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To regenerate the oxidised electrou ion exchanger (sam- ready for the next cycle of sorption of TI* ions, { ;
ple C) we used its reduction in the presence of K* ions: . ;SUBJ

—

Tlo.30Nirg o FE{CN)s +K¥ + & 2 Ky1.00Tlo.2oNiv g o Fe(CN)s (5) Conclusions ' ' ’MNG

The desorption of thallium from the mixed nickeq MKH

As reducing agent we used a 0.093N solution of ascor - thallium ferrocyanide can be realised by oxidation k
bic acid. The amount of the potassium sall in the solu- the ferrocyanide to ferricyanide. The sorbent can b, '
tion represented a fourfold excess over the stoichionelric generated by reduction.
amount according to equation (3). The dependence of  on
Mred , Where mo,q 18 the amount of reducing agent con-~
sumed [mg-eq/mg-mole Fe(CN)s], is shown in fig. 1, As References
seen, complete reduction of Fe(Ill) 1o Fe(Il) occurs in the . WA
ferrocyanide. The potential ¢ at the endpoint of the reduc- 1) 1V Tanaev and M A Glushkova: Zh. Priki. Khim, }4§i
tion amounts to 0.57V. According to this potential, solu- 32, 1959, 1899, %
tions of K*, S;0%7, K* + SO%", and others cun be used as 2) V V Vol'khin et alia: Zh. Prikl. Khim, 1976, 49, 172,
reducing apgents. The amount of K* ions entering into 3) AV Ragimov et alja: Izv Akad. Nauk, SSSR, Ser,
the composition of the electron ion exchanger during the 1964, 4, 593.
reduction x, [mg-eq K*/mg-mole Fe(CN),] corresponds 4) N E Denisova: Author's Abstract of thesis: Lening
strictly to the fraction of reduced Fe (CN); groups {fig. 3), LTI 1967.

The reduction results in the formation of a ferrvocyanide 5} F Ya Kul'biand V E Mironov: Chemistry of thatli
with the composition K,,50T)o.20Nij.s c Fe{CN):, which is Goskhimizdal, Moscow 1963,
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@echanism and kinetics of the hydrolytic precipitation of Fe([lI) {rom zinc sulphate solution )/@4/

E V Margulis, L S Getskin, N A Zapuskalova and M V Kravets (North-Caucasian Mining-Metallurgical Institute,
All-Union Scientific-Research Institute of Nonférrous Metals)

The hydrolytic precipitation of iron plays a deciding role pH | ab | Bbh_ _sgseTh
in the leaching of zinc caicines. However, there are no ’

reliable data on its mechanism, and its kinetics have heen
insufficiently investigated. Data on the phases precipilated
from solutions in the Fe,0,-S0,-H,0 system?)?) cannot
be transferred a priori to zinc solutions. Indications of the
formation of basic sulphates and irc : hydroxide during
Hydrolysis of iran in the hydrometallurgy of zinc are non-
specific®), since a series of compounds are formed, In*-9)
almost all the known Solid products {rom the hydrolysis of
Fe, (SO,), were synthesized and their individunlities were
confirmed hy IR spectroscopy and thermal analysis, but 8 w
only a few of them are formed during the precipitation of é ) the molar racios m
Fe(lll) from sulphate solutions with alkalis ®1%): Jarosite ‘ 4 k\‘_\ﬁ 2n0/Fe, (SO, ] .. )
(R,H,0) Fe, (OH), (SO,), and the amorphous basic sulphate . L P~ B

2Fe, O, 80, xH,0 as primary precipitation products, and
goethite a-FeOOH as secondary product,

Fig.} e
The variation of the N
cancentration of (roe
(g/1, a) and pit (b} tey
solutions of the B
Fe,y (S0,)3-ZnS0.-2n0w !
Hy0 system with timg UE
(h) at 90 (a),.70 (3),

and 50 (C} °C. ¢cq gp ®)
100 g/1. The numbars
of the curves correse
e 4 pond to the values of |

The purpose of the present work was to study the mechan-
ism and kinetics of the hydrolytic precipitation of iron in
the Feg (SQ,), ~ZnS0, -ZnO-H, O system at 50-900C under
various concentration_gonditions {initial concentrations

Co re = 0.05-15 and Cy 5, = 0 and 100/ 1).

