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THERMODYNAMIC EVALUATION OF PROBABILITY
OF DISSOLUTION OF SECONDARY HEAT-RESISTANT
NICKEL-CONTAINING ALLOY GS32-VI
BY MINERAL ACIDS SOLUTIONS

Abstract. The thermodynamic probability of the transition of the components of the heat-resisting nickel-
containing alloy GS32-VI to the aqueous phase under the influence of solutions of hydrochloric, sulfuric and nitric
acids is considered in the article. Chemical composition of the alloy GS32-VI, wt. %: Ni - 60,05; Co - 9,3; W - 8,6;
Al -6,0; Cr-5,0; Re-4,0; Ta-4,0; Y - 0,005, Nb - 1,6; Mo - 1,1; C-0,16; B - 0,15; Ce - 0,025; La - 0,005. The
main crystalline phases of the alloy are the compounds AINiz;, CrpsNigg, C0ooWo1, CrsNi;sW, (Alp7Cro3)Ni; and
CsNbg, that has been revealed by the means of X-ray phase analysis. The thermodynamic probability of dissolution
of GS32-VI alloy components was estimated on values of isobaric and isothermal potential of probable reactions of
interaction of the main components and phases with solutions of the specified mineral acids. On the basis of the
thermodynamic analysis it is established that the possibility of transition to solution of some main components of
alloy depending on type of mineral acid decreases in ranks:

— for nickel, cobalt, aluminum and rhenium: HNO;> H,SO,2>~HCI,

— for chrome: H,SO,>HCI> HNOs.

It is shown that nickel, cobalt, aluminum, rhenium and chromium can have the greatest probability of transition
into the aqueous phase in the acidic pH region. At the same time, niobium, tungsten, tantalum and molybdenum will
most likely remain in the cake as insoluble compounds in aqueous solutions.

Keywords: dissolution, heat-resisting nickel-containing alloy, hydrochloric acid, sulfuric acid, nitric acid, ther-
modynamics, isobaric and isothermal coefficient, equilibrium constant.

Introduction. Heat resisting nickel-containing alloys are used in many branches of the national
economy, their main part is applied in aircraft industry, elements of the equipment of combined heat and
power plant and thermal power plant. Their basic purpose is working under loading at high temperatures.
Now a significant amount of such fulfilled alloys has collected, and need for their processing has ripened.
Especially as a significant amount not only non-ferrous metals, but rare and rare-earth elements which
need to be returned in production is their part [1, 2].

Hydrometallurgical and electrochemical methods of processing of such alloys with usage of mineral
acids solutions [3-5] are considered as perspective methods. These methods, especially electrochemical,
allow not only to take and transfer valuable components to solution but to receive almost ready-made
products in the form of powders of individual metals and their mixes that makes hydrometallurgical and
electrochemical methods of processing of the fulfilled alloys even more attractive [6-8].

The relevance of hydrometallurgical and electrochemical processing of heat-resistant alloys is also
contained in the fact that it is possible to separate the elements and obtain concentrates of rare and rare-
earth metals that cannot be done by pyrometallurgical processing [9, 10].

To substantiate the probability of dissolution of the secondary heat-resistant nickel-containing alloy
GS32-VI with solutions of mineral acids, a thermodynamic analysis of possible dissolution reactions of
the components and compounds included in this alloy was considered.
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Methods of research and thermodynamic calculations. The object of the research was the
heat-resistant nickel-containing alloy GS32-VI the elemental analysis of which was carried out using an
ICP mass spectrometer for isotope and elemental analysis of ELAN DRC-¢ (Perkin Elmer, Canada). The
alloy had the following composition, wt. %: Ni - 60.05; Co - 9.3; W = 8.6; Al is 6.0; Cr is 5.0; Re - 4.0;
Ta-4.0; Y =0.005; Nb=1.6; Mo - 1,1; C=0.16; B - 0,15; Ce - 0.025; La is 0.005. That is, the main
components of the alloy GS32-VI are nickel, cobalt, tungsten, aluminum, chromium, rhenium, niobium
and tantalum.

