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DETERMINATION OF ARSENIC DIFFUSION COEFFICIENT
UNDER REDUCED PRESSURE

Abstract. Arsenic is one of the admixture elements subject to prior removal out of metallurgical raw materials
because of its negative effect on technology and environment. One of the most effective ways to its extract is a
thermal treatment in vacuum. It is necessary to have knowledge of the physical laws of mass transfer and
information about the kinetic coefficients for calculation and design of apparatus for raw materials processing. In
consideration of the published papers on gas dynamics of sublimation processes, the lack of information about
arsenic diffusion has been ascertained.

In this paper arsenic vapor diffusion in different conditions through argon and quartz layer has been
experimentally studied. The study was conducted by a stationary flow by a vertical vacuum system with continuous
weighing of sample under isothermal conditions. As a result of this work, numerical values of the diffusion
coefficient of arsenic vapor through argon layer and quartz powder have been obtained. It is found that in both
embodiments of the filter (argon or quartz) diffusion coefficient increases with increasing temperature and
decreasing pressure. Furthermore, the more the size of the filter grain increases, the more total pore space raises,
boosting in the diffusion coefficient. In the process of comparing the experimental and previously calculated data,
we can conclude on the applicability of the selected method of calculation and determination of the diffusion
coefficient.
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Introduction. Arsenic is found in nature mainly in the form of various compounds, sometimes in the
native state. For example, in arsenides it connected mainly with iron, nickel and cobalt, more rarely with
copper and platinum. In sulfosalts (thiosalts) it connected with copper, lead, silver and thallium. In
arsenate it associates with the sodium, magnesium, calcium, barium, bismuth, aluminum, zinc, lead,
nickel, cobalt, manganese, iron, copper, uranium [1-4].

In the form of impurities, the arsenic is a part of other sulphides which is due to the property of
trivalent arsenic ion to form different chemical compounds. In addition, many elements can be detected in
the arsenic minerals and thiosalts as impurities |2, 3, 5-7]. Perhaps because of this property arsenic often
presents in the mineral raw materials and accumulates in the middlings.

Arsenic impurity is a toxic and difficult to recover, because it aggravates the obtaining a commercial
product, increases the loss of nonferrous metal products with dump waste product and greatly pollutes the
environment. Therefore, recovery of arsenic in the form of non-toxic products is a pressing and complex
problem, which solution has been paid a lot of attention.

There are many different hydraulic, pyro and combined circuits of processing arsenic -containing
materials, including pre- dearsenication stage [8-13], but they are characterized by multiple stages, high
cost, as well as the vield of arsenic in the form of toxic waste, requiring expensive special disposal.

One of the potential arcas of environmental management and protection is the use of a vacuum
pyroselection for preliminary arsenic extraction from various raw materials [10, 14-16], its advantage is
the possibility of a high degree of arsenic extraction in a single stage to obtaining the non-toxic fumes.

In order to control and optimize process parameters, improvement, modeling and evaluation of
equipment, especially under reduced pressure, it is necessary to have data about the thermal behavior of
the extracted substance and the kinetic principles of the processes in porous bodies.

In metallurgical processes, sublimation and evaporation of substances usually derive from mixtures
with inert components; the limiting stage in this process is the diffusion of volatile components through
porous materials. The total speed of the process is limited by kinetics or of inner diffusion [17].
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There are limited literature sources on the impact of porosity, composition and structure of the
dispersion medium to kinetic principles of dissolution and evaporation processes of substances in a
vacuum; the data on the behavior of arsenic and its compounds during heating with or without porous
bodies in the available literature has not been found.

Previously, [18] we have found that arsenic begins to sublime at temperatures of 300-400 ° C in the
pressure range of 6,65-91,77 kPa and a significant increase in its rate of sublimation refers to temperatures
above 500 °C. Based on the data about dependence of the arsenic sublimation speed on the temperature of
different values of residual pressure in the system, the temperature dependence of the vapor pressure of
arsenic, described by the equation: IgP (kPa) =-6418,2 / T + 9,4148 was obtained.

