyl-
phosphine)]

527.4 65 gold-yellow irreg. 
sparkling plates

Co
S

11.17
6.08

10.91
6.33
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These complexes are, generally, sparingly solu
ble in water, more soluble in methanol and éthanol. 
They dissolve easily in dimethylformamide, dimethyl 
sulfoxid, THF or acetone.

The electrical conductance measurements show 
that at 20±0.1°C their molar conductivity at 
a dilution of V = 1000 l/mole or V = 2000 Immole 
is 3 — 10 ohm-1 cm2 mole-1, in agreement with the 
nonelectrolytic' character of the products.

Thermogravimetric measurements performed on 
some [Co(DH)2(NCS) (amine) J derivatives cannot 
évidence the formation of any stoechiometrical in- 
termediary décomposition products. The nonele- 
ctrolytes are stable up to 200—240°C as function 
of the nature of the amine ligand. The aromatic amine 
derivatives hâve a lower thermal stability. The final 
product of the pyrolysis at 850—900°C is Co3O4, 
which transfoms up to 1000°C into CoO (strong endo
therm peak on the DTA curve). The décomposition 
of the complexes between 250—550°C takes place in 

static air atmosphère in some consecutive and simultaneous élimination and 
oxidation processes marked by 2 — 4 exothermal peaks on the DTA curves. A 
typical derivatogram is presented in Fig. 1.

The infrared spectra of these compounds. present broad weak bands at 
2280-2320 cm-1 (valence vibration of О-H) and 1680-1720 cm-1 (O-H..O 
deformation vibrations) due, according to Nakahara [9 — 10], to the intramole- 
cular hydrogen bridges O —H...O in the Co(DH)2 grouping. The presence of 
these weak bands in the spectra of the above mentioned chelates suggests a 
planar configuration of the Co(DH)2 grouping and a trans geometric configu
ration of the NCS and amine ligands.

The N—H stretching frequencies of the co-ordinated primary amines appear 
at 3200—3250 and 3030—3080 cm-1 (s), shifted towards lower frequency values 
as compared to the free, non co-ordinated amines (3500, 3300 cm"1) showing 
a strong covalent character of the Со—N(amine) bonds.

The stretching vibration C=N (oxime) appears at 1530 — 1545 cm-1 (s). 
In the free non co-ordinated dimethylglyoxime these vibrations are situated at 
1620—1630 cm"1. The very strong bands at 1080—1090 and 1230—1240 cnr1 
belong to the stretching vibrations N—O, the first to the non ionised, the second 
one to the ionised N—OH group of the mentioned chelating agent. The position 
of these.bands indicates strong Со—N(oxime) covalent bonds.

The vNC, vcs and 3NCs frequencies of the free NCS" ion appear also 
in NCS—complexes, but they are shifted due to the formation of M—N or 
M—S a bonds as well as of M ligand tz bonds. The position of these bands is a 
function of the thiocyanato — or isothiocyanato character of the complex. As 
shown also by means of HMO calculations [11], the bond order of the NC bond 
is lower in the case of M—NCS and it is higher with M—SCN type complexes. 
Reversely, the C—S bond order is higher in the former, and it is lower in the 
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latter case. These conclusions are in perfect agreement with literature data 
[12 — 16], indicating the vxc frequency to be less than 2100 cm~i in the case 
of the existence of M—N bonds, and higher than 2100 cwi“* 1 if ithere are M—S 
bonds. The vcs frequency is comprized between 860 and 780 ci»”1 in the for
mer and between 720 and 690em "1in the latter case.

In this Table the wave numbers of the vcx, vxs and Sxcs vibrations are presen- 
ted for 10 complexes of the [CoŒ)H)2(NCS) (amine) J type. In the approach 
used boții vxc and vcs vibrations are considered as being the vibrations of a 
„diatomic” molecule A —B and C— D, respectively, with A : Co(DH)2(amine)N, 
B : CS, C : Co(DH)2(amine)NC and D : S. The frequency of these vibrations is 
presumed to obev the formula of diatomic molécules :

(1)

leading to

In our previous papers [11, 17], a rough, diatomic approach was used to 
calculate force constants for the N —C and C—S Stretching vibrations of 
M3[CrfNCS)6] and M[Cr(NCS)4(amine)2J type complexes.

In the present paper the same approximation is used to work up the IR 
spectral data obtained and presented in Table 2.

IR absorption bands of thé eo-ordinated XCS -ion of [Co(I)H)2 (X'CS) (amine) ] type complexes and 
force constants of the X-C and C—S bonds

Table 2

amine
Mb

V, cm 1 Ix-c • 10 Л 
dyne [cm

Ics • 10-«, 
dyne/оиVNC vcs 8xcs

.V-diethylaniline 7.44 2120 830 520 10.650 1.219
8.9'2 2120 825 518 10.554 1.197

w-x vlidine 9.26 2125 840 520 10.638 1.243
o-etlivlaiiiline 9.54 2125 795 518 10.638 1.114
2-4-dimethoxv-aniline 9.65* 2127 818 522 10.728 1.185
3-Bî-aniline 10.7" 2122 795 518 10.716 1.122

mean value 10.654 1.180

Imidazole 6* 2130 825 521 10.547 1.188
-'-picoline 7.89 2120 820 516 10.518 1.179
Aílutidine 8* 2112 788 520 10.475 1.092
3-picoline 8.32 2110 810 518 10.419 1.151

mean value 10.490 -, 1.152

/ус — 4тс’?с2^хсрДв and /es = 4~2A\ys:i.CI) (2)
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where /NC and /cs stand for the force constants of the valence vibrations» 
c for the velocity of light, vNC and vcs for the wave numbers of the valence: 
vibrations bands and pABand p.CD stand for the reduced masses

M aM b M o'-' D
H-AB = ,Va+,vb ’ f-CD =Mc+MD

The force constants calculated on the above mentioned way are presented 
in the same Table 2.

Coeîileients a and b of lîq. (4) and eorrelation coefficients r

Table 3

amines
a

/NC-
b r a

/es
& r

without - orbitals 10.406 0.027 0.464 1.462 -0.030 0.638
- donors 10.809 - 0.042 0.799 1.322 -0.022 0.545

In Table 2 the compounds studied are given in two groups. The first group 
contains amine ligands having no - type orbitals available for the central Co 
atom. The second group amine ligands hâve a n donor character and as obser- 
ved in our previous paper [17], they entail a shift of /NC towards lower values. 
The same thing is observed also with the complexes studied as seen on the 
basis of the mean values presented in Table 2. Silice the formation of the retro- 
dative metal to NCS к bonds reduces the тс bond or der of both N—C and C—S 
bonds [11], a similar effect may be expected also with the force constants /cs. 
Inspection of Table 2 shows the mean /es value to be less indeed with the 
second group amine ligands as compared to the first group ones.

It is worth mentioning that /NC values of the complexes studied are a litîle 
higher, and /cs values are lower as compared to the force constants obtained 
earlier for Cr(III) complexes [11, 17j.

Concerning the influence of the nucleophilic character of the ligand an 
almost linear variation of the force constant with £Kb of the amine was repor- 
ted earlier [17J. The

f=a + b£Kb (4)
type relation was found with negative b paraméter as expected on the base 
of eleetronic effects.

By using a linear régression, the parameters a and b of équation (4), as well 
as the corrélation coefficients hâve been calculated. Results are presented in 
Table 3., by using pKb values indicated in Table 2. These data were taken 
from the literature [18J, values with star were evaluated by taking into account 
eleetronic effects.

As seen from this table, coefficient b is negative, as expected, excepting 
with /NC for amines without r. orbitals. Corrélation coefficients are not good 
at all and it is the worse even in this anomalous case with b > 0. Therefore, 
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the validity of a linear law as given by équation (4) cannot be considered to be 
proved, but anyhow it is quite elear that with increasing base strength of the 
amine increase both /NC nd fC3 force constants, irrespective of the existence 
of type orbitals on the coordinated ligand atom.
Experimental. K[Co(DH)2(XCS)2] solution-25g cobalt(II) acetate (Co(CH3—COO)2 
-4H2O) (0.1 mole} in 200 ml water were treated with 23.2 g finely pulverized 
dimethylglyoxime (0.2 mole) in 600 ml methanol. The mixture is oxidized by 
bubbling air through it for 4—5 hours. Then 0.25 moles KCNS (25 g1) in 100 ml 
water were added drop by drop under continuons stirring. The oxidation was 
continued for 2—3 hours. After filtration the dark brown solution is used for 
substitution reactions. [C o(D H)2(X C S)(a m i n e)]. 10 mmoles of K[Co(DH)2 
(NCS)2 ■ in 100 ml dil. methanol (1 : 4) were treated on a water bath with 15 mmo

les, amine or phosphine, respectively, in 25—100 ml alcohol. After 30—45 minu
tes warming, the dark brown solution is cooled and the separated yellow brown 
up to red brown crystalline product (as function of the nature of the Am com
ponent) is filtered off, waslied with ice cooled water and dried on air.
Analysis. Cobalt was determined eomplexometrically by using murexide as 
indicator. Organic ligands were destroyed by heating with conc. H2SO4 and 
several crystals of KX03. After dilution with water, the solution was neutrali- 
zed with sodium acetate and ammónia.
Sulphur was determined gravimetrically as BaSO4 after destroying of the sam- 
pies (200—300 mg) with a mixture of 10—15 ml conc. HN03 and 15—25 
drops of bromine.

The infrared spectra were recorded in KBr pellets using an UR 20 spectro- 
photometer (Cari Zeiss Jena),

The thermal measurements wete carried out with a MOM Derivatograph 
(Budapest)- in static air. Sample weight 100 mg, heating rate 10°pnin.
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ABSTRACT/ A mathematical model for the overall methane-steam reforming 
process, in an ammónia plant, is established. The model correlates the specific 
heat consumption (q), the température (TJ and the methone conversion (a,) 
in the primary reformer, as well as the conversion (a2) and the température 
( 7'2) in the secondary reformer as function of the imput paramétrés : steam/ 
carbon ratio (ÄJ ; steam/carbon ratio (T?2) ; airtemperature (T ) ; methane steam 
mixture température (T01) ; primar y reformer pressure (7Jj. The influence of 
i<L and variations is analvsed quantatively by a computer, at — 1.33; 
Tol = 797 A; T = 730 K ; i\ = 3.0 MPa. The optimal conditions (Rj, TJ, 
at which the specific heat consumption has a minimal value, can be stated by 
this metliod. New data show the possibility to diminish 7-.', from the present 
3.5 —4.0 values to 3.0 without essential influence on the final methane conver
sion (a2), and on other output variables of the process.

Estimâtes to ensure food for the world’s population — which, by the end 
of this millenium is thought to outnumber 6 billions — show that the consump
tion ôf minerai fertilizers (N + P2O -f- K2O) will hâve to increase with cca 
80 million tons of active substance fl j. Possibly, nitrates will amount to 50% 
of this quantity. In the near future too, synthesis of ammónia will be the only 
industrial way to fix the atmosfheric nitrogen, and the most effective source of 
hydrogen needed in this synthesis will lie further in the catalysis of natural gas 
with water vapours [2 j, also known as reforming. Over 99% of such ammónia 
installation input energy consists of natural gas of which one third is consumed 
as fuel in the primary reforming oven and for the génération of steam, while 
two thirds — as raw material [3j.

The possibility to reduce the natural gas — raw material consumption by 
analysis and synthesis of the global technologie process to fabricate ammónia, 
was studied elsewhere [4]. In the present paper, an attempt is made to inves
tigate the possibility to diminish the natural gas-fuel consumption by decrea- 
sing the steam-carbon ratio at the input of the primary reformer, and also the 
conséquences of this upon the out-turn of the global reforming process. To this- 
end, a mathematical model is established, which correlates the specific heat con
sumption in the primary reformer, the specific natural gas consumption in the 
radiation area and the concentration of untransformed methane at the output 
of the secondary reformer as function of the initial steam/carbon molar ratio. 
The model is tested by comparing the calculated values with those measured in 
an industrial installation. Then, the influence of the diminution of steam/carbon 
ratio,from 4.0—2.0, upon the above parameters is analysed on a computer.

* Politechnical Institute Jassy, Dept. of Chemical Engineering, 6600 Iași, Romania
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F i g. 1. Tlie bio.' diagram of the global technological process of reforming the natural gas.

1. The Mathematieal Model. The natural gas reforming global process con
siste in three distinctive chemical processes (primary reforming, the process of 
combustion, secondary reforming) as well as in a range of heat exchange pro
cesses, connected conformably to the block scheme in Fig. 1.

Let the primary reforming process be described by Eqs. (1) and (2), the 
secondary reforming process by Eqs. (1) —(3) and the combustion by Eq. (4) :

CH4 + H2O = CO + 3H2 (1)
CO + H2O = CO2 + H2 2)
l/2O2 + H2 = H2O (3)

CH4 + 2O2 = CO2 + 2H2O ' (4)
The mathematieal model for the primary reforming relies on the experimen- 

tally verif ied hypothesis [5J that the process develops conformably to a heat 
transfer macrocinetic model, and the chemical transformations in Eqs. (1) and 
(2) practically reach equilibrium. Whence the primary reforming process is des
cribed by Eqs. (5) —(8):

(5)

+ 0,2969 lg T (8)
Making the thermie balance for the primary reformer one obtains Eq.(9), 

which allows to calculate the heat specific consumption (q • J[mol H2) as func- 
tion of the transformation degrees oq, ßx and the parameters Rlt Zol, Tx: 
q = 1,045/«! [41 100«! - 10 320ßi + (32,5«^ + 0,522ßj + 3,422 + [7,219 Rt) ■ 

■ T\ - 117,93«! - 4,13ß! - 8,922 - 1,187^) • 10~3 ■ T*  + (2,85«! - l,336ßi — 
- 1,388 + 0,089 Ej) • IO"« • T3 - (3,422 7,219 RJ ■ Tn - (8,922 - 1,1872^
• 10-3 • T02! + (1,388 - 0,089 Ei) • 10~6 • T3i (9)
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On the basis of the mass and heat transfer in the combustion process, équa
tions for the combustive methane gas were set up as function of the paraméter 
in the reforming process (Tol, T1( PJ and those in the burning process : 
initial température of the air and the combustion gas, température of the bur
ning gases that leave the radiation area of the oven, and the air excess coeffi
cient. These conditions were presented elsewhere [6].

The secondary reforming process is adiabated-autotherm. The heat dis
charge in Bq. (3) increases the température of the mass reaction to over 1273 K, 
and thus the equilibrium of the reaction mass is shifted rightwards, the methane 
transformation degree being enhanced. The mathematieal model of this process 
covers the thermodynamic equilibrium Bqs.(7), (8) and (10), (11), and also those 
of the thermal balance (13) and (14) :

K (Xço — Xço ß2/q1 + a2 — ß2)(Xn, -! Xcoß2/a2 — 2Xpa -Ç 3q2+ ß2) • Рг

(i — а2)(Хн,О — Xcoß2/ot2 + 2Xo2 — а2 — ß2)(S +
(10)

K,2 (П)
(Хер, -г Хсо ■ ß/g-a 4- ßa)(XH, + XcoßJа2 — 2Хсг + 13а2 + ß2) 

(х’о+ а2 — ß2 — XcoßsBä) (Хнго — Xcoß2/®2 + 2XŐ, — а2 — ß2)

(12

[А - 0,291Го, + 3,256а2 + l,162ß2(l + ГоЛн.,о) • Ю~6 • T3 + [В+3,443ГО -
- 18,838а2 + 3,225ß2(l + Рсо/а2) • 10“3 • Т2 + [С 12,22 Га + 33,156а2 +

+ 1,18ß2(l + ^о/* 2) ■ T + 40 124,32а2 - 10 455,484ß2(l + Гсо а2) -
- 112 252,487 ГСо = А ■ 10~ ■ Т’2 + В • 10"3 • Т + С ■ Т2 (13)

А = -1,388 - 0,114^о - 0,153 л'со - 0,825 Го= + 0,093 < - 0,115 А -
- 0,269 хЬ,

В = 8,922 + 1,641 PHlo + 1,045 Гсо + 4,266 Рсо, + 0,033 ГНг + 0,909 .
+ 1,495 .С.

С = 3,422 + 6,89 Гн о 4- 6,25 ,^о ~ 6,85 + 6,88 + 6,30 А +6,13 Го,
(14)

Molar ratios xit at the input in the secondary reformer, are correlated in 
function of oq, ßx, Rt and R2 by relations (15), established on the basis of the 
balance of the process of the air with the gas resulted in the primary reformer.

y-i ßi

1 —
-rino

1 —

1 - ar

0,79 P,

1 a.

0,217?3

1 — ax
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The température at the input in the secondary reformer (T02) is calculated 
from the thermie balance of the same process of mixing :

C, Tj + Ca Ta

0 j + Cd
(16)

where :
Ca = R2(0,19 Cpx-. + 0,21 C№) (17)

C = (1 ~' л1)Срсн, + (-Ri — aj — ß1)Ci>Hao («1 —■ ßi)QC0 +
+ ßi%co2 + (3ocj -r (18)

The molar calorie capacities of the components are dependent on tempe- 
rature by relations of the form :

Cpi — (li + 7, • 7 "h ci ■ i1 (19)
the values of coefficients a , b , c being tabulated in the référencé température 
[7, 8j.

The molar fraction of methane remained untransformed after the I-st and 
II reforming stages, sa compared to the ,,dry” gas, is determined by Eqs. (20) 
and (21), respectively :

1 —

1 + 23 a, + ß.
(20)

(xCH<)2 ----------------- ............................. ------------------ ------ (21)
1 + 3a, + ß, + 0,377?2 + (1 — a,)(3a2 + ß2 + ß2/a2)

The System of Eqs. (5) —(21) allows to determine the magnitudes a1; ß! 
a2, ß2, ?, T2, (^chJ2» (xch4)i as function of the parameters P2, Pi> Ti 
and Ta. In order to compare the System (5) —(21), the measured values found on 
an industrial installation and those calculated in the same circumstances were 
compared. Thus, it was found that the transformation degrees oq and 8г calcula
ted by relation (5) —(8) are greater than the real ones. This déviation from the 
equilibrium was introduced in the calculation program by a correction of the 
température at the output of the primary reformer: Т,-= Тх—AT: Trials 
showed that AT = 18 K at Pj = 3.0 MPa- The pressure loss betweenthe two 
reformere was also takeii intő account. Measurements showed Px — P2 = 0.1 MPa 
Based on these corrections the System (5) —(21) was tested by simulation of 
an industrial installation, comparing the calculated values of the final concen
tration (^chJ2> with the measured ones. The calculated values are with at most 
1.3% smaller than the measured ones. This déviation shows that the transfor
mations in the secondary reformer do not reach equilibrium, also. However, 
the précision of the model сап be considered as satisfactory for the object of 
this paper.

2. Besults. The System (5) (21) was sol ved by the Newton Raphson method,
programed in BASIC on a microsystem FELIX M 18. The values obtained for 
7% = 2.0—4.0 and Tx= 1050-1200 K, at P2=1.33; T01 = 797 K ; Ta = 
= 730 K and Pj = 3.0 MPa are given in Tables 1 — 4.
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The influence of ratio R1( at 1\ = 1050 K
Table 1

Ri 2,0 2,5 3,0 3,5 4,0

0,4143 0,4693 0,5189 0,5640 0,6051
ßx 0,2225 0,2665 0,3075 0,3458 0,3819
q • 10 ~4 Jlmol 8,5043 8,3664 , 8,6451 8,7342 8,8304
100 • (XchJj 23,7498 19,419 16,7930 14,3508 12,3491
a2 0,7630 0,8159 0,8631 0,9022 0,9317
ß, 0,0711 0,0811 0,0870 0,0879 0,0836
T2 1150,20 1155,95 1163,22 1173,32 1184,66
100-(Xch4)2 3,1574 2,1417 1,4033 0,8896 0,5539

Table 2

The influence of ratio Rt, at T, =1100 к

Ri 2,0 2,5 3,0 3,5 4,0

«1 0,5240 0,5964 0,6406 0,6879 0,7293
ßl 0,2198 0,2673 0,3113 0,3521 0,3903
q ■ 10 'Jlmol 8,4178 8,4012 8,5842 8,6920 8,8097
100 • (XcH4)x 17.0474 13,640 11,1145 9,1339 7,5636
*2 0,9811 0,9641 0,9645 0,9744 0,9865
ß2 0,0333 0,0262 0,0176 0,0070 0,0027

■ Тг 1218,07 1240,63 1265,97 1288,33 1305,55
100 - (Хсн.), 1,2363 0,5798 0,2665 0,1330 0,0747

Table 3
The influence of ratio Rl, at Tj = 1150 К

Ri 2,0 2,5 3,0 3,5 4,0

al 0,6413 0,7065 0,7506 0,8030 0,8384
ßl 0,2052 0,2545 0,3002 0,3424 0,3812
q • 10 4 Jlmol 8,3566 0,4532 8,5744 8,7122 8,8654
100 • (Хсн.Ч 11,4622 8,6917 6,7161 5,2511 4,1465
a2 0,9733 0,9887 0,9937 0,9956 0,9964
ß2 0,0030 0,0255 0,0491 0,0720 0,0936

1336,19 1379,20 1407,74 1424,36 1432,48
100 ■ (Xch<)2 0,2048 0,0690 0,0316 0,0180 0,0119

Table 4
The influence oii ratio R, at T! = 1200 К

Ri 2,0 2,5 3,0 3,5 4,0

al 0,7540 0,8140 0,8585 0,8915 0,9161
ßl 0,1842 0,2542 0,2805 0,3229 0,3615
q • 10"4 Jlmol 8,3391 8,4721 8,6340 0,8164 9,0141
100 . (ХснЛ 7,1505 5,075 3,6670 2,7117 2.3969
a2 0,9954 0,9974 0,9979 0,9981 0,9980
-ßS 0,0241 0,0479 0,0707 0,0915 0,1099
тг 1493,10 1526,79 1540,21 1541,70 1536,29
100 ■ (ХснЛ 0,0242 0,0102 0,0059 0,0042 0,0033



MODELUNG OF THE OVERALL METHANE-STEAM REFORMING PROCESS 33

The obtained data allow to analyse the influence of parameters Rr and ï\ 
on magnitudes : ax, 8V «2, S2, 4> T& {x )i> {x )г- Of these, the specific heat 
consumption in the primary reformer (7) and the final transformation degree of 
méthane (а2) can be considered as basic output of the reforming global process. 
S is less important, as it stands for of the secondary reaction (2). The obtained 
data show at high températures (7\ > 1150 K) the reverse of this reaction 
(82 > 0). The température value in both reforming stages is limited, mechani- 
cally. Before 1980, the tubes of the primary reformer were made of only steel 
HK — 40 (25 Cr — 20 Ni), with an inside diameter of 0.1 m and a thickness 
of 0.018 m. These tubes were guaranteed for a term of 10 years, at a pressure 
of 3.0 MP and maximum température of 1227 К [9j. The use of tubes made 
of higher standard steels (25 Cr -35 Ni), with a smaller dilatation coefficient 
will allow the maximum température increase up to 1225 К [9]. This means 
that Tt can be enhanced from 1083 K to about 1123 K, and T2 from 1269 to 
about 1300 K.

The q - Rj — T± dependence (Fig. 2) shows the existence of a minimum 
in the specific heat consumption at Tlt which increases as the steam excess 
decreases. The geometrical locus of the pairs Rl — Tr — which give the mi
nimum q — is shown under the form of the curve in Fig. 3. In the conditions 
studied (Px = 3.0 MPa ; T = 730 Æ; T01 = 797 К ; K2 = 1.33, at Rx = 3.5), 
q becomes minimum when = 1100 K. In order to reduce the Rx ratio at 
3.0, the température in the reformer must be increased to 1125 K. This tem
pérature can be attained by replacing the convențional pipes with those made 
of special steel. The further réduction of Rx would necessitate even higher tem
pératures.

Fig. 2. influence ofratio //, 
and température I\ on the 
specific heat. consumption, at 

P = 3.0-WPa.

Fig. 3. Curve of the mi
nimum specific consump

tion, at P = 3.0 MPa.

Fig. 4. Dependencyof the transfor
mation degrees a! and a2 on the ratio 
Rr at varied températures : 1. 1\ — 
= 1050 К ; 2. T\ = 1100 К ; 3. 1\ = 

1150 К

3 — Chemia nr. 1—2/1991
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The transformation degrees 04 and a2 are strongly influenced by parameters 
7?! and I\ (Fig. 4). At = 1100 K, for instance, by reducing R1 from 4.0 
to 3.0, ax decreases from 0.7293 to 0.6406 and a2 — from 0.9865 to 0.9645. 
Practîcally, a2 has to be greater than 0.95 so as the actionless content (CH4 -|- 
+ Ar) should increase not too much in the synthesis cycle.

From this viewpoint, too, data show that the réduction of ratio Rx can be 
possible only down to 3.0.

Conclusions. The here advanced mathematical modelallows to analyse the 
influence of the main technological parameters Рг, Tol, T , T\, R1( R2) on the 
output of the global reforming process (q, ax, a2, T2, %ch,)-

The data obtained on computer and given in this paper refer to the in 
fluence of reducing the steam/carbon ration on the basic output of the process : 
the specific heat/fuel consumption and the final degree of methane transformation. 
Thus, optimal R± — pairs are found, where the energy specific consumption 
is minimum.

In the conditions under investigation (R2 = 1.33; T01 = 797 K; Ta = 
= 730 K; Pi = 3.0 MPa), the ratio R1 can be diminished from (the present) 
3.5 —4.0 to 3.0. The decrease of R1 below 3.0 would necessitate too high Tt 
températures, whence the untransformed methane content would increase, which 
has a negative influence on the synthesis cycle.

It is to be expected that réduction of Rx also affects the output of other 
processes that follow the reforming : the carbon oxide conversion, the methaning. 
Hence the need to work out a more complex model in view of investígating the 
effects of the diminution of steam/carbon ratio on the entire ammónia produ- 
cing installation.

SYMBOLS

А,В,С — magnitudes defined by Eq. (14);
Ca, Gu — the calorie capacity of air and of the mixture in the main reformer, defined bv Eqs. 

(17) and (18);
Cpi — the molar calorie capacity of component i ;
Kpi, Kp2 -- the equilibrium constants of reactions (1) and (2), respectively ;
Plt P2 — working pressures in the primary and secondary reformere, respectively ;
q — specific heat consiunption in the primary reformer (//»ioZHa);
2?! — the steam/carbon molar ratio at the input in the primary reformer ;
Ii2 — the process air/carbon molar ratio ;
S — magnitude defined by Eq. (12) ;
7\, T2 — final températures in the primary and secondary reformers, respectively ;
Tol, Ей — températures at the input in the primary and secondary reformers, respectively;
'E, — température of the process air ; •
** — initial molar rations (P) =
жен, — the molar fraction of methone, related to the ,,dry” gas ;
«j, «a — the methane degree of transformation (teil,) in the primary and secondary reformers, 

respectively ;
ßi> ßa — the 7]сн • t]CH .product in the primary and secondary reformers, respectively.
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NEW COBAI,T(III)-AMINE PERCHLORATES and the gravimetric 
DETERMINATION OF THE C1OT-ION

FERENC MAKKAY*,  CSABA VÄRHELYI*  and MELINDA FORRÓ*

Heceived: 15.04 1991

ABSTRACT. Bleven diacido-tetramine cobalt (III) perchlorates of the types : 
[Co(en)2X2]ClO4, [Co(pyridine)4Cl2]ClO4 and. [Co(Diox.H)2(amine)2]C104 (X = 
= CI, Br, 1/2C2O4; Diox. H£ — dimethylglyoxime, heptoxime) were obtained 
and char.acterized by i.r. spectral and derivatographic measurements. The obtai
ned binary salts were proved for the gravimetric détermination of the perchlo- 
raté ion. The best results were obtained by using trans-[Co(en)2Cl2]ClO4 for this 
purpose.

Introduction. The perchlorate ion with a thermochemical ion radius of about 
2.5Л forms a sériés of sparingly soluble salts with monovlaent metals (K+, Rb+, 
Cs+), voluminous N-bases (nitrone [1], antipyrine derivatives [2]), with phos
phonium — and arsonium salts (tetraphenyl-derivatives [3, 4 J) has also been 
proposed for the gravimetric détermination of, this oxoanion. The perchlorates- 
of various organic dyes : methylene blue [5], brilliant green [6J, neutral red) 
[7 J, variamine blue [8, 9], etc. are silghtly soluble in water and readily soluble 
in some organic solvents (benzene, nitrobenzene, CHC13, CC14). These salts were 
recomanded for the spectrophotometric détermination of CIOT-

The perchloric acid and the alkaline perchlorates have been used for the 
séparation of cobalt (III)— and chromium (III) — amine bases of various 
types. It was observed, that the hexamine- and monoacido-pentamine type bases 
form [Со (amine) e](ClO4)3, [Cr(amine)6J(ClO4)3, [Со'amine) 5X](C1O4)2 etc. type 
perchlorates with a considérable solubility in water (1 — 5.IO-3 motejl). The 
diacido- tetramine type derivatives in this dass present a much lower solubility 
in neutral] or acidic aqueous solutions (IO-5 — 10~4 moleß). Their solubility is 
influenced by the composition of the inner co-ordination sphere of the complex. 
The hydrophile ligands (H2O, OH, SO3, NO2, CO3 etc.) increase the solubilițy 
of the above mentioned binary salts.

Results and discussions. We have obtained a sériés of perchlorates of the 
diacido-tetramine-cobalt(III) type by double décomposition reactions, using 
[Co(en)2X2]+ (X = Cl, Br, 1/2C2O4), [Со(pyridine)4Cl2]+and various [Co(Diox,~ 
H)2(amine)2j+ type bases for this purpose (diox.H2 — dimethylglyoxime: DH2, 
heptox.Hg : 1,2 cycloheptane dione dioxime (heptoxime).

The obtained perchlorates are characterized in Table E

* Universiiy Babeș — Bolyai, Défit, of Chemical Technology, 3400 Cluj-Napoca, Romania
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[Co(amine)4X2]ClO4 and [Co(Dlox.H)2 (amine)2]C1O4 type perehlorates

Table 1

Formula mol. 
wt. 
calcd.

Yield
(%)

Appearance Analysis (% ) Ref.
calcd. found

trans-[Co(en)2Cl2]ClO4 349.513 90 sparkling, 
green plates

Co 16.87 17.10 15

trans-[Co(en)2Br2]C104 438.433 98 green prisms Co 13.45 13.10 15
[Co(en)2(C2O4)]ClO4 366.603 95 irregulär red 

cryst. Co 16.08 15.86 15
[Co(pyridine)4Cl2]ClO4 545.723 98 green irreg. cryst. Co 10.80 10.70 15
[Co(DH)2(NH3)2]C1O4 422.7 90 yellow prisms Co 13.94 13.86 12
[Co(DH)2(aniline)2] -C1O4 574.6 96 brown spears Co 10.28 10.05 12
[Co(DH)2(pyridine)2]-C1O4 546.8 90 brown prisms Co 10.78 10.65 12
rCo(Heptox.H),(|3-picoline)!,.lC104 654.9 95 brown prisms Co 9.00 9.10 *

N 12.83 12.72
[C o {Heptox.H),( 3,4-lutidine) 5]C104 682.9 94 yellow-brown Co 8.63 8.77 *

needles N 12.31 12.19
rCo(Heptox.H),(3.5-lutidine),lClO4 yellow-brown Co. 8.63 8.45 *

682.9 95 needles N 12.31 12.60
rCo(Heptox.II),(benzylamine),]ClO, Co 8.63 8.55 z*

682.9 88 brown needles N 12.31 12.75

Co detn. complexometrically, N as N, gazvolumetrically ;
• — unpublished, new compound 

„DH” = C4HeNaOa ; „Heptox. H” - C4HuNaOa

These salts are unitary, crystalline products, which can be rapidly filtered 
off, washed and dried.

The [Co(en)2X2]ClO4 are very slightly soluble in water and insoluble in 
alcohol. The solubility of the [Co(Diox.H)2 (amine)2]C104 derivatives increases 
with increasing alcohol concentration in function of the nature of the monoden- 
tate amine ligand.

The characteristic i.r. frequencies of the perchlorate appear in ail cases 
approximately at the same wave uumber values as in the case of the KC1O4 
(see Table 2).

Infrared spectral data on some eobalt (Ill)-amine perehlorates
Table 2

Vibration I. II. III. IV. V.

Vr(Cl-O) 935 m 940 m 938 m 930-40 m 930 — 40 m
S2(O—Cl—O) 460 ж 471 m 470 m 470 m 470 m
v3(C1-O) 1080-1170 vs 1060- 1050- 1060- 1060-.

1140 vs 1150 vs 1135 vs 1140 vs
34(O—Cl—O) 630 vs 620- 630 vs 620- 620-
34(OC1O) 640 vs 640 vs 640 vs

I. - КСЮ, ; H. - trans- [Co(en),Cl,]ClO4 ; III. - trans- [Co(en),Br2]ClO4 ; IV. - [ColDH^aniline^ClO, ; V. - [Co(Hep 
tox. HMS.-Hutidine^ClO,
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Fig. 1. TG and DTA curves of
----  trans-[Co(en)2Cl2]ClO4
—— trans-[Co(eii)2Br2]C104

Fig. 2. TG and DTA curves of
----- [Co(pyridine)4Cli]C101
-----[Co(DH)2(anilme)2]ClO4

This phenoinenon excludes the formation of perchlorato-complexes with 
Co—ClO4-bonding [10].

The thermal stability of the perchlorates was studied by means of deriva- 
tographic measurements. Some TG and DTA curves are presented in Fig. 1. 
and 2.

As shown, the cobalt(III)-amine perchlorates studied are anhydrous salts. 
The thermograms don’t present weight loss up to 120—240 °C in function of 
the composition of the cation. At higher températures (150—290°C) the total 
décomposition of the complexes can be observed. This complicated process with 
endo- and strong exothermic peaks on the DTA curves takes place in some 
simultaneous and successive processes (e.g. partial deamination, déhydration, 
décomposition, oxidation with C1O4~ and air etc.) with eliberation of amine, 
water, free halogen, NO, N2, СО, CO2, etc. in nonstoechiometric ratios.

These processes occur suddenly, generally, with explosion. One cannot 
observe inflexion points or horizontal parts on the TG curves corresponding to 
a stoechiometric partial deamination process. e.g.

rCo(DH)2(amine)2]ClO4 = |Co<DH)2(Amine)(ClO4) 1 + amine as in the case 
of Cl”, Br-, I-, NCS", NCSè" salts of this dass [11 —14J.

From gravimetric analytical point of view is important the' thermal stability 
of the slightly soluble perchlorates up to 130—200°C, which make possible the 
drying of the filtered and washed précipitâtes at 105 —120°C. The thermal sta
bility of the [Co(pyridine)4Cl2jClO4 is lower, and for this reason the above 
mentioned perchlorate can be dried only by room température.
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Because of the explosive character of the thermal décomposition the residue 
by 800—900°C is much less than the stoechiometric amount of Co3O4 calculated.

Gravimetrie détermination oî perchlorate with eobalt(III)-amines. The neu
tral or acidic perchlorate samples were treated with an excess of cobalt(III)- 
amine salts (in aqueous or dil. alcoholic solutions). The précipitâtes formed were 
filtered off, washed and dried. Brom the diacido-tetramine-Co(III)-complexes 
trans-[Co(en)2Cl2]Cl, trans-[Co(en)2Br2)Br, [Co(en)2(C2O4)jCl, and [Co(I)H)2- 
(amine)2]Cl (amine = NH3, pyridine, aniline) were used for this purpose. The gra- 
vimetrical factor’s values vary between 0.1730 (for (Co(DH)2(aniline)2jClO4) 
and 0,28456 (for [Со(еп)2С12]С1О4). The experimental results also were statisti- 
cally estimated. (See Table 3).