The phase analysis of alloy was made with use of the Shimadzu XDR 6000 diffractometer (radiation
CuKa, rotation of a sample, continuous (1 deg/min.), stepwise (a step 0,02 °, an exposure 10 s) the modes
in the range of corners 20 10-90. The phase analysis has shown that the main crystal phases of nickel-
containing GS32-VI alloy besides metals (nickel, cobalt, aluminum and chrome) are the compounds
AlNi3, Cr0,4Ni0’6, COO’QWOJ, CI'4Ni15W, (A10,7CI'0’3) 0fNi3 and C5Nb6 (ﬁgure l, table l)
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Figure 1 — X-ray diffraction pattern of the nickel-containing alloy GS32-VI

To substantiate the choice of reagents for chemical and electrochemical dissolution of the chosen heat
resisting alloy it is necessary to make the thermodynamic analysis of process of conversion in solution of
the color, rare and rare-earth elements which are a part of GS32-VI alloy.

Calculation of thermodynamic characteristics (isobaric and isothermal potential and equilibrium
constant) of possible reactions of chemical dissolution of components of GS32-VI alloy in solutions of
mineral acids was carried out by means of the program of thermodynamic calculations HSC Chemist-
ry 5.11 of the Outokumpu Technology Engineering Research company.

Along with the calculations of Gibbs energy and the equilibrium constant, the possible state of nickel
and cobalt, the main components of the alloy, on contact with mineral acids at a temperature of 25 ° C was
analyzed, starting from the thermodynamic calculations of the Purbaix diagrams constructed using the
same program.

Thermodynamics of chemical dissolution of components of nickel-containing alloy GS32-VI in
solutions of mineral acids. Thermodynamic analysis of possible reactions of dissolution of the main
components of the alloy GS32-VI in solutions of mineral acids is carried out fo r two temperatures of 20
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Table 1 — Phase composition of the nickel-containing alloy ZhS32-VI using
the Shimadzu XDR 6000 diffractometer database

Phase | Reference code Latin name Chemical Correspondence to the peaks Content,
of the card of phase formula on the roentgenogram wt. %
1 03-065-1160 Niobium Carbide CsNbg 5,7,9-13,15-21, 23, 24, 26-28 7
2 03-065-9928 Cobalt Tungsten Cop oW, 9,12,17 17
3 01-072-2720 Aluminum Nickel AlNi, 8,9,12,17,21 14
4 03-065-8387 Rhenium Tungsten WisRe, 7,10, 28 1
5 01-089-2120 Niobium Carbide Nb,C; 5,7,10,11, 13, 14 3
6 01-071-3771 Molybdenum Mo 7, 16,28 1
7 01-071-7326 Cobalt Molybdenum (Cog,0sMog92) 7,10 2
8 03-065-5108 Chromium Nickel Tungsten CryNi s W 8,9,12,17 12
9 01-072-3080 Rhenium Tungsten (Re35Wo65) 7,10, 28 1
10 01-071-7596 Chromium Nickel (Cry4Nige) 8,9,12,17 25
11 01-071-5711 Aluminum Chromium Nickel (Al 7Crg3)Nis 8,9, 14,21 13
12 01-089-7251 Chromium Tantalum Carbide Cro1TagoC 5,7,10, 11 2

Note. The peaks of X-ray diffraction patterns No. 1-4, 6, 22, 25 were not identified.

Table 2 — Thermodynamic analysis of possible dissolution reactions of the main components of GS32-VI alloy
with solutions of sulfuric acid

) AG®, KJ / mol 1gK,
Reaction

20°C 60°C 20°C 60°C
1 Ni + H,S0, = NiSO, + H,1 72,190 73,927 12,864 11,592
2 _ ?ﬁ??&ffﬁ?ﬁi“sﬁ)’fﬁfﬁo -1402,929 -1409,306 249,834 220,836
3 Al + 1,5H,S0, = Al,(SO,); + 1,5H,1 514,646 516,615 91,709 81,007
4 Co + H,S0, = CoSO, + H,1 92,183 94,565 16,427 14,828
5 Co + H,S0, + 0,50, = CoSO, + H,0 -275,207 -277,375 49,009 43,464
6 Co + H,S0, = CoO| + H,0 + SO,1 -5,480 -19,121 0,976 2,996
7 Cr + 1,5H,80, = Cry(SO,); + 1,5H,1 -253,917 -256,485 45248 40,218

and 60 °C. To perform a comparison of the energy indices of chemical reactions, calculations are made for
1 mole of the soluble component. The most technological acid is sulfuric acid, so the thermodynamic
calculations of the dissolution of the alloy GS32-VI with the participation of sulfuric acid were performed
in the first place. The results of thermodynamic calculations are presented in Table 2.