The evaluation of effective coefficient of arsenic diffusion in a neutral environment in the
temperature range 200-600 °C and 1,33-91,77 kPa pressure by two techniques, such as the Chapman-
Enskog and Wilke-Lee was carried out in the research [19]. During comparison of the calculated data with
empirical one, the conclusion on the applicability of selected methods for the calculation the coefficient of
arsenic diffusion in argon was made, and the Chapman-Enskog equation is more appropriate than the
method of Wilke-Lee. The values of the diffusion coefficient obtained by the Chapman-Enskog method,
under the chosen conditions are in the range of 17,71-10* no 394,76-10™ m*/s values.

This paper presents the results of an experimental study of the dependence of the diffusion arsenic
coefficient on the main factors (temperature, pressure, height and size of grains of the filter). The effective
diffusion coefficient was determined by gas layer without a filter and through porous material layer.

Materials. The argon (State standard 10157-79, 99,993% Ar) and the porous material — quartz were
used as a neutral medium.

Quartz powder was prepared by grinding of fused quartz and sizing according to four grain-size
classes.

Metal arsenic was obtained by sublimation of arsenic pyrite concentrate at a temperature of 700 °C in
a vacuum of 0.04 kPa and by resublimation of condensate at 500 °C. The total content of impurities in
sublimations — 0,3%, in other words, preparation comprised 99.7% arsenic.

Research methods. The study was conducted with the help of stationary flow method on a vertical
vacuum system with continuous weighing of test charge in isothermal conditions (Figure 1).

Method of stationary flow is based on the steaming of exploring substance with constant speed
through a layer of gas, material or mixture of components, determination the vapor concentration in the
lower and upper parts of the layer, calculation of evaporation (sublimation) speed, and the effective
diffusion coefficient.

K BAKYYMHOMY
1

1 — vacuum gauge; 2 — spring with thread; 3 — quartz reaction vessel,

4 — quartz crucible with test charge; 5 — electric heater;, 6 — cathetometer KIM-8.

Figure 1 — Vertical vacuum system with continuous weighing of test charge
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The diffusion stage may limit the speed of the entire process only at a significant excess of ambient
pressure on equilibrium pressure of vapor of researching substances. During processing of the
methodology for conducting experiments on the sublimation of arsenic under the quartz filter to select the
conditions of the experiments, there was found that at high speed of arsenic sublimation, powder quartz is
blown out of the crucible through arsenic vapor flow. Most probably, this is due to the drop of pressure at
the filter layer that arises in sublimation (evaporation) of the substance to the impermeable surface. [20]
Therefore, conditions waming subtraction of material from the filter, which speed of sublimation of
arsenic is enough to register were empirically chosen.

The sequence of operations comprised following steps: a test charge was placed in the quartz crucible
4 (sectional area — 0.5 cm?), which is suspended to a spring scale 2. Quartz retort 3 with crucible was
washed several times with argon and placed into a electric heater (heated to a predetermined temperature)
5, and the pressure in the system was slowly created. Since the achievement of the set pressure with
cathetometer 6 we recorded weight of test change over time. After soaking, the retort was removed from
the heater and cooled. The quartz crucible was removed from the retort, the remaining test charge sample
residue was weighed.

The equation used to calculate the effective diffusion coefficient, is following:

— =R+ hL ,

ef

where: AC — the difference between the concentrations of arsenic vapor above and below the layer, kg/m’,
is determined on the basis of the previously found values of the saturation vapor pressure of the diffusing
substance at the test temperature; V — evaporation speed of the diffusing material kg/m*s, is determined
by the weight loss of the material at each time point; R — coefficient that determines the resistance of the
external mass exchange. ¢/m; h — layer height of the inert material over the diffusing substance, m; D s —
diffusion coefficient, m*/s.

The value of AC, considering the vapor pressure near the surface of the sublimation equal to the
saturation pressure, and in the gas-vapor mixture was determined from known data [21] on the pressure of
arsenic vapor. Necessary evaporation speed was calculated as an average over a relatively long experience
time. The distance between the arsenic surface and cut of the crucible which was varied by changing the
height of the crucible at a constant weight of test charge sample of arsenic was considered as the height of
the gas layer.

