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Improvement of Extraction Technology and Electrotechnological Equipment
for Obtaining Gallium from Alumina Production Solutions

High-purity gallium, not worse than 6N, with the concentration of controlled impurities (except H, C, N, O)
of maximum 0.00007, including, wt.%-108: Fe — 2, Cu—5, Pb — 4, Mn — 1, In — 2, and Sn — 2.5 was
produced by electrolysis of preliminarily purified aluminate solutions of alumina production. An improved
design of electrolyzer with increased efficiency has been developed for gallium electroextraction. It was pro-
posed to divide the casing of the advanced-efficiency electrolyzer by longitudinal partitions into two parts,
each of which was divided by transverse partitions into 8 sections. The width of these sections was one-third
smaller than that of available electrolyzers. The dimensions of the sections and the arrangement of electrodes
in them were reduced by half, from 140 to 70 mm — a distance covered by gallate and zincate ions from
electrolyte depth to cathodes, which decreased the duration of electrolysis. The optimal current density of
7.5 kA/m® at the calculated density of 5.8 kA/m® was proposed, which allowed electrical energy consumption
to be reduced. The polarization component of voltage on the electrolyzer was decreased by lowering the aver-
age current density achieved by a three-fold enhancement of the anode surface. The technological order of
seven sequential operations of metallic gallium extraction from cycling aluminate solutions is shown: 1) puri-
fication of electrolyte by an air or vapor-air mixture; 2) purification of solution by lime; 3) galvanization of
cathodes and dissolution of cathode precipitate; 4) purifying electrolysis; 5) basic electrolysis with precipita-
tion of zinc-gallium alloy; 6) cementation of gallium by aluminum gallam; 7) removal of impurities. Prelimi-
nary purification of gallate-zincate alkaline solution allows decreasing the granular aluminum consumption to
the weight ratio Al : Ga =1 : 1 during gallium cementation.

Keywords: gallium, electrolysis, aluminate solution, solution purification, alumina production, interelectrode
distance.

Introduction

Gallium is a dispersed metal, contained in small concentrations in non-ferrous metal ores. In the world,
gallium is obtained mainly as a by-product during the processing of bauxite, the basic technological scheme
of the Bayer process is shown in Figure 1, where the source of gallium is recycled solutions of alumina pro-
duction.
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Figure 1. Schematic diagram of bauxite processing by the Bayer method
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The main field of application of gallium is the electronic industry. LEDs, solar panels, smartphones “eat
up” much more than half of the gallium produced, about 6 % goes to alloys, the most important use of galli-
um is the synthesis of compounds of the A"BY type (GaN, GaP, GaAs, GaSbh) — basic materials for modern
opto- and microelectronics. The main producer of gallium is China and it continues to increase production,
despite the fall in metal prices [1, 2], and subsequently came close to becoming a global monopolist, because
the output of primary gallium in China this year amounted to 90 % of the world [3, 4]. The CIS countries, on
the contrary, reduce the production of gallium. The main reason is the lack of demand in the Russian Federa-
tion due to absence of factories for the production of LEDs, semiconductors, etc. However, according to
Rusnano, there are potential producers and consumers of semiconductors [5]. Gallium arsenide can rightfully
be considered the engine of progress in the field of electronics [6], and the rise to the modern level of indus-
trial production of semiconductor materials will contribute to solving the problems facing the country [7].

This may require developing a theoretical and practical implementation of various methods for obtain-
ing gallium based on various sources and by various physicochemical methods [8-11]. There are several
methods for obtaining gallium from alkaline aluminate solutions of alumina production [12, 13], but the most
effective is electrolytic extraction [14-20]. However, electroextraction of gallium from solutions that have
not undergone preliminary preparation will not provide serious extraction, productivity, cost reduction and
reliable release of high purity metal (6N). This is largely due to the change in the composition of bauxite ex-
tracted from the new mine to SUBR-e (for the plant of JSC “BAZ-SUAL”) and the transfer of JSC “UAZ-
SUAL” to 100 % use of bauxite from the STBR deposits. The conducted studies found that the indicators of
JSC “BAZ-SUAL” deteriorated: the concentration of gallium in the electrolyte decreased from 0.36 to
0.33 kg/m® — by 10 %, and the extraction of gallium by electrolysis lessened by 5 %, the purity of gallium
deteriorated to 5N, the indicators of JSC “UAZ-SUAL” deteriorated significantly more, for example, the pu-
rity of gallium reduced to 4N. A significant change in the impurity composition of the initial bauxite (for the
plant of JSC “BAZ-SUAL” and to a lesser extent for JSC “UAZ-SUAL”), caused by the launch of a new
mine at the SUBR, required a more thorough cleaning of the initial electrolyte. These changes require tech-
nological improvements, first of all, to improve the purification of the initial electrolyte, which will increase
the extraction of gallium, reduce the time of operations and increase the number of gallium concentration
cycles to increase its release.