As follows from Table 2, the dissolution of the intermetallic compound Ni;Al is the most probable,
and its dissolution will be more active in the presence of an oxidizer, which was conventionally taken as
oxygen. It is also probable that reactions 3, 5 and 7 will occur. Less possibly — 1 and 4. Reaction 6 is the
least probable at dissolution of nickel-containing GS32-VI alloy solutions of sulfuric acid.Based on the
above analysis and the composition of the GS32-VlIalloy, it can be concluded that all the components
listed in Table 2 will pass into the solution upon contact with sulfuric acid.

There is information about the dissolution of nickel-containing alloys with solutions of hydrochloric
and nitric acids [3-5]. Table 3 presents the thermodynamic analysis of possible dissolution reactions of the
main components of the alloy GS32-VI in hydrochloric and nitric acids.

Thus, the greatest likelihood of dissolution in hydrochloric and nitric acids is observed for the
intermetallic compound Ni3Al, which increases when the oxidant is added to the system. If we compare
the effect of all acids, the thermodynamic probability of the reaction of dissolving Ni3Al in nitric acid
is higher than in hydrochloric and sulfuric. At the same time, comparing the values of Gibbs energy for
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Table 3 — Thermodynamic analysis of possible dissolution reactions of the main components of GS32-VI alloy
with solutions of hydrochloric and nitric acids

) AG®, KJ / mol 1gK,
Reaction
20°C 60°C 20°C 60°C
Dissolution in hydrochloric acid
1 Ni + 2HC1 = NiCl, + H,?1 -45,825 -44,630 8,166 6,998
2 Ni;Al + 9HCI = 3NiCl, + AICl; + 4,5H,1 -473,810 -481,330 84,432 72,652
3 Ni;Al + 9HCI + 2,250, = 3NiCl, + AICI; + +4,5H,0 -1143,67 -1131,83 203,665 177,357
4 Co + 2HCI = CoCl, + Hy? 61,773 62,310 -11,080 -9,770
5 Co + 3HCI = CoCl; + 1,5H,7 132,930 138,655 -23,689 -21,742
6 Al + 3HCI = AlCl; + 1,5H,1 -488,330 -481,280 73,520 75,466
7 Cr + 2HCl1 = CrCl, + Hp1 -164,900 -165,098 29,385 25,888
8 Cr + 3HC1 = CrCl; + 1,5H,1 -207,155 -201,039 36,915 31,535
9 Cr + HCI + H,0 = 0,5H,CrO, + 0,5CrCl, + +2H,71 64,137 59,332 -11,429 -9,304
Dissolution in nitric acid

10 | Ni+ 2,4HNO;=Ni(NOs), + 0,2N,1 + +1,2H,0 -313,954 -310,019 55,946 48,612
11 | Ni+ 2,5HNO; =Ni(NOs),+ 0,25N,01 + +1,25H,0 -291,784 -288,026 51,995 45,163
12 | Ni+ 2HNO;+ 0,50,= Ni(NO;),+H,O -283,784 -276,118 50,750 43,296
13 | NizAl +9HNO; + 2,250,= 3Ni(NO;3),++AI(NOs);+ H,O -1544,620 -1550,026 275,250 235,993
14 | Co+ 2,5HNO; = Co(NO;), + 0,25N,01 + +1,25H,0 -293,851 -289,789 52,364 45,440
15 | Co+2HNO;+ 0,50, = Co(NOs),+ H,0O -176,300 -169,290 31,396 26,528
16 | Al+3,6HNO;= AI(NOs);+ 0,3N,1 + +1,8H,0 -958,387 -945.912 170,784 148,322
17 | Cr+ 6HNOs=CrO;| + 6NO,1 + 3H,0 -410,456 -440,432 73,143 69,061
18 | Cr+4HNO;=CrO,| + 4NO,?1 + 2H,0 -468,826 -488,911 83,544 76,663

nickel and cobalt, it should be said that the probability of dissolution of these metals in nitric acid is much
higher than in hydrochloric and sulfuric. The behavior of chromium in solutions of these acids is special.
In nitric acid, in addition to soluble chromium (III) nitrate, which is formed in dilute nitric acid solutions
[11], chromium (II) and (III) oxides are formed, which can inhibit the dissolution of the alloy. In hydro-
chloric and sulfuric acids, chromium forms soluble salts with acids, and the thermodynamic probability of
chromium dissolution with the formation of chromium (II) sulfate in the solution of sulfuric acid is
somewhat higher than the formation of chromium (II) chloride. Concentrated sulfuric and nitric acids
passivate chromium [12].

