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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.

Keywords: arsenic, quartz, diffusion, temperature, low pressure.

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 yield of arsenic in the form of toxic waste, requiring expensive special disposal.

One of the potential areas 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: 1gP (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* 1o 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 KM-8.

Figure 1 — Vertical vacuum system with continuous weighing of test charge

— 4 ——



ISSN 2224-5227 Ne5.2016

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 warning 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:

AC R+h L ,
V D

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.r —
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.g, 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

.. L Diffusion coefficient,
Conditions Sublimation Subgr:a\t/l.olr:)_ssp ced Height of gas D-10°, m%s
0, > >
temp Séature, pressure, kPa rate As, % kg/m*s layer, m experiment calculation [19]

33,71 0,44 7
17,71 0,32 12

420 1114 022 7 5,05 8,06
6,57 0,16 22
35,43 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
57,43 0,74 12

460 4514 0.59 7 7,07 8,92
32,00 0,47 22
100,0 1,43 7
95,43 1,24 12

480 73.14 0.92 7 7,74 9,37
65,14 0,84 22
28,86 0,37 7
24,29 0,29 12

300 17.71 022 7 2,63 2,98
14,86 0,19 22
460 20,00 0,26 7
12,86 0,17 12

690 771 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)

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

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

420 514 0.00 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 3 2,45 2,88 1,79
8,0 0,13 18
100 48,29 0,72 3
27,14 0,4 8

460 22.86 0.35 3 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 3,47 4,30 1,95
36,0 0,5 18
22,86 0,38 3
12,0 0,15 8

300 943 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 0,41 0,41 0,27
2,29 0,03 18
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YcraHoBieHo, urto npu muddy3un depe3 (QUILTp KBapleBOro mecka Ko3QQUIHMeHT muddy3uu
YBEIMYNBACTCS C MOBBIIICHHEM TEMIIEPaTyphl U TIOHMKEHUEM JIABJICHHS B CHCTEME.

3aBucumocth koddduuuenta aupy3un MBIIIBIKA Yepe3 KBapLEBYIO 3achiKy OT KPYHMHOCTH
¢unpTpa mpuBeneHa Ha pucyHke 2. Kak BuaHO, ¢ pocToM pasMmepa 3E€peH Marepuana (GuiIbTpa
kodhpumment auddy3un MBIIIBIKa BO3PACTaCT, UYTO CBA3aHO C YBEIMYCHWEM pa3Mmepa Top, a,
CJIEZIOBATEIIHHO, U C YBEIMUCHHEM OOIIEeH TUIOMAIU IyCTOT ISl IIPOX0/a MapoB (3KUBOT'O CEUCHUS).

0,00 0,10 0,20 0,30 0,40 0,50
KpynHocts kBapua, 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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TOMEHJIETIJIT'EH KbICBIM KE3THJIEI'T MBIIIBSAKTBIH
JNODY3USA KOOPOPUIUEHTIH AHBIKTAY

AHHOTanuA. MBIIBSK KOCIAJIBl 3JICMEHTTEP/AIH Oipi OOJBIN Kelledi, 01 METAILTYPrUsUIBIK [IUKI3aTTaH allJbIH
aya >KOIOIIBI Tayall eTelli, OUTKeHI OHBIH Oap OOJFaHBI TEXHOJOTHS MEH KOpIIaraH opTara Tepic acep eremi. OHBI
Oedim amyablH YTBIMABI dcepiHiH Oipi BakyymzIa TEpMIBUIBIK KaiTa eHaey Oonbim TaObpuIamel. IIIukizaTTel Kaiita
OHJICHTIH ammapaTThl Ko0aay *KoHE eCenTey YIIiH Macca alMacyIblH (PH3UKANBIK 3aHABUTBIKTAPHI KaWIBl OimiMi
KOHE KHUHETHKAIBIK KOX(P(UIHMEHTTEpl >Kaiabpl MariyMmarrapbl Oony Kaxker. CyOnuMmanusuiblk YpIicTepIiH
ra30JMHAMHUKAJIBIK 3epTTeyJiepiHiH Oacrmara MIBIKKAHIApBHIH Kapaid OTBIPHIT OapiblK ANTBUIFAaH OpTalapAarbl
MBIIBSK AU GY3USCHIHBIH )KETKUTIKCI3 3epTTENTeH JIereH HISHIIMIe KeJIiK.

