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A new method for the catalytic neutralization of carbon monoxide has been developed. The composition of the highly efficient
Zn-Cu-Cr pumice concrete catalyst and the method of its application to tubular supports are synthesized. When studying the kinetics
of the reaction, the main parameters (temperature coefficient, reaction order, equilibrium constant) are determined and investigated that
allow a complete comprehensive assessment of the developed catalysts. Experimental data show that the catalyst begins to show activ-
ity at a temperature of t = 150°C. With increasing temperature, the degree of conversion increases, reaching maximum values (86-96%)
at a gas and space velocity of 10000-20000 h'. A further increase in temperature does not lead to a noticeable increase in the degree of
conversion, since a residual concentration of carbon monoxide close to equilibrium is established in the gas mixture, the value of which
depends on temperature. Due to the fact that the reaction is exothermic, the temperature in the reactor can increase, reaching a critical
value. Studies have shown that when the reactor is heated to 350-400°C, a further spontaneous increase in temperature is observed. It
follows from this that the initial gas temperature should not be higher than critical. Long-term operation of the catalyst in laboratory
conditions showed that its activity within 70 hours of continuous operation did not change. Water vapor present in the gas does not
reduce the activity of the proposed catalyst. The synthesized catalyst exhibits higher activity than industrial low-temperature catalyst.
The design of the apparatus, a tubular reactor, in which the catalytic treatment of industrial waste gases contaminated with carbon mon-
oxide is carried out, has been developed and tested. Key words: neutralization of carbon monoxide, pumice concrete, tubular reactor.

KarajaitTnuna HeiiTpanizaniss MoHookcuay kapOoHY B NpoOMHCIOBHUX ra3zoBux Bukuaax. Kysnwemos C.I.,
Maunees B.O., Besmaabuenko B.M., Jiooabckuii C.A. Po3po0ieHO HOBHI MeTOH KaTaliTHYHOI HeWTpamisaiii MOHO-
okcuay kapOoHy. CuHTe30BaHO ckilaJ BHcokoedekTuBHOro Zn-Cu-Cr kartamizatopa-mem3o0eToHa Ta cmnoci® ioro
HaHEeCeHHs1 Ha TpyOuacti Hocii. [Ipy BHBYEHHI KiHETHKHM peakiii BU3HA4YeHI W IOCTI/KEHI OCHOBHI mHapamMeTpu (TeM-
nepaTypHuil koedimieHT, MOPSAMOK peaxiiii, KOHCTaHTa MIBUAKOCTI), SKi JO3BOJISIOTH HAa/JaTH IOBHY KOMIIJIEKCHY OIIHKY PO3-
pobnenum karanizaropaMm. ExkcrepuMeHTalbHI JaHI MOKa3ylOTh, IIO KaTajli3aTop MOYMHAE MPOSBISITH aKTHUBHICTH MPH TEM-
nepatypi 150°C. 3 migBHIIEHHSM TeMIIepaTypH CTYIiHb NE€PETBOPEHHS 30UIBIIYETHCS, DOCATAIOYH MaKCUMalbHHX 3HaueHb
(86-96%) npu temneparypi 300°C Ta 06’emHill mBuaKocTi razy 10000-20000 roxa'. Ilonansie 36iNbIIeHHS TEMIIEpaTypu He
MIPU3BOAMTE JIO CYTTEBOTO 3POCTaHHS CTYNEHs NEPETBOPEHHs, TOMY IO B Ta30Bill CyMillli BCTAHOBIIOETHCS OJIM3bKA 10 PiBHO-
BaXXHOI 3aJIMIIKOBA KOHIIEHTPAIlisT MOHOOKCHIY KapOOHY, BETMYNHA SKOI 3aJIeKUTH BiJ] TEMIIepaTypH. 3 OITIsAy Ha Te, IO PeaKiis
eK30TepMiYHa, TEMIIEpPaTypa B PEAKTOPi MOXKE 3pOCTAaTH, AOCATAOYM KPUTHYHOTO 3Ha4eHHs. J[OCHi/KeHHs IOoKa3aly, 10 Hpu
posirpisi peakropa 10 350-400 °C crocTepiraeTbcst HofaIbile HEKOHTPOJIBOBAHE MiJBUIIECHHS TeMIepaTypu. ToMy modaTrkosa
TeMIIepaTypa ra3y He MOBHHHA OyTH BHINE KpUTHYHOI. TpuBasla eKCILTyaTalis KaragizaTopa B 7a00paTOpHUX yMOBax MoOKasana,
0 HOro akTUBHICTH B Mexkax 70 roauH Oe3nepepBHOI poOoTH He 3MiHIOBanacs. HasBHICTB y rasi BOJSHOI Mapu HE 3HHXKYE
aKTUBHICTP 3aIPOIIOHOBAHOTO Karali3aropa. CHHTE30BaHUH KaTalli3aTop MposBise OibII BUCOKY aKTHBHICTD HiXK IIPOMHCIOBHUI
HU3bKOTeMIeparypHuuii karaiizarop HTK-4. Po3po6nena i BunpoOyBaHa KOHCTPYKIIisl anapary — Tpy04acToro peakropa, B sKOMy
3[IHCHIOETHCS KaTaJliTHYHE OYHMICHHS IIPOMUCIOBHX Ta3iB, 3a0pyAHEHINX MOHOOKCUAOM KapOoHy. Kniouosi croea: HeHTpamiza-
LlisI MOHOOKCUY KapOOHY, KaTai3arop-neM300eToH, Tpy0dacTuii peakTop.