In addition to the behavior of the main components of the GS32-VI alloy with dissolution by mineral
acids, the possibility of transferring rare and rare-earth elements to the aqueous phase is considered: tungs-
ten (8.6 wt.%), Rhenium (4.0 wt.%), Tantalum (4.0 wt%), niobium (1.6 wt%), molybdenum (1.1 wt%).

The results of the thermodynamic analysis of possible reactions of mineral acids with rare and rare-
earth elements that are part ofGS32-VI alloy are given in Table 4.

From the results of the thermodynamic analysis given in Table 4, it follows that rhenium (in solutions
of sulfuric and nitric acids) and tungsten (in solutions of sulfuric and hydrochloric acids) can be detected
in aqueous solution in dissolved form (in the form of mono- and dibasic acids). Some experimental data
indicate that in hydrochloric and sulfuric acid solutions hexavalent molybdenum is in the form of
polymerized cations [12]. Tantalum and niobium do not pass into an aqueous solution when dissolved
with acids under any conditions [11]. Along with soluble compounds, mineral acids can form a number of
insoluble compounds with rare and rare-earth elements, some of which are presented in Table 4.

If we analyze the Gibbs energy values for the dissolution processes in mineral acids of each compo-
nent separately, we can easily find the following decrease in the thermodynamic probability of formation
of water-soluble compounds in the series:

- for nickel, cobalt, aluminum and rhenium: HNO;> H,SO,>HCI;

- for chromium -H,SO,>HCI> HNOs.
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Table 4 — Thermodynamic analysis of possible reactions of solutions of mineral acids
with rare and rare-earth elements that make up the alloy GS32-VI

) AG®, AG®, KJ 1gK,
Reaction
20°C 60°C 20°C 60°C
Sulfuric acid
1 W + H,S0,4 + 1,50, = WO;| + SO57 + H,O -628,070 -630,530 111,848 98,803
2 W +H,S0, =H,WO, + S| -172,440 -173,420 30,708 27,175
3 | Mo +2H,S0, = M0O,| + 250,17 + 2H,0 -116,183 -142,278 20,704 22,310
4 Mo + 3H,S04 = MoO;| + 3S0O,1 + 3H,0 -41,450 -81,510 7,382 12,773
Hydrochloric acid

5 W + 3HCI = WCl;| + 1,5H,7 154,241 147,617 -27,486 -23,147
6 | W+2HCl+20,=H,WO, + Cl,} 656,18 644,48 116,851 100,989
7 Re +4/3HCI + 8/3H,0 = 2/3HReO,4 + 3H,1++1/3ReCly| 289,205 277,206 -51,536 -65,200
8 Re + HCI + 20, = HReO, + 0,5Cl,1 -564,820 -557,280 100,583 87,325
9 Ta + 3HCI = TaCl;| + 1,5H,7 -92,688 -99,134 16,517 15,545
10 | Ta+5HCI=TaCls| +2,5H,1 -89,063 99,479 15,871 15,599
11 Nb + 3HCI = NbCl;| + 1,5H,71 -120,466 -126,822 21,467 19,886
12 | Nb+4HC1=NbCly| + 2H,? -76,677 -88,152 14,198 13,822
13 | NbCyg;+4HCI + 1,830, = NbCly] + 2H,0 + +0,83CO,1 -761,520 -757,470 135,612 118,694
14 | Mo + 2HCIl = MoCl,| + H,1 19,624 15,688 -3,497 -2,460