Through dependence diagram AC/V from h, we received direct, which angular coefficient expresses
the value of 1/D.;, and the segment on the y-axis expresses the value of R.

It should be noted that a certain diffusion coefficient includes the value of the Stefan flow.

Results and their discussion. In order to evaluate the impact on the porous filter on arsenic
sublimation speed, at first we conducted experiments without a filter, by measuring speed of the arsenic
sublimation from crucibles of different heights. Conditions, results and results of the theoretical
calculation according to the equation by the Chapman-Enskog are given in Table 1 [19].

As seen from Table 1, the speed and extent of arsenic sublimation increases with decreasing of height
of the gas layer, increasing the process temperature and decreasing pressure in the system. During
comparison of the theoretical and experimental data, it is found that the experimental values of the
diffusion coefficient are lower than the calculated values, which is probably due to the use of the
approximate values in the calculation. Furthermore, the magnitude of error affects the factor that during
sublimation gas layer above the test charge increases, which slows down the process and reduces the
magnitude of the diffusion coefficient.
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Table 1 — Influence of layer height on the arsenic sublimation speed through a layer of argon

o L Diftusion coefficient,
Conditions Sublimation SUng;la\t]l.ol%_ssp%d Height of gas D-10°, m%/s
0 > B
temp;:(r:ature, pressure, kPa rate As, % kg/m™s layer, m experiment calculation [19]

33,71 0.44 7
17,71 0,32 12

420 1114 0.22 7 5,05 8,06
6,57 0,16 22
3543 0.46 7
28,57 0,37 12

440 2114 0.28 7 5,78 8.49
14,57 0,24 22
100 64,68 0,82 7
5743 0,74 12

460 4514 0.59 7 7,07 8,92
32,00 047 22
100,0 1,43 7
9543 1,24 12

480 7314 0.92 7 7.74 9.37
65,14 0,84 22
28.86 0,37 7
2429 0,29 12

300 1771 0.22 7 2,63 2,98
14,86 0,19 22
460 20,00 0,26 7
12,86 0,17 12

690 70 0.10 7 0,71 1,23
6,00 0,08 22

Table 2 shows the conditions and results of experiments carried out in the presence of quartz filter
and the results of theoretical calculations of the diffusion coefficient through the porous filling in with or
without regard to Stefan flow. As it seen, the experimental values of the diffusion coefficient of arsenic

vapor are close to the theoretical data.

Table 2 — Influence of layer height on the arsenic sublimation speed through a quartz filter (grain-size class -0,2+0,16 mm)

. . Sublimation Diffusion coefficient,
Conditions Sublimatio 52
speed As, . . D-10”, m”/s
n rate As, 5 Filter height, m -
temperature, pressure, % V107, experiment calculation
°C kPa kg/m*s p corrected uncorrected

9,14 0,16 3
8,57 0,15 8

420 514 0.09 3 2,18 2,60 1,68
1,71 0,07 18
20,0 0,32 3
18,86 0,25 8

440 10,29 0,17 13 245 2,88 1,79
8,0 0,13 18
100 48,29 0,72 3
27,14 04 8

160 22.86 035 13 3.01 3.33 1.86
15,71 0,27 18
85,71 1,11 3
65,14 0,84 8

480 4514 0.58 3 347 4,30 1,95
36,0 0,5 18
22,86 0,38 3
12,0 0,15 8

300 043 0.12 3 0,78 0,96 0,62
6,57 0,09 18
460 4,86 0,06 3
2,86 0,04 8

690 2.86 0.04 3 041 041 0,27
2,29 0,03 18
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YcranoBneno, uto mpu auddyzuu uepe3 QHUIBTP KBapLEBOro mecka koddduumeHT muddy3un
VBCJIMYUBACTCS C MOBBILICHUEM TEMICPATY Pl U TIOHMKCHUEM JABICHUS B CHCTEME.

3aBucumocth koddduumenta anddy3uu MBIIUBIKA Yepe3 KBAPLEBYIO 3aCHINKY OT KPYIHOCTH
¢uneTpa mpuseseHa Ha pucyHke 2. Kak Buano, ¢ pocroM pasmepa 3¢épeH Marepuana ¢mibTpa
ko3 drrueHT auddy3uM MBIIBIKA BO3PACTACT, YTO CBI3aHO C VBEIWUCHHEM pa3Mepa Imop, a,
CJIEIOBATENIBHO, U C YBEIMICHUEM OOMICH IIIOMA K MyCTOT AL MPOXOAA MAPOB (KUBOTO CEUCHUS).