The purpose of this work was to improve the technological scheme for the extraction of gallium from
alumina solutions, which will allow the production of high-purity metal gallium (6N), suitable for semicon-
ductor production (Fig. 2).
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Figure 2. Technological scheme for obtaining gallium from aluminate solutions
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Experimental

The separation of gallium from aluminate solutions was performed via the electrochemical method us-
ing an electrolytic bath made of stainless steel 1X18H9T with external water cooling (Fig. 3), a cathode
made of the same stainless steel and two nickel anodes. Nickel prolongs anode lifespan by 2—-2.5 times due to
a decrease in the anode potential by ~0.2 V, and the thiosulfate ion is reduced to sulfur on the nickel anode,
forming a protective layer of NiS. Direct current was supplied from the T1021 charger through a laboratory
rheostat and an ammeter.

Figure 3. Water-cooled electrolyzer for laboratory extraction of gallium from alkaline-aluminate solutions

The studies were carried out on solutions of alumina production of JSC “UAZ-SUAL” and JSC “AZ-
SUAL”. The results are presented by average values considering previous production experience.

The probable discharge mechanism during gallium electrodeposition can be represented as follows [21]:

[H2G303]7 +e—> [HG&Oz]7 +O0H
2[HGaO;] + H.0 + & — Ga® + [H,GaOs3] +20H

standard electrode potential in acidic solution of gallium salts (Ga/Ga®*"): —0.56 V, in alkaline solution:
-1.226 V.

The chemical composition of the starting materials and products was monitored on an inductively cou-
pled plasma mass spectrometer ELAN 9000, Perkin Elmer.

Results and Discussion

1. Comparison of electrolyte purification by air and steam-air mixture by bubbling hot solution

The initial mixture is prepared: 150 m® of circulating solution (Table 1, p. 1), cooled to 30+5 °C and
aged for at least a day in the reactor for the separation of soda-sulfate sludge, and 133 m3 of the mother (Ta-
ble 1, p. 2) solution (volume ratio 1:0.887), this mixture of solutions is heated to a temperature of 85-90 °C
and treated with a vapor-air mixture in the amount of 0.3-0.4 nm%hour per 1 m2 for 2.0-2.5 hours with a ra-
tio of air and steam volumes = 1.0 : 2.5 with a steady temperature at the outlet of the nozzle 250 °C. As a
result, according to the analysis data, the content of organic substances decreases by 25-31 %, sulfide sulfur
by 95 %, which is mainly oxidized into sulfate form (Table 1, p. 4). In comparison to the Chinese electrolyte
processing method that uses only air and no steam, the operation time was reduced. Since aluminate solu-
tions no longer require the introduction of sodium sulfide (up to 0.20 kg/m?, counting for sulfur), the corro-
sion of the equipment has decreased, a better removal of zinc (less than 0.010 kg/m?) and organic substances
from solution was achieved.

2. Cleaning the solution with lime (consumption of 0.5 mol of CaO per mol of alumina in solution)

Lime milk (composition of 56 kg of CaOact. and 18 kg of water) is fed into the solution at a temperature
of 80-90 °C with stirring for 1.5 hours. The precipitate is filtered out at a temperature of 70 °C to remove
tricalcium hydroaluminate, on which iron, manganese, vanadium compounds and up to 25-30 % of organic
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substances are sorbed (Table 1, p. 5). The precipitate is returned to alumina production. Reducing the content
of impurities during lime cleaning: vanadium by 30 times (up to 0.01 kg/m?®), iron by 3 times (up to
0.002 kg/m?), manganese is completely removed (Table 1, p. 5).