Table 1: The phase composition of the precipilates as a
function of the temperature, the molar ratio
m = Zn0/Fe, (SO),, and time with inital Cy p,
=12 g/l and pH, = 1.2 in the Fe,(S0,),-%nS0O,
Zn0O-H, O system, where Cg 2, =.100 g/1

Fig.2 The concentrations of iron (g/l,1) and the pH
values (2) in solutions of the Fe, (S0, ) 4=2n50, ~2n0-
H,0 system as a function of m at 90 (a), 70 (b), and
50 (c) "C. eg zp = 100 g/l. Curves 1 and.2 with letters

and b relate to holding times of 2 and 24 . .
¢ oc m Phase composition of precipilates 'jq.m relate vo holding times of 2 and 24 h respectives '
’ - -
(holding time, h) PHLJJ Mo e Ly e
(ﬂl e T —— T
90 1.0 A/G/(0.5); G(2-24) 1] i L
2.0-3.0 A(1/12); G(2-24) Bae g, 4 i
3.5 A/G/(2) 4 P N :
91 s . g WIS pow Fig.3
70 1.0 A2); A/G/(7); G(24-120) ,,t.@-”- by ! The variation of Cpe
2.0 A, G(1/12); G/A/(T); 1122 b tg/1, a) and (b) in
G(24-120) Crag an L33 4 4 ca an solutions of the
3.0 G(2-120) 8/} B gy [T Fe, (S0, ) 3-2n0-1,0
”» : system with time ar
) ¢ y 90 (A}, 70 (B), and
. o
Nate: A = amorphous basic sulphate; G = goethite. Semi- ' N g 50 fc) “c.
quantitalive ratios of the phases: A, G-phase G less than ‘l "ol - 15
phase A; A/G/- phase A is the main phase, and phase .42 Fee 10 i,
G the impurity phase. 5’”‘%-7—‘;— “"“‘,"'L;—;-—- t’:;’:ﬁ:;‘f{h
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3 " are relative, i.e.’,

The procedure was similar to that described in®). The kin-

I ” ‘etics of the hydrolytic precipitation of Fe(lll) are charac-
1. terised by data on the.variation of the pH and cre with time

i {e.g., for cg p. = 12 g/l in figs.1-3), The phase composition
+ of the precipitates (table 1), established by IR spectroscopy,
characterises the mechanism of the process., We note that
the semi-quantitative estimates of lhe contents of the phases
they only indicate an increase or de-

" erease in the amounts of the given phase in relation to the

- - others, For example, the secondary crystalline phase can

be masked by the primary amorphous phase. The data in
table 2 characterise the phase transitions in the precipitates.

- Tatle ; The degree of conversian {x, %) of the unorphous tusic sulphates © goethite at 90"C
L a8 3 functine of the conditions

Condilinns Time, h a, [E)
Aqueous soluliun of NaOH, Phg = 4.5; solidzliqusd 17100 ] 5.8 4.2
3 8.0 32
24 183 2.0
120 vy.2 -
Agueous suspension of ZnO tn stolchonetric namunt, [ 5.4 (?.I-.':
solid:tiquid = 1:4 2 2 8,05
[ 243 G.lu
24 a2 6.05

The reasons for the observed changes in cp, and pH with

. tme can be explained on the basis of theories about the

mechanism of the hydrolytic precipitation of Fe(1ll)!%)%2),

" The addition of ZnO converted to Zn(OH), tu the solution

- gives rise to partial neutralisation of the acid {a sharp rise
.ol pH from 1.2 to 1.5-4.4, as seen {rom fig. 1) and rapid
exchange hydrolytic transformations of the aqua, hydroxo,

" . and sulpho complexes of Fe(lll} to more basi¢ complexes

with the conversion of Zn{OH), into ZnSQ, . The initial rise
of ApH ;, shifts the hydrolysis state of Fe(lll) in the solution
from the equilibrium value and stimulates the hydrolysis
reaction itself of the iron ions (Slow decrease of pH, see
figs.1 and 2).