Analytical and Statistical data on the gravimetric détermination oï perchlorate with eobalt(III)-amine 
salts

Table 3

Experimental conditions
Precpitating agents for C1O4

I II III IV V

Conc. of ClOj- (»îg/50 ml sol.) 50— 150 50-150 50- 150 50—150 50- 150
Working température °C 20-25 20-25 20-25 20-25 20-25
Washing solution 3x5—10 ml 40% alcohol 40% alcoho 4030 alcohol water water
Drying température ‘C 120-140 105-1101 120-130 25-40 120
Gravimétrie factor 0.28456 0.22685 0.2713 0.1823 0.1730
Digression ±0.20% -0.50-

-2.0%
-1.0-
-2.0%

-0.50-
-1.0%

-3.0-
5.0%

Statistical (Ag 0.10046 0.10046 0.10046 0.10046 0.10046
n 10 10 10 10 10
X 0.10043 0.09924 0.09892 0.09969 0.09615
s 9.67-10~s 5.78-10~4 3.37.10-4 1.82-10 4 7.55-10~4

data SX 3,05-10 й 1.82- 101 1.15-10”4 5.77-10"5 2.39-IO"4
/ -Xp(99%) 0.10043 ± 0.09924 — 0.09892 — 0.09969 - 0.09615±

0.00010 0.00059 0.00037 0.00019 0.00078
ica le. 0.98 6.70 13.45 13.34 18.03
itahl. 3.25 3.25 3.25 3.25 3.25

Л = A' ± 1 ■ sy 0.10033 <
<0.10046< 
<0.10053

A>x i i ■ s % A >X A >x ±^-Sy A >■ ,v Z±2 i * SJç

I. : trans-[Co(en)aCla]Cl ; H.: trans-[Co(en)2Br2]Brj_ III, : [Co(cn)2(C2O4)]Cl ; IV.: [Co(Py)*CI 3]Cl ; V.: [Co(DII)2(anline)2]Cl
A — truc value ; n = number of measurements ; X = average ; s=standard déviation ; i = Student distribution ; sÿ*  = stan
dard dev. of mean: P = confidence limits

The best results were obtained by using trans-[Co(en)2Cl2jCl as precipita- 
ting agent in dil. alcoholic solution.

The dimethylglyoximine derivatives are much less suitable for this analy
tical détermination because of the considérable solubility of the corresponding 
perchlorates, especially in dil. alcoholic media.

The solubility decreases in the order :
[Co(DH)2(amine)2]ClO4 : amine : NH3 > pyridine > aniline.
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The solubility of the [Co(en)2Cl2(ClO4 was determined gravimetrically after 
évaporation of an aliquot part of the saturated solution. The solubility of 
trans-[Co(en)2Cl2]ClO4 at 20°C in water: 5.62 • 10“3 mole[l, in 40% éthanol: 
2.82 • 10 ~3 mole]l, at 0°C in 40% éthanol was 9.84 • 10-4 molejl. The solubility 
of the other perchlorates used for the about mentioned purpose is greather, 
especially in diluted alcohol. As seen from Table 3, the gravimetric results with 
these cobalt(III)-amines, are smaller, also by using an excess of precipitating 
reagents.

From the oxoanions ReOf and IO7 interfère the analytical procedure. The 
interférence of 5 —10 fold amount ofClOT, ВгОГ, ЮГ, N07, NO3_, ВОГ, MoO?, 
WOp is negligible.

Experimental. trans-[Co(en)2Br2]Br and [Co(en)2(C2O4)]Cl were obtained from trans" 
[Co(en)2Cl2]Cl by means of substitution reactions with HBr and H2C2O4, respectively [15]. 
[Co(Diox.H)2(amine)2]Cl (Diox.H2 — dimethyglyoxime or heptoxime) were fornied by air oxidation 
of the components in water or in dil. alcohol [12, 13].
[Co(amine)4X2]C104 and [Co(Diox.H)2(amine)2]ClO4
10 mmoles of the corresponding diacido-tetraamine-Co(III)-salt in 80— 100 ml water (or in 40% 
alcohol, respectively) were treated with an exces of 2% HC104. The crystalline products formed were 
filtered off, washed with water and dried on air.

Analytical procedure. 25—150 mg C1OȚ in 50 ml aqueous solution were treated with an excess 
of 1— 2% cobalt (IlI)-amine sait in aqueous, or dil. alcoholic solution at room température up to the 
appearance of the dark colour of the reagent taken in excess. After a standing of 30—60 minutes, 
the précipitâtes formed were filtered off on a glass crucible (G4), washed with water (dil, alcohol) 
and dried at 105—140°C.

The i.r. spectra were recorded in kalium bromide pollets with a FR 20 spectrophotometer 
(Cari Zeiss Jena).

The thermal measurements were carried out with a Derivatograph (МОМ-Budapest). Sample 
weight 100 mg, heating rate 10°/тги.
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ABSTRACT. A number of 40 new slightly soluble salts of [Hgl4]2- and. 
[HgțSCNj.,]2 ' with cobalt (Ill)-amine bases (hexamines, monoacido-pentamines 
and diacido-tetramines) were obtained and characterized. Some of the diacido- 
-tetramine cobalt (III)-derivatives of these types were proved for the gravimetric 
détermination of mercury.

Introduction. The tetraacido-mercuriates : [HgX4]2“ (X = Br, I, CN_, NCS~, 
NCS ’ easily are formed in aqueous solutions of some mercury(II) salts (HgCl2, 
HgSO4, Hg(NO3)2, Hg(CiO4)2) in the presence of an excess of MX (M = Na, K, 
NH4) [1].

In some cases the formation, to a certain extent, of [HgX3]~ was also de- 
monstrated by means of physico-chemical measurements [2—4], (e.g. Raman 
spectra) and by preparative studies (e.g. isolation of [Ni(NH3)„] (Hgl3)2(w = 4, 6) 
and of [Co(NH3)5Cl](HgI3)2 [5, 6].

In an excess of X the predominant form of the acido-complex in the svs- 
tem studied (Hg2 + + nX~ HgX+, HgX2, HgX?, HgX|~) is [HgX4]2-.

Some metal(II, III) amine salts of the [HgX4]2- anions wrere also isolated 
and proposed for analytical purposes.
(e-g- [Cu(en)2][HgI4], ([Cu(pn)2][HgI4], [Cu(biguanide)2] [Hgl4] [7—11].

From the thiocyanato-derivatives Zn [Hg(SCN)4] [12, 13] and Co [Hg(SCN)4] 
[14] are suitable for gravimetric analysis.

In aqueous media sligthly soluble ammonium-, phosphonium-, and arsonium 
salts of [HgI4J2~ and [Hg(SCN)4]2_ also are formed easily. Some of these deri
vatives and especially the analogous combinations with organic dyes (soluble 
in organic apolar solvents) can be used for the spectrophotometric détermination 
of mercury [15—23].
“ Results sand discussions. We hâve carried out a systematic preparative study 
on the formation of [Hgl4]2- and [Hg(SCN)4]2_ salts with cobalt(III)-amines 
of various types.

According to our observations, the majority of cobalt (Ill)-amine bases, 
without hydrophylic ligands (H2O, NO2, SO3, OH, etc) in the inner coordina
tion sphere, form easily sparingly soluble salts with the majority of hexamine-, 
monoacido-pentâmine- and diacido-tetramine type cobalt(III)-amines in neutral 
and slightly acidic aqueous solutions.

A number of 40 new complex salts of the [Hgl4]2- and [Hg(SCN)4]2~-ions 
are characterized in Tables 1—3.

University Babeș — of Chemical Technology, 3400 Cluj-Napoca, Romania
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1 Hexamine- and Monoaeido-pentamine-cobalt (III) salts of [Hgl4]2- and [Hg(SCN)4]2~
Table 1

Formula Mol. 
wt. 
calcd.

Appearance Analysis (% )

Calcd. Found

[Co(NH3),]3-B3 1621.1 yellow microcryst. Co 7.27 6.97
Hg 37.12 . 36.95

[Co(en)3]2-B3 1776.7 orange prisms (on stirring) Co 6.63 6.92
Hg 33.87 34.22

[Co(en)3]3-A3 2602.7 yellow microcryst. Co 4.52 4.33
Hg 23.12 23.02

[Co(NH3)5(NCS)]-A 910.4 orange prisms Co 6.47 6.30
Hg 22.03 21.61

A - țHglv= : B - lHg(ȘCN),jr-; Yield : 85-90%

eis-[Co(en)2X(amlne)]2+ —salts oî [Hgl4[2-and ]Hg(SCN)4[2~
Table 2

Formula Mol. Appearance Analysis (% )
wt.
calcd. Calcd. Found

[Co(en)2Cl(imidazole)J • A 990.7 light red dendrites Со 5.95 6.10
Hg 20.25 20.80

[Co(en)2Cl(imidazole)] -B 715.4 reddish-orange prisms Со 8.23 8.57
Hg 28.04 27.28

[Co(en)2Cl(pyridine)]-A 1001.7 brown needles Со 5.88 6.00
Hg 20.02 20.05

[Co(en).,Cl(pyridine)J-B 726.4 reddish irregulär cryst. Со 8.11 8.70
Hg 27.61 27.36

[C o(en)2C 1 ( ß-picoline) ] • B 740.5 reddish microcryst. Со 7.96 7.41
Hg 27.09 26.65

[C о (en)jCl (y-picoline) ] ■ B 740.5 reddish microcryst. Со 7.96 7.80
Hg 27.09 26.30

[Co(en)2Cl(aniline) ] ■ B 740.5 reddish-violet Со 7.96 8.65
microcryst. Hg 27.09 27.56

[C о (en) 2C1 (m-toluidine) ] • B 754.5 reddish-brown Со 7.81 8.30
microcryst. Hg 26.59 26.09

[Co(en)2Cl (m-toluidine)]- A 1029.8 thin, brown plates Со 5.72 6.08
Hg 19.48 18.90

[Co(en)2Cl (benzylamine) ] • B 754.5 red-violet microcryst. Со 7.81 7.46
Hg 26.59 26.10

[Co(en)2Cl(benzylamine)] • A 1029.8 reddish-violet Со 5.72 6.01
irregulär cryst. Hg 19.48 19.02

[Co(en)2Cl(o-anisidine) ] ■ B 770.5 red-brown microcryst. Со 7.67 7.88
Hg 26.03 25.75

[Co(en)2Cl(o-anisidine]) • A 1045.8 red-brown irregulär Со 5.63 5.32
cryst. Hg 19.18 18.76

[Co(en)jCl (m-xylidine) ] ■ B 768.5 red-brown irregulär Со 7.65 7.36
cryst. Hg f ...26.10 25.85

[Co(en)2Cl(m-xylidine)J • A 1043.8 red-brown irregulär - Co " "5.65 5.83
cryst. Hg " 19.22 19.86

[Co(en)2Br(y-picoline) ] ■ B 784.9 reddish-brown Co 7.51 7.98
microcryst. Hg 25.56 24.95

[Co(en) jBr(y-picoline) ] • A 1060.2 brown dendrites ' Co 5.55 5.73
Hg 19.94 20.14

Yield: &5-9S%
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Diaeido-tetramine-eobalt (III) — salts of [Hgl4p~ and [Hg(SCN)4]2~

Table 3

Formula Mol. 
wt. 
calcd.

Appear ance Analysis (%)

Calcd. Found

trans-[Co(en)aCla]a-A 1208.34 dark green dendrites Co 9.75 9.39
Hg 16.60 16.35

[Co(en)a(CaO4)]a. A 1242.2 light red irregulär Co 9.48 8.97
cryst. Hg 16.14 15.89

trans-[Co(en)aBra]a-A 1386.2 green-yellow short Co 8.50 8.31
prisms, Hg 14.47 14.08

trans-[Co(en)aBra]a ■ B 1110.6 light green needles Co 10.61 10.46
Hg 18.06 17.77

trans-rCo(pn),Cl,l,-A 1264.4 green dendrites Co 9.32 8.91
Hg 15.86 15.31

trans-rCo(pn)aCl5h- B 989.1 ■ light green needles Co 11.91 12.28
Hg 20.28 20.73

[Co(pyridine)4Cla]a-A 1600.9 olive green % Co 7.36 7.90
microcryst. Hg 12.53 13.10

[Co(ec)(aniline)a]a-A 1643 light brown Co 7.17 6.74
dendrites Hg 12.21 12.33

ГС o (ec) ( p-toluidine), L • A 1699.1 yellow-brown plates Co 6.94 6.66
Hg 11.81 11.58

rCo(ec)(a-naphtylamme),l, • A 1843.4 brown microcryst. Co 6.39 6.15
Hg 10.88 11.13

rCo(ec)(a-naphtylamme)4],-B 1568.1 light brown prisms •Co 7.51 8.10
Hg 12.79 12.05

[Co(DH),(thiourea),l, • A 1591 dark brown Co 7.41 7.20
microcryst. Hg 12.61 13.13

rCo(DH),(thiouiea),l„ • B 1315.7 sparkling yellow-brown Co 8.95 8.47
plates Hg 15.24 15.98

rCo(DH),(wj-toluidine),],-A 1715.3 yellow-brown Co 6.87 6.38
dendrites Hg 11.76 12.50

[Co(DH)a(o-toluidine)a]a-A 1715.3 brown needles Co 6.87 7.10
[Co(DH)a(p-toluidine)a]a ■ A 1715.22 browm prisms Co 6.87 6.99
rCo(DH),(Moluidine)s],.B 1439.92 brown irregulär Co 8.18 8.45

cryst. Hg 13.93 13.78
rCo(DH),(anilme)ah-A 1659 light brown irreg. Co 7.10 6.94

cryst. Hg 12.09 11.86
rCo(DH),(pyridine),],-A 1603.0 light brown Co 7.35 7.15

microcryst. Hg 12.51 12.20

Yield : 80-98%; ec - CuH1BNaO, ; DH - C4h,n.o,

In the infrared spectra of some [Hg(SCN)4]2-derivatives, e.g. [Co(en)2Cl2]2-
• [Hg(SCN)4], [Co(DH)2(aniline)2]2 [Hg(SCN)4], [Co(en)2Cl(m-toluidine)] •
• [Hg(SCN)4'|, the characteristic NCS-frequencies : vc=N, vc_N and the defor
mation (bending) 8ncs appear at 2110—2100 (v.s.), 630—650 (s) and 410— 
420 (m—s) cm”1. This phenomenon pleads for a Hg—SCN bonding through the 
sulphur atom ina 11. the mentioned cases (thiocyanato-complexes) [24].

The thermal behaviour of some diacido-tetramine-cobalt(III)-salts of 
[Hg(SCN)4]2~ and [Hgl4]2- was studied by derivatography.
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Fig. 1. Derivatogram of trans-
[Co(en)2Cl2]2[HgI4]

Fig. 2. Derivatogram of trans- 
[Co(en)aCl2]2[Hg(SCN)4]

The derivatograms of the [Co(en)2Cl2]2[HgI4] and [Co(en)2Cl2j2 [Hg(SCN)4] 
are presented in Figs. 1 and 2.

As shown, the tetraiodo-derivative présents a higher décomposition tempe- 
rature as compared with the thiocyanato-complex. The weight loss begins at 
about 250 °C. The massive disintegration takes place between 260 and 650 °C 
without weight loss stop (failure of inflexion points or horizontal parts on the 
T G curve). The complicated succesive and parallel décomposition processes are 
demonstrated by the exo- and endot hermái peaks on the DTA curve (exo : 280 — 
330, 420-480, 780—810°C and endo : 240 -260, 380 -410, 850°C), and on the 
DTG curve at 280, 320, 430, 490 °C, respectively. In the case of the [Hg(SCN)4 j2~ 
-derivative, the thermal décomposition begins already at 80 —100 °C. An inflexion 
point on the TG curve at 130 —150°C shows a non-stoechiometrical décompo
sition product. The main décomposition stages are demonstrated by the DTA 
peaks: endo: 120 — 140, 200—220, 330 °C ; exo: 190, 280 and 400°C and by 
the DTG ones : 80, 140, 220, 280, 380 and 460°C, respectively. The residue at 
800 —900 °C is less, than the calculated Co3O4%, accordingly to the very fast 
décomposition and volatilization processes.

The thermal behaviour of the other [Hgl4]2- and [Hg(SCN)4j2 ~-salts with 
identical cations is analogous. The çomplicated décomposition processes are 
determined both by the nature of the complex cation and anion. The decompo- 
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sition begins at 160—240 °C in the case of the tetraiodo-derivatives and at 80 — 
130°C by the [Hg(SCN)4]2~-salts.

The thermal and chemical analyses show that ail the obtained cobalt (III)- 
amine salts (Table 1—3) are anhydrous compounds.

Gravimétrie détermination of mercury with diacido-tetramine cobalt (III)-type 
complex salts

The cobalt(III)-amine derivatives characterized in this paper present, gene- 
rally, a considérable thermal stability and a very low solubility in aqueous solu
tions in a wide pH range (p~H. 1—6) (approx- IO-4—10-5 molefl). Their chemical 
composition is constant. The salts appear in a well defined crystalline form, 
the précipitâtes are easily filtrable. The gravimetrical factors vary between 
0.10—0.18 in the case of the diacido-tetramine salts and between 0.19—0.26 by 
the monoacido-pentamine ones.

The Hg2-ion can be transformed easily in stable tetraacido-complexes and 
can be separated in this manner from the màjority of the accompanying di- 
and tervalent metals.

The [Hgl4]2- is suitable for the détermination of Hg in the presence of 
alcaline earth-, lanthanide and di- and tervalent transition metals (З^Ф-З^10). 
The détermination of mercury as [Hg(SCN)4]2~ is interfered by the presence of 
Zn, Cd, Со and Cu ions, which form also slightly soluble M[Hg(SCN)4] salts. 
Therefore the tetraiodo-mercurates are more suitable for the above mentioned 
purpose having a higher thermal stability and selectivity.

To the Hg2+-sample solutions, an excess of 1—2% Kl or KCNS, in neutral 
or weak acidic aqueous solutions were added. The [Hgl4]2- or [Hg(SCN)4]2_ 
complexes were treated with an excess of cobalt(III)-amine salts. The crystalline 
products formed were filtered off, washed with water or dil. HCl and dried at 
the corresponding température. The analytical and statistical data are presented 
in Table .4.

Experimental. As starting compound for the synthesis of complexes with ethylenediamine, 
the trans-[Co(en)2Cl2]Cl was used. The pther derivatives were obtained by a sériés of substituiton 
réactions with HBr, H2C2O4 and with organic amines, respectively [25]. The diacido-tetramine type 
complexes : [Co(DH)2(amine)2]Cl and [Co(ec)(amine)2]Cl [26] form easily by air oxidation of the 
components (CoCl2. DH2 = dimethylglyoxime or ec. H2 — a tetradentate Schiffs base : ethylenedi- 
imino-bis-acetylacetone) and organic amines (pK;, = 8—12) in aqueous or dil. alcoholic solutions.

Synthesis of cobalt (IH)-amine salts of the and [Hg(SCAz)4]2_
1Ö mmoles of various cobalt (Ill)-amine complexes were dissolved in 80— 1Ó0 ml water or dil. alco

hol (20—40% ), respectively, and treated with an excess of 1% K2[HgI4] or K2[Hg(SCN)4] in aqueous 
solution. After a standing of 30— 40 minutes at room température, the crystalline précipitâtes formed 
were filtered off, washed w-ith water and dried on air.

Analysis of the complex salts. The cobalt and mercury contents of the salts were determined 
complexometrically after destroying the samples (80—150 mg) with boiling conc. H2SO4 in the 
presence of some crystals of KN03. The solutions were diluted with wäter up to 250 ml. 100 ml 
of the sample solution was neutralized with urotropine up to pH = 6, and titrated with EDTA 
0.01 mole in the presence of xylenolorange as indicator (sum of Hg + Co). In an other 100 ml sample 
the cobalt was determined complexometrically after neutralization w-ith sodium acetate, in the pre
sence of murexide as indicator and 2—3 ml ammónia solution. The mercury ions were sequestred 
with an excess of Kl [27].

The derivatograms were recorded with a Derivatograph (МОИ, Budapest, Hungary). Sample 
weight : 100±1 mg, beating rate: lQ°Clmin.
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T«Ha 4

Analytleal and «tatistleal data on the gravimetrie détermination of mercury (as [Hgl4]»-«r

[Hg(SCN)t]»~ with eobalt (Ill)-amtnes

Experimental conditions
Determination form

I. II. III. IV. V.

Conc. of Hg!+ mgl50 ml 20— 100 20-100 20-100 20- 100 20- IM

Précipitation conditions,t°C, 20-25 20-25 20-25 20-25 20—25
time hr 2-3 2-3 2—3 2-3 2-3

Washing solution (Z = 0°C) water HCl 0.5% HCl 0.5% HCl 0.5% HCl 0.5»/.

Drying conditions t°C, time hr 120- 150 90 120 120 75—8#
2-2.5 2-2.5 2-2.5 2-2.5 1-1.5

Gravimetrical factor 0.16602 0.14472 0.12514 0.11696 0.13933

n 8 8 8 8 8
Ag 0.02002 0.02002 0.02002 0.02002 0.02002
Digression ±0.4% ±0.6% 4-0.6 ±0.2% ±0.2%
X 0.02000 0.01998 0.01997 0.02000 0.02001

s 4.87-10-» 6.76-10“4 9.38-10"» 2.67-10-» 2.64-10-»

sx 1.72.10“» 2.39-10-‘ 3.32-10“» 9.45-10-» 1.09-10-»

XP(99%) 0.02000 ± 0.01998± 0.01997± 0.02000 ± 0.02001 ±
0,00006 0.00084 0.00012 0.00003 0.00004

icalc. 1,16 0.167 1.51 2.12 0.917

•d 0.01994< 0.01914< 0.01985 < 0.01997< 0.01997 <
<0.02002< <0.02002 < <0.02002 < <0.02002 < < 0.02002 <

Statistical <0.02006 <0.02086 <0.02009 <0.02003 <0.02005

Ag 0.10010 0.10010 0.10010 0.10010 0.10010
Digression ±0.1% ±0.3% ±0.2% ±0.1% ±0.1%

data X 0.10011 0.10003 0.10008 0.10009 0.10014

s 7.39-10» 2.03-10“» 1.56-10“» 7.28-10“» 4.75.10“»
sx 2.61 -10-’ 7.17.10-» 5.53-10“» 2.57-10-» 1.68-10-»

0.10011± 0.10003± 0.10008± 0.10009± 0.10014±ХР(99%) 0.00009 0.00025 0.00019 0.00009 0.00006

^calc 0.383 0.976 0.362 0.389 2.38
^tabl 3.50 3.50 3.50 3.50 3.50

A JV ~4~ i • S % 0.10002< 0.09978 < 0.09989 < 0.10000< 0.10008<
<0.10010< <0.10010< <0.10010< <0.10010< <0.10010<

i <0.10020 <0.10028 <0.10027 <0.10019 <0.10020

Observation - — fine precipi
tate, dif.
to fiit.

I. trans- [Co(en),CJ,],[HgI,] ; II. trans-[Co(en),Br,],[Hgï.] ; III. [Co(DH),(pyTidtae),],[HgI,] ; IV. JCopHWp-toluidine),],.
• [Hgl4] ; V. [CoiDHÎjÎp-toluidine^ljfHgfSCNJJ ; A == true value; n — number of measurements ; X — average; s = stan, 
dard déviation ; t = Student distribution ; <= standard dev. of mean ; P = confidence limita
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The solubility of some mercury salts used for gravimetric analysis was determined gravime- 
trically after évaporation of an aliquot part of the saturated aqueous solution (50 ml) and dried 
at 100 °C. The solubility of some tetraiodo-mercuriates at 20 °C :

trans-[Co(en)2Cl2]2[HgI4] : 1.6-10 _4 moleil ;

[Co(DH)2(p-toluidine)2]2[HgI4] : 2.4-10~5 moleil ;

£Co(DH)2(p-toluidine)2]a[Hg(SCN)4] : 1.9- ÎO'6 moleil.

The infrared spectra were recorded in kalium bromide pellets with a UR 20-Spectrophoto- 
meter (Cari Zeiss Jena).

Analytical procedure for gravimetric détermination of mercury.
20— 100 mg Hg2+ (in form of HgCl2, HgSO4, Hg(C104)a or Hg(NO3)2) in 50 ml aqueous solution 

were treated with an excess of Kl or KSCN until the precipitated Hgl2 or Hg(SCN)2 were dissolved 
again. Then 2% cobalt (Ill)-amine complexes(trans-[Co(en)2Cl2]Cl, [Co(en)2Br2]Br, [Co(DH)2 k 
(p-toluidine)2]Cl, [Co(DH)2(pyridine)2]Cl) were added in excess up to the appearance of the dark 
colour of the reagent (green. .., brown) over the separated solid mass. After standing 30— 45 minu
tes at 0°C, the crystalline product is filtered off, washed with water or dil. HCl and dried at the 
corresponding température (Table 4).

As seen from Table 4, the most favorable forms for gravimetric purposes are the I, IV an’* 
V complexes (on the basis of solubility, Statistical data and physical properties of the precipitatesjd
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COMPLEXOMETRIC TITRATIONS WITH TUNGSTEN ELECTRODE 

E. HOPÎRTEAN and F. KORMOS*

ABSTRACT. The behaviour of the tungsten electrode as an indicator in the 
complexometric détermination of some ions which form complexonates of high 
stability is presented. The potentiometric measurement of these ions is possible 
due to the fact that the metallic ions on the surface of the electrode are reduced 
at a lower valence state. There occurs a redox System whose potential is closely 
followed by the tungsten electrode. The validity of the results obtained in the 
potentiometric titrations has been checked out by spectrophotometric détermi
nations.

Introduction. Either an adéquate ion selective-electrode or a redox-electrode 
(in case that the redox System can be induced in the reaction medium) has 
been used as an indicator electrode in the potentiometric indication of the équi
valence point in the field of complexometric titrations. The tungsten electrode 
is a solid electrochemical sensor, highly résistant even under nonfavourable 
conditions (high température, meltings, suspensions). [1]

The electrode has been widely used in the complexometric détermination of 
Fe3 + in meltings, by potentiometric titration. [2].

This paper reports the behaviour of the tungsten electrode as an indicator 
electrode in the complexometric détermination of some other ions like : Bi3+, 
Cr3+, Cu2+, Fe3+, Pb2+, Ti4+, UO|+, VO2+. These ions form complexonates (MZ) 
of high stability (KMZ : 1018-102°).

Experimental. The potentiometric titrations have been carried out on different levels of con
centration (10~2— 10_4Af) in buffered media at pH = 4,56, at room temperatura and versus the 
calomel reference electrode (S.C.E.). The stock solutions have been obtained by weighing.

Volumetrie déterminations, onbasisof chemical indication have been performed simultaneously. 
An indigenous pH-meter (IAMC Otopeni of type pH-100) has been employed in the instrumental 
indication of the équivalence point.

The spectrophotometric déterminations have been done on a Zeiss Jena spectrophotometer, 
in aqueous solutions of IO-2— 10_4M concentration obtained from substances of p.a. purity.

Results and discussion. The results of the complexometric titrations are 
rendered in Table 1.

At the équivalence point it becomes apparent that the potential jumps are 
considérable in the titration of Cu2+, Fe3+, Mg2+, Ti4+, UOf+ VO2+ but nonsigni- 
ficant in the titration of Cr3+, Pb2+, Bi3+. Generally, the titrations can go up 
to the level of 10 ~3 M concentration. At lower concentrations the potential jump 
takes place at the équivalence point, but it is relatively small. However, in case 
of dosing VO2+, Ti4+, Mg2+, the instrumental indication may reach the level 
of 10~4Af, as compared to the chemical indication that gives no resuit (as the 
potential jumps are above 55 mV at the équivalence point).

* Institute of cketnisly, 3400 Cluj-Napoca, România
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Results of thé potentlometric titrations

Table 1

Cation Conc. 
level

(M)

Potentiometrie Chemical titration
titration

Conclusion

AE±5% at 
equiv. mV

Method, indicator

Cu2+ 10 -2 120 Direct titration murexid +
10 "» 82 +
10 -3 56 +

Fe3+ 10-3 140 Direct titration sulphosalycylic acid 4-
IO-3 67 4~
10“4 45 +

Hg*+ 10~2 135 Direct titration xylenolorange +
IO“3 ■ 84 +
10 “4 55

Ti4 + IO’2 140 Back-titration withBi(NO3)3 xylenolorange +
IO-3 78
IO“1 52

UO|+ IO-2 98 Back-titration with Th(NO3)3 xylenolorange _
IO"3 55 - 4-
10 -* +

VO2+ IO-2 170 Back-titration with MnSO4 erio T +
IO-3 86 4-
io~4 55

Bi3+ 10 -3 40 Direct titration xylenolorange _
IO“3 25 +
10-3 — 4"

Cr3+ IO'2 58 Direct titration sulphosalycylic acid 4*
IO-3 30 +
10 -3 4-

Pb2+ IO“2 35 Direct titration xylenolorange 4"

The potentiometric measurement of these ions in the presence of tungsten 
electrode is possible due to the fact that metallic ions on the surface of the 
electrode are reduced to a lower valence state, according to the following reac-

4 — (Zhemia 1—^1991

tions :
10Me2 + + 2W + 5H2O # 10Me+ + W2O5 + 10H + 

Me2+: Cu2+, Hg2 +
6Me3 + 4- W + 3H2O # 6Me2+ + WO3 + 6H +

Me3+:Fe3 +

%
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6Me4+ + W + 3H2O^6Me3+ + WO3 + 6H +
Me4+:Ti4+, VO2 +

In terms of thermodynamics these reactions are fully acknowleged, because 
the standard potentials score corresponding values, according to Table 2.

Table 2

Standard redox potentials (3, 4)

Redox System. Standard potential, V

W2O5/W -0,440
wo3/w -0,010
Hg2+/Hg|+ + 0,907
Fe3+/Fe2+ + 0,771
uo*+/u<+ + 0,360
VO«+/V*  + + 0,337
Cu2+/Cu+ + 0,153
Ti‘+/Ti3+ + 0,040

As a resuit of these processes, there occurs a redox System in the reaction 
medium, whose potential is closely followed by the tungsten electrode. At the 
équivalence point, the potential decreases abruptly ; this is explained by the 
complete engagement of this ion in the complexon solution Fig. 1.

These considérations lead us to the conclusion that the dosing of Cr3 + 
Pb2 +, Bi3 +, cannot be achieved complexometrically, by the potentiometric indi
cation. Although these ions form complexonates of high stability, they cannot 
be submitted to the indication with tungsten electrode because they are not ca
pable of shifting to lower valence states with corresponding standard potentials.

In order to establish the accuracy of the potentiometric titrations, the équi
valence volumes (KJ hâve been calculated according to Hahn-Weiler method. 
These results hâve been compared to those obtained by chemical indication. 
The results of this experiment are rendered in Table 3.

The results point out that the équivalence volumes approximate better the 
theoretic Ve (10 ml) obtained by instrumental indication. The validity of the 
results obtained in the potentiometric titrations has been checked out on some 
ions (Cu2+, UO2", VO2+) as well as by spectrophotometric déterminations.

The diagram (fig. 2) of VO‘!+ dosing in the concentration range of 10”2— 
10_3M is shown.

By examining the standard curve (E = /(c), where E représente the extinc
tion and c the concentration) established at À = 240 nm, the concentration of 
3.10 '3M is found for the unknown sample, 205 mgfl respectively, as compared 
to 200 mgjl found potentiometrically in the presence of tungsten electrode.

Finally we can state that the complexometric détermination of [these ions 
on tungsten electrode proves a highly effective method, more accurate and more 
rapid than the chemical indication.
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Fig. 1. Complexometric titration cu
rves at 10_2M concentration level : 
A-Ti4+ ; O-Cu2+ ; • -VO2+ ; *UO2+.

Fig. 2. Spectrophotometric calibration 
curves for the détermination of VO2+.

Equivalence volume (Ve)
Table 3

Cation Conc.
M

Fe.p
(ml)

o(ml)
(10-Ve,p)

ï^e.ch.
(ml) (io-Fe;Ch)

Cu2+ 10~2 10,10 0,10 10,20 0,20
10~3 10,25 0,25 10,30 0,30
10-4 10,20 0,20 10,40 0,40

Fe3+ 10~2 9,92 0,08 10,00 0,00
10~3 10,10 0,10 10,20 0,20
l(ri4 10,25 0,25 10,30 0,30

Hg2+ 10“2 10,05 0,05 10,20 0,20
10“3 10,10 0,10 10,30 0,30
10~4 10,35 0,35 — —

Ti‘+ 10~2 10,25 0,15 10,20 0,20
10-3 10,27 0,27 10,40 0,40
10-< 10,30 0,30 - —

UO+> 10~2 10,25 0,25 10,40 0,40
103 10,05 0,05 10,40 0,30
IO“4 - - - —

VO2+ 10 "2 10,08 0,08 10,20 0,20
10~3 10,05 0,05 10,30 0,30
104 10,20 0,20 — -

a — accuracy
Vg,p — at potentiometric indication
Ve ch — at chemical indication
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AROMATIC SOLVENT INDUCED SHIRTS (ASIS) IN XH-NMR SPECTRO- 
SCOPY OF SOME 2,5-SUBSTITUTED 1,3-DIOXANES

SORIN’ MAGEB*,  ION GROSU*,  MIHAI HORN*

IReceived : 15.02.1991

ABSTRACT. Some'Jvery conclusive examples of clear Separation of superpo- 
sed signais in the 4I-NMR spectra of some monocyclic and spiranic 1,3- 
dioxanes, using the aromatic solvent induced shifts (ASIS), are presented.

As a continuation of our earlier work (1-4), several new 2, 5 substi- 
tuted 1,3 -dioxanes were studied by means of 1H-NMR.

The synthesis were run starting from the 1, 3-diol 1 which was Conden
sed with aldéhydes and ketones. The use of cyclic ketones gave spiranic 1, 3- 
dioxanic structures 3 (5, 6).

The acetal ysation of pentaerytritol 4 with aldéhydes and ketones gave 
spiro-1,3-dioxanes namely 3,9 -substituted -2,4, 8, 10-tetraoxaspiro/5,5/unde- 
canes 5 (7) :

In many cases, because of the superposition of some signais in the NMR 
spectra, their interprétation was possible using the ASIS method. The use of 
an aromatic solvent CeDe instead of the usual CDC13, by means of the produced 
shifting of signais, offers very clear eut examples in this field.

In the case of the conformational equilibrium 6 & of the mobile 1,3-
■dioxanic structure 6 (the conformational free enthalpy différence between the 
CH3- and the — CH2—COOCH3 substituents in the 2 position is too small to

Vniversity ВЛц-Bolyai Dept. of Organic Chemistry 3400 Cl«j-Napoca falhii
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COOCH2CH3 H3COOC-CH2
н3соос-н2схД^;соос^с^ ^cA^°ÄyCOOCH2CH3

СНз Hc СООСН2СНэ
6 6'

and с (of 6) in CDCla (Fig. la) and 
C.D. (Fig. lb).

Fig. 1. The fragment of the XH—NMR spectrum represen- 
ting the protons a,| b ' . - - .

7-12

generate anancomeric structure), the signal of the protons c is superposed öm 
the signal (quartet) of the protons a in the spectrum run in CDC13 (fig. la).

6 6'

The use ofCeDe as solvent produces a significant shift of 0.52 ppm of the methy- 
lenic quartet and of 0.08 ppm of the mediated signal of the équatorial and 
axial protons (Hc) of the 1,3-dioxanic ring (Fig. lb).

Concerning the fixed structures (7—72) obtained from aromatic' ketonee, 
Ar = CeH5 - (7) ; 0-, m-, >C6H4-NO2 (8-10) ; a-, ß-naphtyl (77, 72) 
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the importance of the ASlS experimente are very well demonstrated by the 
most significant cases illustrated by Fig. 2a, b and 3a, b and included in Table 
1, which présents the chemical shifts of the protons a and b belonging to the 
axial respectively équatorial ethyl groups and of the axial (Яс)-and équatorial 
(Hd protons linked to C4 and C6.

Chemical shifts of protons a-d In eonipounds 7 — 12 showing the
ASIS- effeet

Table 1

Compound Âryl group Solvent Hd Ha Hb

CDC13 4.31 3.80 4.18 3.90
7 C6H, CeD, 4.50 3.82 3.82 3.37

Д 0.19 0.02 ■ 0.36 0.53
CDC13 4.25 3.56 4.10 3.86

8 o-O2N — C,H4 — . C,D6 4.50 3.75 3.75 3.37
A 0.25 0.19 0.32 0.49

CDC13 4.37 3.70 4.19 3.91
9 m-O2N - C,H4 - CeD, 4.50 3.68 3.87 3.44

A 0.13 0.02 0.32 0.47
CDC13 4.32 3.70 4.16 3.90

10 />-O2N - C,H4 - CeDe 4.45 3.60 3.82 3.42
A 0.13 0.10 0.34 0.48

CDC13 4.50 3.95 4.31 3.95
11 a-CioH7 C„D, 4.55 3.92 3.80 3.30

A 0.05 0.03 0.51 0.65
' CDC1S 4.50 3.95 4.30 3.97

12 ß-CioH, C.D, 4.65 4.00 3.87 3.37
A 0.15 0.05 0.43 0.60

F i g. 2. The fragment of the 'H — NMl-t spectrum 
representing protons a—d of compound 7 in 

CDC1, (Fig. 2a) and C,D, (Fig. 2b). 

F i g. 3. The fragment of the 41 — NMR spectrum 
representing protons a—d of compound 11 in 

CDC1, (Fig. 3a) and C,D, (Fig. 3b).
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8 H (o-d)

3.95
a

Fig. 4. The fragment of the 41—NMR spec- 
trum representing protons a—d of compound 
13 in CDC13 (Fig. 4a) and- in CeDe (Fig. 4b).