Problem statement. It is known that human body
passes through the lungs about 20 m® of air a day,
and during the whole life this number is about 600000 m?.
It is obvious that air pollution, even in small doses can
make serious damage to health.

Nowadays in the MAC data there are more than
4.5 thousand harmful air pollutants and carbon monox-
ide has a leading position in this list. Its global emissions
account is 177 million tons per year. The main source
of carbon monoxide formation is the heat power indus-
try. This gas is 300 times faster soluble in blood than
oxygen and its concentration in air of more than 0.1%
is lethal for man. It takes three to six months for carbon
monoxide to become carbon dioxide,

The purpose of this study was to develop new types
of catalysts and equipment for the effective neutraliza-
tion of carbon monoxide included in the exhaust gas
heat energy and industrial facilities. Now the combus-
tion products are emitted into the atmosphere without
treatment, and large volumes of flue gases and the pres-
ence in their structure of associated impurities, such as
dust and sulfur dioxide complicates process of gases
neutralization.

Actualization. Development of new catalysts — one
of the possible solutions for this problem. Catalytic
methods have a number of significant advantages over
other methods of sanitary cleaning of gases, however,
this requires the availability of cheap and effective cata-
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lysts. Mass production of the catalysts is only possible if
raw materials used are available and of low cost.

From the experience of using catalysts for final oxi-
dation of carbon monoxide it is known that as the cat-
alytically active substances can be used compounds
of Cu, Cr, Fe, Mn, Pt, Ag, Sn, Co, Pd, Zn, Cd, Th, Be, et
al. To obtain the catalysts it’s necessary to impregnate
a porous carrier with catalytically active substances.
Then, the filler is added, and residue, drying and tablet-
ing the resulting mixture is held. However, the catalysts
obtained by the described technologies are expensive
and have limited amounts of release, therefore, it can
not be recommended for sanitary cleaning of large vol-
umes of gas.

These studies have led to the development of catalysts
for the new types of neutralization carbon monoxide.
They have a high level of productivity, activity, selectiv-
ity, mechanical strength and heat resistance, low poison-
ing and low aerodynamic resistance. To form the contact
mass cheap and available substances are used.

Novelty. The most highly active catalysts are shown
having the following composition: ZnO —2%, CuO —8%,
Cr,0,-6%.

The weight ratios of catalytically active substance,
aluminum powder and cement 1: 2.5: 3.