0,00 0,10 0,20 0,30 0,40 0,50

> >

KpymHocTh KBapma, MM

Figure 2 — Influence of grain-size of quartz sand on the diffusion coefficient of arsenic through it

Conclusion. Thus, as a result of this work, numerical values of the diffusion coefficient of arsenic
vapor through argon layer and quartz powder were obtained. It was found that in both embodiments of the
filter (argon or quartz), diffusion coefficient increases with increasing temperature and decreasing
pressure. Furthermore, during increasing of the grain-size of the filter, the total pore space increases,
resulting in an increase in the diffusion coefficient.

Good agreement between the experimental and calculated data enables to make a conclusion about
the applicability of the selected method of calculation and determination of the diffusion coefficient. The
slight discrepancy in the data relates to the use in the calculation of the diffusion coefficient of
approximate values of some parameters.
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TOMEHJAETIITEH KbICHIM KE3ITHJAEI'T MBIIIIBAKTBIH
JUOPDY3UA KOOPPUIIMEHTIH AHBIKTAY

AnHOTammst. MBINIbSK KOCHAIBI 37EMEHTTEPAIH Oipi OOIBIT Keeai, 0J1 METALTYPTHSUIIBIK IIHUKI3ATTaH aJIbIH
ana >KOFOJBI TaJAIl €Te/li, OUTKEHI OHBIH Oap OOIFAHBI TEXHOJOTHSI MCH KOpIIAraH oprara Tepic acep ereai. OHbI
Oemin ajxyApH YTHIMIBI OCCPiHIH Oipi BaKyyMIOa TCPMUSIBIK KaWTa eHmey Oomsim Tabbriagsl [IIukizaTTel Kadrta
OHICHTIH ammaparThl jk00ajIay JKOHC CCENTEY YIIH MAcca aIMacyIbIH (DH3HKATBIK 3aHIBLTBIKTAPHI SKAMHI6l OimiMi
JKOHE KHHCTHKANBIK KOS((HIUCHTTEP] >KAHIBI MaraymarTapsl Ooxy Kaker. CyOmmMammsaibK YpAICTEpAiH
Ta30IMHAMUKAIBIK 3CPTTEYJICPiHiH Oacmara IIBIKKAHJAPBIH KApad OTBIPHIT OapibIK AWTBUFAH OPTAIapaarbl
MBIIBSIK AAD(Y3HACHIHBIH XKETKLIIKCI3 3ePTTENTCH JETCH MICHIMIC KENIK.

By skyMpICTa 3KCIEPUMEHTTI MBIIBAK AA(y3ust OyIapsl Op TYPII JKaFraaiiapaa aproH >KOHE KBapIl Ka0aThl
apKbLIBI 3EPTTENCAL. 3EPTTEY OMICI CTAUMOHAPJBIK AFBIH OPHATBUIFAH TIK BAKYYMIBIK Y3ZIKCi3 OIIICYMEH
H30TEPMILLIBIK 1IME apKbLTBI OTKI3iIeal. JKyprizinreH »yMbIC HOTIOKECIHAC caHIbIK Au(dys3mst ko3hhuuneHTIHIH
MOHI MBIIIbIK OyIApbIHBIH Ka0aThl APTOH JKOHE YHTAK KBAPI[ IICH AHBIKTANIBL. AHBIKTATFAHIAH, CKI HYCKAIAPAAFhl
Cy3riiep (aproH MEH KBapll) TEMIICPaTyPa apFBIHBIMEH KBICHIMHBIH TeMeHACYIMEH Tu(py3manbk ko3dduimenti
eceni. COHBIMEH Karap, TYHip KeleMi YIFaiffaH jKaFJaliaa CY3TiHIH >Kaambl KSHICTITIH apTTeIpanst, 0y1 auddysusa
kox(p¢unmeHtine okenaeai. TammaaraH ecenTemencp auddysus xo3(QQUIUCHTIH AHBIKTAY OMICTCPIH KOJIAHYFa
001a1b1 JCTCH KOPBITHIHIBI JKACAHMBI3.