4.46 4.12 3.?? 3.50 <T ppm

b

The condensation of the diol 1 with 
1,2-cyclohexandione gave the anan- 
comeric 1,3-dioxanic structure. 13. The 
superposition of the two AX quartets 

13 13’
(belonging to protons c and d) is also 
ver y well resolved using CeD6 instead 
of CDC13 as shown in Fig. 4a and b.

The anancomeric spiro-1,3-dioxanes 
(74—20) obtained from pentaerythritol 
with aldéhydes . or unsymmetrical ke
tones offers also very clear eut exam
ples of the utility of the ASIS me- 
thod.

Table 2 gives the chemical shifts and the AS values (différences between CeDe 
and CDC13) for the dioxanes 14-20.

In compound 16 the long range coupling between protons Hc and Не may ' 
be easily observed using as solvent C6D6 instead of CDC13, as shown in Fig. 5a,b..

74 R == CH3 ; R' == H 18 R == iC3H7 ; R' = CH3
75 R == iC3H7; R' = H 19 R == tC4H9 ; R' = CHa
76 R == C6H5; R' = H .20 R == CH3 ; R' = C6H5
17 R == C2H5 ; R' = CH3

U R=CH3; R'=H
15 R = ; C3H7;R'=H

.16 R= CçH5;R'-H

17 R= C6H5i R’-CHj

18 R= 1-C3H7 ; R = CH3
19 Rq-СдНд ; R’-СНз
20 R=CH3; R'=C6H5
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Chemical shlfts of protons a-i In compounds 14—20 sliowing 
the ASIS effect

Table 2

Compound C(3)/C(9) Solvent H H H H H
R R'

CDC13 4.60 3.56 4.56, 3.45 3.58
14 CH3 H CgDg 4.12 3.07 4.58 2.64 2.97

0.48 0.49 0.02 0.81 0.61
CDC13 4.22 3.49 4.53 3.32 3.55

15 i-C3H, H ^“6^6 4.40 3.08 4.00 2.66 3.04
0.18 0.41 0.06 0.66 0.51

CDC13 5.41 3.79 4.84 3.59 3.80
16 C6He H C6De 5.20 3.33 4.95 2.92 3.25

0.21 0.46 0.11 0.67 0.55
CDC13 1.28 3.71 3.78 3.60 3.60

17 c2h5 CH3 c.»6 1.10 3.49 3.67 3.24 3.31
0.18 0.22 0.11 0.36 0.29

CDC13 1.21 3.70 3.86 3.53 3.53
18 »-C3H7 CH3 C6D. 1.02 3.47 3.88 3.19 3.27

0.19 0.23 0.02 0.34 0.26
CDC13 1.26 3.64 4.27 3.48 3.27

19 i-C4H9 CH3 CfiDe 1.02 3.39 4.41 2.99 2.87
0.24 0.25 0.14 0.49 0.40

CDC13 1.50 3.61 4.44 3.21 3.13
20 CH3 CeH5 CßDe 1.46 3.53 4.58 2.93 2.65

0.04 0.08 0.14 0.28 0.48

Fig. 6. The fragment of the 41—XJÍR 
spectrum of compound 14 for Ha and 11 c 

in CDC13 (Fig. 6b).

F ig. 5. The fragment of the 41—NJIR.’ spectrum 
representing protons a, b and d of compound 16 in 

CDC13 (Fig. 5a) and in CeD6 (Fig. 5b).
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w» Hd>e Hb Htf He

Fig. 7. The fragment of the 41— NMR spectrum of com
pound 20 for protons Hd and He in CDC13 (Fig, 7a) and 

C6De (Fig. 7b).

Other two striking examples are shown in Fig. 6 and Fig. 7. The superpo- 
sed signais of protons Ha and Hc in compound 14 are very well resolved if 
one works in CeD6 (Fig. 6b) instead of CDC13 (Fig. 6a).

Concerning compound 20, the différence between the équatorial (Hd) and 
axial (He) proton may be very well observed using C6D6 instead of CDC13 
as shown in Fig. 7.,

Experimental. The 1,3-Dioxanes were synthesized after the general procedure : the corres
ponding amounts of diols and aldéhydes or ketones with catalytic amounts of ^i-toluenesulphonic 
acid were boiled in benzene. After the water completely removed, and the reaction product cooled, 
the solution was neutralized with sodium acetate and washed with water. The solvent was than 
removed and the compound4 was pnrified bjF distillation or Crystallisation,.

The Uil-NMR spectra -were run with a — Bruker — SxP—4/100 apparátus with HJIDS as in 
ternal standard using CDC13 and C6D6 as solvents.
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SIMPOSIUM

„2® YEARS OF HIGH EDUCATION IN CHEMICAL ENGINEERING IN CLUJ-NAPOCA"

Between 19 and 22 September 1991, the Faculty of Chemistry 
and Industrial Chemistry of our University plaid host the jubilee 
Symposium „20 years of high éducation on Chemical Engineering 
in the university centre Cluj-Napoca”.

Organized by the Department of Chemical Engineering to 
mark twenty years of research and teaching in Chemical Engine
ering in Cluj-Napoca, the Symposium have occasiones contacts, 
knowledges, acknowlegdes and profitable idea-changes between the 
chemical and chemical engineering schools, research centres and ■ 
profile industrie of Romania. Proceedings were developed as ple- 
nary Conferences (9), scientific communications on sections (119), 
posters*  (61 ) and round tables (2).

In programme were inscribed 191 papers of 316 authors. ■
The communications and the poster woras were grupped in 

five Sections :
1. Chemical Engineering (30 communications and 11 posters)
2. Chemistry and Technology of Oxide Materials (20 com

munications and 11 posters )
3. Chemistry and Inorganic Technology (20 communications 

and 12 posters)
4. Chemistry and Organic Technology (25 communications 

and 12 posters)
5. Analytical Chemistry, Physical Chemistry and Electro- 

chemical Technologies (24 communications and 17 posters)
A lot of thèse Works are included in STUDIA number 1—2, 

1991.
Plenary communications attache! Problems of most actuality 

in chemical Research and the débutes on the round table was re
fer ed to actualproblems and oflong-term conccrning chemist engineer 
éducation and development of research im the chemical engineering 
field.

Symposium programme included some complementary mani
festations like : opera show (W. A. Mozart), dyaporam.es in 
evening, meetings with graduale promotions of students and ex
cursions in Cluj-Napoca (Botanic Garden, Old Centre, Museums) 
and on the Someș Valley (Tarnița and Mărișelu).

dyaporam.es


60

Symposium usas sponsorized by the- Industrial Societies : 
CEROC S.A., IRIS S.A., SANEX S.A., TERAPIA. S.A. 
of Cluj-Napoca, CIMENTUL S.A. Turda and ELOR SRL 
Orăstie.

One of the conclusions of Symposium usas the récognition of 
the Cluj chemical engineering éducation and its intégration among 
the tradițional schools (București, Iasi, Timisoara) of Romania.
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BINDERS FOR GRINDING - STONES WITH HIGH HARDNESS

OLGA GOGL'*,  N. ZIMAN*,  ADINA LATIA*

ABSTRACT. In the paper are presented expérimentais concerning the obta- 
ining of binders, based on modified borosilicate glass, agreeble as high-hardness 
grinding materials.

Introduction. Among the manifold utilisations of the grinding materials, 
abrasion-is an important field, especially in the processing of the rolling coß act 
bearings.

In order to carry out this operation under optimum conditions grinding 
stones are used. They are made from noble electrocorundum and of some bin
ders which are used to ensure strength and high hardness, an absolutely indis
pensable requirement for the achievement of high précision grinding.

The studies performed in this field pointed out that good results are obtained 
by using binders which predominantly remain in the form of glass, after the 
firing process of the grinding stones. [1, 2, 3, 4, 5 and 6].

Experimental. Taking into account these facts, present paper deals with the problem of ob- 
taining some grinding stones with the caracteristics mentioned above, by using a borosilicate 
glass as a binder and noble electrocorundum es an abrasive stuff. The influence of : refractory 
clay additions, firing température and pressing pressure hâve also been studied.

The raw materials used are : noble electrocorundum, Botesti refractory clay, borosilicate 
glass astes, synthetic. cryolite and monoaluminium phosphate.

The physico — chemical caracteristics of materials used are shown in Table 1 and 2.

Noble electroeorundum granulométrie composition.

Table 1

Fraction >80 >63 >50 >40 <40

0/
/0 39,8 21,4 8,8 6 24

Borosilicate glass and Botesti clay chemical composition.

Table 2

Oxides [%|

^-''^Raw^materials SiO2 A12O3 CaO MgO Na2O K2O

/

BaO U2O;1 TiOa P.C

Borosilicate glass 79,48 2,04 0,05 0,20 0,039 3,10 1,19 0,40 13,5 - —
Botesti refractory clay . 51,27 29,36 3,15 0,85 0,95 0,52 3,13 — - 0,87 9,88

Technical Universily Timișoara; Dept of Chemical Engineering. 1900 Timișoara, Romania
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The aluminium monophosphate was used as a solution with p = 1,61 g/cm’.
The glass and clay were ground until a sieve residue of 1% was obtained on the 006 mm 

sieve for the glass and respectively a sieve residue of 1% on the 02 mm sieve for the clay.
A solution of aluminium monophosphate in proportion of 8—16% was added, in order to 

increase the binding power and provide optimum pressing condition. By pressing at 200 daNIcm2, 
and at 400 da N/cm2 cylindrical samples with D = 34 mm and H = 19 mm and prisms of 130 X 
X 30 X 15 mm dimension were obtained. The samples were fired at 1160°C and at 1250 °C, during 
a period of ten hours, being mantained for an hour at the maximum température.

The pastes were formed by maintaining the quantity of abrasive material and borosilicate 
glass constant, by changing the amount of the clay added and by modifing the firing température.

The pastes composition and their characteristics as a resuit of pressing 
and firing are shown in Table 3.

Pastes composition and their characteristics after pressing and firing.

TabU 3.

Samples sériés I II

Firing température [°C] 1160° 1250°

Clay [%] 10 15 20 10 15 20
Glass + Cryolite [% ] 15 15 15 15 15 15
Bending strenght, ai[daN/cm2] 578 - 684 706 580 596 580
Absorbtion capacity [% ] 13,52 10,72 9,66 15,24 11,48 11,20
Apparent density [g/cm3] 2,42 2,50 2,50 2,28 2,53 2,49
Apparent porosity [% ] 32,72 26,80 24,25 34,75 29,04 27,89
Hardness class R T T R Г T

As it results from the facts presented above, by increasing the amount of 
the clay added, the bending strength is increased, the absorbtion capacity is 
decreased and hardness raises from dass “hard” (R) to the dass “very 
hard" (7').

The data presented in Table 3 also show that the température rise does 
not significantly modify the grinding stone characteristics.

The results obtained point out that the apparent density values lie mainly 
between 2.42 —2.50 g/cm3. These values are higher than those found in litera- 
ture for the grinding stones intended to fine grinding, for which are recommen- 
ded values between 2.1—2.3 g/cm3 [5].

In order to decrease the apparent density, two sériés of other samples 
were experimented ; in one of them was investigated the variation of apparent 
density depending on the decrease of the amount of clay added, while in 
the other one, the quantity of borosilicate glass was reduced, and the amount 
of clay remained constant.

The firing was effected at 1160°C. In these sériés of samples the influence 
of the pressing pressure was studied, though of less importance.

The pastes composition and the grinding stone characteristics are shown 
in Table 4.

As it results from the facts presented in the table above, for the first 
sériés (I), the decrease of the clay amount leads to the decrease of grinding 
stones apparent density to values within the limits requested for fine grin-
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The pastes’ eoinpusltinn and their charaeteristles alter flring.

Table 4

Sériés

Samples 1

I

2 3 4 1

II

2 3 ' 4

Firing température [°C] 1160°»

Pressing pressure [daN [cm?] 2130 4i30 200 400

Clay [%] 5 8 5 8 5 8 5 8
Glass + Crvolite [% ] 15 15 15 15 11 11 11 11
Bending strenght [daN [cm3] 485 473 566 559 485 493 502 556
Absorbtion capacity [% ] 15,26 15,41 14,42 14,14 17,18 17,14 14,58 12,59
Apparent density [g [cm3] 2,25 2,13 2,30 2,41 2,25 2,21 2,40 2,44
Apparent porositv [% ] 34,26 32,82 33,21 34,18 38,66 37,88 34,99 30,72
Hardness dass P 11 T S O 0 R- ‘5 S

ding. At the same time, a decrease of the strength and a change of the hard- 
ness dass can be observed, most of the samples are now situated in dass 
“hard”. The modification of the pressing pressure brings about a slight increase 
in the values of both apparent density and strength.

The second sériés of samples (II), points out that the decrease of the glass 
amount causes similar effects as in the first sériés, with a marked decrease 
of the hardness dass of grinding stones.

Conclusions. 1. The experimental researches pointed out the possibility of 
obtaining grinding stones from the hardness dass “very hard”, by using a 
binder consisting of 15% borosilicate glass wasteș and an amount of 10—20% 
Botesti refractory clay. The grinding stones obtained presented higher apparent 
density values than the optimum ones as they are presented in literature. 2. 
The decrease in the amount of clay up to 5—8% allowed to obtain grinding 
stones with characteristics close to those recommended in literature. 3. -The 
modification of the values of firing température and pressing pressure does not 
determine significant changes in the characteristics of the grinding stones ob
tained.
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Recieved

ABSTRACT. The authors of the present article realised a modelling of the pre
cipitate calcium-carbonate's obtaining. Based on their down results and those 
of the afferent technical literature, they searched the ,.reaction of double change 
between calcium-chloride and sodium-carbonate solutions. The three irdependent 
variables of the problem being : température ; concentration of sodium-carbonate 
solution ; and that of calcium-chloride, they studied four qualitative (dependent) 
variables: concentration of the calcium-carbonate-solution obtained, its density 
in bulk, sedimentation-speed (“number”) and the xH of .its 2% concentrated 
solution.

Using the “multiple régression” method, statistico-mathematical models 
were elaborated, describing the dependencies between the three independent - 
and four dependent (qualitative) variables. Imposing some restrictive conditions, 
resulted the optimal solution, confirmed later by repeated expérimentais. The 
quality of the products obtained this way satisfies excfsively the limits stipu- 
lated by the legal standards.

1. Introduction. The technical grade calcium carbonate is useful in many 
fields of economy. Besides classical ones, namely rubber industry, plastics, 
paper, cosmetics, farmaceutics and paints, in the last time, it is utilized in the 
new fields such as electrotechnics and machine construction [1, 2]. Both, new 
fields and the classical ones, request some restrictive conditions on chemical, 
physical and technological properties, i.e. bulk density, settling number, white- 
ness, fineness of grain, pH of the aqueous suspension etc.

Generally, the technical grade calcium carbonate can be obtained either 
by neutralization of the lime milk with carbon dioxide or by procedures based 
on a double exchange reaction between calcium salts and salts that contain 
the CO ion. During the manufacturing • process, it crystallizes, besides the 
three stable crystalline forms, i.e. calcite, aragonite and waterite, in over 200 
more or less stable varieties [1,4—7].

The obtention of calcium carbonate in one of its crystalline species, reques- 
ted by user, is the main aim of the manufacture technology. Since the quality 
•of the final product obtained by any known procedures is dependent on a great 
number of kinetical parameters, the technological régime establishing is usually 
preceded by a laboratory investigation as regards the influence of these para
meters over its quality. Due to the great rate of transformation process, 
reaction — formation and growing of germs, the analytical modelling is very 
«lifficult, so that, the Statistical on& was necessary to be employed.
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In order to find the optimal technological régime for obtention, by a do
uble exchange procedure, of a final product with the properties requested by 
the user, in the present paper were carried out the following steps :

— establishing of kinetical parameters with significant influence overfinal 
product quality ;

— establishing the quantitative and qualitative indexes ;
— élaboration of the statistico-mathematical models describing the depen- 

dence of the product property on the kinetical parameters ;
— finding the technological solution in a matrix from of the values of 

kinetical parameters that favour to obtain the product with requested quali
tative indexes.

2. Elaboration oï the statistico-mathematieal models. To establish the inde
pendent variables of the System, from the great number of kinetical parameters 
influencing the quality of the final product, based on some previous investiga
tions and the literature available data [4 — 11], we hâve considered as constant 
parameters the following: stirring intensity (560 rot.Imin.'), simultaneous feed 
of the reactant phases, 0.4—0.6 g Na2CO3g/Z excess, feed time (5 min.) and the 
process time (30 min.). Under these conditions, the variables of the System are 
as follows : température, concentration of calcium chloride solution and con
centration of sodium carbonate solution. As qualitative indexes of the product, 
we hâve selected from several only 4, i.e. concentration of CaCO3 (CaCO3, %), 
bulk density (pB, g/cm3), settling number (S.v, %) and pH of its 2% suspension.

In order to elaborate the statistico-mathematical models which describe 
the dependences among the three variables and the four properties, the mul
tiple régression has been employed. The great number of factors and the four 
simultaneous responses suggested us to employ a complet statistical modelling, 
consisting in élaboration of one experimental program followed by processing 
of the data by the least squares method.

Taking into account the three independent variables at the five levels 
considered, the data summarized in Táble 1, hâve been obtained.

To carry out the programed experiments, we employed solutions of calcium 
chloride, obtained by dissolution and filtration of technical grade chloride and 
solutions of pure sodium carbonate. The experiments were carried out on a 
laboratory plant made up by a 1.5 Z capacity reactor with mechanical stirring, 
2 level thermostated bottles and a vacuum filtering device. For each experiments, 
the amounts of necessarv reagents were measured and thermostated at opra- 
ting température. The solutions entered in the feactor with such a flowrate that 
feed duration was 5 minutes long. The thermostated reaction mass was stir- 
red for 30 minutes, followed by solid séparation by vacuum filtration, washed 
with distilled water to remove completly the chlorine ions and driedat 120 °C 
for 3 hours. The dry product, after disintegration in an impact mill, was sub- 
jected to the laboratory tests, measuring besides the four indexes mentioned above, 
the bleaching degree and oversize pices on the0.063 screen. The results are 
also represented in Table 1.

5 — Cheniia 1—2/1991
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Table t
Experimental results

Run C °CaCl2 
g!i

C°Na.CO, Tempera-■ Content
of CaCO3,

%

pH of 2%
suspension

Settling 
number after 
5 min., SX,

%

Bulk 
density,

P °.

Bleaching 
degree,% 

%
g.U ture,

- CC

1 70 5 35 97.092 9.80 41.0 0.8695 94.00
2 190 55 35 96.269 9.65 40.5 0.8695 91.00
3 70 145 35 95.631 9.94 42.5 0.7894 95.00
4 190 145 35 98.257 9.45 75.5 0.6060 91.50
5 70 55 65 96.277 9.80 38.0 0.8333 92.50
6 190 55 65 96.211 9.70 30.0 0.8695 92.65
7 70 145 65 96.311 9.95 45.0 0.8550 94.90
8 190 145 65 99.137 9.50 97.0 0.3921 95.50
9 10 100 50 96.311 10.0 56.0 0.5500 95.00

10 250 100 50 98.710 9.15 98.75 0.6238 95.2
11 130 10 50 96.935 9.65 50.0 0.5550 94.8
12 130 190 50 98.373 9.55 96.0 0.4938 95.6
13 130 100 20 98.507 9.60 98.0 0.6200 95.7
14 130 100 80 98.084 9.55 98.75 0.5839 95.7
15 130 100 50 98.657 9.60 96.0 0.4440 95.3
16 130 100 50 98.21 9.55 98.75 0.5550 95.4
17 130 100 50 98.565 9.55 95.0 0.4819 93.2
18 130 100 50 98.48 9.50 97.0 0.5550 95.7
19 130 100 50 98.257 9.50 99.5 0.5633 96.0
20 130 100 50 98.30 9.30 98.5 0.5759 95.7

The mathematical models proper to the four responses were found starting 
from a classical form of plynomial type, having the expression :

= +...
g=l

where YK is estimation of the YK property, K is the number of properties, 
n is the number of variables and a0, a , a are the coefficients of the régression 
équation,

Statistico-mathematical processing of the experimental data has consisted 
in solving of the below matrix équation, based on a factorial program eoncre- 
tized by NE 2 -f- 2« + «0 [13] :

= y((WL»XC) * У(ХЕ»ХС)) 1 * У(ХЕ*ХС)*  Ук

where, YC is the number of coefficients and YE is the number of experiments. 
The found coefficients «(jVC) provides a mathematical model characterized 

by a standard déviation of estimation SDEi-
Having calculated the values of the Student’s test for the «(1Vc) coefficients, 

diminishing of some ternis is necessary, and their replacing with others, so that 
the vector of the new coefficients to provide a model characterized by SDE2 
< SDEp
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The new terms can be found. by iterative calculus making combinations of 
the powers at the level of general term X“ ■ Xț • Xț with a, b and c, taking 
values from the [0, 1,2, 3, 4( matrix [12].

At the same time, the number of coefficients was increased from its ini
tial value NC to NC*,  respecting NC^NE.

Due to the octogonal feature of the (X * XT) matrix, when the variables 
take codified values for a, to obtain the minimum value of the SDB index, 
one was necessary to scalarize the, variation range of variables in a such a 
manner that, indiferent of the structure of the attachable terms, (X * XT) does 
not lead to a singular matrix.

For a rapid finding of the-coefficients of the new function, a program in 
the Basic language was elaborated and ruled on TIMS computer. The results 
of calculi are set out in Table 2.

To vizualize the form of functions, the dependences Y = /(X2, = ct’
hâve been ploted. For example, in Figure 1 is represented the two functions.

Coefficients of the standard (1) and modiîled (2) régression équations

Table 2

Func
tions / % CaCO3 Y, Pi, Y'«3 Y, 5xV, % Y,
/ Terms 1 2 1 2 1 2 1 2

О 98.2197 98.3846 0.5655 0.5291 91.0284 97.6875 9.5293 9.5787

X. 0.58S 0.585 -0.0289 -0.0289 10.125 9.1875 -0.1806 0.1275

X, 0.3976 0.3976 -0.0576 -0.0176 12.6162 14.5833 -0.01937 0.01

X, 0.009937 -0.1604 -0.01604 0.75 0.000625 0.000625

Xf -0.3232 -0.2185 0.0326 0.01442 -8.2357 -5.0781 0.0334 0.01406

X2Xa 0.7926 0.7926 -0.08131 -0.08131 11.6875 11.6875 -0.08625 -0.09625

XxX3 -0.03041 -0.03041 0.01125

-0.1826 0.01697 -0.001195 -9.3295 -53,1718 0.03963 0.0203

xax3 -0.01401 0.00125

Xf 0.03636 0.01819 0.00125
Xf 0.375 -0.02125
X’Xf -1.0813 0.2 0.1706

X? -0.7708
W,

Xl

XI ■

— 0.06962 -0.3946

11.75
-0.003749

COR 0.8763 0.973 0.6431 0.9064 0.7821 0.9893 0.8816 0.9593

SDE 0.733 0.3316 0.1632 0.0948 23.27 5.49 0.137 0.082
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Fig. 1. Plot of the Y3 function: a standard ; b — modified ;

namely the standard one (a) and that with minimum SDE (&). It can be seen 
that the improved function is better adjusted around the experimental points,, 
but it exhibits a large déviation at the range extremity.

3. Technological solutions. In order to establish the parameters that assure 
obtention of a final product with a desired quality, the équation Systems formed 
by the 4x2 régression équations, with respect the following restrictive condi
tions : %CaCO3 = 98 — 99, pB < 0.45 glcms, Ss 95% and -pH of its 2%, 
suspension equal to 8.5 — 10, hâve been solved. Its solutions hâve been found. 
using the iterative method, taking into account ten steps for each factor. The 
obtained results are represented in the experimental cube, Figure 2, in form 
of some bodies inside of the points 1 —12, the case of classical model and I — X, 
for the improved model.

As can be seen from figure 2, the technological parameters found in this 
way are situated inside of the abcda'b'c'd' cube, i.e. at lower concentrations 
of CaCl2 (146—250 g/Z) and Na2CO3 (112—190 g/Z), while the classical model 
gives the technological solutions in the range of higher concentrations of 
CaCl2 (190—250 g/Z and Na2CO3 (145—190 g/Z). But, both models show that 
the operating température must be higher than 50°C.

In order to verifv the veracity of the models, some replicate experiments 
were carried out under extreme conditions, given by point 12. The results set 
out in Table 3 show that the mathematieal model developed, describes well 
enough the process under study, being useful for the détermination of the kine
tical parameters that control the obtention of calcium carbonate with a pre- 
established quality.
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Fig. 2. The Variation range of the parameters that satisfy simultaneously the restrictive quality 
conditions of the product.

Comparative results

Table 3

Product Го CaCO3 P
g/cm3

Ç 0/г /О pH of 
2% susp.

Bleaching
degree, °0

12+ 98.475 0.3809 99.5 9.4 95.2

12++ 98.917 0.3636 99.0 9.4 95.0

STAS 1083-76 97-99 0.45-0.47 90-95 8.5 —9.5 92-97

4. Conclusions. The laboratory investigation of the calcium carbonate obten
tion by a double exchange procedure, using solutions of calcium chloride and 
sodium carbonate, allowed to establish the statistico-mathematical models that 
describes the dependences among the 3 process parameters and 4 properties 
of the final product. Their solving under restrictive conditions has given the tech
nological solutions. Since these solutions were verified ulteriorly by replicate 
experiments, the veracity of the developed models was proved. The final pro
duct, obtained under conditions of the technological régime established, satis- 
fies in abundence the quality indexes recorded in the actual standards.
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CARBON DIOXIDE ABSORPTION INTŐ PROMOTED POTASH 
SOLUTIONS

I. Enhancement Factor Determining

ILIE SIMINICEANU*

ABSTRACT. The absorption of carbon dioxide from gas mixtures into activa- 
ted potassium carbonate-bicarbonate buffer solutions has been studied. The 
enhancement factor is defined as the ratio of absorption rate with and without 
chemical reaction. B y assuming a pseudo-first order reaction and no gas-side 
résistance, the équation for the enhancement factor calculation, as a function 
of experimental data, has been derrved. The method is numerically illustràted 
using the initial values of the absorption rate constant, obtained in the pre
sence of eleven different promoters, at 298 K. The enhancement factor criterion 
is better than the relative reaction {constant not only for the promoter sélection 
but also for the absorption column design calculations.

1. Introduction. The removal of carbon dioxide from gas mixtures by 
liquid absorbents is an industrial process of both theoretical' and practicai 
importance. The applications and processes for removal of carbon dioxide ar 
extensively reviewed by Danckwerts and Sharma Г1 J. For economic reasons 
the absorbent must have a large capacity for carbon dioxide, be capable о 
régénération by driving off carbon dioxide, and have a high specific absorp
tion rate. The specific rate of absorption into physical solvents is generally 
much less than that into chemical absorbents. Potassium carbonate solutions 
are most commonly employed as chemical absorbent, especially for bulk CO2 
removal, becouse of their low cost, large capacity, ease of handling, and rela
tive ease of régénération. In particular, hot carbonate processes (Benfield, Car- 
sol, Catacarb, Giammarco—Vetrocoke) are widely used, notably when decrea- 
sed-pressure régénération is practicai, as in ammónia synthesis plants.

The reaction of carbon dioxide in carbonate solutions can be catalysed by 
a number of substances : amines, glycols, alcohols, glycine, arsenic oxide, amine 
borates [2, 3]. The main goal of the research vvorks in this filed is to develop 
new promoters, more effective and less dangerous than those already known. 
The different catalysts are usually screened on the basis of the pseudo-first 
order relative rate constant (ä*/ ä). A new method for the promoter sélection, 
based on the concept of enhancemenet factor, is proposed in this paper.

Polytechnical Institute Jassy, Dept. of Chemical Engineering, 6600 Iași, Romania
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2. The mechanism of the process. The chemical process of C02 absorp
tion intő potassium carbonate solutions may be represented by the following 
"characteristic équation”

ГСО2 + A"]g + ГК2СО3 + H.Oji -> [A" +co2]g + [K2CO3 + KHCO3 + H2O]1 
J (1)

The overall process consists of a sequence of distinct steps : mass transfer of 
CO2 from bulk gas to the interface, solvatization at the interface, mass transfer 
from phase boundary into bulk liquid, chemical reaction in the bulk liquid. The 
overall reaction taking place during CO2 absorption in potassium carbonate 
solution is :

CO2 + H2O + K2CO3 = 2KHCO3 (2)
In an uncatalysed buffer solution the reaction (2) occurs in two steps :

K2CO3 + H2O = KHCO3 + KOH (2.1)
. CO2 + KOH = KHCO3 ((212

the rate determining step being the reaction (2.2) becouse of the small hydroxyl 
ion-concentration (typically 10“3 to 10~ mol/L). The HO- concentration is 
held almost constant by the buffer action of the carbonate-bicarbonate equi
librium. Concequently, the second order kinetic équation of the reaction (2.2) :

yco, — kOH ■ Ceo. • Сно
may be written as a pseudo-first-order form :

Ao, — k • CcOj (3)
where, the pseudo-first-order constant k is the product : k = kon ■ Coh • 
Using the value of /гои at 298 K given by Danckwerts(l), ïâOh= 104 
L(mol s)-1, the rate constant k becomes : k = ЛОн • CHO = Ю-1 to Л01 s-1. 
In ail aqueous solutions also takes place the slow hydration reaction f ’

CO2 + H2O = HCO-3 + H+ ’(4)
At 298 K, the first-order rate constant of the reaction (4) is : ka= 10 ~2 s-1 [4].

As the value of kw is usually much less than that of the pseudo-first-order 
rate constant k, and the “reaction” (4) is normally negligible in determining 
the rate of CO2 absorption into alkaline solutions with pH < 10(3), the global 
rate of CO2 consumption in the simultaneous reactions (2.2) and (4) is :

rCOs = (&OH • Сно + kw ) ■ Ceo., = (k -J- ka) • Ceo, — k • Ceo, ‘ (5)
So, the most significant reaction in an uncetalysed potassium carbonat solution 
is the reaction (2.2) of dissolved CO2 with hydroxyl ions formed from the avai- 
lable potassium carbonate :

CO2 + HO- = HCO3~ (2-2)
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The modern commercial units usually employ a promoter which increases 
the rate of the reaction (2.2'), allowing a réduction in the size of the absorption 
equipment. Typical promoters reported in the literature include : potassium arse- 
nite (Giammarco—Vetrocoke process), diethanolamine (Benfiled process), amine 
borates (Catacarb process).

The mechanism whereby carbönate-bicarbonate buffers could be catalyzed 
by small amounts of substances is not yet clearly explained. The best is to con
sider the promoter as a transfer agent of CO2 from the interface to the bulk 
liquid. So, in an amine catalized solution, the reaction (2.2) takes place in 
two steps :

CO2 + R2NH-“R2NCOOH )(2.2. a
R2NCOOH + HQ- = R2NH + НСОГ (2.2. b)

CO2+ НО-*=  НСОГ (2.2')
The ionic step (2.2. b) is faster than the step (2.2. a). The rate of the second- 
order reaction (2.2. a) is also fairly rapid, with a typical second-order rate con
stant клт ~ 104 L{mol s)-1 at 298 k [4]. Thus, even small amine concentrations 
(~ 0.1 mol L~l or 1% by volume) should provide sufficient free amine (say 10-2 
mol L-1) to produce more rapid CO2 absorption by reaction (2.2. a) than by the 
direct reaction (2.2), i.e. :

4 k*lk  = Ал"’ ' ('Лш = 10 to 1 000
ÄOH ■ Cho

The above disscution allows to consider a general first-order kinetic équation 
(5) (

Гсоа = k ■ Ceo, (5)
which may be applied in ail the three different particular cases : Physical absorp
tion in pure water (with k =? k№), chemical absorption by uncatalyzed carbonate- 
bicarbonate solutions (with k — k*),  and chemical absorption into promoted 
buffer solutions (with k = k*).

The effect of promoters is usually measured by means of the relative reac
tion constant (k*lk)  as well as by the value of activation energy [3, 4]. Prac- 
tically, is more important to evaluate the effect of promoters on the averall 
absorption rate, by means of the concept of enhancement factor. The following 
paragraph is concerned with the mathematical modelling of the process, lea- 
ding to the définition of the enhancement factor.

3. The enhaneement factor équation. By assuming a pseudo-first-order 
reaction and a negligible gasside résistance, the concentration profile at the inter
face is that illustrated in Pig. 1.

Let us consider an element of volume äV of thikness dX of the liquid phase! 
Por a stagnant liquid-film, the Pick’s low may be applied and the material ba
lance of the element gives :

+ Гео, ■ dX — D •
dCco, j

dX X+dX
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Fig. 1. Concentration profile 
at the interface under conditi
ons of pseudo-first-order reac

tion.

Dividing by dX, with dX —► 0, the équation beco- 
mes :

with the boundary conditions :
Ceo., — Ceo,, at X — 0

(6)
Ceo, = Ceo,, at X = SL

According to the Whitman theory, the liquid-film 
thikness is :

= D/kL (7)

where kL is the mass transfer coefificient for CO2 into distilled water (phy
sical absorption). B y substituting the équation (5) for rCOi into the équation 
(6), the differential équation (8) is obtained :

D . <РС£°< + k ■ Cco. = 0 
dX2

with the general solution (9) :

Cco, = Cj • e~'x + C2 • e~'x

where :

r = k/D

(8)

(9)

(10)
Using the boundary conditions, the constants Ct and C2 may be identified and 
the équation (9) becomes :

Cco, —
Cco, ■ sin h[Xr] Ccô, • sin h[r(8/_ 

sinA[8Lr]
*)] (9')

From (9') the concentration gradient is derived :

ACco, __ r ■ Cco, • cos Ä[rX] — r ■ Cco, ■ cosh[r(SL — X)] ._

The amount of CO, crossing the interface, — D • —i] is the actual
2 l dX Jx = 0 j

rate of absorption per unit surface, or the effective absorption rate (r^). It 
may be derived by substituting X = 0 in the équation (11) :

r • COS

sin
____ Cco,

cos h[§£r]
(12)
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From (7) and (10) we obtain the dimensionless paraméter Ha, called Halt a 
number :

D

f<L kL
(13)

and the équation (12) becomes :

kç ■ Ha _ Cco,
tanh[Ha]( ' 1 cos h [Да]

The rate of physical absorption is given by :

rab — kL(C*o a — CCO,)

(H)

(15)

The ratio re; lrab is a measure of the accelerating effect of the reaction on 
the absorption, named enhancement factor (Ф) :

or

where :

ф = ÍÉÍ
?ba

Ha

tan h[Ha] Cco,

CcoJCco, 
cos h[Ha]

ф = rJL = Ha ! _ 
rab tanh[Ha]

1 — <p

(16)

(16')

(17)

1 -

Usually, Cco, Cco, (<p -*  0) and the enhancement factor is hence given by :

ф = Hl =
fab

Ha

tan h[Ha]
(18)

According to the équations (13) and (18) the enhancement factor of the absorp
tion by a first-order reaction, with no gas-side résistance, dépends on the ratio 
of reaction rate constant (Л) and the physical mass-transfer coefficient of CO2 
(Ât). Depending on the Hatta number, we may hâve three practicai cases:

II. Ha < 0.3 (slow reaction), Ha = tanA На, Ф = 1.0. The reaction has 
no influence on the absorption rate and the kinetic equation_ becomes :

ref — rab — kL(CcOt — Cco,)

II. 0.3 < Ha < 5.0 (fast reaction), 1.0 < Ф < 5.0. The kinetic équation 
has the general form (16')
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III. Ha> 5.0 (instantaneous reaction), Ф = Ha > 5.0, The réaction, 
occurs in the liquid film (Cco, = 0) and the kinetic équation is :

ref = $Lrbb = Ha k (C*o,  Cco,) == • Ha • C*o,
4. Enhancement ïaetor determining. Results. The application of the équa

tions (13) and (18) for the enghaneement factor calculation needs the experi
mental values of I), kL, and k. The values of D and kL must be determined 
l'or physical absorption of CO2 in pure water, at the industrial operating tem
pérature. Table 1 présents the existing data for D and kL of CO2 in distilled 
water, at températures between 291 and 353 K/4, 5).

Table 1
Tnhe coefficients kL and D In the carbon dioxlde-water System

T, K 291 323 333 343 353

10*  X m ■ s"l 0.5 6.0 6.5 7.2 7.8
10 X Q, »i2s_l 1.0 1.85 2.25 2.65 3.17

Since these coefficients dépend not only on the température but also on the 
viscosity and the density of the liquid, they must be corrected for the reacting 
solutions [3,4].