Table 1

Compositions of solutions: alumina production (circulating (1), masterbatch (2), mixed (3),

their double purification with a vapor-air mixture (4) and lime (5), synthetic alkali-zinc (6),

purification electrolysis (7), initial and final (spent) electrolytes (8, 9), during carburization
of the initial (10) and final (11), processing of slags of the initial (12) and final (13)

Components Name (numbering) and compositions of solutions, kg/m®

1 2 3 4 5 6 7 8 9 10 11 12 13
Na20com. 314 | 157 | 240 | 230 235 | 220 | 210 233 235 | 105 | 103 | 170 | 168
Na20caustic 290 | 145 | 222 | 220 231 | 200 | 200 230 232 | 100 | 100 | 165 | 165
Na20soga. 24 12 18 18 4 20 10 3 3 3 4 5 4
Al203 138 | 69 | 106 | 105 87,5 - 87,0 | 87,0 | 88,0 50 63 | 42 | 43
Ga 0,46 | 0,23 | 0,35 | 0,34 | 0,33 - 0,34 | 0,34 | 0,48 | 10,2 | 0,25 | 100 | 100
Zn 0,06 | 0,03 | 0,04 | 0,004 | 0,004 | 20 | 0,003 | 045 | 0,04 | 3,0 | 0,06 | 29 | 1,25
s> 0,42 | 021|032 0,013 | 0,010 | — | 0,010 | 0,008 | 0,02 - - - -
$,05% 14 | 07 | 107 | 084 | 0,65 - 060 | 065 | 060 | 20 | 2,0 - -
SO+ 18 | 09 | 14 2,2 0,8 - 0,80 0,8 065 | 10 | 10 - -
Corganic subst. 30 | 05 | 23 | 166 | 1,30 - 130 | 130 | 125 | 18 | 18 - -
V205 042 021032 031 | 0,01 - 0,08 | 0,01 | 0,005 | - - - -
Fe,03-10* 80 40 60 50 20 - 10 20 - - - - -
Cu 105 13 10 12 12 10 - 11 1,0 60 100 | 10 | 12 | 10
Mn-10~ 60 30 50 45 H/06. | — 12 - - - - - -
Pb-107* 80 80 78 80 80 - 5 80 5,0 80 30 | 8 | 40

3. Galvanizing of cathodes and dissolution of cathode sediment

Before applying the zinc coating, the cathodes are cleaned by reverse current from the existing impurity
sediment. To apply a zinc layer to the cathodes, a zinc solution prepared from a sodium hydroxide solution
with an alkali concentration of 150-200 kg/m?® and zinc oxide 15-20 kg/m? is used, followed by dilution be-
fore electrolysis with condensate to the composition, kg/m?®: sodium oxide ~125 and zinc ~12.5 (Table 1,
p. 6). Electrolysis is carried out at a temperature of 45-55 °C and a volumetric current density of 4-5 KA/m?3,
A layer of zinc 10-15 microns thick is increased in 12-15 minutes. This thickness of the cathode layer is suf-
ficient for carrying out four to five operations of the main deposition of the zinc-gallium alloy and subse-
quent removal of the sediment after the last operation.

4. Purification electrolysis from impurities

Cleaning is carried out in a separate electrolyzer at low densities: cathode current (40-50 A/m?), anode
current densities 100-140 A/m? (volumetric current density 4-5 kA/m?®), temperature 6070 °C and the volt-
age on the bath ~1.9 V (the bath body is also a cathode). The duration of the electrolyte cleaning operation is
~ 4-6 hours. The content of impurities during this period decreased by more than an order of magnitude,
kg/m?3: copper from 0.000125 to 0.000011; lead from 0.0078 to 0.0005; iron and manganese by two to three
times. The concentration of gallium in the electrolyte under the recommended electrolysis conditions practi-
cally does not decrease (Table 1 p.7). The precipitates isolated on the cathodes are dissolved in an alkaline
synthetic solution at a temperature of 70-85 °C with the imposition of a reverse current. The resulting solu-
tion after settling is filtered out with the removal of impurities. The resulting purified alkaline solution is
used for galvanizing the electrodes.