Increase in the pH and the concentration of the hydroxo
complexes of Fe(lil) in the solution assists the formation
of polynuclear complexes of iron, and as a result of the
tendency of the latter to oxidise their polymerisation of
the polycondensation type develops with the formation of
colloidally disperse particles, Further consolidation of
these particles leads to the formation of the amorphous
hydrated oxosulphate 2Fe, O; - SO, - xH,08). The indicated
composition of this compound was established in8) during
its precipitation from a dilute solution of Fe, (SO, ),. It is
not impossible that during the precipitation from solutions
more concentrited in SOF ~ the basic sulphate acquires a
variable composition, which changes towards a decrease
in the basicity of the compound. However, it is difficult
to establish this on account of the absence of reliable ‘
methods for determination or calculation of the amount
of solution trapped by the amorphous precipitate without
destroying the composition of the latter,

The amorphous basic sulphate is the priinary product from
the hydrolytic precipitation of Fe(lll) {rom zinc suiphnte
solutions and changes into goethite with Hime (table 1)..This
phase transition is observed over the whole investigated
range of Fe(lIl) concentrations in the solution and is accelera-
ted with increase of the pH and temperature {table 1), but
this transition takes place fairly slowly even at the initial
pH, = 4.5 at 90°C, is retarded with time, and is accom-
panied by a decrease in the pH value (table 2), which is
due to release of acid during the reaction.

2Fe, 0, SO, xH, 0 = 4FeCOH + H,50, + (x -3} H,O ~ (1)

The retardation of the transformation with time is due not
to the accumulation of acid in the solution but to diffusion
retardation of the removal of the acid into the solution,
which is created by the goethite crust on the particles of
amorphous sulphitite. This ean be seen from the fact that
the rate of reaction’) decreases considerably atl a relatively
small degree of conversion of the initial compound even
with a high and practically constant pH value of 6 (lable 2,
neutraliser Zn0).

The secondary character of the a-FeOOH is due to the [act
that the polycondensation of the hydroxo complexes of iron
(I11) which rapidly develops in the solution, leading to the
formation of the amorphous precipitate, excludes the for-
mation of centres for the crystallisation of goethite in the
solution. As a more stable phase, the goethite is therefore
formed during ageing of the amorphous precipitate of basic
sulphate on account of the occurrence of reactiont). The
mechanism of this transition was described in?¢).

‘It was established that with a concenlration cpe > 0.1 g/!

the initial product from precipitation of Fe(Ill) is the amor-
phous basic sulphate, while when cre < 0.1 it is the amorphous
hydrated iron(lII) oxide®), which.also changes into goethite
during ageing.

On the basis of the data obtained in the work it is possible
to make the following judgements about the kinetics of the
process,

From the variation of the pH of the solutions with time it
is seen (figs.1 and .2) that in the Fe,(SO,), -ZnSO, -Zn0O-H, 0
system the hydrolysis rate of Fe(lll) decrenses with decrease
of cre and of the initial shift of ApH;, in the solution. For
example (fig.1, at 90°C with a small 8pHin (specific con-
sumption of neutraliser m = 2n0/Fe, (S0,), = 0.5 the hydroly-
sis rate is low with a high value for cy.. With increase in
m, ApH;, increases, but ¢y, decreases {on account of ex-
change reactlions). The hydrolysis rate passes through a
maximum with increase in m but decreases regularly with
time on account of decrease in ¢y, and of the accumulation
ol hydrolysis acid, i.e., approach to hydrolysis equilibrium
in the solution. We nnte the slow decrease of the pH value
with time under the cnnditions of practically complete pre-
cipitation of iron {e.g., see fig.1 Ab, curve 3.5 or fig.2,
curves 2a, c¢ for m = 3.5), which is due to the occurrence
of reaction?)’