15 | Mo + HCI + H,0 = 0,5MoCl,|+0,5M00, | +1,5H,1 -19,441 -24,140 3,465 3,785

Nitric acid

16 | W +4/3HNO;=WO,| + 4/3NO1 + 2/3H,0 -467,086 -472,561 83,234 74,099
17 | Re + HNO; + O,= HReO, + NOt -496,540 -497,550 88,424 77,965
18 | Re+ 7/3HNO; = HReO, + 7/3NO1® + 2/3H,0 -420,228 -431,785 74,384 67,705
19 | Ta+ 5HNO; =0,5Ta,05| + SNO,1 + 2,5H,0 -881,197 -906,025 157,028 142,068
20 | Nb+ 5HNO; = 0,5Nb,05] + 5NO,1 +2,5H,0 -807,329 -832,272 143,865 130,503
21 NbCy g3 + HNO; + 1,830,1 = HNbO;| ++NO, 1+ 0,83CO,1 -993,850 -988,660 176,983 154,921
22 | NbCyz5+ HNO; + 1,750,1 = HNbO;s |+ NO, 1+ +0,75CO, 1 -958,410 -953,030 170,674 149,339

Analysis of the Purbaix diagrams constructed for the main components of the alloy GS32-VI. In
this paper, an analysis of the Purbaix diagram at 25 ° C is given only for nickel and cobalt, the content of
which in the alloy is 60.05 and 9.3 wt. %, respectively (Figures 2 and 3). The diagrams of the state of
nickel and cobalt in aqueous solutions in the presence of chlorine, sulfur and nitrogen in the system are
constructed for clarity by imposing individual phase diagrams. Since the article considers the possibility of
dissolution of a nickel-containing alloy by acid solutions, we were interested in the acidic pH range of the
combined diagram.

On the combined diagram of the state of nickel (Figure 2), the same regions of existence for all types
of acids are observed only for the following nickel forms: NiO*OH, Ni, NiH ¢s.

In the presence of hydrochloric acid, along with the nickel Ni** ion in the acidic pH range, undis-
sociated nickel chloride-NiCl? is stable. These water-soluble forms are stable up to pH = 5. In the presence
of sulfuric acid there is a wide range of existence of the four-water nickel sulfate crystal hydrate, which
extends up to pH = 9. The presence of nitric acid in the aqueous solution expands the region of existence
of the Ni*" nickel cation by the values of the oxidation potential. It should be noted that the water-soluble
forms of nickel are stable only in the region of oxidation potentials and the pH of the aqueous phase is less
than 5.

As can be seen from the combined diagram of the cobalt state (Figure 3), the same regions of
existence for all types of acids are characteristic only of Co(OH); and metallic Co. All other areas have
features depending on the type of acid. In the solution of hydrochloric acid, the presence of the CoCl” ion
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Ni-%-H1O - Systemat25.00C

Ni-Cl- H20- Ni-N-H10

Eh (Volts)

Figure 2 —
Combined diagram
of Ni-CI-N-S-H,O0 nickel state
in aqueous solutions

L5 | NiH0.68
20 . . . . . . . . . . . . .
0 2 4 6 8 10 12 14
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Co- C1-H20 Co-N-H20 Co- 85-H210 - System at 25.00 C

Figure 3 —
Combined diagram
of the Co-CI-N-S-H,O cobalt state
in aqueous solutions
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should be predicted, whose existence range extends up to pH = 7. In the presence of nitric acid, up to pH =5,
the formation of a complex cobalt ion [Co,OH]*" is possible, which then passes into the [Co4(OH),]*". The
presence of sulfuric acid in the aqueous solution, like that of nitric acid, leads to the formation of
[Co,OHT**, which then, depending on the potential in the system, can either go to the [Cos(OH)4]*" state,
or to the seven-hydrate sulphatecobalt crystal hydrate. Thus, the presence of acids in the aqueous solution
promotes the conversion of cobalt into water-soluble forms.

