" Ihermochimica Acts; 61 (1961) 53—65 B ' . 58"
- Elsevier Saenh.ﬁc Pubhshmg Company, Amsterdam Pnnted in The Netl:ler]ands : '

' PRECIPITATION AND AGEING _or-" ANTIMONY {ITI) SULPHIDE

.E'lizabéth C. BROWN, D.R. GLASSON and s. A.A. JAYAWEERA
. John Graymore Chemistry Laboratories,

,Depa;rtlnent of Environmental Sclences,

Plfmouﬂl Polytechnic_: .

Plymouth PL4 QAA“(UK)

] Antimony(III) sulphida ha.s beaan prepared by precipltation from aquecus solution,
under different conditions of concentration, temperature, pH and ageing time.

The phase coamposition, crystallinity and particle size of the precipitates have
been studied by X—ray diffraction, electron microscopvy and vacuun microcbalance
techniques, and correlated with condit.i.oné of precipitatien.
' The sulphide samples were prepared from 1 M, 0.5 M and 0.1 M antimony (III}
chloride solutions through. which hydrogen sulphide gas was passed at 20 °c and

85 oC. The precip'it.ates.were agedr for d.'l.fférent lengths of time, and examined

by X-ray pawder diffraction and eléectron microscopy. The surface area and
porosity of selected samples were determined by the BET method from nitrogen
adsorption isotherms recorded gravimetrically at -196 oc on a vacuum microbalance.

However the above sulphide samples, .precipitated at relatively low pH,

contained impurities such as antimony chloride and oxychlorida. Preparation of
pure antimony sulphide wa$ achieved best by. pr'ecipit.ation from a dilute solution
{0.015 M} of potassium antimonyl tarti:ate (tartar emetic) with hydrogen sulphide
-gas. Pre.cipitation cccurred the.n at the re.la.tively higher pEcf 4 -5 in the
presenca of smaller concentrations of electrolytes, ao that the product was very
fj_nely—d.'l..vidod and Porous-

INTRODUCTION ‘ :
antj.mony(III) su].phide has imporl:a.nt industrial applications, including many -

in the polymer and paint indust.ries (ref. 1) . It was used in large quant.ities

'for the dark pig'ment in camoufla.ge paint, beca.use it has the: game infra—red -

: reflectanceproperties as 'r.he surrounding green foliage (ref. 2) .

' 'I'he above applicationa are govemed by the surface and solid state properties

'-of the material, especiall}r its particle size and cqrstal].inity In this-
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research, antimony(IiI) sulphide has been precipitated under different
experimental conditions; the colour, surface area, porosity, crystallite and
aggregate size, and crystallinity of the products have been correlated with. .
conditions of precipitation. In earlier weork on zinc and lead sﬁlphides, it was
found that such conditions governed these properties {ref. 3}, which, ih tﬁrn,
affected the oxidation behavicur of the sulphides (ref. 4). - ]

Mellor (ref. 5) has summarised early work on the preparation of antimbny
sulphide. Rose passed hydrogen sulphide gas through a solution of antimbny(IiI)
chloride and tartaric acid in hydrochloric acid until the warm solution was
saturated. According to Duflos the reaction would not be complete if the
tartarig acld were omitted, cwing to the formation of a sulphochloride. l
Youtz reported that antimony sulphide precipitated from a scolution
containing hydrochloric acid is never pure, being contaminated with variable
amounts of relatively volatile antimony oxychloride, which is difficult to
remove. Mellor reported also that the action of hydrogen sulphide on a
hydrochioric acid sclution of antimony chloride is reversible.

Rose, Proust and Ditte (ref. 5) found that the red amorphous sulphide
transforred to a black crystalline form on treatment with Adilute acids,
especially with hydrochloric acid. Lang reported that the change occurred
rapldly with increasing concentration of the acid. According to Akerman and
Pettenkorfer, the colour depends on the mode of preparation and is related to
grain size of the material.