5. Conducting basic electrolysis with deposition of zinc-gallium alloy

Into the purified electrolyte with a content, kg/m?®: Na,Os 220-230, Al,O3 75-90, Ga,03 0.33-0.35 a di-
lute solution of zincate is introduced in an amount of ~1/30 of the volume of the initial electrolyte. As a re-
sult, the zinc content in the electrolyte reaches 0.2-0.3 kg/m?®. The electrolyte prepared and cooled to ~30 °C
is poured into a water-cooled electrolyzer and electrolysis is carried out on galvanized cathodes at a volumet-
ric current density of 6.0-6.2 kA/m?, a process temperature of 25-30 °C and an electrolysis duration of 2.0—
2.15 hours. During this time, about 43 % of gallium and at least 80 % of zinc are released (Table 1, p. 8, 9).
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6. Cementation of gallium with aluminum gallam

Cementation is carried out in apparatuses with a capacity of up to 2.5 m® equipped with a stirrer, a de-
vice for filling granulated aluminum, level and potential sensors, a jacket for heating and the necessary
hatches and pipes. For cementation, a settled filtered receiving solution, sufficiently rich in gallium
(10.0 kg/mq), and granular aluminum are used. ~2.0 m® of mortar and 40 kg of cement base are poured into
the 2.5 m® cementator, aluminum is supplied according to the program with the EMF measurement of the
cementation base — earth system. 97.5 % of gallium passes from the solution to the rough gallium (approxi-
mately 0.25 kg/m?® remains in the solution) and almost all zinc (~4% remains). The consumption of alumi-
num is ~1.1 kg per 1 kg of isolated gallium (Table 1, p. 14, 15).

7. Removal of impurities from sludge

After dissolving the pressed sludge in a solution of sodium hydroxide (Na,O — 150-200 kg/m®), the
impurities are removed by electrolysis under the following conditions: The cathode current density is 40—
50 A/m?, the anode current is 100-120 A/m?, the volumetric current is 2-3 kA/m? and the process duration is
up to 5 hours. The concentration of gallium ~100 kg/m?® remains unchanged. The impurity content decreases
by at least an order of magnitude (Table 1, p. 12, 13).

To organize the gallium production at alumina plants, based on existing experience, it is advisable to
use the improved design of electrolyzers (Fig. 4) combined with the gallium electrolysis technology de-
scribed above. The body of the electrolyzer is divided by a longitudinal partition into two parts, each of
which in turn is divided by transverse partitions into 8 sections.

Y i Ei_ P_—/?Q
| wrr
H AATA) /1 E 'l 'HH v \\lu _ AHHmE

]
T e sl T P

1 — steel case; 2 — the longitudinal wall; 3 — transverse, end wall; 4 — bottom; 5 — horizontal platform; 6 — drain
hole; 7 — flushing device (flushing device); 8 — partition; 9 — section; 10 — a block of electrodes; 11 — electrolyte
level during electrolysis; 12 — the initial level of the electrolyte; 13 — single anode; 14 — “IT’-shaped anode;

15 — position lock; 16 — electrical insulation cap; 17 — box-shaped water-cooled cathode; 18 — anode rod;

19 — groove in the anode rod; 20 — anode tire; 21 — mounting bolts on the anode bus; 22 — steel plate for clamping
anode rods; 23 — fixing screws for clamping anode rods; 24 — slots in the anode electrical insulation plate;

25 — anode electrical insulation plate; 26 — deep grooves in the anode electrical insulation plate; 27 — cathode rods;
28 — a groove in the cathode bus; 29 — cathode bus; 30 — mounting bolts on the cathode bus; 31 — steel plate for
clamping cathode rods; 32 — fixing screws for clamping cathode rods; 33 — slots in the cathode insulating plate;
34 — cathode electrical insulation plate; 35 — deep grooves in the cathode insulating plate; 36 — exhaust ventilation;
37 — corrugated rubber pipe; 38 — the frame of the shelter; 39 — the arches of the frame; 40 — tie rods;

41 — covering the frame; 42 — horizontal support tube; 43 — an opening in the frame; 44 — sliding curtains