Conclusions:

- thermodynamic analysis of possible dissolution reactions of nickel-containing alloy GS32-VI with
solutions of mineral acids showed that the following components will pass into the aqueous solution:
nickel, cobalt, aluminum, chromium, rhenium and, possibly, tungsten;

- rare and rare-earth elements (except rhenium) basically either form insoluble compounds with acids,
or remain unchanged;

- a decrease in the thermodynamic probability of formation of water-soluble compounds in the series
was established: for nickel, cobalt, aluminum and rhenium: HNOs;> H,SO,>HCI; for chromium -
H,SO,>HCI> HNOj3;

- analysis of the state of nickel and cobalt in aqueous solutions showed that the main amount of
water-soluble compounds of these metals is stable in the acidic pH range.
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E.T. Bafmonyposl, I'. A. Ycoabuesa', O. B. ‘{epﬂumonaz, J. B. I[poﬁoTz, P. C. Aknan6aes'

'HAO Kazaxckuii HallHOHANBHbIH HCCIIEI0BATENbCKMI TeXHUIecKuii yauBepcuteT nm. K. 1. Cartnaesa,
Anmartel, Kazaxcran,
*MOCKOBCKHii TeXHOTOTHUECKHit yHuBepcurer, Poccust

TEPMOANHAMMNYECKASI OHIEHKA BEPOATHOCTHU PACTBOPEHMUS
BTOPUYHOI O ) KAPOITPOYHOI'O HUKEJIbCOJAEPKAIIEI'O CIIVIABA KC32-BH
PACTBOPAMU MUHEPAJIBHBIX KUCJIOT

AHHoTauusi. PaccMoTpeHa TEpMOIMHAMHUYECKAs BEPOSTHOCTh IEpPexoja KOMIIOHEHTOB JKapOIPOYHOIO
HUKenbconepkamero cruiaa JKC32-BU B Boanyto (azy mpu BO3AeHCTBHH Ha CIUIaB PAaCTBOPOB COJISTHOM, CEPHOM U
a30THOM KuCI0T. XuMudeckuii coctas ciuiasa JKC32-BH, mace. %: Ni - 60,05; Co - 9,3; W - 8,6; Al - 6,0; Cr - 5,0;
Re - 4,0; Ta - 4,0; Y - 0,005; Nb - 1,6; Mo - 1,1; C - 0,16; B - 0,15; Ce - 0,025; La - 0,005. OCHOBHBIMH KpHCTaJI-
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myecknmu (azamu crutaBa sBistorest coenuHeHHs AlNis, Cro4Nigg, CogoWo 1, CraNijsW, (Alg7Cro3)Niz 1 CsNbg,
9TO OBUIO BBIABICHO C TMOMOIIBIO peHTreHoda3oBoro aHanmsa.TepMoamHaMu4eckas BEPOSTHOCTh PaCTBOPEHUS
komnoHeHTOB ciuraBa JKC32-BU oneHmBanachk o 3Ha4YeHMSIM H300apHO-U30TEPMHUYECKOTO TTOTCHIINANIA BEPOSATHBIX
peaxmuii B3aMMOJEHCTBHS OCHOBHBIX KOMIIOHEHTOB W (ha3 ¢ pacTBOpaMH yKa3aHHBIX MHHEpPANbHBIX KHCIOT. Ha
OCHOBaHHM{ TEPMOIHMHAMHYECKOTO aHAIN3a YCTAHOBJIEHO, YTO BO3MOXHOCTH IIEpexo/Ja B pacTBOP HEKOTOPBIX
OCHOBHBIX KOMIIOHEHTOB CIUIaBa B 3aBUCHIMOCTH OT THIIa MHHEPAJIBHON KUCIOTHl YMEHBIIIAETCS B PsIax:

— U151 HAKEJIs, KoOasbTa, amomunus u perns: HNO;>H,SO,>HCI;

— mis xpoma: H,SO,~HCI>HNO;.

[TokazaHo, 4TO HAHOOJIBIIYIO BEPOSITHOCTh IMEPEXoaa B BOAHYIO (a3sy B Kuciaod obiactu pH Moryr umerh
HUKEJNb, KOOANbT, ATFOMUHAN, PEHUI U XpoM. B To ke BpeMsi HHOOMIA, Bob(pam, TaHTall 1 MOJTUO/ICH, CKOpEe Bce-
ro, OyyT OCTaBaThCs B KEKE B BUJIC HEPACTBOPUMBIX B BOAHBIX PACTBOPAX COCAUHCHHU.

KiroueBble €J10Ba: pacTBOPCHHE, KAPOIPOUHBIA HUKEIBCOICPIKAIIUI CIIaB, COJITHAS KUCIIOTa, CepHAst KHC-
JI0Ta, a30THAS KACJIOTA, TEPMOJIMHAMUKA, N300apHO-H30TEPMUIECKUH KOAPPHUIIMECHT, KOHCTaHTa PABHOBECHS.