Byt sxymbIcTa SKCHIEPUMEHTTI MBIIIBSK TU(dy3ust Oynapsl op TYpJIl XKaraaiaapia aproH )oHe KBapl KadaTsl
apKbUIbl 3epTTeNel. 3epTTey OJiCi CTalMOHApNBIK aFblH OpHATBUIFaH TIK BaKyyMIBIK Y3ZIKCI3 ellleyMeH
M30TEPMUSIIBIK 1JIME apKbUIbl ©TKi3lIeni. JKypri3iireH )kyMbIc HOTHXKECIHAE CaHIbIK AU dY3ust KodhPULIUEHTIHIH
MOHI MBIIIbSK OyJIapbIHBIH Ka0aThl aproH JKOHE YHTAK KBapIl IIEH aHBIKTAI/Ibl. AHBIKTAIFaHJal, €Ki HyCcKaiapJarsl
cysriyiep (aproH MeH KBapll) TEMIlepaTypa apFbIHBIMEH KbICBIMHBIH TeMeHeyiMeH nuddy3usibk koaddumenti
oceni. CoHBIMEH Katap, TYHip KeJleMi yJIFaifraH jKarJaiia CY3TiHiH Kbl KEHICTITIH apTThipansl, Oy nuddysus
kodpdunuentine okeneni. Tapmanran ecenrtemenep auddy3us xkodhUIMEHTIH aHBIKTAY OHICTEPiH KOJNTaHyFa
Oonanpl JereH KOPBITBIHABI )KacaiMBbI3.

TyiiiH ce3aep: MBIIBSK, KBapLl, U Py3Hs, TeMIIepaTypa, TOMEHAETIITCH KBICHIM.

YK 669.778-982:539.378.3
A. B. Hunenko, C. A. Tpedyxos, A. K. KacbimxkanoBa, A. C. lllenaanun
AO «UenTp Hayk 0 3eMiie, METALTYPTUH H oOoraieHus», Aamarer, Kazaxcran

OIIPEJEJTEHUE KOS®OUIMEHTA JU®PY3UHN MBIIIBSKA
TP TIOHUKEHHOM JIABJIEHUH

AHHOTanusi. MBIIIBSAK SIBISIETCS. OJHUM K3 TMPHMECHBIX JIIEMEHTOB, MOAJEKALUIMX MPEABAPUTECIHLHOMY
YAQIEHUI0O W3 METaJUIyprUueCKOro ChIPbsi, BCJIEACTBHE €ro HEraTHMBHOI'O BO3/CHCTBUS Ha TEXHOJIOTHUIO U
okpyxarouiyto cpeny. Onaum u3 3(GHeKTHBHBIX CHOCOOOB €ro M3BJCYEHUs SBJISIETCS TepMHYecKas oOpaboTka B
Bakyyme. [lisi pacuera M MPOEKTHPOBAHMUS allapaToB MO HepepadOTKe ChIPbs HEOOXOIMMBI 3HAHHS (U3MYECKUX
3aKOHOMEPHOCTE MacconepeHoca M HMH(pOpMalus O KHHETHYeCKMX Koddpduuuentax. Ilpu paccmorpeHuu
OIyOJINKOBaHHBIX HCCJIECJOBAaHUN Ta30JMHAMUKK CyOJIMMAlMOHHBIX IPOLIECCOB YCTAaHOBJIEHA HENOCTaTOYHAs
M3y4YEHHOCTh AU((DY31UU MBILIBSKA.

B nanHO# paboTe IKCIEepUMEHTAbHO HccienoBaHa Tud(dy3us mapoB MbIIIbIKA B PA3IMYHBIX YCIOBHUSIX Yepe3
aproH W cioil keapua. McciienoBanue npoBeieHO METOZOM CTallMOHAPHOTO IOTOKa Ha BEPTHKAJIbHOW BaKyyMHOW
YCTAHOBKE C HENPEPHIBHBIM B3BEIIMBAaHWEM HABECKH B M30TEPMHYECKHMX YCIIOBHAX. B pesyiprare IpOBEAEHHOI
paboTHI OBUTH TOJTYYEHBI YUCICHHBIC 3HaueHMs Kod(¢uimenta auddy3un mapoB MEIIIBSIKA Yepe3 CION aproHa u
MOpOIIKa KBapIa. Y CTAaHOBJICHO, YTO B 00OMX BapHaHTaX (MIbTpa (aproH Wi KBapI) KOd(GGHUIMEHT Tuddy3un
YBEJIMUYMBACTCS C MOBBIILICHUEM TEMIIEPATYPbl M MOHMWXKEHHEM NaBieHus. KpoMe Toro, mpu yBeTHUCHHUH pa3Mepa
38peH (uibTpa Bo3pacraer o0llee MOpOBOE MPOCTPAHCTBO, YTO BeleT K yBelnueHuto koadduimenra auddysuu.
[Mpu comocraBieHWH OKCIEPUMEHTANBHBIX M pPACCUMTAHHBIX paHee JaHHBIX MOXHO CIeJaTh BBIBOA O
MPUMEHUMOCTH BBIOpaHHBIX METOOB pacuéra u onpejaeneHus kodpduuuenta quddys3un.

KoaioueBbie ciioBa: MbIIIbsK, KBaplL, Auddy3us, TeMrepaTypa, IOHWKEHHOE IaBJICHHE.
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