Figure 4. Gallium electrolyzer

The two sections are symmetrically arranged along the width of the housing, forming a compartment,
where a package of electrodes is placed, divided in two along the length, and each half is connected to one
copper rod resting on a conducting busbar of the corresponding polarity. The accepted dimensions of the sec-
tions and the location of the electrodes in them were reduced by 2 times, from 140 to 70 mm — the distance

CHEMISTRY Series. No. 2(106)/2022 129



V.M. Skachkov, L.A. Pasechnik et al.

that gallate and zinc ions pass from the depth of the electrolyte to the cathodes. Accordingly, the duration of
electrolysis is reduced. In the space occupied by the sections, there is more than 80 % of the electrolyte with
minimal gas filling, so it maintains an optimal current density of 7.5 kA/m® at an estimated density of
5.8 kA/m®, which reduces electricity consumption. The polarization component of the voltage on the electro-
lyzer is reduced due to a reduction of the average current density achieved by a 1.5-fold increase in the sur-
face of the anodes; a decrease in the interelectrode distance; a reduction of foaming, which increases the ac-
tive component of the electrolyte resistance. As a result, the voltage on the bath is decreased by 16 %.

Conclusions

The refinement of gallate-zinc alkaline solution helps reduce the consumption of granular aluminum
during carburization to a mass ratio of Al : Ga = 1 : 1. Sludge formation is also reduced. In practical terms
[22], at least 2 kg of sludge is formed per 1 kg of obtained gallium, but this solution reduces the amount of
sludge to 0.1 kg — twenty times less.

The gallium ingots obtained after purification using this technology have a total composition of con-
trolled impurities (excluding impurities H, C, N, O) of no more than 0.00007, including %-10%: Fe — 2,
Cu—5,Pb—4,Mn—1, In— 2, Sn — 2.5. The gallium content in the ingot is not less than 99.9999 %.

The effectiveness of the proposed solution has been tested on an industrial scale. The purity of gallium
obtained at the industrial plant of JSC UAZ-SUAL was 5N (99.999 %), on solutions of JSC BAZ-SUAL us-
ing the proposed technology, the purity of metallic gallium was 6N (99.99995 %), produced at the plant in
Ping-Guo (PRC) according to our technology (transferred under contract) also corresponds to the brand 6N.

For the production of 10 tons of gallium per year, it is technically and economically feasible to use elec-
trolyzers developed at the IHTT of the Ural Branch of the Russian Academy of Sciences with increased
productivity. It is recommended to use 10 electrolyzers of the described type for the convenience of their
operation, rational organization, technological and production processes, and to create an optimal DC power
supply system ensuring high energy security of the enterprise. The electrolyzers are connected in series by
five in chain, forming 2 chains of gallium electrolysis; each circuit of gallium electrolyzers receives power
from an individual DC converter unit; the power supply system of electrolytic gallium production should
contain a third, backup converter unit; nominal output parameters of the converter unit: rectified voltage of
20 V, rectified current of 30 KA.
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KepOaambIK 6HAIPiCiHIH epiTiHALIEpIHEH raJuIMil a1y YIIIH YJKCTPAKIUA
TeXHOJIOTHSICBIH JKOHE JJIEKTPOTEXHOJIOTHSIJIBIK Ka0ABIKTHI KeTLIAIPY

