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Mechanism of the emergence and formation of powder part icles during autoclave deposition ot copper from 
sulphate solutions '. ~ 
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of Heavy Non-Ferrous Metals) 
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During the treatment of sulphate solutions containing 
20-806/! of copper with hydrogen at Pg^ = 20-30aim and 
130-150°C the copper is deposited in the form of a powder 
at a rate of 0.5-0.3^^/1. min. ^' '-). The autoclave deposition 
of copper is character ised by the following features^'•"'-): 

a) In addition to the preferred formation of powdered 
copper in the volume of the pulp, pari of it is deposited on 
the internal surface of the autoclave and op the moving 
pa r t s of the mixing equipment, and this leads to blockage 
of the reaction volume, imbalance in the rotatinp compo­
nents, and significantly complicates the long-term use of 
the equipment-. 

b) The degree of deposition of the powder increa.ses with 
increase in the process rate (paiticularly al elevated 
tempera tures) and decreases wiUi tho addition of sur fac­
tants of Uie polyacrylamide (PAA) type, i.e. the polymer­
isation products from acrylic acid; 

c) The form and degi-eo of di.'ipersion.of the part icles 
depend on the lemperalurc , the. number of consolidation 
cycles, the salt composition of the solutions, and the type 
of surfactant: 

d) The formation of monovalent cojjpor ions in the inter­
mediate stage. 

Determination of the nature of the generation and for­
mation of the par t ic les of copper will make il possible 
not only to control the deposition of powder with specific 
charac te r i s t i cs but also to res t r i c t tlie deposition of cop­
per on the internal surfaces of the reaclor . There are 
hardly any published data on those problems. In the p r e ­
sent work, based on earlier' '"^) and supplementary inves­
tigations, an attempt is made to fill this gap. 

In view of tlie determining role of Cu-*- ions the mec­
hanism of the generation of the metallic phase^). it is 
riglil to suppose that copper powder should not form in 
the presence of additions which oxidise Ihe copper ions 
or combine them into Insoluble compounds (e.g. the 
chloride Lg = 1.02-10"®). In experiments witli oxidising 
agents containing ions having variable valence (Fe-'*", 
NOa", C r O j ' , A s O j ' j l h e r e was an induction period, dur ­
ing which the content of copper in the solution hardly 
decreased at all. This was due to the following processes : 

Cu-^ + Fe- Fe= + -tCu^ 

Cu+ + N03"+2H+—> N0 + C u " ' > 2 0 H " , 

3 C u + 4 C r O V +4H-^-^ Cr-^ + Cu= ^ t 4 0 i r , 

3Cu+ + AsO'i- +4H-^—» As= ' +Cu='-'- + 40H-. 

In the absence of copper, with rilher conditions equal,the 
composition of the solutions did not change during the 
treatment of solutions of ammonium ferrisulphate, nitrate. 
chromale and others . 

With an increasing addition of chloi-idcs {NI1,CI, NaCl, 
KCl) to the initial solution the deposition of copper nn ilic 
roaclor walls wa.s n.-duced, whili' Ihc c III or inc contunt iifllic 
powder incrc;isctl; with ancquimcihir (to the copper) and 
higher consumption of chloride ion.s.copper w:i.'> not detected 
either on the reactor walls or inthe metallic copper deposit. 
Dy X-ray diffraction it was established that llie prccipilate 
represented the compound CuC I. The addition of chloride ions 
did not affect llie rale of decopperingof the solution. 

Thus, experimenls with oxidising agents and chloride 
ions confirmed convincingly that the generation of the 
mclallic phase takes place through a stage involving tlie 
formation of cuprous ions. The subsequent discharge of 
the cuprous ions is more probable from energy stand-
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points on account of the spontaneous development of the, f^EF 
disproporlionalion process . 

2Cu+—> Cu" +Cu-": iGp.5e -8.28 kcal/mole 

The equilibrium concentration of monovalent copper 
under the conditions of tlie investigated process is given 
by the equation') : 

• I 
[Cui = [Cu'O 

.575exp ( 1 ^ 0 - 9 . 1 4 ) 

and does not,depend on the concentration of hydrogen 
ions. Its value is small and when C°^7+ = 0.5g-ion/l at 
1400C, for example, amounts lo only 0.06g-ion/l, To 
judge from the variation in the concentration of chloride 
ions combined with the Cu"*' ions and also from published 
dnla-)^'^). the conleiU of cuprous ions formed during the 
autoclave treatment of the solutions with hydrogen is con­
siderably greater than the equilibrium content. Moreover, 
the proper t ies of the powders (form, par t ic le size, lattice 
const-.int) obtained by Ihe autoclave deposition of copper 
(T = 10min, PH, = 38 aim, I400C) and on account of dis­
proporlionalion in the Cu-Cu^-^ system (T = 60 min, 140°C) 
a re quite comparable. 