With other conditions equal the ApH;, value, which plays
an important role in the kinetics of the process, increases
with decrease in temperature {fig.1}), and this is explained
by the superimposition of three processes, i,e., neutralisa-
tion of the acid in the solution, exchange hydrolytic reactions,
and the true hydrolysis reactions of iron. The first two
processes are practicilly independent of temperature, but
the hydrolysis of iron (it reduces the ApHi, value) is re-
tarded with decrease in temperatare (figs.1 Ab, Bb, Cb),,
and the contribution from hydrolysis to ApHj, increases
with increase in the initial neutralisation of the acid, i.e
with increase in the departure from hydrolysis equilibrium,
On account of this, ApHi, increases with decrease in tem-
perature and the more so, the gredter the m value,

The kinetics of the precipitation of iron have two clearly
defined stages, i.e., rapid precipitation in the initial period
and then slow precipitation. The rapid precipitation results
from the sharp increase in the conceniration of the hydroxo
complexes on account of exchange reactions with the Zn(OH),
base and their rapid oxidation with the formation of a pre-
cipitate of amorphous basic sulphate. When the sharp initial
supersaturation of the solution by the hydroxo complexes is
removed by the passage of the iron into the precipitate, the
subsequent forniation of the precipitate is retarded and is
maintained by the formation of hydroxo complexes on account
of the true hydralysis reactions. If the initial rise ApHj, is
small, the formation rate of the precipitate depends on the
hydrolysis rate, and there is an induction period for the.
formation of the precipitate of amorphous basic sulphate
(fig.1 Aa and 1 Ba, curves0.5),

The rate of precipitation of the iron is affected by ApH;, ,
Cre, and Cznso, and also by temperature, The presence of
considerable amounts of Zn8Q, in the solution substantially
distorts the effect of the other factors on the iron precipi-
tition rate. It is therefore expedient to compare the kinetics
of the process for ¢ za = 100 g/1 (fig.1) and cg 2, = 0
{fig.3).

From fig.3 it is seen that the precipitation rate of Fe(III)
in the fast stage is proportional to the initial shift ApH;,
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qwith ather conditions €qual (dompare the curves for u\e
varigus m values in fig.d Aa or 3 Ba o .! Ca), while,at the
slage of slow precipitation itis pmpmhoml to fhe rate of
the {rue hydrolysis of- Fe(l) anid consequently (like the
hydroly sisg rate} varies extremal with {ner easg inm, i.¢,,
the consunption of the neutialiser. Decrea%d in t’empe’mmnb
reduces the precipitatidn vateat e stdge of Slow precipt-
tatign, and at the singe. of fast precipitation it returds it for
small m valnes and har dly changes:it aball for l'uge il
vilues,. {The latter probably results from conpénsalion
for the decrease’in the tempen atur'e factor by the increase
in the concenuatmn {af.tu: , BPHin ).

Wlth other conditions equal (figs.1 and 3) the content of
ZnS0, in the. solution- reduces ApH;s {particulariy with a,
large consumption of ZnQ, e. g., for'm = 3.5, which is due
to pariial consumption of l.he 7n0 neutriliser on hydmlylu.
redgtidn with ZnS0, ey instead of neutr, alisation of the ‘u.ul}
remrds the hydmlvsm of Fe{l]l) {due ko, Lhe buller aclion of
ZnSO‘}‘“) and retirds the precipilation of iron. The-pre-
mpxtatwn rale of FEUTD-at the fast precipitation stage
decxeases with'increase in temperature (tlgq 1 An, Ba,
and Ca), and at 90°C this stage only appeirs when ni>3.5.
The retarda hon ‘of the precipita tion. of Fe(IlI] becomes”
stronger with increase in the Zn8Q, conlent of the Solutisn;
‘after 24h with m =2 for &g Fa = 5 g/l thé infreasing ¢y o,
values of 0, 50, and 150 &/l cor reapond to Agr, values of
3.49, 2.94, and 232 g/l respecilvely, and for ¢g v, = 12p/
the mcre‘lsmg Citag values of 0and 100 g/l muespond to
Ace values of 3.00.and 6, 88 g/l