The4rate constant k dépends on the température as well as on the chemical 
nature of the promotor. Table 2 présents the values of k(k*)  obtained for a 
potash solution (20%) at 298 K activated with eleven different promoters at a 
concentration of 2.0% w/v. The rate constant has been evaluated from the 
experimental plots log (jXo„ Feo, )vs time of Gavarini [3], for contact time less 
than 300 s. In the two last columns of the Table 2 the computed values of the 
Hatta number as well as of the enhancement factor are presented. For ail cal
culations the following corrected values of D and kL hâve been employed : 
D = 10“ m2 s-1, kL = 10“4 ms“1. The Symbols of the promoters considered 
are: U(urea), GU(glucose), GL(ethylene glycol), MU(methylolurea), DEA (diet
hanolamine), NPA(neopentanolamine), DMNPA(dimethylneopentanolamine), 
GY (glicine), TEPA/CH2O(tetraethylenpentamine-formaldehyde), TETA/CH2O 
(triethylenetetramine-formaldehyde).

Table 2
Influence of the promoters on the enhancement factor

Xr. System k, s“1 Ha Ф

1. H2O 10~2 0.0316 1.0000
2. H2O + K2CO3 6.67 0.8167 1.2130
3. H2O -f- K2CO3 + U 10.67 1.0329 1.3327
4. H2O + K2CO3 + GU 11.48 1.0714 1.3562
5. H2O + K2CO3 + GE 12.99 1.1371 1.3979
6. H2O + KSCO, + MU 16.38 1.2785 1.4953
7. H2O + K2CO3 + DEA 19.57 1.3990 1.5810
8. HaO + K2CO3 + NPA 37.26 1.9309 1.8507
9. H2O + K2CO3 + DMNPA 41.49 2.0369 1.9687

10. H2O + K2CO3 + As2O, 51.73 2.2744 2.3230
11. H2O + K2CO3 + GY 71.27 2.6696 2.6954
12. H2O + K2CO3 + TEPA/CH2O 86.80 2.9470 2.9639
13. H2O + K2CO3 + TETA/CH2O 88.08 2.9667 2.9830
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5. Conclusions. All the chemical Systems in Table 2 are of the second type 
(fast reaction).

The most effective promoter in Table 2 (TETA/CH2O), which increases 
the reaction rate with a factor of 13.2(ä*/ ä = 88.02/6.67 = 13.2), provides an 
enhancement factor Ф = 2.983. This is équivalent to an increasing of the actual 
absorption rate of 2.983 times and to an identical réduction of the absorber 
volume.

The enhancement factor is a very practicai concept in the R & D activities, 
devoted to the improvement of the existing plants. The method presented above 
can be applied for the évaluation and sélection of the most suitable promoter 
in any other absorption process on a quantitative basis.

S Y MB о L s

Cco , C* q = concentration of carbon dioxide in the bulk liquid, and atthe interface, respectively 
mol- m~3

•cosh, sinh, tanh = hyperbolic functions
1) = diffusizity of CO2 in the liquid phase, m.2 ■ s-1
Ha — Hatta number, dimensionless

Ji0H — 2nd-order rate constant of the reaction (2.2), m? (mol • s)-1
JiAm = 2nd-order rate constant of the reaction (2.2.a), m.3 (mol • s)-1
hw = pseudo-first order rate constant of the hydration reaction (4), s-1
A = pseudo-first order rat? constant of the uncatalysed reaction (2.2), s
A*  = pseudo-first order rate constant of the catalyzed reaction, s-1

— physical mass-transfer coefficient of CO2, m • s~l
?ab — physical absorption rate, mol (m3 • s)“1
/•co, = reaction rate, mol (m3 • s)-1
ref = the effective chemical absorption rate, mol (m2 • s)_l
X = distance from the interface, m

= liquid film thikness, m
Ф = enhancement factor, dimensionless
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MEDIUM’S rH-А POSSIBLE CRITERION FOR THE INTERPRETATION 
AND CHARACTERIZATION OF CORROSION PROCESSES
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ABSTRACT. The article deals with the phenomenon of corrosion in general, 
showing the advantag s of using the ,,redox gradient-//-/” instead of the “poten- 
tial-pH" for expressing the corrosive characteristics of an aquaous solution. 

Corrosion’s dependence on factors like : solution’s concentration, tempera- 
, ture, carbon-content (of steels) analysed, also showing some methods of protec

tion of metals used in industry and at structural engineering.

The redox character of a given medium may be quantified both by the 
redox potential — pH pair of data or, — which is much more convenient — 
by the rH paraméter. ,

Special mention must be, nevertheless, made of the caution with which 
this paraméter should be applied, i.e., only in aqueous Systems that actually 
represent the great majority of the cases of corrosion. In such Systems, the rH 
paraméter takes values ranging between 0 (extremely reducing) and 42.4 (extre- 
mely oxidative), the scale having a neutral point at 28.3.

It is generally known that, on the whole, metals corrosion may be conside
red as a redox heterogeneous reaction, in which — at the metalmedium inter
face — the metal is oxidized, while the medium is reduced [1]. In this respect, 
some facts interpreted in this manner may be ediying.

The existence of a redox mechanism on which electrochemical corrosion 
processes are based has been suggested by [2 J, who assigned — actually, quite 
naturally — an oxidative, respectively reductive eharacter to the electrode 
reactions within corrosion micropiles. .

By extension, corrosion may be considered as occurring when different 
régions of the same part, made of the same metal, are placed in a composi- 
tionally uniform electrolyte, yet at different températures ; as, for the time 
being, the mechanism is not elucidated we should suggest extrapolation of the" 
phenomenon observed within the biochemical domain ; the optimum rH for the 
process is a function of température [3] (Fig. 1), which results in two different 
optimum values, and also in various différences as to the actual rH of the 
medium- in other words, a redox pile.

Within the same phenomenon, when employing copper, contacting a solu
tion of copper sulfate, the cold part is dissolved while, on the warm portion, 
copper deposits occur [2], which is indicative of an inversely proportional 
rH — fit) dependence.

As generally known, redox phenomena are involved in a catalytic process, 
where the presence of redox Systems such as Fe2+/Fe3+ exercises a significant 
influence on the cathodic reaction, of oxygen réduction, through repeated reduc-
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tion and oxidation of the respective 
redox System [1]. Additional mention 
must be made, too, of the fact that 
oxygen consumption by wines- that is, 
their oxidation-, is catalyzed in the pre
sence of Fe and/or Cu [4], which play 
the above-mentioned catalytic part.

Also, the medium's redox charac
ter influences considerably, intercrystal
line corrosion of unoxidable steels, the 
weakly oxidative media facilitating this 
process in the case of steels with a high 
carbon content, while highly oxidative 
media play a similar role for steels with 
a low carbon content [1].

Certain amines, employed as absorp
tion inhibitors, become active under
cold conditions and inactive under warm conditions *[2],  which constitutes ânother 
reason supporting our démonstration, referring to the existence of a redox 
mechanism [5] - - to be amply discussed in the following — on which their 
action is based.

The existence of a redox mechanism of electrochemical corrosion is also 
suggested by the fact that [2] reaching the Flade potential may be achieved, 
too, by, means of some oxidation agents, and only through anodic polarization 
with externai current supply, which would create an oxidative medium around 
the metal to be protected. In such a situation, the pigments of anticorrosive 
grounds will turn the metal passive, due to their oxidative character, which is 
also the case of zinc ^hromate or lead minimum [1 ].

It is known that, in the case of corrosion anodic inhibitors, the nitrate forms 
corrosion compounds corresponding to higher valency states [2] in parallels 
with. the obvious reverse part played by the nitrite [6], both substances be
ing characterized by an inhibiting effect.

In other words, corrosion occurs within an interval ranging between OX 
(nitrate) and RED (nitrite) — therefore, an optium of the process is recorded 
between two inhibition régions, which suggests a Gauss dependence of corro- 
sion’s intensity on rH.

Unoxidative inhibitors are efficient only together with the dissolved oxy
gen [2], thus a new redox phenomenon occurs ; more than that, cathodic 
inhibitors are inefficient in highly acid — therefore oxidative — [7] media 
[2j ; at the same time, some substances play the role of inhibitor in high con

centrations and for accelerator of corrosion, too, at low concentrations, while 
other behave reversely [2]. Such assertions lead to a certain similitude with 
substances, namely the rH — f(c) spectrum (an exemple is given in Fig. 2 [8], 
within which various concentrations characterize certain rH values, inducing 
exactly opposite effects.



80 S. IVÂȘCANU — C. V. ZÄNOAGÄ

Fig. 2. The spectrum rH = f(C) in the case 
of 2-chlor, 4-sulphom-amidofenoxyacetic acid, 
sodium salt. [8]: a certain value ofгЩгНс} 
can be obtained in this case in three different 

concentrations (a, a', b).

Consequently, the mechanism is oi 
a redox type, the more so that the 
molecular structure of the corrosion In
hibitors represents an essential element 
in anticorrosive protecting action [2] ; 
thus, the existence of some rH values’ 
differentiated by concentrations may be 
discussed, as in the case of the above- 
mentioned bioactive substances.

Out of the main methods applied in 
anticorrosive protection, special men
tion is to be made of :

a) sélection of the building material 
and of the treatments to be applied ; 
b) application of protective layers ; c) 
lowering of the corrosive medium’s ag
gresiv eness ; d) electrochemical protec
tion ; e) rational sélection of the building 

type [1], direction a, c and d — i.e., the most important ones- involve exploita
tion of some redox phenomena.

The authors hâve checked experimentally the influence of the medium's 
character on corrosion phenomena, in sever al directions.

Thus, tests performed on the redox mechanism of the anticorrosive action 
exercised by aminic-type inhibitors, evidenced a Gauss-type dependence of 
inhibition on the medium’s redox character, modulated by the inhibitor’s pré
sence (for example- cooper- see Fig. 3) [5].

Metal’s corrosion, performed in a rH gradient, obtained by physical me ans, 
on employing a fedoxtron device [9], all interferences-except the redox one 
acting upon the process of corrosion being therefore excluded, evidenced both

260

Fig. 3.

10 20 30

Fig. 4.

40 rH0
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Consequently, corrosion occurs at several rH values of the medium, to which 
products including the metal in various oxidation stages are stable. For example, 
aluminium’s corrosion, (Fig. 4) occurs at rH < 7, as a conséquence of an Al -» 
-> Al - (hypothetical) type process, at an rH value of 25.6, following an Al -> Al+ 
type process or, finally, at an extremely oxidative rH, following an Al+ -> Al3+ 
type process [10].

Resistance to corrosion is attained at an rH reducing value of 16.4 and 
at a relatively oxidative one (32.2), the latter being specific to natural media 
(such as water, soil, etc).

On studying plastics’ corrosion in an rH gradient, surprising data hâve 
been obtained [11]. Thus, the weight variation of some tubes placed in a re- 
doxtron device, in various rH régions (Fig. 5) recorded two peaks, at rH 
values of 17.5 and 35.0, respectively, which corresponded to the sensitivity zones 
of PVC and non-polymerized VC, respectively. The lowest of weight variation, 
i.e., maximum stability, are attained at an rH ~ 30, within the range of some 
usual values recorded in water or soil, as well as at an extreme rH value, which 
is nevertheless more rarely met.

Both the metal’s stability and the nature of the corrosion products dépend 
on both the electrode potential and on the pH of the aggressive medium [1], 
i.e. — on its rH. The metal/oxidation species equilibrium, plotted graphically 
as potential-j£>H diagrams (Pourbaix diagrams) may be interpreted as a function 
of rH.

Figure 6 represents a simplified Pourbaix diagram of the Fe/water System 
'at 25° [1, 2]. Calculation of the Æ-according to Clark’s relation for the points 
plotted in the geometric centers of the diagram’s domains (Fig. 7), representing 
corrosion (c), passivating and immunization (0), respectively, as a function of 
the rH obtained, leads to some interesting conclusions.

Thus, Fig. 7 represents a generalized case of Fe corrosion in rH gradient ; 
the aspect of the dependence obtained previously on redoxtron (fig. 8) [10] 
being perfectly superposed on the 10 ... 42 rH domain presented in Fig. 7- 
More than that, of special interest is the likeness of the curves plotted in Figu. 
res 7 and 8 with the anodic polarization curve (Fig. 9), which confirms the role 
played by redox phenomena in metals’ passivating.

The dependence of metals’ stability on pH (Fig. 10 [12]) may be inter
preted as a special case of our experiment on the redoxtron device. On knowing

Fig. 5. Fig. 7.
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that the pH is, actually, a peculiar case of rH, contributing to rH formation 
in a 66% ratio, the plotted dynamics may be considered as the corrosion 
speed’s dependence on rH, yet within an rH' domain in which extreme values 
are excluded. Our data on corrosion in an rH gradient [9] complete- by the 
dotted line given in Fig. 10 — those from [2] (the continuous line). <

Literature data support the idea that, in corrosion processes accompanied 
by hydrogen release, the solution’s pH influences it by modifying the aspect 
of the hydrogen polarization curve (Fig. 11) [12]. Quite inter esting, such modi
fication occurs, too, when modifying the redox character of the corrosive me
dium [12], which demonstrates once more the specific character of pH within 
rH notion, actually the dependence of the reactions of electrochemical corrosion 
on the medium’s redox character.

Pitting corrosion represents one of the most dangerous types of corrosion, 
both by the fact that it may rapidly penetrate the metallic piece and by its 
insufficient study and, consequently its predictability.

Pitting corrosion occurs mainly with passivated metals (on local destruc
tion of the passivized layer), but also with chemically résistant steels [12] 
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when the metal is contacted with aggresive substances, characterized by nega
tive redox potentials (Table 1) [13] (which is a paradox, once knowing that 
the reduced—instable—form of the metal can be maintained only in a redu- 
cing medium). Such media usually contain chlorides, bromides or hypochlorites, 
corrosion being favoured by the presence of the cations of metals characterized 
by several oxidation states (such as Fe, Cu, Mg) [12].

Table 1

Substance Eh (v)

Hypochloric acid -1,63
MgCl2 -0,91
FeCl3 -0,77
CuCl2 -0,57

Formation of pits (hollows) is accelerated by processes of cold mechanical 
processing of metals, as by the presence of some inclusions, microsegregations 
or précipitations on the metal’s surface [12], inducing the apparition of a gal
vanic micropile that may record differeneces of potential of up to 0.5 ... 0.6 V 
[12]. As a matter of fact, one of the methods of preventing such phenomena 
is the fine processing of the metalic surface [12].

The mechanism of a pit development may be explained as a redox-deter- 
mined process.

The defects on surface of some non-passivated yet chemically résistant 
metal (given in Fig. 12) are characterized by the existence of certain initial 
micro-pits.

At the métal-solution interface, an equilibrium state is observed — from 
a redox view-point —, between the metal’s and the solution’s redox potential. 
The metal being chemically résistant means that it has a redox potential higher 
to that characterizing the solution, yet these potentials are equal at their inter
face. The equilibrium is nevertheless attained only within the pit, and not on 
the smooth surface, directiv exposed to the solution, too (a phenomenon also 
favoured by the known ratio — i.e., 2 : 3 [12] — between the pit’s diameter 
and depth).

The métal-solution équilibration leads to maintaining a higher potentia 
of the metal at the bottom of the pit than on its (anode, cathode respectively) 
(Fig. 13), a galvanic micro-pile being thus formed. The thermodinamic condition 
for the existence of a corrosive process, namely that the cathode’s equilibrium 
potential should exceed the anode's [12], is thus fulfilled.

The passivized metal represents a specific case. Passivation means that the 
metal is maintained at a higher artificial potential than of the solution’s, while, 
with a discontinuity of the passive film, a pile as the one presented in Fig. 14 
appears, the anode being thus dissolved.
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fissures resulted from cold 
straining

links/jonctions between 
crystalș or seggregations

inclusion non-wet by metal/ 
alloy Isolid solution type)

processing trace

Fig. 12.

p/t 's depih

Fig. 13. F i g. 14.

The différence of potential between the solution and the pit’s bottom in- 
creases with the pit’s depth, which means that corrosion process is intensified 
if, naturally, no insoluble corrosion products — to block the pit’s lumen — 
appear. Attaining of a normal pit’s size permits the free access of the solution 
into the pit, therefore, équilibration of the solution’s and metal’s potentials, 
which means stoppage of the corrosion process.

In its turn, chemical corrosion may be interpreted in a similar manner 
(i.e., as having a redox determinism) if considering the pile with solid electro- 
lyte (the oxide separating a metalic from a gaseous electrode).

Although several other aspects involving redox phenomena are still to be 
studied, the conclusion one may draw is that they play, indeed, a significant 
part, which recommends them for application in the study of corrosion pheno
mena, both for testing materials in an rH gradient, in view of evidencing the 
stability régions of certain aggressive medium or for getting additional informa
tion upon the treatment of an aggressive medium, following the protection of 
a given material. То this last end, testing of corrosion inhibitors — as their 
capacity of redox modulation — is necessary. More than that, the examples we 
proposed have the advantage of a short duration of the experiment.
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STEADY STATE SIMULATION OF A METHANOL ТО HYDROCARBONS 
CONVERSION EXPERIMENTAL PLANT

TSAKIRIS, C.*,  MARIA, G.*,  IGNĂTESCU, G.*,  MANOLIU, D.*,  BOERU, R.*,  NATU, N.*,  
POP, G.*,  BOZGA, G**.,  MUNTEAN, 0.**

• „ZECASIN” SA, 7961/, București, Romania
** Polytechnical Institute Bucharest, í>ept. of Chemical Engineering, 79585 București, Romania

ABSTRACT. A stead.y state model of a fluidized bed reactor-regenerator System 
for methanol conversion to hydrocarbons on a HZSM-5 mixed type (olefins 
and gasoline products) catalyst is used to simulate the main operating variables 
effects on the process performances. The model is written using a homogeneous 
structure hypothèses for the reactor and regenerator fluidized beds and a lum
ping stoichioinetric model for the methanol conversion.

Introduction. The methanol conversion on zeolitic catalysis has become a 
new way of obtaining hydrocarbons from nonpetroleum sources. A large variety 
of zeolitic catalysts was prepared to selectively convert the methanol to gaso
line, olefins or mixture of olefins and gasoline. A novei process for the straight- 
forward conversion of methanol to gasoline over a ZSM-5 zeolite catalyst has 
been developed by Mobil Oil Co., commonly referred to as „Methanol to Gaso
line” (MTG) process (Liederman and others, 1978). In these processes 
crude methanol such as produced from synthesis gas in the comercially avai- 
lable technology is rapidly and almost quantitative^ converted into hydrocar- 
bon mixture. Düring the process, a slow catalyst deactivation by coke formation 
and déposition on catalyst inner surface is observed. The main effect of the 
catalyst deactivation is the change in the products selectivities (Pop and 
others, 1989). To ensure the continuous removing of the coke, the conversion 
process is conducted in fluidized bed reactor-regenerator unit. The scheme of 
such a pilot scale unit is shown in Fig. 1.
During operation, the methanol feed vapors are passed through the distributor 
and along with an inert diluent (N2) and a recycle of gazeous products insures 
the fluidization of the catalyst bed. In the reactor bed, methanol is almost 
completely converted to a hydrocarbon-water mixture at températures in the 
range 430—470°C. The methanol conversion being an exothermal process, the 
heat generated in the reactor is taken off by a cooling system.
The coke content of the catalyst, which amounts in the reactor to 0.7—1.0% 
(weight), is burnt in the regenerator with air at température of 550 to600°C-

The inathematieal model oî the reactor-regenerator unit.The mathematical 
model consists of the mass and heat balance équations for both reactor and 
regenerator, written in the hypothesis of perfect mixing of the gas phase and 
solid catalyst, and homogeneous structure of the bed, verified experimentally 
by values for the reacting température at 4 different heights of the fluid bed, 
that were almost equal and the small différencies without any tendence up or
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Fig. 1. The Pilot Plant Reactor-Regenerator Unit.

down. It has the advantage to be adéquate for computing control of the process, 
being simpler than the Davidson-Harrison one.

The methanol conversion product contains a large number of hydrocarbons. 
To simplify the kinetic model, this was conventionally represented by dass 
représentatives (olefins, paraffins and aromates). The stoichiometry of the metha
nol conversion ZSM-5 mixt catalyst is globally described by the following 
jreactions (ZEC A S I N S. A., 1983) :

A — : CH2 + H2O

:CH2 + А — В 4- H2O

: CH2 + В -*  В

В —D +Е

А — methanol В — olefins

vri = ki [А]

v,, = k2[:CH2] [А]

v„ = k3[:CH2][B]

v,4 = kt[B]

D — paraffins

(U)

(lb)

(lc)

(ld)
E — aromates



88 C. TSAKIRIS et al.

(2)

(3)

For [ : CH2 ] == constant, we find :

1 +
MM

J [A]

and vrB = Â4[B] *i[A]
M[B]
K ! [A]

1 +

The kinetic constants were determined from a batch laboratory fluid bed reac
tor and are :

= exp (43.9321 - s“1
Tr

=0.47 
a2 

= exp (4.32259 - ~

= —1.177 • 106 Jjkg of reacted methanol
A-Hrb — —5.887 • 106 Jjkg of reacted olefins

(4)

(5)

(6)

P)
(8)

The species mass balance équations in the reactor have the general form :

— Dmj — f • V • v,j j = 1, 4 (9)
The coke content of the catalyst in the reactor is computed from the empirical 
équation (Z B C A S IN A. S. 1983) :

c =c' + a + ßi + y/2) -B-' ° ' (10)
Dcat

where a, ß, y were found out for a given value of catalyst recirulcation rate, Dcat 0. 
The heat balance for the reactor and regenerator are taken of the same form :

Qg — Qt

where :

Qt = Dal cp,al{JR - Ta;) + DcatcP. cat(TR - Tcat-) + ^KTiSTJTR - TUi) (11) 
t’s= 1

Qg =f . v for the reactor (12a)
У = A

and = -—— mcat(—àHR) for the regenerator (12b)
Te
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The coke balance for the regenerator :
D calfe C ) lî * y да • C •

k =0.19 • 109 exp(— 18989/XJ s”1
(13)

(13a)

The cooling System consists of three segments : an externai jacket, an internai 
tubes row immersed in the fluid bed and a thermostated jacket compensator 
for both cooling and heating purposes.
The global heat transfer coefficients are computed from the following équations :
Nu = 0.664 • ReWPrV3 for air (Fl o ar ea & S migelsc hi, 1966) (14)

«(1 + Äö ■ exp [(—0.44 ■ ЯЯ)(сй/с#!)] = hwdplkg[fe — fm^fep^fc^}

for the fluid bed (Doraiswamy, 1984) (15)
The fluid bed parameters are estimated from the relations (ZE 0 A S I N, 
1983), in order to find out te value for the f • v :

__ Dvíim — — f/,)
U --- ------------------------ ---------------

A

(16).
A • h

(H + a,-)1-8 - «d-8
1.8

fb =

(17)

H — Unif

11 - олц'/Тр;

Я = Ho

f = fb+fmífe -fb)

(18)

(19)

(20)

(21)

V = A • H

Reactor regenerator system steady state simulation. The main independent 
process variables for the reactor-regenerator system are : the reactor feed flow 
rate ; methanol concentration in the feed ; the feed température in the reactor 
fluid bed ; the cooling air flow rates for the reactor and the regenerator ; cata
lyst space time in the reactor (or catalyst recirculating flow rate between reac
tor and regenerator units) ; regenerating air feed rate and température. Using 
the mathematical model presented (eq. (9) to (17)), the effects of these opera- 
ting variables on the product mixture composition (conversion process selec- 
tivities) and reaction température was investigated. To solve the simultaneous 
nonlinear équations of the model, a succesive itération method was used, which 
proved good convergence characteristics.
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Numerical exaniple. The main characteristics of the System are presented 
in Table 1.

Results. In Fig. 2 to 4 are represented the effects of raw methanol liquid 
flow rate (at constant value of nitrogen flow rate) on the olefins yield, reac- 
ting température and methanol conversion. The olefins yield présents a mini
mum due to combined effects of increasing raw methanol feed rate on the- 
total feed flow rate and methanol feed concentration.

From Fig. 4 it can be seen that practically a complete methanol conversion 
is obtained in ail simulations.

Table T

Operatlng and material constants

Value (units)

Reactor Regenerator

Fed flow rate 48.9
(kg methanol/A)

23
(Nm3lh) air

Raw material and recycle/inert gas molal ratio 14.7/1 —

Fl uid bed height 0.95 (m) 1.1 (m)

Catalyst recirculation flow rate 40 (kglh)

Catalyst partide density 1100 (kglm3)

Minimum fluidization velocity 0.004 (mis)

Catalyst partide mean diameter 0.09 (mm)

Fluid bed diameter 0.5 (m) 1 0.3 (m)

Reactor and ragenerator height 7 (m)

Fig. 2. Effects of raw methanol liquid flow 
rate (at constant value of nitrogen flow rate) 

on olefins yield.

Fig. 3. Effects of raw methanol liquid flow 
rate (at constant value of nitrogen flow rate) 

on racting température.
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Fig. 4. Bffects of raw methanol liquid flow 
rate (at constant value of nitrogen flow rate) on

F i g. 5. Methanol feed concentration'« effect F I g. ö. Methanol feed concentration’s effect 
on olefins yield. on aromatics’yield.

Figures 5 to 8 present methanol feed concentration effects on the olefins 
yield, aromatics yield, methanol conversion and température of the catalyst. 
bed. The increase of methanol feed concentration in the operating range investi- 
gated brings to increasing the reaction température, higher olefins consumption 
rate, and consequently the increase of aromatics yield.

The effect of increasing cooling air rate in the reactor on the coke content 
of the catalyst is shown in Fig. 9. Due to decreasing effect on reacting tem
pérature, the coke content has a decreasing tendence. The conséquence of this 
phenomenon is a decreasing effect on the regenerating température and further 
a decrease of coke conversion in the regenerator (Fig. 10, 11).

The catalyst flow rate aifects directly the reaction température, being fed 
at a lower température than the catalyst bed. The catalyst feeding température 
is also influenced by the catalyst flow through the amount of coke fed in the 
regenerator, and consequently the amount of heat generated (Fig. 12, 13).

Reactor total flow rate increasing involves greater amount of organic mass 
and an increasing production of olefins (Fig. 14, 15, 16).
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Fig. 7. Methanol feed concentration’s effect 
on methanol conversion.

Fig. 8. Methanol feed concentration's effect 
on the température of catalyst bed.

cooking air rate in the reactor, on the coke cooking air rate on the regenerating tempera-
content of the catalyst. ture.

Fig. 11. The effect of the increasing of the 
cooking air rate on the decreassing of coke 

conversion in the regenerator.

Fig. 12. The effects of the catalyst flow 
rate on the catalyst feeding température.
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Fig. 14. Effect of the total flow rate increa 
sing on the production of olefins.

F i g. 13. The effects of the amount of coke 
in the regenerator (the amount of heat regene- 

rated on the reaction température.

Fig. 15. Effects of the total flow rate on reac- Fig- 16. Effects of the total flow rate on 
ting température. methanol conversion.

Fig. 17. Effects of the increasing of the air flow 
rate on regenerating température.
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Increasing air flow rate in regenerating zone involves a decreasing regene
rálón température, the additional heat due to burning coke intensification being 
smaller than the enthalpy necessary for incoming supplementary air (Fig. 17).

Discussion. A mathematieal model for the reactor-regenerator System in 
steady state conditions was written considering the fluid bed being homoge- 
neous. That is in agreement with experiment. Using criterial équations for heat 
transfer coefficients, the steady point obtained by solving the model équations 
is close to the practicai one. The model allows to pracdict easily the effect of 
each operating variable on the state ones.

SYMBOL S

a — coefficient depending on Re number ;
«i — constant depending on the distributor of the fluidized agent, m ; 
c — coke amount in the reactor, kg coke/kg catalyst ;
c' — coke amount in the regenerator, kg coke/kg catalyst ;
cai — specific heat for raw material at feed température, Jlkglgrd;
<p,cat — catalyst specific heat, Jlkglhrd;
Cps — gas specific heat, callglgrd ;
eps — solid specific heat, callglgrd ;
Dai — liquid feed flow rate, Il h ;

~ bulb diameter, m ;
Osât*  ~ catalyst flow rate, kgls ;
Dmî ~ molar feed flow rate of component j ;
Dvam ~~ mixture volumetrically flow rate, nr'a;
dp — partide diameter, cm ;
dt — reactor diameter, cm ;
/ — gas fraction of the fluid bed ;
fmf ~~ gas fraction at minimum fluidization ;
fh — bulb fraction șf thé fluid béd :
g — accélération of gravity, №/s ;
gj — specie j concentration, kmolesjkg product mixture ;
il — fluid bed height, m ;

— fluid bed heat coefficient, cal'(cm2• s-grd) ;
k — régénération kinetic constant, s~l ;
ki — kinetic constant for reaction i, s-1 ;
kg ~ gas heat conductivity, call (cm-s-grd) ;
Kpi — global heat transfer coefficients, Wlm*lgrd  ;
mcat — fluid bed catalyst mass, kg ;
Л7и — Nusselt number ;
Dr — Prandtl numbr ;
Qg\ ~ generated heat in the fluid bed, 1Г ;
Qt — transfered heat from the fluid bed. И' ;
Ke — Reynolds number ;
Spi — heat transfer surfaces, m- ;
i — reacting température, °C ;
Tai -- feed température, К ;
Teát — catalyst feed température in the reactor, К ;
ï’mî — mantie température, К ;
7 д — reacting température, К ;
Тreg — régénération température, Л';
« — gas velocity, mis ;
«»>/ — gas velocity at minimum fluidization, mjs ;
V — fluidized bed volume, m3 ;
vri — reaction rate for component j, kmoleslm3js ;
y<x> — oxygen molar fraction in the regenerator fluid bed ;
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ÁHR — regenerating beat, Jlkg coke ;
ÁHr] — mass reaction heat for component j, Jfkg j;
pg — gas density, g/cm3 ;
ps — solid (catalyst) density, glcm3 ;
Te — résidence time of the catalyst in the regenerator, s.
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D'ADSORPTION DES GAS EN RÉGIME NONSTATIONNAIRE

PINCOVSCHI E.,*  REHNER H.*,  XJNTEA I.*,  LATSOS TH.**

* Polytechnical Institute Bucharest, Dept. of Chemical Engineering, 79585 București, Romania
** L'Ecole Supérieur de Larissa, Grece

Résumé. On a établi un modèle théorique- du processus d’adsorption des gas 
à pauvre concentration, permetant la représentation des courbes de saturation 
en système gas-adsorbant. I.a comparaison du modèle avec les dates expérimen
tales permete l’évaluation des caractéristiques cinétiques du processus.

Introduction. Da pollution de l’atmosphere avec des polluants gaseux (SO2, 
H2S, N^Oy, etc) exige des mesures de protection sévères. Etant donné le contenu 
assez faible de ces gas dans les mélangés gaseux dégagés en atmosphère, l’ad- 
sorption en régime nonstationnaire représente, en ce cas, une méthode de 
depollution assez efficace. C'est pourquoi le moéle théorique du processus éta
bli dans le present ouvrage concerne, particulièrèment les gas dilués (Yo < 0,005).

Le modèle théorique. D’adsorption en régime nonstationnaire peut être 
caractérisée par les équations :

X = X(z, t) et Y = Y(z, t) (1-2)
ou X représente la concentration du gas dans l’adsorbant au moment t, a la 
distance z.

У — la concentration du gas polluant en phase gaseuse au moment t a 
la distance z.

z — la distance parcurue des l’entrée du gas dans la couche adsorbante. 
t — le temps.
Da quantité du gas, d2wz- adsorbée dans l’incrément dz, dans le temps di 

peut être définie par les expressions qui suivent :

d2m = v\y - (Y + — d2)l di (3)L 8z J
d2m = S [(X + dt) .. x|d.; (4)

d2w = KS(X*  - X)dzdt (5)
<où V représente le débit volumétrique du gas.

1 S — la section transversale de la couche.
K — le coefficient cinétique global
X*  — la concentration du gas dans l’adsorbant á l’équilibre, définie par 

l’éxpression :
X*  = aY (6)

où a représente la constante d’équilibre.
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En considérant les équations (3), (5) et (6) on peut obtenir :

Э Ç = X - «Y
K

où w0 représente la vitesse fictive du gas qui traverse la couche, définie 
par l’expression :

(7)

et

V

De même maniere on obtient, en considérant les relations (4),

±гЛ = aY - X 
K ët

En considérant les coordonnées adimensionales
Kz ,■ 9 = — et -r =
»0

les expressions (7) et (8) deviennent :

= X - aY
ô<₽

W-,

(9)

Ki (lO)-(H)

(12)

— = aY - X

En additionnant (12) et (13) on obtienne :

+ ÉÎ=0
€X

tenant compte de l’expression

(13)

ëY

En dérivant la relation (12) et 
suite :

(14)

(14) on ré-

32Y , 3Y , 3Y

cqifa cq 3~ 

En considérant les relation (13) et (14) 
cX 
ë-

= 0 (15)

on résulte :
ë*X  . ëX . 

X— + “ + a 
cpdt c?

Les écuations différentielles (15) et (16) doivent être résolues 
rant les condition d’unicité qui suivent :

Quand ;г=0 (9 = 0) à t variable :

Y = Yo

0 (16)

en considé-

(17)
et

(18)

•J — Chemia nr. 1—2/1991
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(19)

Quand l ' 0 (t = 0) à z variable:
X = Xn 

et ’
— = Xo - aY
do

où Xo représente la concentration au moment initial.
La solution générale de l’écuation (15) peut être exprimée par la relation :

x - aY0

X. - aY„

00

m=0

(^)'m

m !
(20)

De même manière la solution générale de l’écuation (16) peut être exprimée 
par la relation :

y - X la

Y»- Xola

CO
1— Xp

m = 0

(a<f) m

m !
(21)

Les écuations (20) et (21) peuvent évidentier les caractéristiques dinamiques 
des couches adsorbantes en régime nonstationnaire à condition que la constante 
d’équilibre a et la constante cinétiques K, contenues dans les relations (10) — 
(11), soient connues. La détermination de la constante d’équilibre a est présentée 
en [1]. La constante cinétique K peut être déterminée en connaissant (pour 
une vitesse donnée a?n) les valeurs t et z. Le problème peut être résolu en déter
minant expérimentalement la courbe de saturation et en la comparant avec la 
courbe de saturation théorique, obtenue par la représentation de l’équation (21).

Dates experimentales. Pour déterminer les courbes de saturation en régime nonstationnaire 
on a utilisé la méthodologie présentée en [2] qui permete l'inregistration directe de la courbe У — t. 
Figure 1 représente les courbes expérimentales de saturation du système CO2-tamis moléculaire 13X 
obtenues par inrégistration directe dans l’intervale des concentrations initiales comprises entre 
0,022—0,0561. On peut utiliser ces courbes, pour calculer la zone de transfer de masse, У [3].

I(a Figure 2 représente une famille des courbes de saturation théoriques obtenues par représen- 
t , ,,, . , Y-XJa
lation de 1 ecuation (21) en coordonnées-----------------—Igr en considérant les valeurs (»•<?) entre

Tour en faire une comparaison entre les courbes théoriques et celles déterminées expérimentalement 
on a représenté les dernières dans les mêmes coordonnées (Figure 3). Dans ce cas, étant donné 
que les déterminaisons expérimentales ont été effectuées en maintenant Aq = 0, le tliérme X la — 0.

Discussions. La comparaison des courbes théoriques avec celles expérimen
tales (\oir les figures 2 et 3) suggère la possibilité d’en calculer la valeur de la 
constante cinétique K, a condition qu’on réalise une superposition satisfaisante

1 Ici on expiimc У en rapport — molaire
2 Ua superposition est un peu ..dénaturée”,par l’existance d’un ,.temps mort” propre a l’insta-

1 at ion ex péri me n l.à le
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ï ig. 2. Courbes théoriques de saturation.I' i g. 1. Courbes expérimentales de sa
turation du système CO2 — tamis mo
léculaire 13X. 1 — 5,6 CO2

2 - 4,7% CO2
3 - 3,0% CO,
4 - 2,2% CO2

entre les deux courbes (théorique et expérimentale)2. 
Dans l’affirmatif, on utilise l’écuation (10), d’où en 
résulte K, les autres valeurs de l’écuation (10) étant 
connues (ç> en (résulte directement de la figure 2 ; 
z — z0 peut être calculé en utilisant les courbes de 
la figure 1 [3] ; w0 (représente la vitesse du gas).