Tyiiin ce3aep: MBIIBSIK, kKBapL, Au(dy3mi, TeMnepaTypa, TOMECHICTIATCH KbICHIM.

YK 669.778-982:539.378.3
A. B. Hunenxo, C. A, Tpedyxos, A. K. Kacenkanosa, A, C. lllenasanun
AO «leHTp HayK 0 3eMIIe, MCTAIIYPTHH | o0orameHns», AaMarer, Kazaxcran

ONPEAEJEHHME KOYOPOPUIIMEHTA TH®DY3INHU MbIIIbAKA
P MNOHUXKXEHHOM JABJIEHUHA

AHHOTaHI/Iﬂ. MbImbax  IBIICTCS OAHUM H3 MNMPHUMCCHBIX J3JICMCHTOB, NOAJICKAIINX IPCABAPUTCIBHOMY
VIAJNCHUI0O W3 MCETAJUIYPIHYECKOTO CBHIPbSA, BCICACTBHE €0 HETAaTHBHOTO BO3JACHCTBHSA HA TEXHOIOTHIO H
oxpyxaromyro cpeay. OmanM w3 3((PCKTHBHBIX CHOCOOOB €T0 M3BJICUCHHS SABJIACTCS TCPMHUCCKAT 00padoTKa B
BakyyMe. [t pacueTa M MPOCKTHPOBAHHSA ANMAPATOB MO MEPCPAOOTKS CHIPhI HCOOXOIMMBI 3HAHUS (PH3MUCCKHX
3aKOHOMEPHOCTEH MaccomepeHoca ® HH(OpPMAIMA O KHHETHYCCKHX Kod(duuuenTtax. [lpm paccMorpeHum
ONyOJIMKOBAHHBIX HCCICAOBAHMH TA30JMHAMHUKH CYyOJMMAIMOHHBIX IIPOIICCCOB YCTAHOBJICHA HEIOCTATOYHAS
H3YUYCHHOCTH AU (D (DY3HH MBIIIbIKA.

B nannO# paboTe SKCHEPHUMEHTAIBHO HCCIeI0BaHA JU(Qy3Hs mapos MBIIBIKA B PA3THYHBIX YCIOBHAX UEPE3
aproH u cio¥ keapua. Mccienosanue mpoBeJIECHO METOAOM CTAIMOHAPHOTO MOTOKA HA BEPTHUKAIBHOW BAKyyMHOH
YCTAHOBKE C HEMPEPBIBHBIM B3BCIIUBAHMEM HABECKH B M30TCPMHYCCKHX YCIOBHAX. B pesynaprare mpoBeacHHOM
paboTHI OBLTH TOJIYUCHBI YHMCJICHHBIC 3HAYCHIA Ko3((duumenra nu(dy3un mapos MBIIbIKA Yepe3 CIOH aproHa u
MOPOINKA KBAapUA. YCTAHOBICHO, YTO B 000mMX BapuaHTtax (uibTpa (aproH mimm keapu) ko3(pduument muddysum
YBEIMYUBACTCA C MOBBIMICHHEM TEMIIEPATYPBI M MOHIDKCHHEM JaBiCcHHA. KpoMe TOro, MpH YBEIMYCHHH PaszMepa
3¢peH (IIBTpa BO3PACTACT OOMICC MOPOBOC MPOCTPAHCTBO, UTO BEACT K YBCIUUCHHIO KOd(puumcHTa 1u((y3HH.
HpI/I COMOCTABJICHUN OJOKCICPUMCHTAJIBHBIX MW PACCUHUTAHHBIX PAHCC MJAHHBIX MOKHO CACIAThb BBIBOA O
TIPUMECHUMOCTH BBIOPAHHBIX METOA0B pacuéra u onpeneicHusa kodhdpuuneara quddysum.

KioueBnbie cioBa: MBIIBSK, KBapL, Audy3us, TeMIepaTy pa, IOHWKEHHOS JABJICHHC.
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