Thé reiarding effect of ZnSO on the hiydr olyt.n, preup; 0 -
tipn of FE(III) becomes shongm with increase in tempemmle
and is epr ained by the;stabilising action of ihe élgctinlyié
{Zns0y) on the colloidally disperse state of Fe{III} in the
solutmn At'909C with 20 7n =100 §7/1 and cpa 7.5 g/l .
in the:ph legmn of 2- 3.5 ihis converts the iron (o the
state of a hydrogel, which represents a trahsparent-red-
browh. viscous solutlon (a, structréd liqiiid). Here the
formation of the pr ec:pﬂhte (cmrre]] of the amovphous hasic.
sulph’lte is greatly retarded; -wienim = 3, thé grécipitation
rite of Fellll) is consmembly lower thar w1th simall values
of. m (ﬁg 1 Aa, qurve 3.0, or fif.%a, curve ia), This. cetar-
dation of the passage af Fe([[l] into the pr euputatea Becdmes
strofiger with-increase. of tpe ‘in the solution (hg 4}, The
sharp increase of-the light scattering. {by several timeg)
in-high=irgn zinc sélutionsat pH 23,5 compared with.
pure-iron solutions with equil Cre values conhrms that
the Fe(lli}.is tonverted inth the state of a hydrogel in the
z2inc.- soluuons

Cra
Bf1

Fig . d:

The co, valugs” teli)
afitaer ’voldj ag For 2h
in spiutions of the
.‘e2 {80y J3- ::n.so‘. SZh0-
H;O System as 4 func—
cion of @ at 9079 with
various cj Fe vaiuus,
gft: 2 -6; 2 - 7.
3-‘9,3\4—'12 5-15
€ 2n = 200.9/2.

Det:erm;mhon of: the accuracy and’ 1mprovement of the method for determination of the diffusion coefficient by means

of ‘capiliaries in’the Solid- hqmd system

“Fef m} Ironezing aulphate soluiibns are an amorphous basi

Aduf‘mg the fast préc¢ipi ition stage; during the slow preczpi

) tioh of the solution lpasses through nmxunurn) With i m:::e:m

'4) MM Shokarév et alia: Zh. Neorgan. Khim, |

©10) E ¥V Marpulis. et alia: Zh, Neorgan, Khim,

18) E v Margulis et alia: Zh. Neorgan, Khun
18} A B Yaroslvisév:

. 1

ThE obitained results veveal the‘characler of e élfect 48
of various faclors on the LO!!\]JOSH\DI‘] and stte of the
hydr olytic pr etipithtés of Tvon and on the rate of hydro-
Iytic pzempﬂ.‘mnn of.Fe(lll} from zinc sulphate solations,
and this is esséntinl as preliminary information for the
construction of a mathemati¢al mddel and in the seareh
for aphmum ptocéss conditions,

Conclusions
i, The pnnnuy Pr mlut_ts from hydrolytic pr efipitatton of *

sufphate 2Fe; 0y 50, - XHy O when ¢, 30.1g/1 and an amors:
‘phous hydrated iron cmde when ¢ £.0.1 g/L With time
the amorphous phases changt inte cnqulhne goethite
a-FeDOH wilh rélprdation,

2. The. hydrolytiv precipitation of Fe(jll) tikes place in
two stapges, i.e., 1 fast 'md thena slow sl.age The pre-
.cipilation rate: {vpal mue%es witl-increasé in the 1mnal
i} wtlisation of the.solution (pll =1,5-5,2) and with in-
créase in the cuncenualmn ‘of iron in, the solution {cp,< g/l]

tation stiee’ vy, depends extremal on the inilial neunml:sa-

in.-the-Zn80, content of the solution(c Cq 7o =0~ 150g/1) vg,
deérénses. Wlth increase in temperature (80-90°C) vy,
décréases in the-last precipitation stage and iacreases
slightly in the slow précipitation stage. (as a resuli of in-
iensification of the retarding action of ZnSQ0, with increase !}
ih temperature}, ’

3.Fora high-izron {epe >7g/1) 2inc sulphate solution with .
pH 2-3.5:a riseé i temperature to 90°C is risky, since it
leads to the formatien of a viseous hiydroge!l of iron, which
gre’\tlv refards the farmation 01’ the hydrolytic precipitate.
[nmease in Epg ‘smbmses the hydiogel.
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| Siimmary

A new method. was déveloped for the determination of ihe
position of the boundary between the sol:d anid ligquid phases
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i the capillary. The method extends the possililities for !
the use of tapillary miodels durmf, investigation of diffusion
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