Thus, during the autoclave deposition of copper die nie-
lallic phase is formed as a result of disproporlionalion of 
Ihc excess (above the equilibrium content) monovalent 
copper. 

The unstable s t ruc ture of the copper part icles at the 
moment of generation during disproporlionalion, due to 
their excess surface energy, leads to approach of Uie par­
ticles lo the distance character is t ic of tlie cryslal lattice 
and lo 'condensation' of the metallic atoms in a direction 
perpendicular to the surface of the solid phase. As a r e ­
sult of the physical and chemical inhomogeneity of the solid 
surface, conditions are created on it for Uie formation of 
poiycry-slalline deposils on account of adhesion, and this 
increases with increase in temperature . (The formation 
rate of Uie disperse par t ic les of copper increases) . The 
adhesion of the copper powcler to the reactor walls and lo 
the surface of the mixing equipment, in the operating zone 
bf which the generation of the energetically unstable crys­
talline par t ic les mainly occurs , can be fully explained from 
these standpoints. 

Table 1: Data on the specific deposition of copper (g/cm')on 
certain solid mater ia ls wiUi (I) and wiUiout (H) addi­
tions of PAA. Ccu = 68g/l, t=140OC, C(NH,)JSO» = 
lOOg/'l, P„j =28 aim. CpA,x= 0.4g/l. 

Name of material 

Titanium (VTl-0) 
Slc<-I (l:;i-043) 
Fluoniplastic (4M) 
Graphite 
Copper (MOO) 
Molybclenuni 
Tungsli.Mi 

Corundum 
Lead 
Tantalum 

-

I 

0.021 (0.027) 
0.014 (0.019) 
0.022 
0.074 (0.092) 
0.046 

(0.064) 
0.041 (0.078) 
0.064 (0.068) 
0.042 (0.053) 
0.043 

n 
0.059 (0.073) 
0.046 (0.057) 
0.023 
0.056(0.129) 
0.064 

(0.122) 
0.058 (0.109) 
0.045 (0.103) 
0.048 (0.053) 
0.059 (0.053) 

Note: The dala from experimenls without the addition of 
ammonium sulphate are given in brackets . 
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To determine the effect of the nature of the solid surface 

on the process we determined the amount of copper de­
posited on plates (S^ = 12cm') of various mater ia ls (table 
1). Increased deposils of copper arc brought .about by 
contact re lease (Mo, W) and physical (graphite, corundum) 
or chemical (Ti. Pb, Ta) inhomogeneity. Tho copper de­
posits are appreciai)ly-reduced in the presence of ammo­
nium sulphate and particularly with the addition.of poly­
acrylamide. WiUiout the anlicoating additions powder de­
posils were observed even in the first 5-10 min after the 
tieginning of the experiment. 

In aqueous solutions lilanium is normally coated wiUi 
a film of hydratcd dioxide, which has a well-developed 
specific surface and adsorption charac ter i s t ics . The 
probability of solid-phase interaction in the Cu.rTi05 nlfaO 
system is insignificant, since the s t ructure and lattice 
constants of copper (cubic, a =3.UI5(^) and tiUuiium (tetra­
gonal, a=:4.50IA, c»2.9A) a re different. A chemisorption 
mechanism of absorption of copper ions by hydratcd lilan­
ium dioxide from the neutral solutions is more likely-')'"). 
Thus, with the addition of TiOj-nll^O to the initial solu­
tion al r a t e s of 5-50K/1 the.amount of copper deposited on 
the reactor walls was reduced in pro|)orlion lo die con­
sumption of the additive. Thus, Ihe deposition of cojipor 
on the reactor walls was due lo Uie physicochemical in­
homogeneity of the solid surface, wliich increases even 
more in the presence of surfactant films (in the case of 
hydratcd titanium dioxide). 