E.T. Eafmonyponl, I'. A. Ycoabuesa', O. B. ‘{epmﬂmonaz, J. B. )lp060T2, P. C. Aknan6aes’

'K. W1. Cor6aeB athinarsl Kasak yITTHIK TeXHUKANBIK 3epTTey yauBepcuteri KEAK, Anvatsi, Kasakcran,
*Mockey TeXHOIOTHAIBIK yHHBEpCHTeTi, Peceit

MHUAHEPAJIIbI KbIIUKBIIIAP EPITIHALIEPIMEH 2KC32-B HUKEJIbKYPAM/IbI
KAUTAJIAMA KbI3YFA BEPIK KOPBITITACBI EPY BIKTUMAJLABIJIBIF bIHBIH
TEPMOJANHAMMUKAJIBIK BAFACBHI

Annoranusi. Makanana JKC32-BU HukenbKypamsl KbI3yFa Oepik KOpbITHara Ty3, KYKIPT K9HE a30T KbIII-
KbULIAphl epiTIHIUIEPiHIH acepi Ke3iHe KOphITIIa KOMIIOHEHTEPIHiH CyJbl (a3ara eTyiHiH TEPMOJUHAMHKAIBIK MyM-
KiHOmiiri kapacteipsurrad. JKC32-BU kophITHaChIHBIH XUMUSUTBIK, KypaMbl, Mmacc. %: Ni - 60,05; Co - 9,3; W - 8,6;
Al - 6,0; Cr - 5,0; Re - 4,0; Ta - 4,0; Y - 0,005; Nb - 1,6; Mo - 1,1; C - 0,16; B - 0,15; Ce - 0,025; La - 0,005.
KopsITianslH HETi3ri KpucTanablK (aszanapsl, peHTreHodasanslk Tangay kemeriMer anblkrasnFaH AlNis, Crg4Nigg,
CogoWo1, CrgNijsW, (Alp7Crg3)Niz xxaHe CsNbg KocsutbicTaps! 6ombin Tadbsitaznsl. XKC32-BU KopeITiia KOMIIOHEHT-
TEPIHIH epy TePMOJMHAMHKAIBIK BIKTUMAIABUIBIFBI HETI3I1 KOMIIOHEHTEp MeH (pazanap/ bl KepceTiireH MUHEPa (bl
KBIIIKBUIIAP €PITIHALIePIMEH BIKTHMAIABI ©3apa OPEKETTeCY peakUHsIapAblH H300apibl-M30TePMHUSIIBIK MOTEH-
uasnmap MoHi OoitbiHiIa OarananraH. TepMOAMHAMUKANBIK TAlay HEri3iHe epiTiHIIre KOPbITIaHbIH KeHoip Herisri
KOMITOHEHTEPIHIH 6Ty MYMKIHILUIIrT MHHEPAJI/bl KBIIIKBLI TYPiHE OaiiyIaHbICTHI KEMUTIHI aHBIKTAJIFaH:

— HHKEJlb, KOOaNIbT, amfoMUHUI MeH peruit yurin: HNOs> H,SO,> HCI,;

—xpowm yurin: H,SO.>HCI> HNO;.

PH KbIIIKBUT OOJIBICBIH/IA HUKEIb, KOOAIBT, AJIIOMUHUM, PEHUH MEH XpOM CyJIbl (a3ara eTy BIKTHMAJIABUIBIFBI
JKOFapbl eKeHAiri kepcerired. Cos Me3eTTe HHOOMH, BOJIb(paM, TaHTaJl )KaHE MOJIUOIEH KEKTe CyJIbl epiTiHaiIepae
epiMEHTIH KOCBUIBICTAP TYPIH/AC KaTabl.

Tyiiin ce3aep: epy, HUKEIbKYpaMIbl KbI3yFa Oepik KOPHITIIA, TY3 KBIIIKBUIB, KYKIPT KBIIIIKBUTHI, 230T KBIIIKBI-
JIBI, TEPMOAMHAMUKA, U300apIIBI-N30TEPMISUIIBIK K03 (PUIIHEHT, Teme-TeHIIiK KOHCTaHTACHL.
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