La méthode est tout a fait intuitive, permetant de 
mètre en evidence, d’une maniere (directe,, les possi
bilités et les limites du model théorique élaboré. 
L’enrcgistration directe des courbes de saturation en ré
gime nonstationnaire, augmente la précision de la 
inèthbde. 1

F i g. 3. Courbes expérimenta
les de saturation en coordon- 
nées0 Y/Y en fonction de ln -r

В I В I, I O G R A P II I E

1. Г i il e о v s c h i E., R e h n e r II., Г n t e a I., E a t s о s Th., Ibidem.
2. P i n e о v s c h i E., Un te al., Rev. Chim., 1991 (sous presse).
3. S e r p i o n о v a E. N., L’adsorplion industrielle des gas et des vapeurs, Ed. Moscou, 1969 (russe). 
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L’ADSORPTION STATIQUE WS POLLUANTES POLAIRES EN UTI
LISANT DES TAMIS MOLECULAIRES NaX
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Résumé. On a détérminé les isothèrmes d’adsorption des gas polaires SO2, CO2 
and NH3 dans l’interval des températures 25—80°C, en utilisant des tamis 
moléculaires NaX. On a utilisé les résultats expérimentais pour calculer la 
constante d’équilibre et la capacité d’adsorption en couche monomoleculaire 
aussi bien pour vérifier l’application de la théorie du Polanyi au systhèmes 
étudiés.

Les tamis moléculaires NaX sont largement utilisés pour l’adsorption des 
gas, en particulier de faible et moyenne concentration. C’est pourquoi pour des 
expériences, le domaine des pressions partielles des gas a été choisi entre 0 et 
120 mm Hg.

On a obtenu les dates d’adsorption en utilisant un appareil de construction 
special [1 j permetant l’inrégistration directe de la variation de pression du gas 
durant l’adsorption, y comprie la pression d’équilibre.

Les isothèrmes d’adsorbption sont représentées dans les figures 1—3. La 
forme générale des isothèrmes corresponde à l’adsorption en couche monomolectr 
laire, conformement à l’écuation de l’isothèrme Langmuir [2] :

a =
Kp

1,+ Kp
(1)

dans laquelle :
a répresénte la concentration d’équilibre dans l’adsorbant, en cm3]g.
p — pression partielle du gas a l’équilibre, en mm Hg.
a — la capacité d’adsorption en couche monomoleculaire en cmzjg.
K — la constante d’équilibre, en mm H g-1.
L’influence marquante de la température sur l’état d’équilibre dans le sys 

tème NaX—CO2 (voir la Fig. 1) atteste le caractère préponderent physique de 
l’adsoption du dioxide de carbon ; ce caractère devient moins pregnant dans 
le system NaX—SO2 (voir la fig. 2). En ce qui concernele système NaX—NH3 
(voir la fig. 3), le groupement étreint des isothèrmes 2, 3 et 4 indique le change
ment du caractère physique de l’adsoprtion en faveur de celui chimique au fur 
et à mesure que la température augmente.

La position relative, a diverses températures, des isothèrmes d’adsorption 
des systèmes étudiés indique l’accroissement du caractère chimique de l’adsorp- 
tion en ordre NaX—CO2, NaX—NH3, NaX—SO2, étant en concordance avec 
l’accroissement du caractère polaire des gas. Dans le même ordre baisse la con
stante d’équilibre (Tableau 1).

• Polytechnical Institute Bucharest, Dept. of Industrial Equipments, 79585, București, Romania
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Fig. 1. La variation de la capacité d’adsor 
ption a en fonction de pression partielle poo, 

1~25QC; 2—40°C; 3-60°C ; 4-80°C.

Fig. 2. La variation de la capacité d'adsor- 
ption a en fonction de pression partielle pso 

1—25°C; 2-40 °C; 3-60 °C ; 480- °C.

T ableau 1

La variation des paramètres K et am des systèmes NaX—CO2, NaX—NH3 et NaX—SO2 
a diverses températures.'

Temp. NaX- cos NaX—NH3 NaX—SO2

°C K ■ 10-2 r K ■ 10-2 r a K ■ 10^2 r
[cm3lg] [mm coef. de Гс»Л>1 Гжиг /L?_1l coef de corei. țcm3lgY Г;mm coef. de

corei. corei.

25 33,04 8,73 0,982 100,63 15,70 0,874 56,92 2,21 0,992
40 29,32 5,63 0,974 79,15 8,09 0,979 55,52 1,51 0,994
60 22,4 3,65 0,918 71,42 7,42 0,975 52,76 1,42 0,995
80 15,42 2,49 0,830 67,38 • 6,81 0,971 50.09 1,15 0,990

Pour vérifier l’invariabilité, avec le changement de la température, de la 
courbe caractéristique on a utilisé l’équation de Polanyi [3] :

e = f(v) (2)
dans laquelle :

s représente le potentiel d’adsorption du système considéré.
V — le volume du gas adsorbé (considéré en phase liquide).
L’independence de température de la courbe caractéristique est exprimée 

par l’écuation :

---------- = constante
dT (v~et)

(3)
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Pi g. 3. La variation de la capacité d’adsorp- P i g- 4. La variation de la capacité d’adsor-
tion a en fonction de pression partielle рнн, ption a en fonction de pression partielle *nh.

1 —25°C ; 2—40°C ; 3—60°C ; 4-80°C.

Le potentiel d’adsorption г est défini par l’équation : *

s = ETln^- (4)
P

dans laquelle ps représente la pression de vapeur du gas liquéfié à la température 
T ; p — la pression partielle, correspondente au volume v du gas adsorbé.

En considérant les équation (3) et (4) on peut écrire :

= ЙГ01п A(0) 
: E1(T) - RTlnPsm

A(0) ÿi(T)

= KToln T’s(O) _ г.„Т) RTlnpsm
T>2(0) p-.m

E 7'ln^l
РЦТ)

(5)
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où l’index 0 se rapporte à la température de référence To, c’est à dire à la 
température pour laquelle on connaît l’alure de l’isothèrrne expérimentale.

A titre d’exemple on a utilisé les équations (5) pour détérminer les isother
mes d’adsorption du systhème NaX—NH3 aux température de 10°C, 20°C 
et 30 °C, en utilisant les dates de l’isothèrrne éxpérimentale à 25 °C (figure 4). 
La position relative de ces isotherme en rapport de l’isothèrrne éxpérimentale 
à 25 °C, indique que, en certaines limites1, l’équation de Polanyi peut être uti
lisée pour caractériser les diverses systèmes gas-adsorbant [4].

Les isothermes détérminées expérimentalement dans le présent ouvrage 
peuvent être utilisées pour la calculation de la force motrice d’adsorbtion en 
régime stationnaires [5]. '
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ABSTRACT. Rheograms (shearing stress depending on rheoslopes, т — R) for 
a biologic material mentioned in the paper, were drawn using a capillary vis- 
cosimeter. The constants, m and v, were established from Ostwald — de Waele 
relation, necessary for projecting extruders for the materials under examination.

1. Background. The projection of screw-cylinder couple for a screw-extru- 
der for plastic-state materilas (polymer materials, ceramic pastes, food pastes, 
etc.) could not be done without knowing the material features. There are 
many more mathematical models trying to mould different types of non-New- 
tonian material behaviour [1—8]. Among these, in view of the engineering cal
culations linear théories or théories liable to be linearized called specialists’ 
attention on [2, 9, 10]. As for viscoelastic-type materials, Ostwald — de 
Waele empiric relation was quite often used [1—3, 11, 12]:

t = fflR’ (1)
where т is the shearing stress ; R is the rheoslope (shearing speed) m and v are 
material constants. The relation is accepted due to the low number of cons
tants to be determined and good results obtained practically by its applica
tion.

These constants can be determined from the rheogram taking the shearing 
stress as Coordinates depending on the rheoslopes by means of the experi
mental déterminations on capillary rheometer. [1, 13].

2. The equlpment used In view of constant détermination from the relation (1), there was 
used a capillary viscosimeter (Figure 1).

Capillary cylinder is shown in Figure 2. In the metal cylinder 1 the polytetrafluor-ethylene, 
barrel-shaped piston 2 runs lowering the limit of its friction with the cylinder wall. The material 
pressed by the piston is discharged by the capillary 3 having a cone-shaped inlet permitting the 
material input into the capillary. A polytetraflour-ethylene socket 4 was also put in view of fric
tion lowering at the upper part. The geometric features of the capillary used during the experi- 
ments are shown in Table 1.

Table 1

No Diámé ter, D
cm

Dength, L
cm

D/D Ratio

1 0.6684 2.9964 4.482
2 0.4907 3.0148 6.143
3 0.506 2.0095 3.964

* Polytechnical University Buchaest. Dept. of Jnàustrial Equipment 
•• Instituie for Food Chemistry, București, Romania
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The geometric features of the capilalry hâve to be known accurately and 
that is why their measuring was done by optic means. From the capillary>set, 
there were chosen those that [permitted the détermination accurately the 
material flow and in this case the L/D ratio does not require any alterations 
of the results [13, 14].

3. Calculation éléments. The relations of shearing stress 
and rheoslopes calculations are [15, 16]

D ■ Ap
4L

(2)

R =
-Tfi

where àp is the pressure drop in the cylinder, daN/cm2, Qv 
is the material flow by capillary, eu cm/s.

The pressure drop of the material in the cylinder is given 
by the weight pressing.

àp = -^~ (4)

where G is the weight pressing the piston, daN ; Ap is the inner 
cross-sectional area, cm (inner diameter of the cylinder is 1.4 cm).

Gravimetrie flow was measured by the material quantity 
within a certain range of time (time—checked). The volume 
flow was calculated by the material density détermination 
(p = 1.625 g) cm3) according to the relation

Q» = (5)
p

4. Material features. The material subjected to the trials 
was composed of edible yeast micellium biomass, glucosisom- 
erase biomass and biomass — compressed yeast (Saccharom
yces cerevisiae).

The trials were developed at the room température (wit- 
hout thermo-regulation).

5. Experimental results. The pressures in the cylinder 
for the weights used are shown in Table 2.

Table

G, 1.698 2.648 3.748 4.798 5.748
*g

Àp. daNlcm*  1.1030 1.7201 2.4347 3.1168 3.7339

Fig. 1. Scheme 
ofthe capillary vi- 

scosimeter':
1 — thermostating 
body ; 2 — capii la 
ry ; 3 — pistou ;
4 — weights for 
material pressing.

Fig. 2. Scheme
2 of the capillary 

cylinder :
1 — metal cylin 
der ; a — barrel- 
shaped piston ;
3 — capillary ;
4 — polytetraf-lu 
or-ethylene socket.
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The results shown in Table 3 were obtained using the viscosimeter and 
the above-mentioned method.

Table 3

No
used

Capillarv 
(Table’1)

G, 
g

Genzime
g

t,
в

Qg.
gis

Qv, 
cm3ls

1 1698 1.1 90 0.01222 0.0075213
2 1 2648 2.6 30 0.08666 0.0533329
3 3748 9.3 8 1.1625 0.715384

4 1698 0.8 90 0.008888 0.005470
5 2648 1.0 30 0.03333 0.020512
6 2 3748 1.4 15 0.093333 0.057435
7 4798 2.4 10 0.2400 0.14769
8 5748 10.9 6 0.81666 1.117948

9 q698 1.5 10 0.036585 0.0022514
10 3 3748 5.7 15 0.3800 0.233846
01 4798 19.3 10 1.9300 1.187692

The results shown in Table 4 pointing out the shearing stress and the' 
rheoslope were obtained using the relations (2) and (3) and the values enlis- 
ted in Tables 1, 2, 3.

Table 4

No Qv. ДД 
daN/cm?

T,
daNlcm1

ей, 
s“ll

1 0.0075213 1.1030 0.0615109 0.2565545
2 0.053324 1.72017 0.0959285 1.8192239
3 0.715384 2.43470 0.1357757 24.402279

4 0.00547003 1.1030 0.0448820 0.471565
5 0.0205126 1.72017 0.0699953 1.768369
6 0.0574357 2.43470 0.Ö990702 4.51456
7 0.1476923 3.11684 0.1268270 12.73238
8 1.117948 3.73396 0.1519386 96.37705

9 0.0022514 1.1030 0.0694349 1.770119
10 0.2338846 2.4347 0.1532667 18.38564
11 1.1187692 3.11684 0.1962080 93.37970

The results shown in Table 4 were used for drawing up the rheograms 
t — Й (Figure 3).
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6. Conclusions. Studying the cur
ves in Figure 3, we notice that the 
above- mentioned, material, at low 
values of the rheoslope, behaves as 
a pseudoplas- tic liquid [171 (up to 
20 s-1).

At higher values of the rheoslo
pe, its behaviour becomes linear.

The most complete resuit was 
obtained for the capillarv having 
L/D = = 6.143.

7. Determination of material 
constants. In view of material con 
stant establishment, the obtained 
curves will be used (Figure 3).

The work rheoslopes in the screw 
extruder are located, in the case of the 

ic (__________ __ . __ _
n n ьа

Fig. 3. The rheogram z — SL

above-mentioned material, between 5 and 25 s“1 as shown in the Figure. The 
first part of the curves corresponds to a slow flow at a low pressure, that does 
not develop pressure necessary for the product to be pushed through the grai- 
ning sieve (at the extruder). The rheoslope zone above 25 s-1 corresponds to a 
fast flow that does not allow the control over the graining process as high 
shearing stress above the critic values could appear resulting in material tea- 
ringoutand, thus, a low quality product [18, 19].

Material constants in Ostwald — de Waele [relation (1)] remain unchanged 
except of some areas of the rheoslope.

In view ot the obtainment of the two constants, the relation (1) is logarith- 
med and thus :

In t = In m -p V In «Я
Using the two points on the curve the following can be written

In t1 = In m -J- V In

In t2 = In m 4 v lu ^2
The two relations are subtracted and thus

In t2 — In = v(ln R2 — In Äj)
or

în (t2/tx)
in

(6)

(7)
(8)

(9)

(W)

The value of constant m is obtained by introducing the value of v in the 
relation (7) or (8).

In our case, as for the three curves, the values shown in Table 5 are 
obtained on the area taken into account.



108 GH. IORDACHE et al.

Table 5

L/D
T1

daN! cm2 s 1
’a

daNfcm* s-1

4.482 0.109 5 0.137 25
6.143 0.105 5 0.140 25
3.964 0.130 5 0.168 25

If we apply the relations (10) and (11) to the data in Table 5, there were 
obtained the results shown is Table 6.

Table 6

LlD m,
daN'sIcm2 V

4.482 0.086722 ’ 0.142057
6.143 0.078750 0.178747
3.964 0.100595 0.159328

8. Final conclusions. The determined constants enable the calculation of 
the main parameters (flow, working pressure, power demand) of the screw- 
cylinder couple of the screw extrader. Thus the material constants being known 
from Ostwald-de Waele relation enable the design of the active couple of this 
type, of machine (including the strength calculation of this couple compounds).
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ABSTRACT. In this paper we propose an algorithm for generate clusters by 
using probabilistics methods of simulation (Monte-Carlo). The structure is ran
dom generated in a sequential process. At the each step we estimate the radial 

‘ distribution function (RDF) of the new structure and we make a comparison 
with experimental RDF. Finally we prove that the sequence of calculated RDF 
is convergent to the experimental RDP. The proposed algorithm was applied 
to RDF of amorphous semiconductors (arseu ium and germanium).

1. Introduction. The existence of short-range order in amorphous solids 
was proved by elastic scattering (diffraction) of A’-rays and neutrons studies.

It was proposed by Bernal [1] three parameters for define the spacial 
•distribution of atoms, they are : the mean number of neighbours of an atom' 
the mean distance of these atoms from a fixed atom and the fluctuation of 
-this distance.

The structural model of Bernai is starting from the experimental infor
mation about structure contained in the radial distribution function wich re
sults from the interprétation of diffraction images and which in essence is 
the expresion of finding two atoms at distance r from each other.

In this paper we shall give. an algorithm for generate clusters by using pro
babilistics methods of simulation (Monte-Carlo), which finally seemes to be a 
good aproximation for experimental radial distribution function.

The proposed method of computation was applied to : amorphous àrsenium 
and amorphous germanium.

2. The radial distribution function (RDF). Let us consider two concentric 
spheres with radii r and r + dr centratd on an atom. The volume of this spheri
cal shell will be dF = 4-/2 dr and the probability of finding one atom in this 
spherical shell is :

dP(r) = 4Kr2g(r)dr/U (1)
where V is the volume occupied by amorphous solid and g(r) the radial distri
bution function, with the normalization condition given by :

J g(r) 4кг2 dr/V = J dP(r) == 1 (2)
о

If (.V(r, r -f- dry is the mean number of atoms falling within the spherical shell 
and p(r) the atomic density in the same spherical shell, then we have :

p(r) — SNtFr " . ^jŸ(r • r + dry = 4№p(r) dr (3)
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The radial distribution function defined by /(r) = 4t№ p(r) respects the follo
wing normalization condition :

|/(r) dr = rV — 1 s jV (4)
о

Using équation (2) and (4) results : /(r) = 4nz2p(1g(/) where p0 = 2V/17 is the 
mean density.

The practicai problem is to get from the experimental information the 
radial distribution function. This is done by a Fourier transformation of the 
angular distribution, I(s), of the scattered X-ray intensity (or neutrons) :

» = 4лг2р(г) = 4~Up0 + 8itr J s[Z(s) F~2(s)IN — 1] sin (2-sr) ds (5) 
о

where F(s) is the scattering factor for one atom and s =2sin(0)/Â (À is the 
wave lenght of radiation).

3. The Monte-Carlo simulatiop method. Usualy the Monte-Carlo method is 
used like a multidimensional intégration procedure in addition to calculus of 
thermodinamic properties of sistems [2].

Monte-Carlo method can also be used to obtain distribution function [2].
Let us consider the distance between two atoms as a random variable 

which has the distribution law done by the radial distribution function /(r) 
normalized with :

N0=ÎmÂr)dr (6)
о

where rm is the upper limit for experimental détermination of RDF and Л70 the 
number of atoms from inside of sphere of radius rm.
Consequently, the probability of finding an atom at distance :

/j e [r, r + Ár] £ [0,
will be given by :

Ж) = J /W dr/lVo . (7)
r

The simulation will be made in a finite volume in wich the upper limit for 
distance r will be the maximum distance between two points of the volume. ■

The position of atoms will be generated in a sequential process and the ran
dom variable r will hâve a nonuniform distribution in accordance with /(r).

For generate random numbers with a nonuniform distribution law, usually 
the Smirnov transformation is used, which states that : if the distribution law 
Ф( Ç) of a random variable Ç is done, then a sequence sélection will be generate 
with Ç = Ф_1(а), where Ф-1 is the inverse of Ф and a is a random variable which 
has a uniform distribution on the interval [0, 1].

• Before to describe the algorithm we shall made some important observa
tion.
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Thus, iu a cluster which has N atoms, for each atom we consider a radial 
distribution function which we shall note i = 1, ...

Because in the relation (3), <N(r, r -f- dr)> is the mean number of atoms 
situated in the spherical shell between distances r and r + dr, we shall use the 
mean value, of function /,(r), i — 1, . .., N.

Finally we impose the aproximation of experimental RDF, fexP{r}, with 
the sequence of function {/v(r){ where N tends to NtlMX which is the maximum 
number of atoms according to the volume V of simulation.

In the volume V there are atoms situated at frontiers with different RDF 
relative to experimental RDF and which will introduce distorsions in calculus 
of the mean function

For to eliminate this size effect we do the multiplication of respective func
tion with a weight function which is equal with N0IN'(r) where N'(r) is the 
number of atoms from inside of the volume obtained through the intersection 
between the sphere with radius r„ centrated on the current atom and the 
volume V in which we do the simulation.!

This compensation involve the same normalization constant for all func
tions i = 1, ..., N.
jn these conditions the algorithm has the following steps :

1) The function fexp(r) is transformated on the interval [0, in a sequence 
of pairs :

(ÄAr, fexp(k Д r)), k = 1, . . ., m,. Ar = rjm (m is fixed)
2) The limits of volume V are fixed (for example a cube with edge L).
3) The maximum number of atoms according to V is calculated (Nmax).
4) The position of the first atom is random generated, the weight function 

according to it will be calculated, and we make N = 1.
5) The position of the atom 2V 1 is random generated and it’s weight func

tion will be calculated.
6) For each k = 1, ..., m the functions /)(&Ar), i — 1 ... Лг + 1, and the 

unean fpnction fN+i(k&r) are calculated.
7. At this step we shall made a comparison between ftf+l(kNr) and fexP(kNr) 

if (3) k fl,2, . . ., wR such that fy+1{kàr) — fexp(k&r) ) 8 (8 is fixed) 
then go to step 5)

В) The relative error in the aproximation of /«Дг) with {/д(г){ is calculated 
using : . '

J +i(r)] ár
0

WH = r->»; : J fexp{r)ár
0

9) If s.v. t< then go to step 5).
10) The variable N is transformated in N + 1 and if N = NMt then STOP.
11) Contiune with step 5).
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Fig. 1. RDF of amorphous As, experiment, 
after ref. 3.

Fig. 2. Computer results for RDF of amor 
phous As.

About step 6), for calculus of N distribution functions the operation num
ber must be Cy = N (N — l)/2 because between N atoms exist C2N distances. 
This is a problem which involves very much time for calculus.

By using an artifice of programming this bad point was eliminated, thus 
the number of operations was decreased to N and the time necesarry for calculus 
is only about few hours for clusters which contained hundreds of atoms (the 
program was running on an compatbile IBM—AT).

4. Examples and conclusions. For example let us take into considération 
the cases of amorphous arsenium (a—As) Fig. 1, amorphous germanium (a—Ge) 
Fig. 3.

Figures 2 and 4 show the results of simulation in this cases.
The aproximation errors are :
— e = 7.5% for a—As obtained with Nmax = 254 atoms and after 525000 

itérations.
— e = 7.75% for a —Ge obtained with Nmax = 251 atoms (510000 itéra

tions)
These values for errors in volve the conclusions that the described algorithm 

for Monte-Carlo simulation method is proper to generate structures for amorp
hous solids.

A better aproximation will be obtained if the volume V and implicit the 
number Nmax of atoms will be increase but these will const in computer time.



MONTE-CARLO SIMULATION IN MONOATOMIC SEMICONDUCTORS 113

Fig. 3. RDF of amorphous Ge, experiment, 
after ref. 3.

Fig. 4. Computer results for RDF of amor- 
phous Ge.
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modelling and simulation of the urea synthesis
PROCESS AT EQUILIBRIUM

i
II.IE SIMIMLEAM *,  CORNELIU l’ETRII.A*

ABSTRACT. A new thermodynamic model of tlie urea synthesis process lias 
been proposed, based on two chemical reactions in the liquid phase :

CO2 + 2NTH3 = NH2COONH4

NH2COONH4 = CO(NH2)2 + H2O

and on three gas-liquid equilibria :

XILfi) — XH3

CO2(g) = co2 

H2O(1) = H2O

The mathematical model allows the prédiction of the actual equilibrium liquid- 
phase composition (хи, хсь, xcos, xxh3, xu3o), the gas-phase composition calcu
lation (yNH3, ycos, ynso), and the synthesis pressure évaluation (P), the only 
independent variables being the synthesis température (T) and the input molar 
ratios NH3/CO2 (a) and H2O/CO2 (b).

The‘model adequacy has been tested using our measurement on an indus- 
strial-scale synthesis column, as well as the laboratory equilibrium data of 
Piotroqwski and Szarawara. The simulation of the process has confirmed the 
capacity of the model to describe correctly the influence of the three parameters 
on the equilibrium composition and pressure in the following ranges : 
t = 170-210’0; a= 2.0-6.0; b= 0.0-1.2.

1. Introduction. Having major applications in agriculture as well as in 
industry, urea is produced in very large quantities. The world’s production capa
city was about 10 tons (44 X 10 tons N) in 1989(1]. The existing commercial 
processes are ail based on the urea synthesis from ammónia and carbon 
dioxide. Although the urea production capacity has been dramatically increased 
in the last three décades, the theoretical bases of the urea synthesis process are 
not yet clearly defined. This becouse the urea synthesis is one of the most difi- 
ficult chemical processes.

• It is difficult, firstly, becouse of its complex stoichiometry implying the 
main reactions (1) and (2) in the liquid phase, the phase changes (3) to (5), as 
well as the side transformations (6) to (8) [2,3] :

CO2 + 2NH3 = NH2COONH4 (1)
NH2COONH4 = (NH2)2CO + H2O (2)

CO2(i) — CO2(gi • •• (3); 2(NH2)2CO = NH3 + NH(CONH2)2 (6)
NH3(1) = NH3(g) . . . ... (4) (NH2)2CO == HNCO + NH3 (7)
H2O(!) = H2O(g) . . . ••• (5) (NH2)2CO(1;> = (NH2)2CO(g) (8)

Poliiechnical Institute Jassy, Dept, of Chemical Engineering, 6600 Iași, Romania
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• Secondly, the operating conditions are rather severe : pressure of 14.0 
to 20.0 MPa, température of 453 to 473 K, and high concentrations (“melt”). 
As a result, both liquid and vapour phases deviate from ideality.

• In addition, the urea synthesis System has some peculiar properties : 
azeotropic points, extremal shape of the equalibrium conversion as a function 
of température, extremal dependence of equalibrim pressure on the excess of 
ammónia.

• Last, but not least, is the impossibility of direst détermination of the 
actual liquid-phase composition at equilibrium. Being measurable only urea, 
water, ammónia and a "total” carbon dioxide, the following global reaction is 
usually considered :

CO2 + 2NH3 = (XH2)2CO + H2O (9)
The équation (9) could be regarded as the sum of (1) and (2) when the reac
tion (2) could be considered complete. Practically, the déhydration reaction 
(2) does not go to completion (the conversion per pass of the carbamate into 
urea usually varies from 60 to 75 per cent) and the unconverted carbamate 
must be decomposed and recycled to the synthesis. Consequently, the équa
tion (9) does not describe the process correctly.

2. Previous work. The first method for the equilibrium liquidșphase compo
sition détermination of the urea System has been proposed by Fréjacques. By 
defining an equilibrium constant of the reaction (9) :

кх = (10)
ад, ■ ■ жн,

where in the molar fractions of the “fictitious” components are substituted as 
functions of the carbon dioxide conversion degree [4),

^co, —
1 — IJCO,

1 + a + b — 7)CO,

a — 2-çco,

1 + я + b — Цехр

(П)

и
________ 7)CO,

1 + a + b — 7)coa
Ah,o —

b + TjCO,

results :
= 7!CO* + qco.X1 + a + 6 — nco,) /j2)

1 + a + b — i)CO,

(1 — 1)CO, )(a — 2t)CO,)2

where, a and b are the imput molar ratios :
a = «nh3/«cos, b = w0H2O/«co*  (13)

Using the experimental values of Kx, Fréjacques has prepared a nomograph, 
based on the équation (12) [5]. This nomograph provides a means of evaluating 
the equilibrium yield of urea when the operating température and the feed molar 
ratios of reactants are known. But the theoretical yield obtained from this 
nomograph is always less than theâctual yield calculated from industrial-scale 
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data [4]. That is why, although improved by other authors [6, 7], the semi
empirical method of Fréjacques is not recommended today.

Another semiempirical method consists of the direct corrélation of the equi
librium experimental data by regresion/8, 10, 11). The most important empi- 
rical équations are presented below.

• Kucheryavyi [3], using experimental data very similar to those of 
Kawasumi [9], has obtained the équation :

т;со, = 0.3428 a - 0.0177 a2 - 0.293 b + 0.03699 ab - 0.7428 X Ю"3 at +
+ 0.9129 X IO-21 - 0.53 X IO"7 P + 0.2293 x 10"4 P - 1.121 (14)

valid in the following ranges of parameters : a = 2.0 — 6.0, b = 0.0 — 1.6, 
t = 170 - 230°C, P = 100 - 1.000 atm.

• Inoue, Kanai and Otsuka [10] have proposed another régression équation 
based on their own experimental data :

T/COi = 0.2616 a - 0.01945 a2 - 0.116 b + 0.0382 ab - 0.2732 X ÍO“3^ +
1.64 X 10"4 - 1.394 X 10"7/3 - 1.03 X 10"3fó - 1.869 (15)
• Piotrowski [11) derived a new équation:
i,co2 = 0.46365« - 0.018998 h2 - 0.2315 b + 0.02988 ab - 1.3294 x 10 "3 

at + 1.1243 x 10"21 - 0.55339 x 10"7 P - 1.536 (16)
based on laboratory measurements carried out in the following ranges of para
meters : « = 2.0 - 6.0, b = 0.0 - 1.2, t = 170 - 210°C.
Table 1.

Table 1

Coinparison of the semiempirical metliods, under the operatințj conditions :]
a = 3.947 b = 0.6418 l = 190°C P = 20.0 MPa

Method
Noomgraph Regression équations

ActualPlant-seale
Frejacques Спок (14) (15) (16)

7] 0.635 0.695 0.689 0.712 0.694 0.640

Table 1 présents the values of the carbon dioxide conversion at equilib- 
lium resulting from the existing semiempirical models, for a commercial plant 
operated at t = 190°C, P = 20.0 MPa, a = 3.947 and b = 0.642. The corres
ponding actual value of conversion is also presented, in the last column of the 
table. These results relieve that the industrialscale data are not consistent with 
the Fréjacques’ nomograph. The other semiempirical models give numerical 
values that differ considerably from each other. In addition, they do not allow 
the prédiction of the complete liquid-phase composition (with carbamate), and 
give no information on the gas-phașe composition.

There are several attempts to describe the combined chemical and phase 
equilibria of the urea synthesis in the literature [12 15], too. Some of them
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are formally correst [12, 15] but, becouse of their simplified assumptions (parti- 
cularly concerning both phases oi' the System to be ideal), they do not permit 
a quantitati ve analysis of the urea synthesis process at equilibrium.

It is the aim of this paper to present a new thermodynamic model of the 
urea synthesis process. This model is theoretically substantiated by the recent 
progresses in the thermodynamics of non-ideal Systems [16—18], and experi- 
mentally verif ied with the new experimental data [19, 20].

3. The Model Development and Testing. Whether the existing semiem- 
pirical model were based on the total liquid-phase reaction (9) alone, the new 
model assumes that the urea synthesis process is described by the reactions 
(1) and (2), and the phase changes (3) to (5). The side transformations (6) to (8) 
are negligible under normal operating conditions. As a result, the process pro- 
ceeds in a two-phase gas-liquid System, the liquid phase being composed of am
mónia, carbon dioxide, water, urea (U), and ammonium carbamate (Cb). The 
gas phase is composed of ammónia, carbon dioxide and water. Both phases are 
no n-ideal mixtures. According to the phase rule, such System has three degrees 
of freedom and three independent variables can be arbitrary chosen. It was 
found that température and two concentration variables (a and b) are the 
most suitable [11, 16].

On the bases of the fundamental assumptions above, the mathematieal 
model is composed of the following équations.

• The définitions of the equilibrium constants of the reactions (1) and (2) :
K - (Я" ß)(1 + « + b - 2a+ ß)2 ,17)

1 (a - 2a)2(l - a)

K2 __________ ß(b + ß)___________
(a - ß)( 1 + a + b - 2a + ß)

(18)

• The mole fractions 
molar ratios a and Ъ :

related to the conversion degrees a and ß and the

*co, —
________1 - a

I + a+ &^2a+ß

a — 2a

1 + a + b - 2a + ß
-Ун,О

b + ß

1 + tz 4- ö — 2œ 4*  ß

• The équations for the calculation of the equilibrium oenstants as functi- 
•ons of température :

Log Æj = 993.162/T - 2.444 (21)
Log K., = -969.365/Г + 2.768 (22)

• The équations of the modified activity coefficients :
7nh. =4.7895 - 1.6679 a - 7.2034 X 10~3 at + 5.08 X 10“1 a2 + 1.5361 x 

X 10 “«ai2 - 3.4357 x 10 ~2 a3

(19)
a — ß__________ ß__________ .

1 + a + b - 2a + ß
Л'еЪ —

1 + a + 6 — 2a-r ß
(20)
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ïco, - 2.5702 - 2.9456 X 10 ~2/ + 7.338 x ÎO“5/2 + 1.4494 x ÎO"1^ + 
+ 7.1914 x 10“6«/2 - 3.4036 x 10“5&/2 - 2.3629 X 10^a4 + 3.3555 x 
X 10~3 abt +2.9826 X ЮЛУ - 8.4403 X 10-2«2й
Тщо = 55.509 - 0.44264 t - 2.9217 b + 4.617 x 10-«Z3 - 1.1077 X 
X 10- ai2 + 9.5049 X 10^bt2

Starting from the equilibrium critetion in the transformations (3) to (5) :
РУ,/, = р,х^°

the modifiée! activity coefficients have been defined as y} = _L (16)
fi

9 The équations of Claussius-Clapeyron type for the partial pressures p° :
Lu -25.0698/T + 56.321 LnT - 0.26246Г + 1.7525 X 10-4Г2 - 
- 258.139

(26)

Ln^-o, = -2370.26/7’ - 0.5913 Ln T - 1.1785 x 10-2T + 1.5977 x 
X 10 “s T2 + 15.2721

(27)
Ln />н,о = -5231.82/Г - 6.1668 x 10~2Ln T - 3.2907 x IO-3 T + 
+ 1.222 X 10-« T2 + 13.1833

(28)

The coefficients of the équation (26) to (29) have been identified by régression,
using the existing experimental data [17, 21].

• The total pressure équation :
- P = S P’^Y,, i = CO2, NH3, H2O (29)

• The mole fractions of the components in the gas-phase :
yNH, = y,NH.^NH,YNHJ/( S/>“XjYi) (30)
Yco,- Æo+co.ï^WXy) (31)
Tjj/) = pH,oXnaO'lHaol(Tip°X,yi) (32)

The System (17) to (32) correlates the composition of the liquid phase 
Ça., ß), the composition of the gassphase (У,) as well as the total pressure (P) as 
functions of the three independent variables : a, b, and t.

The équations (17) to (32) have been numerically sol ved by computer prog- 
ramming in P ASC AI,. The adequacy of the model has been tested by comparing 
the computed values of a, ß, У„ P to those experimentally obtained by Piot
rowski [4].
Table 2
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Model testing

Table 2

Parameters a ß P, MPa Fnh, Yco,

i,°C. a b Ex. Cale. Ex. Cale. Ex. Cale. Ex. Cale. Ex. Cale.

170 4.08 0.14 -- 0.798 0.721 0.757 12.9 12.33 0.97 0.96 0.15 0.02
180 3.96 0.07 - 0.799 0.776 0.763 13.8 13.90 0.96 0.96 0.02 0.02
190 3.49 0.00 - 0.774 0.731 0.742 17.5 16.06 0.90 0.93 0.01 0.03
200 3.59 0.59 - 0.688 0.652 0.653 17.7 19.60 0.86 0.86 0.06 0.07
210 3.77 0.25 - 0.753 0.718 0.724 26.0 24.60 0.87 0.86 0.06 0.07

The data from Table 2 shows a good agreement between the computed 
and the experimental values. The most important déviations présents the mole 
fraction of carbon dioxide in the gas-phase (Yco,) becouse of its low value.

4. Process Simulation. Results. The agreement between the com : ted 
data and the experimental values for a number of sets of parameters may be 
considered only a necessary condition, but not sufficient, for the validity of 
the model. It must be further tested the capacity of the model to simulate the 
influence of the parameters on the composition and total pressure according 
to the general lows of the thermodynamic equilibrium. The results of this simu
lation are partly presented in figures 1 to 3 : Fig. 1, Fig. 2., Fig. 3.

Fig. l.a. Influence of the température on the 
conversion degrees a and ß. The transformation 
degree tjco,computed by the régression équations of 
•Otsuka (1), Kucheryavyi (2), and Piotrowski (3)

Fig. l.b. Température dependence of the 
equilibrium pressure (F), and of the gas- 

phase composition (I'nh,, Yco,)-
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Fig. 2.a. Influence of the ammónia excess on the 
conversion degrees a and. The conversion igco, 
computed by the équations of Otsuka (1), Kucher- 

yavyi (2), and Piotrowski (3).

Fig. 2.b. Influence of the ammónia excess on 
the total pressure (P), as well as on the gas 

phase composition.

Fig. 3.b. Influence of the water excess on the 
total pressure (P) and gas phase composition.

Fig. 3.a. Influence of the water excess on the 
conversions a and ß. The conversion r;co, com
puted by .the Otsuka (1), Kucheryavyi (2), and 

Piotrowski (3) équations.
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The influence of the température on the dependent variables a, ß P, YNH, 
and Yco„ for a given input composition (« = 4.0, b = 0.6) is represented in 
Fig. 1. The variations are qualitatively in agreement with Van’t Hoff’s rule : 
the equilibrium conversion in the exothermic reaction (1) is negațively influen- 
ced by the température. On the other hand, becouse of the inequality т;сь > -qCOa 
the global conversion ß monotonousely increases with the température, without 
any extreme point in the studied range. This is in contrast with the variations 
predicted, by the régression équation (14) to (16). Maybe our model must be 
improved in order to increase sensibility of the two equilibrium constants in 
the température range 170—210°C. The other variables. normally dépend on 
the température : the total pressure increases with the température, while ammó
nia concentration in the gasphase decreases (Fig. l.b.).