EXPERIMEKNTAL
Matarials

BDE 'Analar' antimony(IIX) chloride and potassium antimonyl tartrate .
Ksbo.cqﬂqoﬁ,wereemployed as the antimony salts. Hydrogen sulphide gas was
generated from a Kipps apparatus using iron{II) sulphide and dilute (2 M)
hydrochloric acid. For precipitation from the tartrate solution, the gas was
washed with water to remove traces of contaminating acid fumes. The commercial .
antimony sulphide was sﬁpplied by Bleiberger Bergwerks Union, Klageqfuxt;
Austria.
Procedure

Because of its deliquescent nature, antimony chloride was weighed in a silicﬁ
gel-dried atmesphere. The salt was dissolved in hydrochloric acid (5 M) to
pPrevent the formation of insoluble oxychloride., REydrogen sulphide'gas_was
bubbled continucusly through the salutions with stirring for ene hour to
ensure ccmplete precipitation. ’ ' ] .

Samples of the precipitaté were removed after one hour, filtered and ﬁaghed

under suction, £irst with 100 cm® of distilled watex and then with two 50 cm®
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-.auqubts.' o:f:agetone,' to 'a;:resﬁ further ageing (ref. 3a). The remaining
preciéifate'wasileft‘lnrthe;ﬁother liquor and further samples removed after
10, 24, 50-and 80 hours, and treated as above.

brecipitatioqs Qere carried out alsc at 85 °c using a thermostatically
controlled water bath. Bvaporation losses from the reaction mixture were mini-
mised by using a condenser.

Antimony sulphide was prepaxed alac in practically neutral solution by
passing hydrogen sulphide gas through potassium antimonyl tartrate (0.015 M).
The pfecipitate wasraged for oae hour; and recovgredlas above.

For selected precipitations, the pH of the reacticn mixture was menitored
continuously. CGmpléx salt formation was investigated by adding antimony(IXI)
chloride (1l M} to sodium sulphide (0.1 M).

The‘antimbny,sulphide samples have been assigned three-figure code numbers.
fhe first figure refers to the molarity of the antimony salt solﬁtion, the
secoﬁd to thé temperature of precipitation and the final one to the ageing
perlod. Thus, sample 0.5/20/80 is oné prepared fram Q.5 M antimony chloride
at 20 °c and aged for €0 hours.

The phaée‘compositicns of the precipitates were studied by recording their
X-ray powder diffraction pattern, using copper XKa radiation of wavelength
0.1542 nm. A Hilger and Watts Y90 X-ray generator Fitted with a Philips
sealed tube was used. The sample was mounted on a Berthold diffractometer.

The nitrogen adsorption isotherms were recorded gravimetrically (ref. &) on
a CI Mark 2B microforce balance (pg to mg sensitivity) at 77 K using 0.25 g
samples with ligquid nitrogen as the coolant. Hysteresis on the isotherms
indicated any porosity prasent and the pore size ranges. Specific surface
areas were calculated by the BET method. Prior to nitiogen adsorption the
samples were outgassed at room temperature to remove any surface films of
volatile contamlnants.

A Jeol SEM 35C Scanning electron microscope was used to examine the
microstructura of the samples. The matgrlals ware subjected to ultrasonic
vibration for one minute to disperse the particles. Specimen preparation was
achieved by vacuum deposition of a ﬁhinlfilm af gold on the surface of the
material.

RESULTS AND DISCUSSION

Colourx - .
The'samplés of pzacipitated'antimony{III) sulphide varied in thelr colour.

Tﬁe freshly precipitated crystals were orange and finely-divided, whereas, the

~ aged crystals were black and more.coarse. At the elevatad temperatura a

7 similar trend was ubserved, the cclaur change being enhanced due to rapid ageing.
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TABLE 1 ,
Colour of the antimony(III) sulphide precipitates and the degree of contiminq.;ion
by antimeny oxychloride. : : .