To reduce the powder deposils it was nece-ssary to in­
hibit the internal surface of the reactor and to create 
conditions for the generation of par t ic les of copper in the 
volume of the solution. The addition of organic substances 
was most favourable for this purpose. Dy the use of more 
than 50 types of ionic and non-ionic additives it was es lab-
lished that soluble poly-electrolytes (polymers based on 
acrylic acid and its derivatives) have die greates t anli­
coating effect. The carboxyl gi-oups of these substances . 
form hydrogen bonds with the hydroxyl groups of Uie 
hydraled lilanium oxWe film as a result of its hydro-
philicily and of the preferred adsorption of high mole­
cular compounds ' '" ' '*) . In our opinion inhibition of the 
reactor walls with the add.'tion of surfactants is pos­
sible on account of .saturation of the electronic vacan­
cies ;md neutralisation of the surface charge. In addi­
tion, die carboxyl groups, which possess ion-exchange 
chafacleris l ics , form stable associations with the cup­
rous ions. On account of the micellar nature of solutions 
of poly-elcclrolyles, centres with an increased concenlra-
Uon of copper ions, in which reduction to cuprous ions 
lakes place under the influence of hydrogen, a re genera-
led in the volume of tiie solut ions ' • ) . On the attainment 
of a limiting cbncenlralion the cuprous ions dispropor­
tionate lo forni metallic copper. The rate of the above-
mentioned processes increases wiih increase in the Cu^ + 
concentration ;uul temperature, and lliis leads to an in­
creased yield of Uie fine part icles of powder. The fur­
ther development of Uie process obeys the laws of so rp ­
tion kinetics and depends on the chnracter is l ics of Ihe 
active groups on Uie additives employed. 

When the solution contains cations possessing in­
creased sorption capacity, i.e. a greater charge, a 
smaller ionic radiu.-? as , for example, in Fe^ ^ and H ' , 
llie conditions for preferred sorption of Cu^ ' ions a re 
impaired, and this leads to an increase in the amount of 
deposited copper on the internal sui-f:ice of the reactor . 
The decrease in the deposition rate of copper when the 
solution contains oxidising agents is due lo a decrease in 
the concenlralion of cuprous ions subject lo dispropor­
lionalion. The accumulation of acid in the,solution, 
particularly at temperatures above 150°C, leads to d i s ­
ruption in the aciion of Uie organic additive. This is why 
Uie deposition of copper becomes more appreciable to­
wards the end of the operation. The 'sorption' mechan­
ism for the reduction of cuprous ions is also valid for 
inorganicsorbenls . On account of Iheir lower capacity, 
however, their role is of secondary significance and 
only shows up when the organic functional groups are 

destroyed. 

With an'idenlical concentration of cuprous Ions in the 
volume of the solution the conditions for their delivery 
to the various sections of the surface of the gi-owing 
metallic copper, formed during disproporlionalion, 
should be identical, and this should predetermine Uie 
forniation of equiaxial par t ic les . However, the degree 
of dispersion and Ihe shape of Uie par t ic les of the ob­
tained powders depend significantly on the nature of the su r ­
factant") and the sal t background of the solution'^). 

Byljeing adsorbed on ihe surface of Uie growing copper, 
additions of surfactants reduce Uie surface tension, and 
thi.s according to Wulff's liiw a l ters Uie growth rate of 
the faces in proportion to Iheir surface tension. The sub­
sequent growth of the part icles depends on the strength and 
uniformity of Uie adsorbed layer of surfactant, and this is 
delermined by the chain length and the nature and orienta­
tion of Uie radical in the surfactant. Adsorption of uniform 
ch:u-acter ass i s t s the formation of par t ic les with rounded 
form; with selective adsorption on individual faces of Uie 
growing cryslal s t ronger development is observed in the 
free (unblocked by surfactant) faces, and this leads to a 
change in the shape of'Uie powder par t ic les . Fig. 1 shows 
the effect of certain surfactanls on the shape of the powder 
par l ic les . In addition, the adsorption of the surfactant leads 
lo neulralisalion nf the surface energy of the par t ic les 
(their screening and limitation in the number of contacts 
between Ihem). The development of these p rocesses , de te r ­
mined by (he nature of tlie surfactant and the medium, 
limits the probability of adhesion of the parl icles lo the 
solid surface, and this increases the degree of dispersion 
of Uie powder and furUier reduces the probability of its 
deposition on the reactor walls. When additives with 
clearly defined blocking charac ter i s t ics ai-e employed, 
aggregation of the individual part icles of powder is possible 
as a resul t of Uie forniation of polymeric bridges of adsor­
bed surfactant molecules. A s imilar effect is observed (fig. 
2) in experimenls with polyacrylamide and 'Magiioflok 140'. 
This effect becomes s t ronger as the copper is deposited 
(table 2) part icularly in many-cycle exi)erinients ' ' f) , and 
Ihis leads to an increase in the yield of Uie coarse fractions 
of powder. 

r i g . l Ihe l a r g o - s i z e f r a c t i o n s of the ,powders (-HOO )i) o b t a i n ­
ed trom s o l u t i o n n c o n t a i n i n g , g / l : a) 5.0 poJyacryJa-
mid&; hj and c) O.'t e i ranular , suspens ion p o l y a c r y l a -
mi d'3. 
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F i g . 2 KlGctron photofniccographs of tiie powders obcitined with 
polyacrylamide (Oi4 g / 1 } . 