The influence of the ammónia excess is represented in Fig. 2. Th«’two 
conversions continuouslv increase with the excess of ammónia. This is consis
tent with the law of mass action. Similar variation are predicted by the semiem- 
pirical équations (14) to (16). The equilibrium pressure has a minimum. The study 
of the curves P — f(a) for other values of t and b has shown that the position 
of the minimum point («mi„) shifts with the increase of température and water 
excess to higher values of a. The curves Ynh, —/(«) hâve an extreme shape, 
too, the position of the minimum point being almost the same.

The influence of the excess of water (6) is illustrated in hig. 3. The predic
ted dependence of the conversions is still in agreement with the law of mass 
action. The effect of the excessive water on the equilibrium pressure is depen
dent on the values of the paraméter a. For values a < 2.0, usually applied 
(n industry, the excess of water reduces the value of the equilibrium pressure 
as we can see in Fig. 3.b). The excess of water has a small influence on the 

composition of the gasphase.
a. Conclusions.
• The semiempirical methods, available in the literature, permit only the 

évaluation of a fictitious liquid-phase composition of the urea System at equi- 
librium.

• A new thermodynamic model of the urea synthesis process has been 
proposed in this paper, based on the two main reactions in liquid-phase and 
three gas-liquid equilibrium. The model can predict the complete composition 
of the two phases, as well as the total pressure, the only independent variables 
being the operating température and two input molar ratios.

• The new model complies with the experimental data as well as with 
the equilibrium thermodynamic laws.

S Y M в о i, s
.a — molar ratio NHS/CO, in the liquid phase 
b = molar ratio H2O/CO2 in the liquid phase 
Cb — ammonium carbamate 
fi = fugacity coefficient
A'i, K2, K approximate equilibrium constant o£ the reaction (1), (2), and (9) respectively 
■Mi = mole number of component i, in the feed 
7' = total equilibrium pressure, Ml’a
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pi = partial pressure of pure component
t = température, °C ; T = absolute température, K 
Xi — mole fraction of component i, in liquid phase 
У, = mole fraction of component i, in gas phase 
a — conversion degree of CO, in the reaction (1) 
ß — tco, = conversion degree of CO2 in the global reaction 
-fi — the ratio filfi
■rçcb = conversion degree of the carbamate in the reaction (2)
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THE STUDY OF THE TRANSALKYLATION REACTION BETWEEN
TRIMETHYLBENZENE AND PHENOL

S. OPREA*,  E. DUMITRII!* , V. IU LE A*,  A. MAREȘ», I. RUSE*

ABSTRACT. A thermodynamic study of the transalkylation process between 
phénol and trimethylbenzenés was performed. The reaction was carried out 
in the presence of the SK-500 catalyst. A good connection between the theo- 
retical results and the practicai ones was estabilished. In both cases, the pro
portion of the ring alkylated products is superior to the oxygen atom alky- 
lated products.

Introduction. The methylates derivatives of the phénol are compounds with 
wide applications in the process of obtaining some valuable organic products : 
insecticides, plastics, antiseptie substances, drugs, etc. The methyl-aryl-ethers are 
also verj" efficient additives for gasoline. The obtaining of these intermediate 
coinpounds is mainly based on the alkylation reaction of the phénol with metha
nol, in gaseous phase. In this idea the solid catalysts with acide-base properties 
are used, when ring [1— 8j respectivelly oxygen atom [9—13] alkylated compo
unds are obtained.

The xylenes, especially the ortho- and para- isomers, 'are also veryrequired 
compounds in the organic industry to produce synthetic fibres, plastics, resins, 
etc.

In this context we have-proposed to studj- the reaction between phénol 
and trimetliylbenzene, which can lead to the simultaneous obtaining of the 
cresols (respective anisole) and of the xylenes :

In this paper the thermodynamic study of the process is done, and it is 
corelated with a sériés of experimental results, obtained by.the realization of 
the above mentioned reaction in our laboratory.

* Politeclinieul Institute Jassy, Dept. of Cin:m:cal Engineering, 6600 Ia^i, Romania
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Experimental part. The phénol and the trimethylbenzenes, high purity reagents, hâve been 
supplied by AI/DRICH.
Catalysts

It was used the zeolite catalyst SK-500. It was delivered by VENTRON and the composition 
of the anhydrous SK-500 extrudate zeolite was: 65.0% SiO2, 22.7% A12O3, 1.6% Na2O and 10.7%, 
RE2O3 (by weight). The specific area was about 550 m2/g.

The transalkylation reaction was tested on a puise microreactor, coupled with a gas-liquid 
Chromatograph, equiped 'with a column containing hexaphenylether 10%/Cromatron NAW-DMDS.

The thermodynamic calculus was carried out on the basis of our own programme, conceived 
in TURBO PASCAL for an IBM-PC consistent computer.

Results and discussions.
The chemical model. The basis of the thermodynamic study consists from 

the following set of reactions, considered to be illustrative for the general des
cription of the studied process :

— the transalkylation trimethylbenzenes-phenol :

1, 3, 5 TMB + F •mX + оС (1)

K2 mX + рС (2)

КЗ mX -f- mC (3)

1, 2, 4 TMB + Fj K4 mX + oC (4)

•

K5 mX pC (5)

Кб mX + mC (6)

K7 oX -j- oC (7)

K8 oX + pC (8)

К9 oX + mC (9)

К10 pX + oC (10)

К11 pX + pC (H)

К12 pX + mC (12)
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Tzi a
1,2,3TMB + F—mX + oO (13)

K14------mX + pC (14)

■JZ1 c:
—— mX + mC Í15)

tzi a
— oX + oC (16)

T7-] 7
— oX + pC (17)

------ oX + mC (18)

1, 3, 5 TMB + F K19 v , л------ mX + A (19)

1, 2, 4 TMB + F K20 „ , .------ oX + A (20)

K21 mX + A (21)

K22 v , д ------ pX + A (22)

1, 2, 3 TMB + F K23 „ , . ------ oX + A (23)

K24 , /пл\------mX + A (24)

— the isomerization reactions :

mX

1, 3, 5 TMB
tzOS

1, 2, 4 TMB

K26 1, 2, 3 TMB

(25)

(26)

1, 2, 4 TMB
1Z97

J 1,2, 3 TMB (27)

(28)v K28 pX-------

pX (29)
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(30)

pC (31)

K32 r------oC (32)pC

(33)

(34)

(35)

(36)

— the disproportionation reactions :
2 oX^T + 1, 2, 4 TMB (37)

2 oX^-T + 1, 2, 3 TMB (38)

2 mX -- K39 T + 1, 3, 5 TMB (39)

2 mX——T + 1, 2, 4 TMB (40)

• K412 mX— T + 1, 2, 3 TMB (41)

2 pX-^Î?- Ty 1, 2, 4 TMB (42)

We are also considering as possible other reactions too : the disproportiona
tion of the toluene, the transalkylation trimethylbenzenes-anisole, the isomeri- 
zation of the methyl-anisoles, the transalkjdation cresols-trimethylbenzenes, 
déméthylations, coking, etc. To accept these transformations, which have in 
fact a limited proportion in the considered process, it means to create major 
difficulties to the thermodynamic. calculation of the composition.

The thermodynamic study. The calculus is based on the thermodynamic 
data offered by the literature, the proceedings being presented earlier [14j.
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For the température field ranged between 298K and 998K, the constants 
Kl — K42, the composition and the conversions of the reacting substances accor- 
ding to the equilibrium state were determined.

In Table 1 the equilibrium constants values, considered only for few tem
pératures, are presented.

The constants value at thermodynamie equilibrium

Table 1

Ki Température, K

298 .448 598 798 998

1 3.74 5.89 9.34 18.48 40.93
о 0.3 0.71 1.35 3.01 7.23
3 14.72 10.25 8.57 7.55 7.07
4 2.29 2.99 4.59 10.62 34.23
5 0.18 0.36 0.66 1.73 6.05
6 9.02 5.2 4.21 4.34 5.91
7 0.56 0.95 1.7 4.4 15.05
8 0.04 0.11 0.24 ' 0.71 2.65
9 2.21 1.65 1.56 1.8 2.6

10 0.91 1.29 2.01 4.6 14.46
11 0.07 0.15 0.29 0.75 2.55
12 3.6 2.24 1.85 1.88 2.49
13 57.69 35.81 34.34 45.17 75.04
14 4.69 4.36 4.96 7.36 13.26
15 227.09 62.32 31.5 18.46 12.96
16 14.14 11.39 12.71 18.73 32.99
17 1.15 1.38 1.83 3.05 5.83
18 55.69 19.82 11.66 7.65 5.7
19 3.87 E- 9 5.2 lî ..-6 2.81 E-4 6.29 E-2 4.16 E-2
20 5.82 E- 10 8.39 E — 7 5.1 E-5 2.85 E-3 1.53 E-2
21 2.39 E — 9 2.63 E -6 1.38 E-4 3.65 E-3 3.48 E-2
22 9.48 E- 10 1.14 E — 6 6.09 E-5 1.56 E-3 1.47 E-2
23 1.46 E - 8 1 E - - 5 3.84 E-4 6.38 E-3 3.35 E-2
24 5.97 E — 8 3.16 E — 5 1.03 E-3 1.53 E-2 7.63 E-2
25 1.63 1.88 2.03 1.73 1.19
26 6.48 E- 2 0.12 0.27 0.4 0.54
27 3.97 E- 2 6.48 E 0.13 0.23 0.45
28 2.5 2.35 2.27 2.3 2.36
29 0.61 0.69 0.84 0.95 1.04
30 0.24 0.29 0.37 0.41 0.43
31 48.36 19.91 6.34 2.5 0.97
32 12.28 8.99 6.91 6.13 5.65
33 0.25 0.45 1.09 2.44 5.78
34 9.65 E+ 8 6.54 E + 6 3.31 E + 4 2.93 E+3 9.82 E+2
35 3.79 E-r 9 1.44 1X4"i 3.03 E — 4 1.19 E+3 1.69 E+2
36 7.85 1X4-7- 7.27 E 1-5 4.78 E — 3 4.78 E+2 1.73 E+2
37 10.74 7.17 5.26 3.54 2.19
38 0.42 0.59 0.7 0.83 1
39 0.39 0.36 0.35 0.35 0.35
40 0.64 0.72 0.72 0.61 0.42
41 2.56 E- O 6.06 E — 2 9.66 E—2 0.14 0.19
42 4.05 3.89 3.74 3.24 2.37

Obs. 1- -
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From the analysis of these data some remarks can be done :
(i) — the extreme value of the equilibrium constants are corresponding to 

the reactions in which is involved the anisole, product with an extre- 
mely low thermodynamic stability ;

(ii) — the isomeric formes of the reaction products are characterized by various
thermodynamic stabilities ; on the background of isomerization reactions 
the equilibrium is displaced specially towards the formation of the next 
compounds : meta-xylene, meta-cresol and 1,2,4 trimethylbenzene ;

(iii) — for a great part among the reactions, the value of the equilibrium con
stants is strongly influenced by the température.

On the basis of the equilibrium constants and of the preserving relations 
applied to the various molecular species, it was drawn out the next system 
of independent équations which allowed the calculation of the compositions 
to the thermodynamic equilibrium.
XI + X2 + X3 + X4 + X5 4- X6 + X7 + X8 + X9 + X10 + Xll +
+ X12 = 1 (I)
3(X2 + X3 + X4) + 2(X5 + X6 + X7) + X8 + X9 + X10 + Xll +
+ X12 = 3X(0)2 (II)
XI + X8 + X9 + X10 + Xll = X(0)l (III)
K25 = X3/X2 (IV)
K26 = X4/X2 (V)
K28 = X5/X6- (VI)
K29 = X7/X6 (VII)
K31 = X8/X9 (VIII)
K32 = X10/X9 (IX)
K34--X10./X11 • (X)
КЗ = X5 * X8/X1 * X2 (XI)
K39 = X12 * X2/X5 * X5 (XII)

Fór X(0)l = X(0)2 = 0.5 the results are presented in the Figures 1, 2 and 
3. The effect of the température on the composition at equilibrium can be easily 
observed ; it is also confirmed what we have specified above, about the distri
bution of the isomers on every eláss of compounds.

In Figure 1 are also reproduced the total conversions of the two reacting 
substances, according to the equilibrium state.

It must be emphasized the formation of the cresols in a very great propor
tion (over 1/3) in the final mixture; the distribution of the cresol isomers is 
strongly influenced by the température (Figure 3).

The fact that the second product of the transalkylation the jxylenes are 
not formed in the same proportion as the cresols, is explained by the marked 
tendency of these ones to disproportion in toluene and trimethylbenzenes, fact 
easy to be ascertained from the presented figures.

A suggestion which is oi’fered by this behaviour is that a trimethylbenzene 
excess vs. the phénol is necessary to obtain good results in the transalkylation 
reaction.

In Figure 1 we are also presenting the total conversions of the two rea
gents at the thermodynamic equilibrium state. It is ascertained that these
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Fig 1. The température influence on the reagents conver-

Fig. 2. Some products distribution in thermodynamic equi
librium conditions vs. temperature

T, к
Fig. 3. The distribution of some products in thermodynamic 

equilibrium conditions vs. température

â — Chemia 1—2/1991
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ones hâve high values (about 90%) for ail the températures from the considé
rée! range.

In completion of this theroetical study we proposed ourseifs to test the 
transalkylation reaction between phénol and trimethylbenzenes in the presence 
of a syntbetic zeolite. With this purpose it was used a faujasite, modified with 
cléments from the rare earths family by ionic exchange.

By a preliminary programmed thermodesorbtion test of the ammónia, we 
hâve established that the acidity of this catalyst is 6.65 E20 acide centers/gr. 
of catalyst.

Two sets of expériences, phénol with 1, 3, 5-TMB and phénol with 1, 2, 
4-TMB, were carried out. The obtained results of the two réactions are presen- 
ted in Table 2.

Table 2

The product composition in (lie transalkylation réaction (% mol); 7 = 675Ä’

the réaction 1? 1 1.3.5 TMB F+ 1,2,4 TMB the r ni o d y n amie 
equilibrium

в 1.1 0,94
T 11.99 12.94 11
lîX + mX 16.73 16.75 17.44
t.X 6.59 6.1 4.81
1.3.5 TMB 4.9/ 3.18 4.93
1.2.4 Tire 7.49 9.06 9.6
1.2.3 TME 1.09 1.01 1,6
T 18.5'2 14.54 5.16
A 9.29 0.56 0.01
oC 16.2 17.98 24
pC + mC 13.95 14.82 19.73
xylenoLs 1.02 2.09 --

The analysis of the experimental data and the comparison with the ther- 
modynamic study results permit us to conclude :

(i) — in both réactions the products distribution is approaching mucii enough
trie theoietlcal data ;

(ii) — the consumption rate of the 1, 3, 5-TMB in the isomerization reactions
is higher than that one which correspond to the transalkylation reac
tion with phénol ; this fact is indicated by different concentrations os 
the phénol, respective of the 1, 3, 5-TMB in the final mixture;

(iii) - the 1, 2, 4-TMB, which does not isomerize verj’- mucii (see also the
thermodynamic data), participes to the transalkylation with the phénol 
in a higher proportion thau the 1, 3, 5-TMB isomer;

(iiii) - - the proportion of the alkylated products of the phénol at the carbon 
atom (cresols) is much higher than the anisole one (product cf alkyla
tion at the oxygen atom).

The last observation is justifíed by the fact that the reactions were eífec- 
ted in the presence of a catalyst with acide properties, which favour the pro-
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cesses wlio are occuring by a carbocatiouic mechanism (electrophilic ring substi
tution).

In Scheme II, such a mechanism is presented in a simplified manner.
On the other hand, when we hâve a basic catalysis, the phénol alkyla

tion to aiusole takes place by a nucleophilic substitution mechanism.
In conclusion, it can be asserted, írom a thermodynamic point of view, 

that the transalkylation reaction between trimethylbenzenes and phénol is 
possible, and the acide solid catalyst, as the synthetic zeolites, allow the prac
ticai achieveinent of the process. The composition of the final mixture obtai- 
ned in tlie presence of the SK-500 catalyst is strongly approacliing the results 
■offered in the thermodynamic study ; in both cases, the proportion of the alky
lation products at the carbon atoms of the phénol being superior to the alky
lation products at the oxygen atom.

SV MP 01, s

T - - toluène
pX -... pure, xylenc
niX -- meta xvleiie
oX — ortho xylene
1,3, 5TMB -.- 1,3,5 tnmethylhenzciic
1, 2, 4 Tini — 1,2, 4 tnmethylbcnzeue
1, 2, 3 TMB ... i, 2, 3 trîmetliylbenzeiic
niC — meta cresol
pC — para cresol
oC --- ortho ciesol

Д? -... phénol
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A — anisole
Xi — molar fraction at equilibrium
X(O)i molar fraction in feeding
XI — phénol
X2 - 1, 3, 5 TMB
X3-1, 2, 4 TMB
X4-1, 2, 3 TMB
X5—m xylene
X6—p xylene
X7—о cxvlene
X8 —m cresol
X9—p cresol
ХЮ —о cresol
XII —anisole
XI2 — toluene
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THE APPLICATION OF THE FLUIDIZED BED MODEL AT THE (NH4)2SO4 
DRYING.

ION BALASANTAN*

ABSTRACT. An analyse of the possibilité’ of application fluidized bed reactors 
and the theory of macrokinetic and mathematieal modelling of the drying pro
cess in view of the design of fluidized bed driers. The exemplification is done 
for the (XH4)2SO4 drying. The obtained values are the same with the values of 
industrial driers. This confirm that the proposed model can be used in view 
of drier design.

The tradițional calculation methods of the fluidized bed driers are based 
on approximated rules [1], on models who consider the mixing intensity [2], 
or are based on kinetic measurements in fluidized bed in laboratory conditions 
[2-6].

This scientific work tests the application of the reactor model in fluidized 
bed and the theory of macrokinetic and mathematieal modelling of the drying 
process in view of the design of fluidized bed driers. The exepmlification is done 
for the (NH4)2SO4 drying.

The analysed drier corresponds to the contact model of fluidized bed with 
solid feed, consisting of a mixture of different-size particles, without solid en- 
trainment and it is shown in Fig. 1.

The mathematieal model of the fluidized bed drier is obtained by passing 
the drying process at the grain level to thefrom the mathematieal model of 

grain ensemble in conditions 
of solid flow in flùidized bed. 
This model considère the com
position of the gaseous phase 
invariable and takes into con
sidération only the degree of 
water évaporation [7—9].

Since the solid flow in 
fluidized bed corresponds at 
the perfect mixing, and in the 
drying process it doesn’t e- 
xist any change of the grain 
size it results ; for fluidized 
beds without entreinment of 
solids, the distribution of the 
particles size in feed, in the bed 
and in the output current are 
the same. Thus we may con-

Fig. 1. The drier in fluidized bed without solid en- 
trainment.

Polyiechnical Institute Jassy, Dept, of Chemical Engineering, 6600 Iași, Romania
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sider that mean résidence time of solids in bed is give by the Eq. (1).
JL (1)

’ The résidence time for the particles of R size in the drier being different, 
the mean degree of water évaporation is made by Eq- (2), where tire âge distri
bution at the solid exit of R size, for the perfect mixing flow of solids, results 
front the Eq. (3).

i-да (2)
0

Е(т) =: —L_ г-ч-(к, = .—!— (3)

Becanse the drier leed is made with particles of different sizes, corres- 
ponding to a partide size distribution, the total mean degree of water évapora
tion is made by Eq- (4).

1 h
Æ тих Rm.ax

... E il " да^(Ко - V
R: — R wRii R^ ■-■= R min

The détermination of the mean résidence time of the solids in fluidized bed, 
ш view to realize a certain degree cf water évaporation g — rj(LO, permits the 
calculation of technologie-aï dimensions of the drier. The diameter of the flow 
équation lor the fluidizing velocity and the height from. the relationship between 
a cantity of solids of the bed and his specific parameters :

H П' (5)

The détermination of ÿ-s through ■ the solution of Eq. (4) requircs a rela- 
toinsliip, based on the macrokinetic and mathematical modelling of the drying 
process, between the degree of water évaporation for particles of R; size and 
the drying time till at the equilibrum humidity of particles of size.

The détermination of w-s through the theory of macrokinetic and mathe
matical modelling of the drying process makes possible the use of the modem 
experimental technics and ask a smaller time unity and there are no problème 
at the translation of the experimental data for the industrial driers.

Duriug the drying process of (NH,)2SO4 in fluidized bed, the structural 
dement is an unporous and wet crystal, enclosed by warm air. Since the flui
dized bed represents a contact model characterized by great heat transfer coef
ficient at partiale 7, 10, 11, in view of drying process modelling it’s enough to 
be consi dered only the mass transfer and transformation processes. In accor
dance with that, the rate of drying process can be determinedted by the rate of 
< iementary process of water évaporation on the grain surface or by elementary 
process of water vapour transfer from the grain surface in the drying medium.
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The researches enter upon by author [12], point out the following fact : 
in specific hydrodynamic -conditions of the fluidized bed the rate of (NH4)2SO4 
drying process is determinated by the rate of the humidity transfer from the 
grain surface in a gascons phase, the matematical model being [6],

= ^0(Rt) (6)

gas velocity. .

Figs. 2 and 3 show the agreement of the model with experimental -dat 
again Fig. 4 shows the dependence of the drying time on at the equilibriui 
humidity at the partide size and

i
- H,d

■ i I 
0.9 i , 
0.81- ; '

i 
о? - i-q 
J

V 1

O-, : • :

V-

F i g. 3. The agreement of model with 
experimental data for к-0= 4.13% 
H2O, dp= 0.815 mm and 1= 80°C

l'i g. 2. The agreement of model 
with experimental date for w„ = 3% 
H2O, dp = 0.815 mm and t = 80°C
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ENTERÎNÛ~DATA 7
\ -kinetic data ot drying process,/ 

xo'R|) ; dptRji tw0 ,w,t /
---------- / 1 — ■■ ... ------------

Of Mass and Heat Balances of drying I ■ 
process to determine V® ’j

Replacing the Eq. (6) in Eq. (4) and inte- 
grating, we are obtained [7—9],

"— .. —T
, j To calculate uf and D | 

For uf,wo and t~, to determine SUR-) ~j

1 -

*0 - w

l'i g. 5. The calculation algorithm 
of the fluidized, bed drier.

The System made by the Eqs. '(1), (5), (6) 
and (7) makes possible the size détermination 
of the fluidized bed drier. The calculation algori- 
thm is reproduced in Fig. 5.

Using the data of [12”, for drying the 
(NH4)2SO4 from 4% ÎH2O to' 0.14% H2O> at 
the granulométrie spectrum condition of Table 
1, the application of the calculation algorithm 
conducts us to the following values for in
dustrial drier ;

the température in drier, t = 80 °C
— wet solid feed, Fo = 17 t/h
— drying air feed, V” = 5.86 Nm3js
— fluidizing velocity, uf = 1.142 «/s
— weight of solids in the fluidized bed, W = 2032 kg
— mean résidence time of solids in the

fluidized bed, та, = 430 s
— height of the fluidized bed, Hsf = 0.395 m

The granulométrie spectrum condition and the drying time till at the equilibrum humidity for 
fluidizing velocity and i — 80’C.

Table 1

Granulométrie Class dp(mm) ЭД), (S) 
[7/ = 1142/s
t= 80°C

wa = 4% a2o

2.5 < 0 < 2,0 0.032 2.25 130
2.0 < 0 < 1.5 0.025 1.75 125
1.5 < 0 < 1.0 0.019 1.25 107
1.0 < 0 < 0.63 0.532 0.815 94
0.63 < 0 < 0.25 0.387 0.44 73
0125 < 0 < 0.16 0.021 0.205 51

The obtained values are the same with values of the industrial drier. 
This shows that the fluidized bed model and the macrokinetic and mathematieal 
modelling of the drying process can by used in view of drier design.
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S Y JI В О I/ S

!> — diameter of drier, m
dp — mean diameter of granulométrie dass, m
E(-:) — âge distribution at solid exit,
7-0,770i/?,j — wet solid feed and wet solid feed of Ri size, kgls <
F,F(Rj) — solid exit and solid exit of Rt size, kgls
Hsf — height of fluidized bed, m
t — température, °C
uf — fluidizing velocity, -m/s
Ug — gas velocity, m/s
Г» — drying air feed, Nm3ls
w, w — humiditv of solid feed and humidity of solid exit,
îF.IF/Æ,) — weight of solid and weight of solid of Ri size in fluidized bed, kg
x0(Rț} — mass fraction of solid of Rt size in granulométrie spectrum
i[]s, — mean résidence time of solids and mean résidence time of solids of R-; size in fluidized

_ bed, s
^Л,г1Н.о — mean degree of water évaporation,

— degree of water évaporation for solids of R,; size,
Pj — density of the solid, kglm3
zsf — porosity of fluidized bed,
т0(Я;) — drying time till at the equilibrum humidity for partide of Ri size, s
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POSSIBILITES OF IECOVERY OF WASTE VANADIUM CATALYST

KOȘC.V I.*,  FOCA, X.*,  SUTIMAX, D.*

AUSTKACT. Twî) possibilii и-s of recovering the w aste vanadium catalyst, resul- 
tiug from the oxidatkm of sulphur d[oxide to snlphur trioxide, are described. 
By the first procedure tbc vanadium is extracted as vauadyl sulphate, tlie com- 
•pourids «и die vanadium ^Vj being previously rednccd by oxa’ic acid thon vana
dium (IV) oxîdized to vanadium (V) by hvdrogeii peroxide and vanadium pen- 
taoxide separated by précipitation.

The second procedure consist in tire vanadium extraction as sodium- or 
kaHiim-metavaiiadntc, aller the oxidation of tire compounds of vanadium (IV) 
by sodium hypochloritc, follcwed by the séparation of ammonium inetavaiiadate 
Ъу precipitaiûni with .ammonium chîoride.

The first extraction' is carried ont at an mid pll.and the second at a 
bmùc pli.

* < 1
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. 1b ;hich, гоигш, cauiiot be appli . >. ■■... a.. ,... . * ni t aie

<! U Col ('i)V 1 '. ! ■ in b ’ es
nesures u ?>< s ! as cu'r- tu ratlke- him r..çwverv viuklç.

■.....  -s
реппмчАП. The 's w.ec carried <m' with a r.sr ■ ■ 1 O u< 1 . pe

d- ' ■ ' . ........., ! m . \ t j •> •> ;[•> > j î ■ • _,> •■ . , ... j ■ ; Si",. . .>.. : b),
j e t

.t: catalyV mm grxml in pb

mmle in didtillcd watef at an optimum so 5 d
f."evd".v?tions w ...........1 . in a snlpaoiiation Vad; provTh?d with tetmonietc' ml

■acid: b ■ ns.’ m< lint min 1 » 1A ;■ xaáux iev;-h vidi <-et;dvst saninles of 400 g.
xucdvsL, '&1 1 1 t 1 n - e \ nid V V)

l'.t nk m.m-d content, t X vet írni was followed bold in ib i 1 1 1 h j t l \ 111 ilyl
yh.iu.I ere bAi in acid litcdiuiu, anrl. in h s high oxidwiou watc as : 1 ’ >1 ! !’l U 1 ‘ . ’n 1(1 ne,

/. /x/.wÂ’i of ■•ayaddim i,n acid mediiirn 
Iu acul solutions ot pH — 3 the lollovcing equilibrium exists [3.1 ;

VO+ -г 21-И -p le- V0-" -'■■■ II2O ]

Based on this equilibrium thé vanadium extraction is followed as vauadyl sulphate by shif- 
ting the equilibrium to the right.

The suspension of the catalyst in distilled water :s brought t<> the température of 90 °C and 
w.aintained for 2,5 /’■ when a part of vauadyl sulphate is solubilized based on the sulphuric acid for-

* PaïitecHical Institute Jassy, Dept. <>f Chcaiical Idtgineermg, 6600 lad, Ramatda
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med írom Éhe suiphur trioxide írom the initial 
catalyt-ic mass. Then the compounds of vana
dium V are reduced to vanadium IV aud 
síjlubllized as vanadyl sulphate. Suiphuric 
acid and oxalic aeid are added to the suspen
sion. For the above mentioned catalyst amount 
40 ml of 1 : 1 suiphuric acid solution and lg 
oxalic acid as a 10% solution are used. The 
i’allowing réactions take place:

V.Cu % ITSC2O4 -> 2VO2 % 2CO£ + H2O

VO3 - 11,50, -> VOSO4 % 11,0 ■

Atter the redut-ing agent addition the 
supseiision is maintained-for 4« at 90 “C. In 
Fig. 1 the kinetics of solubilization of vana
dyl sulphate írom the catalytic mass are pre- 
sented.

The vanadium was determined by titra
tion with Mohr sait in the présence of di- 
phenylamine [14].

Fig. 1. 'Variation of concentration of vanadium 
tetraoxide in the liquid phase in time.

After 7 hours from the extraction beginning, the solid part is separated by filtration. Due to 
the strong adsorption capacitv of tire catalytic support a part of the vanadyl sulphate is retailiei.

For this reason the solid mass is again taken with distilled water in the solid: liquid ratio of 
1:3.

In Table 1, the contents of vanadium dioxide retained within the solid catalyst mass alter 
every extraction are presented.

T ab!.: 1

Amount oî vanadium tetraoxide retained witliin the solid mass 
aller esdi extraction.

Extraction Sem p le 1
% V2O,

Sample 2
% ^2*̂4

Sample 3
% v2o4

1 2,36 2,32 2,29
II 1.07 1.11 1.12

III 0,14 0,15 0,13
IV 0,14 0,12 0,12
V 0,13 0,11 0,12

The liquid phases from the extraction, practically the vanadium sulphate solutions, are pro- 
vessed together.

Silice iron and aluminium compounds pass intő solution together with vanadyl sulphate, they 
must be separated in order to prevent the impurification of the final product, and to increase the 
recovery yield.

Several method [15—17] ntay be applied for séparation, but in this case the séparation based 
on the pH différences at précipitation of iron and alluminium hydroxides toward the vanadium (V) 
compounds [18, 19] was prefered.

The vanadyl sulphate solution is oxidized with hydrogen petoxide at 50 °C, and the pH increa- 
sed by a 10% ammonium hvdroxide solution.

At pH — 1,5 the précipitation of ferrie hydroxide begins and at pH = 2.0 that of vanadium 
pentaoxide. After the séparation " of the solid phase containing vanadium pentaoxide and ferrie 
hydroxide, it is treated with a 1% sodium hydroxide solution when the vanadium pentaxide only, 
is dissol ved.

This can be again precipitated at pH — 2 as a pure product or at pH — 7 as ammonium meta- 
vanadate. The recovery yield varies between 78 -82%.



140 I. ROȘCA et aï.

II. Extraction of vanadium in basic medium. In this case, the extraction of vanadium in the 
oxidation state (V) as sodium or kalium metavanadate was followed.

Fisrtly, several oxidants were tested, namely: kalium dichromate, kalium permanganate and 
sodium hypochlorite.

As ean be seen in Fig. 2, showing the variation of vanadium pentaoxide concentration in 
time for different oxidants, ail of tliem can oxidate completely, the vanadium (IV) 2,5 hours. For 
economical reasons as well as due to the fact that the oxidation is favourized by the obtaining 
of singlet oxygen [20] the sodium hypochlorite was chosen. Then the optimum extraction pH was 
determined, 50—70 ml of sodium hypochlorite and a few ml of 10% sodium hydroxide solution 
are added to the catalyst suspension to initiate the oxidation process. When the oxidation is over 
a 10% sodium solution is added to obtain the desired pH value.

In fig. 3 the variation of vanadium pentaoxide concentration in the liquid phase at different 
fil values is depicted. The optimum pH value of 12 mustn’t be exceeded due to the increase of 
silicon dioxide solubility resulting in a decrease of the extraction yield and difficulties of vanadium 
séparation.

F i g. 2. Variation of concentration of vanadium pentaoxide in 
suspension in time for different oxidants.

Fig. 3. Variation of concentration of vanadium pentaoxide in time at 
different pH value (sodium hypochlorite as oxidant).
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The metavanadate solution obtained by the oxidation with hypochlorite at pH = 12 and 
90 °C is separated from the solid catalyst mass after 7—8 hours of extraction. As in previous case 
a part of vanadium is retained on the catalytic support and must be taken again with distilled 
■water at a solid : liquid ratio of 1 : 3 at 90°C and the pH corrected. The contents of retained vana
dium pentaoxide after each extraction are listed in Table 2.

Table 2

Amount of vanadium pentaoxide retained within the solid mass 
after eaeh extraction

Extraction Sample 1
% v2o6

Sample 2
% ^2^5'

Sample 3
% v2os

I 3,397 3,471 3,352
II 2,202 2,181 2,271

III 0,782 0,801 0,753
IV 0,745 0,733 0,737
V 0,701 0,711 0,687

The liquid phase of the first extractions is processed as follows in order to obtain ammonium 
metavanadate : — it is brought at pH = 8 with a 1 : 1 nitric acid solution when the small amounts 
of extracted silicon dioxide precipitate.

— After the séparation, the pH is brought to 6,5, an excess of solid ammonium chloride added 
under stirring, and cooling when the ammonium metavanadate précipitâtes.

The obtained amounts of ammonium metvanadate and the extraction yields are given in Table 3 
and the ammonium metavanadate composition in Table 4.

Amount of ammonium metavanadate obtained and reeovery yleld

Table 3

Sample I II III IV V

Amount of ammonium meta
vanadate
Reeovery yield

4,01
65,2

4,75
76,3

4,217
68,4

4,358
70,5

4,817
77,3

Table 4

Composition of ammonium metavabnadate

Composition
0/ /0

NH4VO3 ci- soj- Fe3+ Na+

99,2 0,277 0,35 0,012 0,12 0,15

Conclusions. — The extraction in acid medium proceeds in higher yields 
than that in basic medium but the subséquent processing of the solution is 
more difficult.

— The maximum number of extractions is three in both cases, its increa- 
sing being not advantageous from economical point of view.
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— The obtained products, both vanadium pentaoxide and ammonium meta
vanadate, can.be used either for obtaining new catalytical mass, or directly, 
as a catalyst, in the adipic acid obtaining.

— The procedures are rather simple, without using high pressures and 
températures.
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ROMÁNIÁN RESEARCH IN FILTRATION

OCIAV1AX FLOAUEA*,  MIHAELA MIHAI*

MISCH\СГ. A verv intere^tin1; rcview of Románián rcscarrhes in filtration 
w.i> p.-Ac ne.l, spt'x’i Uly is aniiis'-d Uic opii’ui/auo'i • »£ thc fiKraUUn. Thu opti
miza! i.m miierion .mil tlu. mA.hud a .cd 1A, xhc t^imalrin <>i the objective 
1 .i*ü  11,,,i c sperifi.’ b» trec At.sitiou p.'oblcm ihat i> A bu sulvvd. The problem 
\s >'1 A A ,t.’->ped in lins : 'Ltu r.na «. .írni oí the .<!>ainu:u iiitraiimi voi’tme 
’«it с a_ 1 Niall >:i ins-.л'.А- hai, ^irl -paniA aiurii ui a fihrer
aud ihe necded pressure différence.

S- i.iit ..--jks, pubi.shid lateiy 111 lb>m irtian уишаь i< leit thc ’esiai- 
. hi : tlu (1 t ‘-iinniet.i ai of piop.i io.id.t--n- ul b.pei.tiin lor a solid
— I ■, 1 >1 <i! p'ibi.i as weh es tiu ch-.i.e el suitabk equipment. The great 
л . iii > tu • 'pensbiii types ш chilin- ai indust.y diiictcd the itseach to a
к,-..' 1 pv Ai c ‘ -<P' 's 1K 1 !1 nul’T niutlxd 1 uv ci« î- Thcyik-.crib-.-th-'
». 1 OUI 11 ” , ’N N 1 ut 4bp * 1 n 11 У1}( s lu y, Tl aud ~14 >
th - h ratio: ha ■ -O pu- . opte. il N -t Ш yitb.- pu >,
del- 1 -r 1 t • t ■ ’lll -ye к - 1 - < ’<-■ p ■ t’.t. ■>. иЩр-.лШ'-ЛоЫ
>. !Àa g c.ik- ] • . Il ;> O.tA. PU A 1 • ■< l . .. .n .1 h-, mat к al m-a'.-i
and •>. Kl ( té h - -pb. 1'. ' - L HL Anp< i. . n .-i- p.-. -eut. d.