Colour ‘
Sample Befora After Degree of
Storage Storage Contamination
? el
1/20/1 orange black none
1/20/10 black black none -
1/20/24 black black nene
1/20/50 black black none
1/20/80 black black ncne
0.5/20/1 orange black nonea
0.5/20/10 black black none
0.5/20/24 black black none
0.5/20/50 black black none
e.5/20/80 black black none
0.1/22/1 orange black none
0.1/20/10 black black none
0,1/20/24 black black none
0.1/20/50 black black none
0.015/20/1 orange orange none
1/85/1 black/orange black/bronze large
1/85/1 black black trace
1/85/24 black/yellow black/yellew large
1/85/50 black black trace
1/85/80 black black trace
0.5/85/1 black black nona
0.5/85/10 black black none
0.5/85/24 black/vellow black/yellow small
©,5/85/50 black/yellow black/yellow large
Q,5/85/80 black/yellow black/yellow large
0.1/85/1 rust rust none
0.1/85/10 black/yellow black/yellow small
0.1/85/24 black black trace
0.1/85/50 black black small
0.1/85/80 black black small
commerclial - black none

There was also a yellow component in some samples, thought to be due to the
presence of antimony oxychloride. During storage the colour of some precipitates
changed from orange to black; this was assumed to be due to continued ageing of
the samples, Table I shows the colour of the precipitates and the degree of '
contamination by antimony oxychloride. These abservations confirmm the ea;iier
work of akermann and Pettenkorfer (ref. 5). . ' '

Phase compesition

All the samples gave X—ray diffraction patierns ‘corrxesponding to antj,_mony(iII)
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sulphide, showing that they were crystalline (ref. 7). The only.exception was
sample o. 015/20/1 precipitated from the tartrate; this gave no diffraction

- pattern indicating its amorphous nature. ‘ ‘

‘ Some samples precipitated at low-pH {0 - 1) and at elevated temperatures,
‘showed diffraction peaks corresponding to antimony cxychloride. This would
account for the yellow.colour of the materials (Table I). X~ray diffracticon
did not indicate the preaence of sulﬁhnr in the samples. Any antimony
chloride in the samples was pnot present in large enough quantities to be
detected_ by X-ray diffracticon.

TAEBLE II

Percent welght loss on outgassing in vacue of antimony sulphide samples

Sample Weignf Loss

commercial 0
0.,015/20/1 o]

1/20/1 7.4

- 1/20/24 0.5

1/20/80 2.1
©.1/85/1 0.6

0.1/85/24 .4
0.1/85/80 -

Surface area

The specific surface areas of salected samples were determined by gas
sorption. On outgassing in vacuo, those samples precipitated at low pH lost
weight initially. This is attributed to the loss of a surface coating of
antimony (III) chloride (b.p. 223 oC). Table II shows the percentage of
weight loss by each sample on ocutgaseing. Samples precipitated from 1 M
Sbcl3 solutinn at 20 ‘e appear to contain more antimony chloride than those
precipitated at the lower concentration and higher temperature. This is due
to the partial reversal in more acidic mediza of the reaction:

2$bcl3 + 3320 +* Sb253 + 6HC1

" These cbservations are.in agreement with those of earlier wnrkers (ref, 5).
other methods of ramoving the contaminating antimony chloride, e.g. by waéhing
with water, are difficult, since at higher pH and temparature hydreclysis occurs
to antimony oxychloride. ' 7
Figure la - 4 show the nitrogen adsorption iscotherms on the commercial
sample and - samples ©° 015/20/1, 0. 1/85/1 and 1/20/24 respectively. all the
curves_showra Type IT 1sotherm., The first three‘curves show hysteresis

,Viﬁdioatingfthatﬁthese aamplea are porous. The ooﬁmeroial sample and sample
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Q. 015{20{1 both contain the full range ‘of mesopore sizes (2 - 50 nm) but with

few micrcpores, whereas sample 0.1/85/1 contains macropores {ref. 8} and only

the upper range of megopore sizes (ca. 6 - 50 nm),

TABLE III

Crystallite size as calemnlated from gas sorption :esults and. aVErage particle

size from electron microscopy data.