JKepOanmplk eHAIpiCiHE aNABIH aja Ta3apThUIFAaH ATOMHHATTHI EPITIHIUIEPIl 3JIEKTPONHU3ACY OIiCiMeH
Ta3aJBIFBl KOFaphl TAUIMH aNbIHABL, 6H TOMEH eMmec, OakbUIaHaThIH KocmanapaeiH kypamsel (H, C, N, O
Kocrnanapbia Kocrnaranaa) 0,00007-1eH acnaiiibl, oHbIH iminge Maccanap %-10-8 Fe — 2, Cu— 5, Pb — 4,
Mn — 1, In — 2, Sn — 2,5. lanmiiai 3MeKTposKCTpaksiay YIIiH OHIMAUIIT 5KOFaphl JIEKTPOIN3EpAiH
JKETUINIPUITeH  KOHCTPYKLMACHI  JKacayiibl, OHIMJUIII JKOFapbl 9JNEKTPONU3ep KOPIYCHIH — OOMIBIK
OemiMIepMeH eki Oellikke 06y YCHIHBUIIBI, OJAPABIH OPKAKWCHICHI ©3 KE3CeTiHAC KOJICHEH KajKaibl 8
cekuusra OemiHeni, eHi OOWBIHIIA OyJI CEKIMsUIap 3JIEKTPOJIM3EpPIIEpPAiH KOJIAAaHBICTaFbl d3ipieMenepiHiy
CeKUMsUIapbiHAaH ymTeH Oip ecere a3. CexkumsuiapaslH KaObULIAHFaH —eJIeMIepi MEH OJapaarbl
JJIEKTPOATApABIH OpHamacysl 2 ece asaiapl, 140-tam 70 MM-re AeHiH KbICKapAbl, SFHU DIEKTPOIHUT
TepeHJIiIriHeH KaTOATapFa rajulaT IeH LHUHKAT HOHIApbhl OTETiH KAIIBIKTHIK, OYJI SJIEKTPOIU3 Y3aKTBHIFBIH
KbICKapTThl. TOKTHIH 5,8 KA/M® ecemnTenreH THIFBI3NBIFEI Ke3iHZeTi 7,5 KA/M® OHTAMIBI THIFBI3IBIFEI
YCHIHBUTFaH, OYJI 2JIEKTP HEPTHSACHIH TYTBIHYIBl a3alTyFa MYMKIHZIK Oepefli. DIeKTpoiu3epae aHoITap
OeriniH 1,5 ece yIFalObIMEH KOJ JKCTKI3UIT€H OpTalia TOK THIFBI3JBIFBIHBIH a3al0bl ¢CeOIHEH KepHEYIiH
MOJISIPU3ALMSICEl  TOMEHIEl. AJIOMHHATTHI  aiffHaIbBIM  epITIHAUIEpIHEH MeTawl TauMial — anmy
OTEPAIMSIAPBIHBIH  TEXHOJOTHSIBIK PETTUTIN  KOPCETIIreH, ON JKeTi JKyHeli omepanusgaH Typajbl:
1) snexTponuTTi aya koHe Oy-aya KOCHACBhIMEH Tasanay;, 2) epiTiHIiHI OKMeH Tasanay; 3) KaToITapbl
MBIpBIIITAY JKOHE KaToA TYHOAchlH epiTy; 4) Ta3apTy SJNeKTpOoJiu3i; 5) MBIPBII-TaIHA KOPBITIACHIH
TYHJIBIPATBIH HETi3ri JIEKTPOIH3; 6) alIOMUHUH TaJUTHHIH LEMEHTTeY; 7) KocHanap/sl ajbl Tacray. [ammar-
MBIPBII CINTUT  epITIHAICIH algplH-ala Ta3apTy TN [EeMEHTTEy Ke3iHAe TYHIpPIIiKTI aTFoMHUHHUHA
welFeIHBH Al : Ga =1 : 1 MaccalbIK KaThIHACHIHA JICHIH a3aiiTyFa MYMKIHIIK Oepei.

Kinm ce30ep: Tamnuii, >MEKTPOIN3, ATFOMUHATTHI €PITIHAL, ePITIHAIHI Ta3apTy, TIMHO3EM OH/IPiCi, SITEKTPOJ
apaJIbIK KalIbIKTHIK.
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CoBeplIeHCTBOBAHHE TEXHOJOTHH U3BJIE€YEHHS
¥ JIEKTPOTEXHOJIOTHYECKOT0 000PYA0BAHUS VIS MOJTYyUYEeHH sl TaJLIUs
U3 PacTBOPOB IJIMHO3E€MHOT0 MPOU3BOACTBA