T i g’--!, < in P' - n . - tin fis - i 1 de - '1 b.O-
ni ■ , ; t 1> - 1 •• t'i- followiiig roasi .. tii « mx X сгиг>о-.1-4. ; > ■ - , ,U -1 X ) 1 >} - ' Ц 1 ) ’ ni t V l;: •mp t - îi..ie-toi c." the
soin d’as-: " > ■ ” n ' - l t 1'0 't'' i p.d th- n ., i > t- u 1 t n b ivioiii f 1 the
fiit’ 'J' ’y t’ on < . . ie foiiioiviug : s i y i’ -,.i t- mu .rat n . the
in ' ■ 1 . . d p'o , ' > l i <■ , d p ■ • < --d d-lb n n». i -1 u- ,n с ai
J. . • .1 ,à t'i * • ,t . t ' 1 • nun ii ’ b • t. * y •i-t.3-
l.it-- ..к i t art- к î. ni ‘ . ■ -l T r . Л T- ’-.r - ni tb. i
ni >' í • .ni ”■< . - '- pu a!! i • n • - - ..1 - - V . ud ’ - -t 111 -t - d L < -Us
(on rotai к • ’> .in 'ni iiw‘i 1 'i ' i ” i A. î : - - f

A ’L*,  t . « . iJ 1 i ! ’ 1 : tétracycline , ". -4 t:.-- ] i ’ к-1 p ■
111c. 1 ‘a

Í • г : о d! U d, N113. M. J’-L i 11 cl. ’ present in t13 il'ti.éi.-n ni - f-om
t U- * î rin-- a 1 iiiginecring litei.itiii'- a.- '1 - U У, t tlle pi ■ p' . cil- -b. C c i il . - i- 1 tel

til<> Ъ r s‘ Г nation descîiption au l bib11-1 ’ A lit.- ni pH -T in !.. bu -к. ] -s • ■
T . ? auaîvséd two expo un .-niai data t\pes .-btnine rl ;i ,l ! 1> , .t-и \ t ’. -1 i

du' •-■Vf ait vai 'î.- of the pin- -ai- e dd h-reii" Tlle sisp -n- f >-’s \ • : rpu < -a ..i 1 uni
C.P I K rnate ai id a polydispui Am stisp..к ioii of nii. kel ' ht ti a "i-1 n. diiiin . b h
cori t a ined hi gh density tine partieles înainly aud соhoids. Tiloy get i.iis:estai"
illicifl!nation about filtration mechanisrn in a process that took place en a pre-
coatcd filtration support and about the criterion of choosing the best suppoit.
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A deep filtration model based on stochastic techniques is presented by 
O. 1 о r d a c h e 4J. He considered that the séparation of suspension particles 
in a porous layer is the resuit of the interaction oi two main elementary proces
ses : transport and reversible adsorption. The author used polystochastic mathe
matical models proper for these transfer phenomena. These models stated that 
the particles could be included in more stochastic processes. Passing from one 
process to another is given by a stochastic connection process. The bidimensio
nal stochastic process that was studied was considered to be a markovian one. 
The comparison between experimental data presented by Mackrle and mathe
matical model prédictions is satisfactory.

G. J in es eu and N. Dinu in [6j studied the washing cake phase. 
They presented the principal physical and mathematical models used for the 
cake washing phase. To select the best model for a certain cake washing they 
worked on an experimental installation.

Some articles, e.g. [5J and Г7], study sizing methods for the main filter 
types. Thus, R. Zamfir esc u, A. N i c u 1 e s c u and 1$. D a ci n pre
sented a mathematical model for a rotary vacuum drum filter sizing. This model 
is fitted for incompressible cake. It consists of the filtration équation written 
for a constant pressure différence. In addition to this équation mass balance 
équation was used too. Experimental observations on rotary vacuum drum filter 
on pilot and industrial installations revealed that hydraulic résistance of fil
tration support was going to change in time because of warping filtration sup
port. The authors used an exponențial relation to express the previous depen- 
dence. So they get the optimal thickness of the cake layer which corresponded 
to a maximum rotation number. When this number is achieved the filter is 
brought to a stop to clean the filtration cloth. The mathematical model presen
ted above permits filter performances calculation which are : dry cake and fil
trate flow in case that the geometry and operational parameters, process paramé
tere are known.

A complete study was done by G. Jinescu and N. Dinu in [7],
a paper which emphasizes their interest in high productive equipment. They
suggest a mathematical model for a beit filter. For the filtration phase, the 
filtration model under constant pressure différence was used. The area and
filtration time is a function of the geometrical sizes of the beit and of the beit
velocity. The équations of material balance was also considered. For the cake 
washing they used a diffusional model ; for draining phase, classical équations 
given by the chemical engineering literature were used.

Work [1] has an experimental character and suggests some manufacturing 
materials for a fitrable support which has a high restraining effect of submi- 
cfonic particles. The filtration support quality is appreciated as a function of 
irltration velocity, of the restraining effect of particles and of solid mass quantity 

Works [3J and [8—13] reveal the usefulness of optimization techniques with 
a view to determing the filtration apparátus performances and their appro- 
priate operation conditions. These Works present more sélection criteria of an 
economical and noneconomical nature and study the results critically. It is 
demonstrated that the filtration process is completely studied if we use optimi
zation criteria based on economical principles.
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Al. Woinaroschy mentioned in [3] how to establish the optimal 
number of filtration cycles for a determined quantity of suspension. The pro
blem to solve is to find the équation for a filtration cycle. A cycle means the 
proper filtration process plus the cake washing and plus time of the auxiliary 
operations which is a function of the suspension volume and of the filtration 
cycle number. If this équation is derivative with filtration cycles number and 
equaled to zero, the optimal number filtration cycle will be obtained for a cer
tain suspension. The problem solved that way is simple, but it is to be recon- 
sidered because of the importance of the economical factors.

O. Floarea and M. Mihai [8—13 J studied the optimization of the 
filtration on economical basis. The optimization problem is the following :

The mathematical model which describes the filtration of most suspension 
types us :

)2 + W5“1 ~ + Va^a'Àp^ A + t„s + таяГ

at = et (1)
In addition to équation (1) there are the material balance équations for the 

filtration process considering the filtrate free of the solid phase :
5 = p + pqf and cS = (1 — u)P (2)

The model contains seventeen variables. Such variables as p/, c, a, b, s, 
vla, vlf (constants) or u, Va таиХ, ~uS (selected on empiric basis) are predicble. 
Thus the number of decision variabls will be : d — 17—3—11 — 3, that means 
three variables among the following ones : àp, ~.p, F, S, P and A. The fil
tration area and optimal filtration conditions represent the extreme of the 
objective function that can be written :

opt (FO) = f(àp, xT, F, S, S, P, A) (3)
One can replace S and P by :

S = and p = _^L— (4)
1 — u — c 1 — u — c

and from the équation (1) and the objective function is now :
opt(FO) = f(àp, F, A) (5)

Restrictions for the équation (5) are of operational and constructive nature :
p ртах and A 5^ A max (6)

These restrictions appear because of the physical construction of the appa
rátus ' and of its material and energetic consuption.

The optimization criterion and the method used for the estimation of the 
objective function are specific to the filtration problem that is to be solved. 
The problem will be developed these ways :

1. Determination of the optimum filtration volume on an existing filtration 
installation. In experimente on a filtration installation we know the filtration 
are area and, sometimes, the différence pressure under which the filter opérâtes. 

10 — Chemia 1—2/1991
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In addition to this information we need to determine the optimal suspension 
volume in a filtration cycle. The optimization criterion used .for this problem 
was the net profit Ba, Ba represents the différence between yearly installation 
achievements R ancl expenses- C :

Ba R ( 17}
The achievments will be a function of the filtrate volume, if the filtrate is 

the main product, of the cake value or of both, i f the cake and the filtrate are 
the goal. In ordcr to simplify the équation, it is considered that the filtration 
volume is the main one and the achievements in this case are defined as :

R С,- F (8)
The expenses for a filtration cycle represent the cost of amortization, the 

running cost, the energy cost and the use 1 materiales cost. The síim of all 
thèse oosts is C the total cash cost :

h f „и; P. v- ( -s- (9)
The amortization cost is then :

(7t:r; ( :■ Ruin (10)
It is considered that the expenses юг inljom aud maintenance are a perceutage 
from the amortization cost. In Romani i this -pwcentaje is 0 < 40--90%.

The cost of the electric enerpw C\ u is :

Ge;i - Ap -g A y Gvsp -y ex y H y (-y.....  'ro.q/y- (11)

Tlie electric eiiergy consomption is droitiàt to be evaluated theoretically 
because the process takes place in unstcadv state conditions ni bi~ or threc- 
phaso système Tire specific consomption air Gvsp used iu the séparation 
process. is determined expem-mnta.iiy. Gvsp is a put of équation (11).

Cocus is a ürmtioii of the rost of idioti xipporc:

Cssas . ref x ’ h .ycc ! -v iGv-.. (13)
Tire net profit ni fniaiîy dpóikat о fiy wi F rosi F /

Ba . .Fci- -- FFF-1 .....c,F\pv ... oAf - cFA/r ... c. F.±ps - c. АУ ..-

... .. G (13)

2. Determination oï optimal areas <si a filtrer and the needed pressure dif
ferente. In this case we want the best choice of the filtration areas and pres
sure différence ; we decide upon tire optimization criterion of the yearly total 
cash cost of séparation process. Trie function (14) is obtained from (13) and 
expresses the dependetice between the optimal criterion and the filtration area 
and pressure différence :
cT = + СзД^-1ДР -y с4Я2 3 + + ceAj>s +

+ c-Aps A + c8A/u4 + c9A (14)

The maximum of function (13) represents tire; solution of the problem.
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The cost of equipment Cu is connectée! with the filtration area as follows :
C„ -- a.-P (15)

Constants a and ß меге determiiied for different equipment and material 
types by régression of the costs of tire equipment ínadé by Románián iactories 
as a function of area. The minimum of finiction Ț14] is the solution of the 
problem : filtration area and différence pressure wlien the cost of the process 
is minimum.

S Y M B O L, S

a', b' — spécifié résistance of cake fi’tration. support respectivele 
c — concentration of solid phase in suspension
csf> — specific consuption of filtration materia’ support
een — price of energy
cf -- price of filtrate
iFinza — price of filtration support
11 — total annal nuinber of hours for an operating filter
F — cake

- index of cake compresibi 1 ity
-S — suspension
u — uinidily
V a — specific volume of washing water
vy — total time of filtration cycle
n)ls - time of auxiliar}- operation, energy eating operations
a,,,: — time of auxiliare operation, non energv eating operations

t, — viscosité
p — density
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DER EINFLUSS VON PLASTIFIKATOREN AUF DIE EIGENSCHAFTEN 
DER ZEMENTPASTEN

МАША GEORGESCU», AAAEMARIE PURI*

ABSTRACT. Tlie Eïfeets oi the Plnstleizer Adinlxtiires on the Properties ot 
Cement-Pastes. The study analyses the flowing effect of four plastifiers : 
VIMO—11, МД'ВЕТ, BSC and IHSAN, on cement-pastes: that prepared 
with Portland-cement, and that with a cement with 10% Si.

These plastifiers make possible the reducing of the W/C ratio, assuring 
the flowing of the cement-paste witliout adding water. Using these plasticizers 
we can obtain the same consistency of the paste, with a dosage of water equal 
to only 1/2 of that used for a simple paste (without admixtures).

1. Einleitung. Der Einsatz von Plastifikatoren bei der Herstellung von 
(Mörtel) Beton ermöglicht eine bedeutende Verbesserung ihrer Qualität, sowohl 
in frischem Zustand, als auch nach der Erhärtung. Die Wirkung der Plasti
fikatoren wird von ihrer Art und der zugesetzten Menge, im Zusammenhang 
mit der Natur des Zementes im Beton, bestimmt [1—61.

Die Plastifikatoren wirken an den Grenzflächen Fest-Flüssig-Gas, wobei 
sie sowohl die rheologischen Eigenschaften der Zementpasten (Mörtel oder 
Betone), als auch die Hydratation-Hydrolyse des Zementes und die Bildung der 
Erhärtungsstruktur beeinflussen, was sich günstig auf die mechanischen Eigen
schaften der erhärteten Mörtel und Betone auswirkt.

In dieser Arbeit wurde der Einfluss von verschiedenartigen Plastifikatoren 
(mit verflüssigender Wirkung) auf die rheologischen Eigenschaften und das 
Erstarren von Zementpasten aus normalem Portlandzement, bzw. Zement mit 
ultrafeinem Si-Staub (silica fume), untersucht.

2. Versuchsbedingungen und Ergebnisse. Der in dieser Arbeit untersuchte 
Portlandzement, bzw. Portlandzement mit 10% Si-Staub hatte eine Mahlfein
heit von 2800 —2900 cm~lg Blaine. Als Plastifikatoren wurden Kalziumlignosulfo- 
nat (LSC), Disan, VIMC-11 und Flubet angewendet. Das LSC und Diesan waren 
pulverförmig, das VIMC-11 und Flubet lagen als 20%, bzw. 26% Lösun
gen in Wasser vor. Alle Plastifikatoren wurden im Bereich 0,1—2 Ma-% aktive 
Substanz dosiert.

Es wurde der Einfluß der Plastificatoren auf die, für Normalkonsistenz 
nötige Menge Anmachwasser, auf die Versteifung und die rheologischen Eigen
schaften der Zementpasten, untersucht.

2.1. Der Einfluß der Plastifikatoren auf die Konsistenz der Zementpasten. 
Alle eingesetzten Plastifikatoren üben eine verflüssigende Wirkung auf die Ze
mentpasten aus, was auf Grund ihrer dispergierenden Wirkung auf die Fest
körperteilchen zu erwarten war. Die Diagramme au-s Bild 1 und 2 zeigen auch
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DER EINLUS VON PLASTIFIKATOREN 149

Abb. 1. Variation der W/Z — Werte der Portland
zementpasten mit Xormalkonsistenz, als Funktion 
der Plastifikatormenge : 1 — VIMC-11 ; 2 — Hübet ;

3 — Disan ; 4 — LSC ;

für kleine Zusatzmengen eine Re
duzierung der W/Z-Werte, welche 
der Normalkonsistenz der Zemenet 
pasten entsprechen.

Für beide untersuchten Ze
mentarten ist die verflüssigende 
Wirkung von VIMC-11 am be
deutendsten, es folgt abfallend 
Flubet, Disan und LSC.

Für Portlandzement ist die ve
rflüssigende Wirkung und Zemen- 
dementsprechend die Reduzierung 
der W/Z—Werte der Pasten mit 
Normalkonsistenz auch bei kleinen 
Mengen Plastifikator sichtbar und 
ist für 0,5—0,9 Ma-% aktive Sub
stanz (in Abhängigkeit von der Art 
des Plastifikators) am wirksam
sten (s. Abb. 1). Die verflüssigende 
Wirkung von Disan und RSC ist 
etwas schwächer, so das bei glei
chen oder sogar grösseren Zusatzmengen, die Reduzierung der W/Z—Werte 
für Normalkonsistenz nur ungefähr 20% beträgt, im Vergleich zu 30 —33% bei 
VIMC-11 und Flubet.

Bei dem Zement mit 10% ultrafeinem Si-Staub wird die verflüssigende 
Wirkung der Plastifikatoren nur bei mehr als 0,4—0,6 Ma-% aktive Substanz 
deutlich sichtbar und verstärkt sich bis zu ungefähr 1 Ma-% aktive Substanz 
bei VIMC-11 und Flubet, bzw. 1,7—2 Ma-% Zusatz bei Disan und RSC(Abb2).

Abb. 2. ibidem 1, für (Portlandzement + 10% Si-Staub) Pasten
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Das Vorhandensein von ultrafeinem Si-Staub im Zement vergrößert die 
Konsistenz der entsprechenden Zementpasten, so daß der W/Z-Wert von 0,30 
(für Zement ohne Si-Staub) auf 0,32 (Zement mit 10% Si-Staub) gehoben werden 
muß, tun Normalkonsistenz zu realisieren.

Die vom Si-Staub ausgelöste Reduzierung des Fließvermögens der Zement
pasten wird von der besonders großen Feinheit dieses Materials bestimmt 
(200 сиг2/" spezifische Oberfläche BET) und macht dadurch den Einsatz von 
Plastifikatoren bei der Herstellung von Beton aus Zement mit Si-Staub, uner
lässlich. Die optimalen Zusatzmengen der in dieser Arbeit untersuchten Plasti
fikatoren sind, im Allgemeinen, größer als bei Zement (ohne Si-Staub) und 
sind um so größer, je schwächer die Wirkung der Plastifikatoren ist.

2.2. Der Einfluss der Piaslifikaloren auf die rheologischen Eigenschaften der 
Zementpasten. Die Ergebnisse der Viskositätsbestimmungen mit (einem Rheotest- 
Viskosimeter, für Zementpasten mit W/Z — 0,30, bzw. Zement + Si-Staub 
Pasten mit W/Z -= 0,32, sind in den Abb. 3 — 6 dargcstellt. Bei den sehr aktiven 
Plastifikatoren VIMC-11 und Flubet, führen Zusätze von nur 0,1 Ma-% aktive 
Substanz zu einer ungefähr dreifachen Reduzierung der Viskosität der Zement
pasten. Bei größeren Zusätzen sinkt die Viskosität nur noch schwach weiter. 
LSC und Disan haben eine weniger energische Wirkung auf das Fließvermögen 
der Zementpasten und bewirken nur bei 2—3 mal größeren Zusatzmengen eine 
vergleichbare Verflüssigung wie VIMC-11 und Flubet .

Die Verflüssigung der Zementpasten durch Plastifikatoren —Tenside mi- 
Polargruppen in ihrer Struktur, ist das Resultat der Adsorption dieser Substant

A b b. 3. Variation der Viskosität der Portland
zementpasten mit W/Z = 0,3, als Funktion der 
Plastifikatormenge : 1 — VIMC-11; 2 — Flubet;

3 - Disan ; 4 — I<SC ;
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A b b. 4. ibidem 3, für (Portlandzement + 10% 
Si-Staub) Pasten.
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Bei gleicher Scherenspannung ist die Verformungsgeschwindigkeit der Zement 
pasten mit Si-Staub, auch bei größeren W/Z-Werten, kleiner als diejenige der 
Zementpasten ohne Si-Staub, was den negativen Einfluß der sehr feinen Sili- 
ziumdioNÍdteilchen auf die rheologischen Eigenschaften der Zementpasten bestät
igt. Obwohl die absoluten Werte bei den Zementpasten mit Si-Staub kleiner 
sind, ist die verflüssigende Wirkung der Plastifikatoren bedeutender als bei den 
normalen Zementpasten-s. den Unterschied zwischen den Kurven mit und ohne 
Plastifikator, besonders für 0,1 Ma-% Zusatz in Bild 5 und 6.
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2.3. Der Einfluß der Plastifikatoren auf das Erstarren der Zementpasten.
Die Plastifikatoren verzögern, im Allgemeinen, das Erstarren der Zement

pasten. Diese Verzögerung ist eine Folge der Adsorbtion der Plastifikatoren, 
sowohl auf die Oberfläche der Zementkörner — was deren Hydratation-Hydro
lyse verzögert, als auch der im ersten Stadium sich bildenden, gelartigen Hydrat
phasen — was zu einer Verzögerung der Polikondensationsvorgänge und der 
Strukturierung der Zementpaste führt.

Die von den Plastifikatoren bestimmte verzögernde Wirkung auf das Erstar
ren der Zementpasten muß im Zusammenhang mit den W/Z-Werten dieser 
Pasten analysiert werden.

Die Bestimmung der Abbindezeit für Zementpasten mit Normalkonsistenz 
hat eine Verzögerung des Abbindeanfangs — bei LSC und Disan für alle getes
teten Zusatzmengen, bei VIMC-11 und Flubet nur für kleine Zusetzmengen 
(0,5 Ma-% aktive Substanz), gezeigt ; größere Zusatzmengen bewirken, beson
ders bei VIMC-11, einen kürzeren Abbindeanfang — Abb. 7. Wenn man die 
für VIMC-11 und Flubet besonders kleinen W/Z-Werte für Normalkonsistenz 
in Betracht zieht, erscheint die verzögernde Wirkung dieser Plastifikatoren 
besonders ausgeprägt und ist durch die Bildung eines Adsorbtivfilms auf den 
Zementkörnern, welcher den Wasserzugang bedeutend erschwert und dement
sprechend die Reaktion mit Wasser verzögert, zu erklären. Bei größeren Zusatz
mengen (0,75—1,0 Ma-%) scheint die Wirkung der kleinen W/Z-Werte bedeu
tender als die verzögernde Wirkung der adsorbierten Plastifikatorfilme zu sein, 
demzufolge wird eine Verkürzung des Abbindeanfangs festgestellt (s. auch 
Abb. 1). Diese Befunde sind in gutem Einklang mit früheren Ergebnissen über 
die Wirkung von VIMC-11 und VIMC-22 auf Pasten aus Zement mit hohen 
Anfangsfestigkeiten, mit und ohne Flugasche [9/.

Bei LSC und Disan, welche die W/Z-Werte für Normalkonsistenz weniger 
reduzieren, ist die verzögernde Wirkung auf den Abbindeanfang um so bedeu
tender, je größer die Zusatzmenge ist.

Abb. 7. Variation des Abbindeanfangs der 
Portlandzementpasten mit der Zusatzmenge 
Plastifikator 7 - VIMC-11 2 - Flubet 3 - 

Disan 4 - I,SC

Abb. 8. Variation des Abbindeendes der 
Portlandzementpasten mit der Zusatzmenge 
Plastifikator 7 — VIMC-11 2 — Flubet 3 — 

Disan 4 — DSC
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Bei kleinen Zusatzmengen Plastifikatoren (0,1—0,25 Ma-% aktive Substanz) 
wird das Abbindeende in allen Fällen etwas verzögert, während bei größeren 
Zusatzmengen das Abbindeende um so früher stattfindet, je höher der Plastifi
katorzusatz und je energischer dessen verflüssigende Wirkung sind (Abb. 8). 
Bin derartiges Verhalten wird durch die dispergierende Wirkung der Plastifi- 
katoradsorbtion auf die anfangs gelartigen Hydratphasen im Zusammenhang 
mit der Reduzierung der W/Z-Werte der Zementpasten bewirkt.

3. Sehlußfolgerungen. Die Versuchsergebnisse führen zu folgenden Schlußfol
gerungen :

« Die Plastifikatoren VIMC-11, Flubet, LSC und Disan haben eine bedeu
tende, verflüssigende Wirkung auf die Zementpasten, sowohl aus einfachem 
Portlandzement, als auch aus Zement mit'10% ultrafeinem Si-Staub ; die verflü
ssigende Wirkung verstärkt sich in der ReiheLSC—Disan—Flubet —VIMC-11 und 
führt zu einer bedeutenden Reduzierung der, für Normalkonsistenz notwendigen 
W,Z-Werte. Bei den Zementpasten mit 10% ultrafeinem Si-Staub werden etwas 
größere Plastifikatorzusätze benötigt, um verflüssigende Wirkung zu erzielen, 
als bei normalen Zementpasten.

9 Die Plastifikatoren verbessern, bei gleichbleibendem Wassergehalt, das 
Fliessvermögen der untersuchten Zementpasten.

e Die Abbindezeit der Zementpasten wird von den Plastifikatoren diskon- 
tinuirlich beeinflußt, was durch die gleichzeitige Wirkung der reduzierten W/Z- 
Werte der Pasten mit Normalkonsistenz zu erklären ist.
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ABSTRACT. New Générations <>i Fire-Proot Concrètes, l ifeets ot Admistures 
upon their Har<leniii<|. The authors studied tlie properües ot tour new fire- 
proof concrètes, cfepending on U'/C Ratio, dosage of water, and of different plas- 
tifiers: CrO3, and organic ones:-I,SC and VIMC-22 ; tiuit of cement and aggre- 
gats. Their strenght’s variation with the inereasing of température, and dura- 

bility was also analyse d.

1. Einleitung.
Das Betrachten von Beton im Allgemeinen, von feuerfestem Beton im Beson
deren, als Komposit-materialien, bestehend aus einer kontnuirlichen Phase — 
der zementierenden Matrix, welche die Zuschlagstoffe, als diskontinuirliche 
Phase, enthalt, mit dem Ausbilden von Grenzflächen, liefert eigentlich die 
Grundelemente zu der Evolution der Anschauung über den Aufbau und bzw 
die Technologie dieser Erzeugnisse, welche zu spektakulären Änderungen ihrer 
Eigenschaften und somit ihrer Nutzungsperformänzen führen.

Die mechanische Festigkeit, als entscheidende Eigenschaft für den struk
turellen Beständigkeisgrad, hat für, aus körnigen Systemen hergestellte Erzeug
nisse um so größere Weite, je größer die Zwischenkorn Kohäsion ist. Unter 
diesen Umständen erfüllt der hydraulische Zement im feuerfesten Beton eine 
komplementäre Rolle, folglich kann sein Anteil reduziert werden.

Die Reduzienung des Anteils an hydraulicliem Zement — Tonerdezement, 
im feuerfesten Beton, hat folgende positive Auswirkungen :

— die Anmachwassermenge wird reduziert, was sich direkt auf die Poro
sität des Betons auswirkt ;

— die mechanischen Festigkeitsverluste des Betons im kritischen Tempe
raturbereich werden vermindert ;

— die- pyroskopischen Eigenschaften des Betons verden verbessert, vor 
axem seine Feuerfestigkeit.

Auf diese Art sind neue Generationen feuerfeste Betone ■— mit geringem 
oder sehr geringem Zementanteil, entstanden [1—22]. Die besonderen Eigen
schaften dieser Betone haben ihr Anwachsen in der Palette der gebrannten und 
nichtgebrannten feuerfesten Materialien bestimmt. In den entwickelten Län
dern bilden die nichtgebrannten, nichtgeformten feuerfesten Materialien, zu 
welchen auch die Betone gehören, 40—50% der verwendeten feuerfesten Mate
rialien, wobei der feuerfeste Beton ungefähr 50% der nichtgeformten f eu er f es-
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ten Materialien aiismacht. In der neuen Betongerieration mit geringem oder 
sehr geringem Tonerdezementanteil, dienen als spezifische Komponente, neben 
den feuerfesten Zuschlagstoffen, komplexe Bindeiri’ttelmischungen, dispergie
rende und verflüssigende Additive, uitradispergierte Mineralpulver. Auf diese 
Art werden die positiven Folgen der Reduzierung des hydraulischen Zementan- 
teils besser geweitet, und zwar weil gleichzeitig die Kohäsionskräfte der Matrix 
mit den Zuschlagstoffen nicht vermindert und die rheologischen Eigenschaf
ten und. das Verarbeitungsverhalten bedeutend verbessert werden. Die Kon
vergenz der Wirkungen welche die Kompositionsänderungen der neuen feuerfesten 
Betongenerationen hervorrufen, konnte nur auf Grund der Erhärtungsmecha- 
nismcn erzielt werden.

2. Der Einfluß der Komponenten des feuerfesten Betons auf seine Eiyeu- 
schaiten.

Die Dauerhaftigkeit und die Höchstleistungen des feuerfesten Betons sind 
von der Natur und den Eigenschaften seiner beiden Makrophasen ..  der Mat
rix und des Zuschlagstoffes, sowie von der Kompatibilität zwischen Matrix 
und Zuschlagstoff und dem Matrix/Zuschlagstofi Wert, abhängig.

2.1. Der Einfluß der Matrix. Bei der Generation der gewöhnlichen, her
kömmlichen Betone, welche mit einem verhältnismäßig großen Anteil Tonerde- 
.■'finmt zubereitet werden, bildet die Bincleinittelmatrix den „schwachen Teil” 
des Betons. Diese Matrix macht den Beton hochporös, fühlt zu bedeutenden 
Festigkeitsabnahmen im kritischen Temperaturbereich und zu geringeren Feuer
festigkeiten. Darum werden bei kleineren Matrix'Zuschlagstoff Werten, also 
einem kleineren Tonerdezenrnntanteil, diese Unzii’äugiichkeiteii reduziert. Die 
VerkA inéi uiig d-...s Matrix/ZuschlagUon Wmts durch die Reduzierung des T011- 
crdoz- nientanteiis, ohne andere zusätzliche Maßiialmen führt aber gleichzeitig 
zu einer Verminderung der Kohäsionskrräfte zwischen der Matrix und den 
Zuschlagstoffen, also zu kleineren Betonfestigkeiten. Um dos zu vermeiden muß 
in erster Reihe die Zusammensetzung des Systems beeinflußt werden und zwar 
sowohl durcir die Qualität der Matrix (Porosität, Volnmenbeständigkeit, eigene 
mechanische Festigkeit) als vor allem durch die Matur und den Wert ihrer 
Grenzflächen mit den Zuschlagstoffen.

2.1.1. Der Einfluß des Zctncntes. Um unter normalen Bedingungen ents
prechend zu erhärten werden die herkömmlichen feuerfesten Betone mit einem 
Tonerdezementantail von 15- 30% zubereitet ; der hydratisierte Zement ent
wickelt Neubildungen, welche durch 'Verkettung die Struktur des Betons ver
festigen und ihm entsprechenden mechanische Festigkeiten bei normalen Erhä- 
tungsbedingungen verleihen.

Der große Zementanteil setzt eine große Menge Wasser voraus, welche 
eine gute Verarbeitbarkeit und einen entsprachenden Ablauf der Hydrations, 
Vorgänge sichert. Im Vergleich damit ist bei den Betonen der neuen Generation- 
mit einem kleinen oder sehr kleinen Zementgehalt, der "Wasseranteil 2—3 mal 
kleiner — Abb. 1 [12j ; das erklärt die bedeutend kleinere Porosität dieser 
Betone, mit günstigen Auswirkungen auf ihre Nutzungsperformanzen.
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Abb. 1. Wechselbeziehungen zwischen Zementgehalt 
und Wasserbedarf bei der Zubereitung von feuerfes 
ten. Beton BRC — Beton mit reduziertem Zement
gehalt BURÇ — Beton mit ultrareduziertem Ze- 

mentgehalt

Der große Anteil an hydrati
sierten Neubildungen in dem Ge
füge der gewö hnlichen feuerfesten 
Betone erklärt gleichzeitig den 
Festigkeitsverlust im kritischen. 
Temperaturbereich, als Folge der 
Dehydratation dieser Hydr atp- 
hasen — Abb. 2 [4].

Da der Zement (die zemen
tierende Matrix) den Flußmittelan
teil des Betons darstellt, ist auch 
die dritte, bei gewöhnlichen Be
tonen auftretende Unzulänglich
keit verständlich — eine kleinere 
Feuerfestigkeit bei anwachsendem 
Zementanteil — Abb. 3 [21].

Eine große Fähigkeit der Bindemittelmatrix die Zuschlagstoffe zu leimen 
und entsprechende Matrix-Zuschlagstoff Kohänsionskräfte zu entwickeln — 
sowohl bei normalen, als auch bei Nutzungstemperaturen, unter Anwendung 
eines kleinen Tonerdezementanteils (hydrauliches Bindemittel), können durch 
Einszatz von dispergierend — verflüssingenden Additivstoffen, von Trägern von 
chemischen (nichthydraulischen) oder keramischen Bindungen oder von hoch-

£5 5 Ю /5 20
---- fc. Zemm/onM t

Abb. 2. Variation der Festigkeitsverluste 
der feuerfeste Betone aus Tabulartonerde 
(maximale Körnung 3,36 mm) und Toner
dezement, im kritischen Temperaturbereich, 

als Funktion des Zementgehaltes.

Abb. 3. Eie Wirkung des Zementgehaltes 
auf die Refraktarität eines Betons aus Zus- 
chlagst off mit 42% AlaO3 und Tonerdezement.
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A b b. 4. Die Wirkung des И’/Z — Wertes 
auf die Porosität der Tonerdezementpa- 
sten, durch die Entferüng des freien und 
chemisch gebundenen Wassers ausgedrückt.

Abb. 5. Die Wirkung des W^Z — 
Wertes auf die Volumenmasse der To

nerdezementpasten.

dispersen Mineralzusatzstoffen zum frischen Beton, erreicht werden. Eine anf 
diese Art entstandene Zementierende Matrix wird hochwertigere Eigenschaf
ten haben.

2.1.2. Der Einfluß des Anmachwassers. 
Die Menge des Anmachwassers ist gewöhn
lich größer als genau für die Hydratations — 
Konversions - - Vorgänge benötigt wird. Der 
Wasserüberfluß liegt im Beton als freies 
Wasser vor, welchsen der Betonporosität 
beiträgt (beim Erwärmen hat die Ausschei
dung des chemisch gebundenen Wassers die 
gleichen Folgen) — Abb. 4 ; entsprechend 
ist auch die Dichtigkeit des Betons beeinflu
sst — Abb. 5 [8]. Eine Gesammt-darste- 
llung dieser Phänomene zeigt Abb. 6, in 
welchen der gleichzeitige Einfluß des Was
seranteils — al a W[Z — Wert ausgendnickt, 
auf den Volumenanteil der Matrix im Beton 
bzw auf die Raumdichte der Matrix, darge
stellt ist [8] ; der Anteil der Matrix mit 
einer progressiv kleineren Raumdichte wä
chst mit dem Anwachsen des W!Z — Wer- 

A b b. 6. Die Wirkung des W/Z — Wer
tes auf die Volumenmasse und den Ma- 
trix/Zuschlagstoff — Wert für einen 

Beton mit Tabulartonerde.
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tes. Um hochwertige Betone zu erhalten muß folglich der Wasseranteil bei 
niedrigen Werten gehalten werden.

Die Reduzierung des Matrixanteils im Beton wird simultan durch die 
Reduzierung des Zementanteils und des W[Z — Wertes erreicht. Obwohl die 
Reduzierung des Zementanteils den Wassergehalt des Betons verkleinert, kommt 
es doch zu größeren W/Z — Weiten um eine gute Verarbeitbarkeit des 'Betons zu 
sichern. Um gute rheologische Eigenschaften und demzufolge ein e gute Verar
beitbarkeit bei möglichst kleinen H’;Z — Weiten zu erzielen ist die Anwendung 
wasserreduzierenden AdditivstoiTcn mit dispergierend — verflüssigender oder 
superverflüssigender Wirkung unerlässlich. Rine noch bedeutendere Verdichtung 
der Matrix kann durch gleichzeitige Anwendung von verflüssingenden oder super
verflüssigenden Additivstoffen mit hochdispersen Mineralzusatzstoffen und 
energischen Verdichtungsmethoden erreicht werden.

2.1.3. Der Einfluß der Additive itml Zusatzstoffe. Aus der vorgehenden Ana
lyse der quantitativen und qualitativen Einiiußgrößen auf die Bindemittel matrix 
und demzufolge auf die Performanzen der feuerfesten Betone, entsteht für ein
fache Zuschlagstoff-Tonerdezeinent-Wasser Systeme ein Widerspruch : es bes
tellt eine antagonische Beziehung zwischen der Notwendigkeit den Anteil Bin- 
demittelmatrix im Beton zu reduzieren um ein möglichst hochwertiges Nutzung
sverhalten zu erzielen (na-. Stiuktuibt tandigkeit und Eigenschaften, sowie 
Feuerfestigkeit anbelangt) una der 
mechanische Festigke'ten w.i c . 
kein, Dieser Widern] irmk lier • 
düng von dispvrei-.i.'.ul 
stoffen oder/und mcliths<b vü 1 
fierenden Bindungen sind 'u - , 
— oder Toiierde-haitwen-Zu-A--

i jcIi Lei ma maki Temperatur, zu entwic
he sdvii vc.m'si'tsagt wurde, duu.li Anwen- 
■•„eiid m - -vl wy '.verflüssigen den Additiv- 

Zc-etz-P ) en V.-lebe Tiägcr wo Zeinent-
1 .»hilispeî' ‘ii, i'-aktivoi bc'onde'u Kieselgur 
fin, g.co-f г 'den

Eine, der Dichte de-. В t ,U>.. mV R’.i.mbebt > wt..t muht nur
eine entsprechende Au-.wd i В >• К -.н.".] <1,. -...w m-n Zivi hlrmtolK s, Son
dern auch einen mu ü Wuf g ,g л V nUi и ' A . um-.Vo‘t țn.AFoly w - Zeni ent - 
hydratation ver am ,’.ekli<' —. - w gr h t J ohc 1 Wnp >kt:tat und .• nie möglichst 
große Kohäsion an den Cm ,i g." ',i . h, . . , -Mat.iv (hv.li alwieite Neu
bildungen) sichelt D< r Eù’sitz г .1 !. !«■" wir’ --vii + W- ’geiidcn od. r super- 
verflüssigenden Add tivst'-f'cn < nawwlit ehe Vei .-i'kl > hum- die—' N> twen- 
digkeit. Durch ihii di-.pcigmwid '.7, -Lung eimoțieheu s ? eine groß'-’.. Beweg
lichkeit und demzufolge d.is dii-b'de'i von nalun Koagulatiomstiuktiirin der 
hydratisierten Neubildungen d.w Zimente--, .;uf welchen sich später kompakte, 
homogene, widei standL’ihice K? rdaJiii.itions-I'olvkon'Rnsatioiis Struktuien aus 
bilden. Die deflokulierende, die Koaleszenz der, bei der Zementhydratation 
enstandenen Neubildungen, zerstörende Wirkung, führt außer dem Anwachsen 
der Kcmpaktität und Homogenität — als Folge der Evolution der Strukturie
rung und der Charakteristiken der Strukturen welche bei der Zementhydrata- 
tion entstehen zu einer Reduzierung des Anmachwassers und folglich, der Poro
sität, wodurch die Matrix auch auf diesen Weg kompakter und dementspre
chend widerstandsfähiger wird.
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Der große Dispersionsgrad, welchen solche ■ 
Additivstoffe bestimmen, führt zu einem be
deutenden Anwachsen der Grenzflächen Zus
chlagstoff-Matrix was das Anwachsen der Ko- 
hösionskrofte erklärt; für den gleichen Ze
mentanteil im Beton, erhält man eine um so 
größere Festigkeitszunahme, je stärker die clis- 
pegierende Wirkung der eingesetzten Additivi- 
stoffe ist. (s. Abb. 7 zusammen mit Tabelle 1).