Table 2; The proper t ies of Uie power as a function of the 
length of deposition. l=150OC. PH, = 28 aim, 
Cg^ = 60g/l, CpA,\ = 0.6g,'l, C(Nii,);so, = 150g/l 

Deposition 
time 
min 

10 
20 
30 

Content (?c) of fraction p 

.'100 

3.4 
10.1 
24.3 

-lOO-t-74 

5.8 
11.0 
21.7 

-74-+44 

26.6 
29.6 
25.0 

-44 

64.2 
49.3 
30.0 

Specific 
surface 
a r e a n r - / g 

0.072 
0.084 
0.099 

The character of the adsorption of the surfactanl depends 
on the salt concentration of the solution. The cations of ' 
inert salts having a charge opposite to the charge of the 
functional group of the surfactant supresses the dissocia­
tion of the surfactant and leads to closer packing in the 
adsorption layer. While also possessing increased hydra-
tioii, the cations give r i s e to part ial dehydration of the s u r ­
factant. As a result Uie ions of the surfactant become more 
hydrophobic and are adsorbed on the part icles of the powder. 
This effect becomes stronger wiUi increase in the polar isa-
bility and with decrease in the hydration of the cations. 

According to liiese c'.iaracteristics the monovalent cations 
can he-arranged in the order Na, K,NH< and divalent cations 
in the order Ni, Zn, Fe ' ' ' ) . In these s e r i e s a decrease in the 
degree of dispersion of Uie powder®) for a surfactant con­
centration of 0.4g,'l was observed. 

The orientation of the nuclei changes and their aggrega­
tion decreases under tiie influence of Uie eleclroslal ic 
field of the cations ^^). Here, Uie higlier the strength of 
the field, the more likely the forniation of dispersed par­
t icles . Thus, added inert metal sulphates affect the shape 
and degree of dispersion of the part icles of powder both 
directly and on account of change in the adsorption of the 
surfactant. 

The investigations demonslratc the considerable effect 
of organic additives on (he mechanism of the deposition of 
powder on die walls of Uie reaclor and also on the forma­
tion and growth of the part icles of copper. 
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Electron ion exchange proper t ies of mixed nickel and thallium ferrocyanide 

A V Kalyuzhnyi, V VVol'khin and M V Zil 'berman (Perm Polytechnic Inslitule - Department of General and 
Inorganic Chemistry) 

The separation of thallium from solutions with complex 
compositions in the form of mixed ferrocyanides of 
Uiailium and transition metals is character ised V)v its high 
se lec t iv i ty ' ) . However, there is significant disadvantage 
in this process ; the ferrocyaiiide only se rves for one 
cycle and is Uiermally destroyed ;ifler saturation with 
thalliuni (the thallium is leached from the cake wiUi water). 
The aim of the present work was to investigate.Ihe poss i ­
bility of the desorption of Uiailium from the ferrocyanide 
wiUiout decomposition and (o oudine ways of regenerating 
the ferrocyanide sorbent. The search was based on (he 
oxidation-reduction reactions involving ferrocyanides, 
which have already made it possible to obtain favourable 
resul t s in the desorption of rubidium from analogous s o r -
bents ' ) . 

The investigation was carr ied out wiUi samples of fer ro­

cyanides having Uie following compositions: Tl1.10Ni1.45 
Fe(CN)s (sample A): T i n o N i i . ^ s Fe(CN)6 • 0.25TlaSO, 
(sample D). The first of Ihem was obtained by ion-
exchange saturation of the ferrocyanide Ki.ooNii.Bo'^e(CN)e 
with thallium from a 0.02N solution of TINO3. To prepare 
Uie second sample the same ferrocvahide was used as the 
s tar t ing material , bul it was saturated wiUi thallium from 
a 0.02N solution of Tl^SO^ ; this led not only to ion ex­
change but also lo molecular sorption of Uiailium sulphate. 
Solutions with Uie following compositions were used as 
oxidising agents; 0.IN Ce(SO, )j + IN H2SO4 ; O.IN 
KMnO, I IN HpSO, (in individual e.xperimenLs HsSQ, was 
replaced by HCl); O.IM NaClO + CH.TCOOH (pH >= 4). The 
oxidation was performed in aii-tighl vesse l s . 

The resul ts showed (hat a considerable par i of the thal­
lium ions and a small amount of nickel ions pass from the 
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