Mertonamu 3eKTpoJIM3a MPeABAPUTENFHO OYMIIEHHBIX aJIOMHHATHBIX PACTBOPOB TIIMHO3EMHOTO MPOU3BOI-
CTBa MOJYyYEH TaJUIM BHICOKOW YHCTOTHI, HE HIKE 6N, COCTaB KOHTPOJIMPYEMBIX MpHMecel (MCKIIIouas npu-
mecu H, C, N, O) ue 6onee 0,00007, B Tom uncne, macc.%- 108 Fe — 2, Cu—5,Pb —4, Mn — 1, In — 2,
Sn — 2,5. Pa3zpaboraHa ycOBepIICHCTBOBAaHHAS KOHCTPYKIHS JIEKTPOIN3epa MOBBIICHHON IIPOU3BOAUTEIb-
HOCTH JUIS QJICKTPOAKCTPAKIIUY TAJUTHS, TPEUIOKEHO Pas3/IelIuTh KOPIyC AJIEKTPOJIM3epa MOBHIIIEHHON Mpo-
W3BOANTEIEHOCTH TPOJIOJIBHEIMH IEPErOpOAKaMH Ha IBE YaCTH, KaIas U3 KOTOPHIX, B CBOIO OYepelb, pas-
JeTsieTcsl OIePEeYHBIMY IIepEeropoaKaMy Ha 8§ CEeKIMH, IO MIUPHHE STH CEKIUM MEHBIIE Ha TPETh 10 CpaBHe-
HHIO C CEKIHAMH MMEIOIIUXCSl Pa3paboTOK MeKTponu3epoB. [IpuHATHIE pa3Mepsl CEKLUN U PacIONoXKEeHUE B
HUX 3JIEKTPOJOB yMEHBIIIIH B 2 pa3a, co 140 1o 70 MM, — paccTosiHHEe, KOTOPOE MPOXOAAT HOHBI Tajjarta 1
IIUHKaTa U3 TTyOHHBI 3JEKTPOIMTA K KaToJaM, 9TO COKPATUIIO MPOAOILKUTENBHOCTh deKkTponusa. [Ipenio-
JeHa ONTUMANIbHAs INIOTHOCTh ToKa — 7,5 kKA/M® Ipu pacueTHoi mI0THOCTH 5,8 KA/MS, UTO MO3BONSET CHU-
3UTh NOTpeOIIeHHe eKTposHeprun. Ha anexTponmsepe CHIKEHA MOJSIPU3AI[OHHAsT COCTABIISIONIAs Harpsi-
JKSHUS 33 CUET YMEHBIICHHUS CPeAHeH INIOTHOCTH TOKA, JOCTUTHYTOTO YBEJIMYEHUEM B 1,5 pa3a MoBEepXHOCTH
aHonoB. Iloka3aHa TEXHOJIOTMYECKasl MOCIEeIOBATEIbHOCTh ONEpalMi U3BJICYCHUS] METAJUIMYECKOTO TaJlIns
U3 ATIOMHHATHBIX OOOPOTHBIX PAacTBOPOB, COCTOSINAs M3 CEMH IMOCIEIOBATENBHBIX orepanuii: 1) ouncrka
3JIEKTPOJIUTA BO3AYIIIHOW U MTapOBO3AYIIIHOW CMECHIO; 2) OYHCTKA PacTBOpa M3BECTHIO; 3) IMHKOBAHHUE KAaTO-
JIOB U PAaCTBOPEHHE KaTOJHOTO 0CajKa; 4) OUUCTUTENBHBIA IIEKTPOIIN3; 5) OCHOBHON 3IIEKTPOIIH3 C OCAXKIEC-
HHEM IMHK-TAJIMEBOTO CIUIAaBa; 0) EMEHTAlUs TaJUIMs TaulaMOil amiOMHUHUS; 7) ylaleHHe IpUMeceH.
IIpenBapurenbHas 04YNCTKA Tra/UIaTHO-IIMHKATHOTO IIEJIOYHOTO PAcTBOpPA IO3BOJISICT CHU3UTH IPH IIEMEHTA-
LMY TaJUTHS PACXOJ IPaHYIMPOBAHHOTO AIOMHHUS 10 MaccoBoro otHomenust Al : Ga=1:1.

Knrouegvie cnosa: raimii, 3MeKTpOIN3, AIIOMHHATHBINA PacTBOP, OYKCTKA PACTBOPA, INIMHO3EMHOE IPOU3BO/I-
CTBO, MEXJJICKTPOJHOE PACCTOSHHUE.
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