Die gleichen Wirkungen können mit Zu, 
satzstoffen, welche Träger von nicht hydra
ulischen, Zementierenden Bindungen sind, er
zielt werden, hauptsächlich Träger von Fosfa- 
tbindungen. Diese können gleichzeitig die 
rheologischen Eigenschaften des frischen Betons 
sowie auch die Morphologie und den Dispersi
onsgrad der im Erhärtungsprozess entstandenen 
Neubildungen beeinflussen, mit positiven Folgen 
für die Nutzungsperformanzen der Betone, bei 
einer Sogar drastischen Reduzierung des To
nerdezement-Anteils im Beton.

Die Kompaktität von feuerfestem Beton 
kann durch Einsatz von hoclidispersen Mine
ralpulvern, welche die Kapilarien zwischen den 
Zementteilchen ausfüllen, noch erhöht werden, 
größeren Kompaktität, eine bedeutend bessere Strukturbeständigkeit des 
Betons unter Nutzungsbedingunden.

Im Vergleich mit einem Korind- onbeton mit 8% Tonerdezement entwickelt 
ein feuerfester Beton in welchem «lie Hälfte des Zementes durch ultrafeines

A b 1>. 7. Der Einfluß von organisc
hen Additivstoffen (bei optimalem 
Mengenanteil) auf die relative Dru
ckfestigkeit der feuerfesten Betone 
mit (12,5%) Tonerdezement und 
Tabulartonerde als Zuschlagstoff (ma
ximale Körnung 3,36 mm) 1 — Ver- 
gleichsbetou (ohne Additiv) 2 — Beton 
mit ESC 3 - Beton mit VIMC-22

Man erhält simultan mit einer

Speciziilsche 0heriläclie BET des mit und ohne Additivstoffen hydratatislerten Zementes

Tabelle 1

Geprüfte Probe Additiv
Zement

Spezifische
Oberfläche

BET, тг1&

3 Tage hydratisierter 0 2,524
Tonerdezement
Tonerdezement -j- Naftalenformaldeh vd 0,Ü04 5,666
Verflüssiger (V1MC 22), 3 Tage hydratisiert
Tonerdezement Kalziumlignosulfonat (I,SC1, 3 Tage hvdra-
tisiert 0,001 3,094

Tonerdezement + Xatriumtrîpolifosfat (TSF), 3 Tage hydratisiert 0,01 3,438

Tonerdezement Chromsaure-anhydrid (CrO3), 3 Tage hydratisiert 0,001 3,477
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Kieselgurpulzer ersetzt ist, sowohl bei normalen, als auch bei mittleren (200 . .. 
900°C) und erhöhten (> 900° . . ., maximale Anwendungstemperatur) Tempera
turen, bessere mechanische Eigenschaften [20]. Der Einsatz von hochdispersem 
Kieselgurpulver an Stelle von Tonerdezement führt bei dem oben erwähnten 
Beton auch zu einer Anmachwasserreduzierung von ungefähr 35—40%, mit 
einer drastischen Reduzierung de Porosität und entsprechend, der Permea
bilität ; die Gaspermeabilität ist in diesem Fall mehr als fünf mal kleiner. 
Die Strukturbeständigkeit des Betons im kritischen Temperaturbereich ist 
ebenfalls bedeutend besser ; bei dem feuerfesten Beton mit hochdispersem Kiesel
gurpulver treten praktisch keine Festigkeitsverluste in den oben genannten 
Temperaturbereichen auf.

Die Natur und die Menge der verwendeten ultrafeinen Pulver werden 
erster Reihe von der Art zu projezierenden Betons bestimmt, die Kompatibil- 
tät der Pulver mit den Zuschlagstoffen muß gesichert sein ; gleichzeitig' muß- 
auch die Fähigkeit der hochdispersen Pulver, mit den anderen Betonkompo 
uenten bei der Nutzungstemperatur zu reagieren, sowie die Art der Gasat 
mosphäre wecher der Beton ausgesetzt ist, berücksichtigt werden.

Die Festigkeitszunahme bei der teilweisen Ersetzung des Tonerdezementetes 
mit hochdispersen Mineralpulvern wird — als Folge ihrer besonders hohen spezi
fischen Oberfläche, nicht nur durch eine höhere strukturelle Kompaktität der 
Matrix, sondern auch durch die intergranulären Kohäsionskräfte welche [sich 
entwickeln, sowie auch das Entstehen von vielartigen keramischen Bindungen 
bei bedeutend niedrige-ren Temperaturen als bei Betonen ohne Mineralpulver 
und um so mehr als bei gewöhnlichen, herkömmlichen feuerfesten Betonen be
wirkt. Dieser letzte Umstand ist auch der hauptsächliche Grund für die struktu
relle Beständigkeit des Betons im kritischen Temperaturbereich, gefolgt von 
einer späteren Festigkeitszunahme auf keramischer Basis wobei sich, in Gegen
wart von hochdisperser Tonerde oder Kieselgur, in Beton mit kleinem Zement
anteil — Anortit und mit sehr kleinem Zementanteil — Mulit, bildet.

2.2. Der Einfluß der Zuschlagstoffe. Der Zuschalgstoff ist der Hauptkom- 
ponents des Betons und bestimmend für dessen Feuerfestigkeit. Demzufolge 
steht die Betoncualität in direker Beziehung mit der chemisch-mineralogischen 
Zusammensetzung, der mechanischen Festigkeit, der Porosität (Volumenmasse), 
der Volumenbeständigkeit, der Feuerfestigkeit und der Fähigkeit der Zuschlag
stoffe mit der Bindemittelmatrix und dem Arbeitsmedium zu reagieren. Von 
diesem Gesichtspunkt aus müssen die Zuschlagstoffe bessere technische Nutzung
seigenschaften haben als die Bindemittelmatrix. Bei kompositioneller Kompati
bilität mit der Bindemittelmatrix und dem Arbeitsmedium, bei höherer Feuer
festigkeit als die Nutzungstemperatur und guter Volumenbeständigkeit, sind 
geschmolzene oder durch fortgeschritene Sinterung ezeugte feuerfeste Zusch
lagstoffe vorzuziehen, deren offene Porosität 5%0 nicht überschreitet und deren 
Volumenmasse sich dem Dichtewert nähert ; derartige Zuschlagstoffe haben 
auch große mechanische Festigkeiten, welcke aber in erster Reihe von ihrer 
chemischmineralogischen Zusammensetzung abhängig sind.

Bei der Projektierung von feuerfestem Beton mit großer Kompaktitä- 
— was für die Erzielung von, den Nutzungsbediengungen [entsprechenden termőt
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entwickeln welche dem erhärtenden

mechanischen Eigenschaften unerläßlich ist, ist die Körnung der Zuschlagstoffe 
ein bestimmender Faktor, Die Körnung der Zuschlagstoffe ist integral durch 
den Anteil der verschiedenen Elementarsorten aus welchen der Zuschlagstoff 
besteht, und durch die maximale Korngröße, bestimmt. Eine fortlaufende 
Körnung, welche einer Parabelverteilung (der Art Fuller, Bolomcy, Feret, 
Litzow) entspricht, ermöglicht eine maximale kcmpaktität des Betons mit 
einem kleinen Matrixanteil. In Wirklichkeit ist der Bindemittelmatri bedarf 
auch von fer maximalen Größe des Zuschlagstoffes abhängig, und zwar ist er 
um so kleiner, je größer die maximale Dimension des Zuschlogstoffes ist ; es 
wird festgestellt daß das tatsächliche Volumen des freien Raumes zwischen den 
Kornern eines Totalzuschlangstoffes umgekehrt proportionell mit der Größe 
д. /Aist (in welcher /) die größte Dimension des Zuschlagstoffes ist und 3 < mm < 
< 5 (22) ; das Anwachsen der maximalen Dimension der Zuschlog-
körner ist von den Ausmessungen der feuerfesten Ausmauerung aus Beton, beg
renzt. Der größere Bedarf an Bindemittelmatrix bei Zuschlagstoffen mit klei
neren Dimensionen des Größtkornes ist nicht nur eine Folge des größeren 
Leerraumes zwischen den Körnern sondern auch der größeren spezifischen Ober
fläche des Zuschlagstoffes und folglich der Notwendigkeit daß die Bindemittel
matrix den Zuschlagstoff bedeckt, daß viele Grenzflächen Zuschlagstoff-Matrix 
geschaffen werden. Außerdem ist auch zu beachten, daß beim Anwachsen des 
Anteils an sehr feiner Körnung im Zuschlagstoff, die intergranulären Repulsions- 
kraäfte zunehmen ; das führt zu einem größeren Bedarf an Bindemittelbrei für 
das Entstehen von suplimcntären Kohäsicns-kräften um die Repulsionskräfte 
zu annulieren und um Anziehungskräfte zu 
System entsprechende mechanische Festig
keiten sichern. Abb. 8 zeigt eine komplexe 
Korrelation zwischen der maximalen Di
mension des Zuschlagkorns und dem An
teil an Bindemittelmatrix im Beton, bzw.
Abb. 8 seiner Volumenmasse Г8].

3. Erliärtungsmeehanismen bei feue
rfesten Betonen mit kleinen Tonerdeze
mentgehalt, hei Anwendung von komple
xen Bindemittelgmiselien

Due feuerfesten Betone mit 
xen Bindemittelmisehungen sind 
die sich vor allem durchsetzende Lösung bei 
der Herstelliung der neuen Generationen 
derartiger Materialien. Die komplexen 
Bindemittelmischungen enthalten, außer 
Tonerdezement, verschiedene Anteile an 
Stoffen welche Träger andersartiger (nicht
hydraulischer) Zementierened-er Bindungen 
sind ; gewöhnlich sind es, wie schon ge
zeigt wurde, fosfatische Bindungen ; so 

8. Wechselbeziehungen zwischen de-A b b.
Körnung des Zuschlagstoffes, dem Matri- 
xanteil und der Volumenmasse der feuer 

rfesten Betone.

komple- 
zur Zeit

11 — Chemia 1—2/1991
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zum Beispiel eignet sich Tripolyfosfat sowohl als Träger von Fosfatbindungen, 
als auch als Dispersant.

In größeren Mengen wirkt Natriumtripolylosfat (TFS) hauptsächlich als 
Bindemittel, neben dem Tonerdezement. Für die allergünstigsten TFS-Anteille 
erhält man einen bedeutenden Festigkeitszuwachs, selbst wenn der Tonerdeze
mentanteil bedeutend kleiner als bei einem Vergleichsbeton ist (12,5% Toner
dezement). Obwohl bei kleinen Tripolyfosfatanteilcn der Beitrag an Zementie
renden Bindungen vernachlässigbar klein ist, wird ebenfalls eine postivie Wir- 
kungfestgestelit ; diese ist, in Abhängigkeit vom Zementanteil, für TFS/Zement 
— Werte von 0,01 . . . 0,02, am bedeutendsten — wie aus der graphischen 
Darstellungin Abb. 9 hervorgeht 19 : ein derai tiges Verhalten wird haupsächt- 
lich durch die dispergierende Wirkung des TFS erklärt (s. Tabelle 1).

Aus Abb. 9 sind, für die Betone mit Tonerdezement und TFS, zwei ver
schiedene Kompositionsgebiete ersichtlich, in welchen der TFS — Gehalt posi
tive Wirkung auf die Ausbildung von widerstandsfähigen Erhärtungsstrukturen 
der Bindemittelmatrix im feuerfesten Beton hat ; in diesen Gebieten ist der 
vorwiegende Mechanismus nach welchem das TFS wirkt, verschieden: im Ge
biet (I) wirkt seine dispergierende Wirkung auf des Bindemittelsystem und 
in (II) die Entwicklung von Fosfatbindungen. Zwischen diesen beiden Gebie
ten, für zwischenliegende TFS/Zement — Werte, ist der Beitrag der Fosfat
bindungen zu der Erhärtung des Systems weniger bedeutend und die dispergie
rende Wirkung des TFS kann seine verzögernde Wirkung auf die Tonerdeze- 
menthidratation und seine hemmende Wirkung auf die Ausbildung von Kristal
lisationsstrukturen, nicht ausgleichen (s. [19"). In Abhängigkeit, von dem Toner
dezementanteil im feuerfesten Beton, folgt für die Gebiete in welchen das Vor- 
hadensein von TFS positiv wirkt daß bei kleinem Tonerdezementanteil haupt
sächlich die zementierende Rolle des TFS лат Interesse ist, wahrend in den 
Betonen mit größerem Zementgehalt die dispergierende Wirkung des TFS bes
ser verwertet wird (Abb. 9).

Zu gleichen Schlußfolgerungen führen auch die Informationen welche bei 
Anwendung von Chromsäureanhydrid als Träger von zementierenden Bindun
gen, neben Tonerdezement, bei der Zubereitung von feuerfesten Betonen, erhal
ten wurden (s. Abb. 10, im Zusammenhang mit den Daten aus Tabelle 1 und 
den Diffraktometeranalysen H9f.

Die oberflächenaktiven Additivstoffe, welche nicht Träger von zementie
renden Bindungen sind, wirken verflüssigend dispergierend bei sehr kleinen 
Additiv Tonerdezement — Werten, von nur 0,001 . . . 0.0045 (s. Tabelle 1 für 
die dispergierende Wirkung von LSC und VIMC 22, wobei die Wirkung von 
VIMC 22 besonders intensiv ist, was durch die bedeutend größeren, mecha
nischen Festigkeiten zum Ausdruck kommt). Der konjugierte Einsatz, neben 
Tonerdezement, von einem zementierende Bindungen tragenden Zusatzstoff, 
in einem Mengenanteil bei welchem sein zementierender Beitrag bedeutend 
ist, und einem verflüssigend — dispergierenden Additiv führt zu einer kon
vergenten Wirkung, nach parallelen, eigenen, unabhängigen Mechanismen, mit 
positiven Folgen für die Entwicklung der Struktur und der Struktureigenschaf-
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Abb. 9. Variation der Druckfestigkeit der 3 Tage 
frei gehärteten und bei 110°C getrockneten feuerfe
sten Betone mit verschiedenem Tonerdezementanteil, 
als Funktion ihres TFS — Gehaltes. I — kleinen 
TFS — -Zuzätzen entsprechendes Gebiet, mit dis
pergierender Wirkung II — verhlätnismaßig großen 
TFS-Zusätzen entsprechendes Gebiet, bei einer haupt
sächlich zementierenden (fosfatischen) Wirkung.

A b b. 10. Variation der Druckfestigkeit der 3 
Tagefreigehärteten und bej 110°C getrockne
ten feuerfesten . Betone, als Funktion ihres 
Cr()3 - Gehaltes, Bzw. Tonerdezementgehal- 
tes : a — Abhängigkeit der Druckfestigkeit 
von Beton mit 12,5% Tonerdezementanteil, 

vom CrO3— Gehalt ; b — Abhängigkeit der 
Druckfestigkeit von Beton mit 3% CrO3, vom 

Tonerdezêmentgehalt.

ten des Betons — der zementierenden Matrix und der Grenzflächen Matrix — 
Zuschlagstoff.

4. Allgemeine und vergleichende Charakterisierung der feuerfesten Betone 
der verschiedenen Generationen

Das Anwendungsfed der gewöhnlichen, feuerfesten Betone ist obiektiv beg
renzt, im Vergleich mit demjeningen der geformten, gebrannten feuerfesten Ste
ine. Die ökono-mischen und technologischen Vorteile, welche die Anwendung 
der feuerfesten Betone mit sich bringt, haben die Herstellung von Erzeug
nissen dieser Art, mit Eigenschaften welche den jeningen der geformten, ge
brannten, feuerfesten Steine wenigstens gleichwertig sind, notwendigerweise 
gefördert. Das ist der Grund für das Auftreten, in den letzten zwei Jahr
zehnten, von Betonen mit reduziertem Tonerdezement — Anteil (BRC) und, 
in letzter Zeit, von Betonen mit ultrareduziertem Zementanteil (BURC); die 
Herstellung dieser letzen Kategorie Beton war von dem besonders hohen Ni
veau der Nutzungsperformanzen der Brennagregate für moderne Technologien
bestimmt, deren hohe Ansprüche an die feuerfeste Ausmauerung von den fe
uerfesten Betonen mit reduziertem Zementgehalt nicht erfüllt werden konnten.

Gegenwärting sing folglich drei vershiedene Generationen feuerfeste Be
tone bekannt:

— traditionelle Betone (mit 15—30% Tonerdezement), als feuerfeste Be
tone der ersten Generation bekannt ;

— feuerfeste Betone mit. reduziertem Zementgehalt (5 — 12,5% Tonerdeze
ment) — der II — Generation angehörend ;
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— feuerfeste Betone mit sehr reduziertem Zementgehalt (unter 5% Toner
dezement) — der III. Generation angehörend

Diese Erzeugnisse unterscheiden sich in ihren grundlegenden Eigenschaften 
— sowohl was die Zusammensetzung, als auch die Anwendung, anbelangt, wie 
aus Tabelle 2 [12] hervorgeht. Als Folge devon sind auch ihre Nutzungsge- 
biste streng begrenzt.

Tabelle 2»
(Ihiirakterisliken der feuerfesten Betone

Charakteristik Herkömmlicher 
feuerfester

Beton

Feuerfester 
Beton mit 
reduziertem 
Zemeiitgehalt

Feuerfester
Beton mit
ult r ar et 1u z ie r t em
Zement-gehalt

Feuerfeste
Steine

CaO-Gehalt (% )
Druckfestigkeit von bei 1250 C

6,5.. 8 1 3 ~0,6 ~0.3

gebrannten Proben, M'Pa
Offene Porosität in. bei 1200 С

35.. 65 55 120 100 120 ~60

gebrannten Proben 2«...28 16..  18 ~ 12 ~2t

5. Anwendunji der feuerfesten Betone mit reduziertem und ultrareduziertem 
Tonerdezement

Das Anwachsen des Zuschlagstol’f/Matrix Wertes im feuerfesten Beton, 
sowie auch die Sicherung von hochwertigen mechanisch — strukturellen Cha
rakteristiken der Matrix, einschließlich einer hohen strukturellen Stabilität, fuh
ren b'ei Reduzierung des Tonerdezementgehaltes, zu hohen Nutzungsperfor- 
manzen des gesamten Systems. Auf diese Art sind die thermomechanischen 
Eigenschaften und das Verhalten im Nutzungsmedium der Betone mit reduzir- 
tem und ultrareduziertem Zementgehalt, bedeutend verbessert.

Bei der Anwendung von Zuschlagstoffen mit bestimmten chemisch-mine
ralogischen Zusammensetzungen ist die Dauerhoftigkeit dieser Betone und ihre 
Nutzungstemperatur größer. Nachdem die Änderungen in der Bindemittel
matrix bis zu 1000 —1200QC unbedeutend sind Abi). 11 [13[, was zu einer

Ab!). 11. Kumulative Porosität von, auf verschie
dene Tenineriitureii erhitztem, feuerfestem Beton 

mit reduziertem Zementgehalt:

... ilO'C ; .........- 150(1 C" (ostungen):
*** lOLHi ( (5 AmidenI ; - ..... .-... .. ..... - 1600°C (5
stunden)

1 Á Il i •: |5*.A  Ш1 jeli ;. 
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bedeutenden Strukturstabilität in dem für gewöhnliche betone kritischen Tem
peraturbereich fuhrt, kann der Anwendungsbereich der Betone mit reduziertem 
und ultrareduziertem Zementgehalt, unter gewissen Bedingungen, auch auf 
das (lebiet verhältnismäßig niedriger Temperaturen ausgedehnt werden.

Die feuerfesten Betone mit reduziertem und ultrareduziertem Zementanteil 
werden, mit hervorragenden. Ergebnissen hauptsächlich in der Eisen — und 
Buntmetallmetallurgie angev.andt Einige dieser Betonarten finden Anwendung 
bei: der Ausmauerung von Hochöfen (Obei schacht, Hochofengicht, Abgasfüh
rung, Hochofenrast, Gußciseiirinucn, Winderhitzer und Wannluftführung) ; Elek
troofen für die Stahlherstellung (die Delta-Zone oder das ganze Gewölbe des 
Flammenbogenofens, Ausmauerung der Induktionsöfen mit Kanal oder Tiegel, 
Ausmauerung der Stahlgiesi innen) ; Instalatis-ncn für die Vakuumbehandlung von 
Stahl (Herstellung der Immersionsröhren) ; Installationen für die kontinuirliche 
Stahlgießung (Ausmauern der Verteiler) ; Herstellung des Hinblasrohrs der Gase 
und Pulver in, der Tiegehnctalhirgie spezifische Installationen ; Ausmauerung der 
Stahlgieß-und Transportpfannen, sowie der Aulprallplatte bei den Walzwer
köfen : Karusselölen ; S-dzschmelzcöfen Guß -- und Transporttiegel für Guß 
eisen, Kupfer, Aluminium odm Kupfer und Aluminiumlegierungen ; Herstel
lung von Brennersteinen für einige ofenarten ; Ausmauerung der Ofen für V är- 
mebenhandlung, der fielen Ofen ; Ausmauerung der Schmelzöfen für Aluminium 
und Aluminiumliegierungen, für Kupfer und Knpferliegierungen n.s.w.

In der chemischen und petrochemischen Industrie werden die Betone mit 
geringem Zeinenfgchalt crfolgrcm h eingesetzt bei der Ausmauerung des primären 
und sekundären Reformers und der Abhitzekessel der Ammoniakindustrie, bei der 
Ausmauerung der Schweferlkcsofen in der Schwcfelsäureindustrie, der Veräsche- 
rer der Rezipmnten und Reaktoren der Zyklone und katalytischen Übergangslinien 
der Installationen für katalytisches Kracken des Rrdöls, Ausmauerung der Bren
nerkegel n.s.w.

Die Silikat-und feuerfeste »Steinindustrie ist ein potentieller Anwender von 
Beton mit reduziertem Zenw-ntgehaît, für die Ausmauerung der Förderwagen, 
verschiedener Zonen dos Tunnelofens, der Rund-und Zick-Zack-Olcn. Solche 
Betone werden bei der Ausmauerung von Wärmetauschern und gewisserZonen 
der Drehöfen der Zementindustrie, oder der Schachtöfen der Kal-kindustrie, ein
gesetzt.

Beton mit reduziertem Zmiientgehalt kann auch auf anderen Gebieten an
gewendet werden : bei der Ausmauerung der Koksöfen der Dampfkessel der 
F'lektizitätszentralen, der Bobbahnen für den Abund Aflug von Überschallflug 
zeugen n.s.w.

6. SehluIJiohp'riiiumii. Die Herstellung der aufeinanderfolgenden Generatio
nen feuerfester Betone hat eine Überlagerung der Wirkungen der Reduzie-rung 
des Z> m<3ntgcba1t»‘s und der zusätzlichen Anwendung von zementierenden, nicht 
hydraulische Bindungen trauenden Zusatzstroffer, von verflüssigend-disper- 
gierenden Addit ivstoffen und von ultradispersen Mineralstoffen auf die Struktur 
der Bindemittelmatrix und die Beziehung Zuschlanstoff-Matrix, verfolgt. Auf 
diese Art entstehen qualitative, wesentliche Mutationen welche den feuerfesten 
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Betonen der letzten Generationen ein bedeutendes Anwachsen der Strukturbe
ständigkeit zusichern, eine bedeutende Verbesserung ihrer mechanisch — struk
turellen Eigenschaften —- insbesondere der thermomechanischen, sowie ein hoch
wertigeres Verhalten im Nutzungsmedium und eine bedeutend größere Dauer
haftigkeit. Demzufolge wurden die Anwendungsbereiche der feuerfesten Betone 
bedeutend erweitert und für die verschiedenen Generationen genau umgrenzt, 
im Verhältnis zu den Nutzungsbedingungen der feuerfesten Ausmauerungen der 
rennaggregate. Der Anwerndungsbereich der feuerfesten Betone der II. Gene
ration (mit reduziertem Zementanteil) entspricht dem jeningen der geformten, 
gebrannten feuerfesten Steine — mit allen verfahrenstechnischen Vorteilen 
welche die Anwendung von Beton mit sich bringt. Die feuerfesten Betone der 
III. Generation (mit ultrareduziertem Zementanteil) können, bei einer bemer
kenswerten Dauerhaftigkeit, unter viel härteren Temperatur-undMediumbedin- 
gungen, eingesetzt werden.
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TECHNOLOGY ANI) LINE FOR COMPLEX PROCESSING OF PLANTS
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AHSTKACT. Tilese last ye.irs, the utilisation of plants in the pharinaceutical 
industrv is increnshuly spread in the world. Tins paper sets forth a new ori
ginal techn >logy for complex processing of plants intő finished product» of 
varions {omis. At the same time. there are shown the processing equipment 
atici plants of our own design, whiçh carry out the proposed technology.

1. Introduction. Since the oldest tiines, the mau used the vegetal produets 
írom nature to his own advantage. He noticed that sonie of them act on the 
organism. Thus, the uiilization of the préparations obtained bv processing the 
vegetal produets is known for thousauds of years.

The first purified aud stable pharmaceutical forms obtained front vegetal 
or animal raw materials, the first biosynthesis medicines that met the condi
tions of reducing the volume in which there are the active substances, and of 
long préservation, are tinctures and extracts.

Over four centuries old as officinal produets, tinctures and exträets are at 
the sam? time the first pharmaceutical forms obtained on a large scale about 
two centuries ago, the first medicines the presence of uhith becanie possible 
everywhere and at any time.

2. Besearch Ob.ieclivc In the course of reascarch there were analvzed and 
developed more technologies of extraction, filtration, concentration, aroma and 
solvent recovery, as well as of processing tinctures and extracts with a view 
of getting high-qualitv produets under new forms of présentation. Since there 
is enough information about some operations within the technology developed, 
the operations that contribute to getting produets of high quality and under 
new présentation forms were chealt with in a larger extent. Thus, the concen
tration of the fluid extracts with flavour and solvent recovery, as well as the 
granulation technologies of somé produets based on plant extracts, were parti- 
cularly studied.

The aim was that the new technology should satisfy the following requ 
rements : to process a wide range of plants ; to provide a high degree of extrac 
tion ; to provide a high degree of flavour and solvent recovery ; high output- 
to be able to elaborate the finished produets in a new fine form that should 
contain the active principles and the accompanying compounds required, quali
tative^ undamaged providing at the same time a guarantee period as long as 
possible ; to provide the hygienic-sanitarv conditions throughout the process.



168 V. KASZTL — t. MARINESCU

~-l JoloCflt I [ 7Е7П lL"í£cí£? Zj f/or7gjf 

jTr//vq/zo/tj !

j ? X /го с/? 0л""71 Г” J
1ehï2^Sl_I 

(f/t//с/fr Xrcí /|* ------------

iDecanfoĂon]----- ț

I— !
\ Fi dra fior) I
~~ I Г ~ J_____

2—[ ^/-Q/TJQJ J
”Î

Ujcd plant J-4 fP adrr

Г

16r<7 7/771 
Г

I.LÜ2T—1

W1

?----

Iол>т>г_сло’7 I-rÿ'”? l-'l Gtvmftct-z-rt

Rfff°Qnërj]—<^Homo<)r~\

Fig. !. Floww sheet for the processing of plants.

3. Processing Technology and Jane. Alter analyzing the demands of the 
market in the field of medicinal and aromatic plants, as well as the results 
obtained in the course of research, it was worked out the processing technology 
shown in Fig. 1 :

The operations marked by a dotted line are periormed only under certain 
circumstances and at certain plants. The complex processing line ismodularly 
shown in Fig. 2. Undtr the form .shown, the processing line is able to carry 
out the operations presented in Fig. 1, less the solvent recovery by using steam.

Fig. 2. Basic diagram of the line for the complex processing of 
plants. 1 solvent tank, 2 -Continuons extractor, 3 — plant hopper, 
4 — activating véssél, 5 - transfer pump, 6 — filter, 7 — con- 
centrating instalationS - homogenizer, — 9 lactose tank, 10 — ato- 
mization drver, 11 — blender, 12 — excipient tank, 13 — granu- 

lating aggregate, 14 — dryer.
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---------- Ho! water (condtrijafe ) for 
heafina

—HeoTincj wcter 'üKhartje circuif
...............Automation ennyit

!•' ig. 3. Modular diagram of continuous extracting line: 1 — extractor with conveyer screw, 2 — 
proportioner driving mechanism, 3 — proportionr, 4 — conveyer driving mechanism, 5 — bea

ting water pump, 6 — solvent heater, 7 - - inclining mechanisms, 8 - press for used plant.

The plant enters the process in dry and crushed state. Activation is meant 
to introduce the solvent at the intercellular level, the operation being made 
especially on the root plants.

Extraction is carVied out by a modern, continuous, counterflow method, 
the machine-feed being made with the aid of two scrollershafts. The line shown 
schematically in Fig. 3 ensures the extraction of a very wide variety of plants 
with high output and a high degree of exhaustion of drug. At the same time, 
by the press (8), from the spent drug it can be recovered about 50 4- 60% 
from the extract left in the plant structure. The high extraction parameters are 
obtained by providing more possibilities of monitoring the process variables 
such as : extracting température and solvent température, time of contact bet- 
ween the drug and the solvent by Controlling the spedd of the scroller-shaft 
solvent flow, and the inclination of the extractor body. The extracting and sol
vent températures are automâtically controlled.

Filtration of extracts and tinctures is carried out by means of a machine 
which Works on a new principie and which allows to perform the process con- 
tinuously.

The simplest diagram of such a line is given in Fig. 4.
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Fig. 4. Basic diagram of filtering line : 1 — pump 
for product, 2 — coarse filter for product, 3 3 — 
fine filter for product, 4 — water pump, 5 — coar

se filter for water, 6 — fine filter for water.

Filtration is mádé in two stages in order to extend the period of clogging 
up. Constructionallv, the filters are made so, that on clogging up, by inter- 
rupting the product circuit, the filter éléments should be cleared by washing 
with water under pressure, ilowing in a direction opposite to that of the product. 
The washing operation takes 14-2 minutes and the filtering operation can be 
immediately resumed after that.

Filtering fineness is adopted by using cylindrical filter éléments of stainless 
steel gauze with mesh size ranging from 2 to 500 y.m. The method makes pos
sible the élimination of cold décantation of the produets. For the extracts that 
do not require filtration, only a cold sédimentation and décantation are made.

The concentration of extracts, recovery of solvents (is most cases ethyl 
alcohol), and séparation of aromas are carried out in a machine of our own 
design, with high energetic efficiency. Concentration of extracts is made at 
40 -h 45 °C by vacuum évaporation in a falling film shell and tube evaporator. 
Vacuum is created by a water ring pump. The aroma and solvent recovery 
is perforined in a column for rectification with plates, cooled by a refrigera- 
ting unit. The line carries out the automatically pre-set concentration by using 
a process refractometer.

The processing line also includes units wich enable the extracts to be pro- 
cessed into verious forms. Thus, to extend the shelf-life of the product, the 
extracts can be brought into the form of powder.

For this purpose, it is used an atomization drying machine equipped with 
a centrifugal atomizer. In this way, powders with size of 50 :100 um and maxi
mum humidity of 5% are obtained. Besides powders, in the course of investi
gations, a family of new produets, the instant granulates were also obtained 
from the extract by impregnating sonie support substances (sugar, lactose,etc) 
with concentrated extracts. To get the mass of granulates it is used a mixer 
with two Z-shaped arms which rotate at different speeds. Granulation is carried 
out on a granulator with two cylinders which rotate at different speeds. One 
of the cylinders is provided with holes corresponding. to the granule size, on the 
side surface and the other is grooved with a view of carrying the material 
away.

The granulates are dried in drying cabinest with forced circulation of air 
and possibility of regulating the drying température depending on the nature 
of the support substance. It is also taken into account, that the drying tem
pérature should not exceed the value at which the détérioration of the active 
principles in the extracts takes place. After drying, the granules are sized by 
means of a swinging sieve.
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4. Conclusions. The form of the complex processing line shown is the result 
of our öffn laboratory experiments and of using the experience of some well- 
known producers.

By using the technology described, high quality products were successfully 
obtained due to the non-deterioration of the active principles contained by 
plants and due to the possibility of recovering and reducing aromas.

After having developed the complex processing line follows a second stage 
of research i.e., to determine the optimum operating parameters of the aggie- 
gates and equipment. At the same time, the line will make possible the accom- 
pl isment of some products other than those obtained during the first stage of 
research. The détermination of the optimum operating parameters of the plants 
and units is facilitated by the fact that the machines were designed so that they 
should allow the régulation of parameters within a very wide range. During 
the second stage of research, is also contemplated the execution- of the line 
recovering the solvents from plants resulted from extraction, by entrainment 
with steam.

In a subséquent stage,' taking intő account the high level of automation of 
the line, the realizatioij of the computer-assisted control of the process is fore- 
seen.
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RECENZII
Proceedings of the Sixth Internațional Sym
posium on Instrumental Planar Chromato- 
graphy, Interlaken, Switzerland, April 23 — 
26, 1991, Edited oy H. Traitler, O.I. Voroshi- 
lova and R.E. Kaiser; Published by the In
stitute for Cromatography, Bad Durkheim, 
Gerniany.

The volume contains 49 articles presen- 
ted at this Symposium.

The gratest par of these articles are about 
quantitative densitométrie measurements of 
varions mixtures or compounds.

Another group of articles is about mobile 
and stationary phases optimisation problem 
and development of techniques.

We must observe the articles concerning 
qualitative détermination by coupling TLC 
or HPTLC with UV—VIS and FT1R Spec- 
trometry and MS — MS.

The articles of this volume are valuable 
matériels and there are of great interest for 
all scientiste searching Planar Cromatogra
phy.

This Symposium, takes place biannually in 
Europe, brings together special ists of Planar 
Cromatography; the articles show the actual 
stage of this field. The next Symposium will 
take place in 1993 at Brighton, Sussex, U.K.

S. GOCAN

Tiparul executat la Imprimeria „ARDEALUL“ Cluj, C-da 11



în cel de al XXXVI-lea an (1991) Studia Universitatis Babeș-Bolyai apare în următoarele serii:

matematică (trimestrial)
fizică (semestrial)
chimie (semestrial)
geologie (semestrial)
geografie (semestrial)
biologie (semestrial)
filosofie (semestrial)
sociologie-politologie (semestrial) 
psihologie-pedagogie (semestrial) 
științe economice (semestrial) 
științe juridice (semestrial) 
istorie (semestrial) 
filologie (trimestrial)

• In the XXXVI-th year of its publication (1991) Studia Universitatis Babeș-Bolyai is issued 
in the following séries :

mathematics (quarterly)
physics (semesterily)
chemistry (semesterily)
geology (semesterily)
geography (semesterily)
biology (semesterily)
philosophy (semesterily)
sociology-politology (semesterily) 
psychology-pedagogy (semesterily) 
economic sciences (semesterily) 
juridical sciences (semesterily) 
history (semesterily) 
philology (quarterly)

Dans sa XXXVI-e année (1991) Studia Universitatis Babeș-Bolyai paraît dans les séries sui
vantes :

mathématiques (trimestriellement)
physique (semestriellement)
chimie (semestriellement) *
géologie (semestriellement)
géographie (semestriellement)
biologie (semestriellement)
philosohpie (semestriellement)
sociologie-politologie (semestriellement) 
psychologie-pédagogie (semestriellement) 
sciences économiques (semestriellement) 
sciences juridiques (semestriellement) 
histoire (semestriellement) 
philologie (trimestriellement)