Gas Sorption Electren Microscopy
Sample 'Specific Average Porous? Average Average
Surface Area Crystallite Aggxegate Particle
m2g™ 1) Size (pm) Size (um) Size {(um}
commercial 2.7 0.15 v - 0.2 x 2 to
.5 x5
0.015/20/1 97.7 0.013 v 20 submicron
i/20/1 2.8 ©.46 2 x 2 to 0.5
e x9
1/20/24 2.5 ©.52 p:4 2x 2 to Q.5
8x 9
1/20/80 2.3 0.56 X l to 3 0.5
0.1/85/1 15.3 0.085 v - o.1
0.1/85/24 1.8 ©.71 b4 5 to 20 | 0.3 to 1
©.1/85/80 <0.1 >10 4 50 -

The gas sorption results have baen used alsec to calculate averaga crystallite
sizes (using an X-ray density of 4.63 for antimony(III} sulphide) for comparison
with electron microscopy observations.

Table III summarises the specific suxface areas and the calculated particle
sizes (equivalent spherical diameter) of the samples. The variation of these
with ageing time aie shown in Figure 2., The crystallite size calculaticns of
the porous materials do not take into account differences in external and
internal su.face areas. Thus the actual crystallite sizes are larger than
indicated in Table rII. '

Electron microscopy

The scamning electron micrographs (Figures 3a - f) show e wide range of
iﬁdividual ErYStellite and aggregate sizes, BAn average value was estimated
for these, Table IXII records these values and compares them with those
calculated from surface areas. Reasonable agreement is found between the
crystellite size measurementsg'except for the commercial sample. - Agreement
between such measurements is qct”always‘satisfactnry as calculations are
7 Thus; for example, previous woxk on -

precipitated lead sulphides (ref 3b) ehowed that the crystallite sizes obtained

based on different distributions.’
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The effect of ageing at differing temperatures on the size and

from electron microscopy gave values 2- to 3-fold lower than those obtained

from other technigues.

Gas sorption data shows that the crystallite size of the commerclal sample

is 0.5 um, whereas electron microscopy indicates a much larger size, Figure 3a.

Howewver, calculation of crystallite size from surface area measurements assume

a spherical or cubic shape Zor the particles.

Electron microscopy shows that

this 1s not so; the particles are needle-shaped with an aspect ratio ¢f about

1/10.

the two methads.

Recalculation of particle size on this basis gives better agreement beiween
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Fig. 3a (above) Commercial antimony sulphide. Magnification x 6000

Fig. 3b (below) Antimony sulphide sample 0.015/20/1
Magnl fication x 6000
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Antimony sulphide sample 0.1/85/24
Magnification x 600

Antimony sulphide sample 0.1,/85/50
Magnification x 6O
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Figure &, pH change for the addition of 1M antimony (III) chloride to Q.1 M

sodiuwn sulphide at room temperature.

Figure 3Jb shows the material precipitated from the tartrate. No well-
formed crystallites can be seen and much sub-micron material is present, which
is probably porous and 1s of poor crystallinity. .

Figure 3¢ shows the material precipitated at 20 °c and aged for 1 hour. The
appearance is similar to that after 1 h and 24 h ageing, in accordance with the
small changes in surface aea and average crystallite size. {See Table III and
Figure 2Z),., The effect of ageing is more pronounced at the highar temperature;
compare Figures 3d — £, which are of a lower magnification (x 606).

Effect of pH

Flgure 4 shows the variation of pH during the addition of antimony{III)
chloride to sodium sulphide. The graph shows two “énd~points“ fox the
reaction, at 1,00 and 2.00 cm?. The ratio of theée volunes, 1/2, indicates
the formation of the complex Naj;5bhSz with excess sodium sulphide. For the complex
NaSbS;, to be formed (ref. 9}, the ratio of the volumes houid be 3/4.

CONCLUSIONS ) _ .
The ageing qf'precipitated antimony (IIT} sulphides is_pfqmoteé.hy»inéreasihg‘;-
the time of ageing, temperature and concentration of solution. At low pHifhe'
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' prudgct:ténas.to”be pohtaminétéd.wiﬁh aqfimbhy[lii)-chloride, whilst at higher

Vtémbérétﬁres and'conéentréﬁions the contéminant-is antimony oxychloride.
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