The manufacturing method of the catalyst is a mix-
ture of catalytically active substances and aluminum
metal (powder), ammonia water and cement. The
porous structure of the catalyst is formed by reacting
of the intensive flowing ammonia water with aluminum
metal and the catalytically active substances, resulting
in foaming of the reactants. The catalyst mass in a pasty
state is applied to the inner surface of pipe with a punch.

?7
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Fig. 1. Applying of catalyst device
on the inner surface of pipes: 1 — pipe; 2 —catalyst mass;
3 — punch head; 4 — punch body; 5 — guide ribs; 6 — gauge skirt;
7 — supported catalyst layer,; 8 — rod

Once hardened, the contact mass is dried and calcined
at 350°C temperature. The resulting composition forms
a solid porous layer inside the pipes — pumice concrete.

The pipes are mounted on the tube sheets and placed in
a common housing forming a tubular reactor.

Fig. 2. The tubular reactor: 1 — case; 2 — cover;
3 —tube catalyst; 4 — tube sheet; 5 — bottom

Experimental data shows that the catalyst starts to be
active att=150°C. With increasing temperature, the degree
of conversion increases, reaching a maximum at gas velo-
city 1000020000 h' is 86-96%. Followed temperature
increasing does not lead to a marked increase in the degree
of conversion, because in the gas mixture is set close to
the equilibrium concentration of the residual carbon mon-
oxide which value depends on the temperature.

Since the reaction is exothermic, the reactor tempera-
ture may rise, reaching critical point. Studies showed
that on heating the reactor to 350-400°C followed
spontaneous temperature rises. It means that the initial
gas temperature should not be above the critical value
defined by the formula:

tinit < terit - At H

where: ¢, — the critical temperature in the reactor

(t=350°C);

At —the temperature rise in the reactor due to the heat
of reaction, °C

o 0-C.,-1000
100-22.4-C,-p~

where: Q — heat of reaction, kJ/mol;

C., — CO content of the gas, % (vol.);

C,— specific heat of gas, kJ/kg-deg;

p — gas density kg/m’.

From the formula given above, it follows that
for every percentage entered into the carbon mon-

oxide reaction gas mixture temperature will
. 41-1-1
rise At= 000 =13.9°C, consequently:
100-22.4-1.02-1.29
tinit < tcrit - 1 39 ’ CCO .

The exhaust gases of several industries, in addition to
carbon monoxide in its composition contain sulfur com-
pounds, dust and other impurities. In this regard, it is
reasonable to study the influence of these impurities on
the catalyst activity.
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It is known that the presence in the gas of 0.1% after
10 hours, the catalyst begins to show signs of decreased
activity. After 20 hours, the degree of purification,
decreases from 90% to 75% and in 70 hours — 43%.
This is an indication of “poisoning” of the catalyst.

The slower fall in activity is observed in the presence
of dust in the cleaned gases. After 70 hours of continu-
ous operation the activity of the catalyst is reduced by
10% in the presence of gas in 3-5 g/m?® of dust. Dust
causes a temporary decrease in the catalyst activity due
to its mechanical clogging. Removing dust from the reac-
tion zone restored the catalyst activity completely.

Continuous operation of the catalyst in the laboratory
showed that its activity within 70 hours of continuous
operation does not change. Water vapor in the gas don’t
not reduce catalyst activity. The synthesized catalyst
shows higher activity than the commercial low-tempera-
ture catalyst LTC-4.

The main parameters that allow you to complete
a comprehensive assessment of the developed catalysts
have been identified in the study of reaction kinetics.
These include temperature coefficient, reaction order,
and rate constant.

The relatively low values of the temperature coeffi-
cient and the activation energy leads to the conclusion that
the oxidation reaction of carbon monoxide on the cata-
lyst takes place in the diffusion region. This is evidenced
by the first-order reaction. Moreover, the excess oxygen
at the process rate is limited by diffusion of carbon mon-
oxide in the catalyst pores. It is assumed that the conver-
sion of one broken-bond in the molecule and CO connec-
tion between hydrogen and oxygen in the water molecule.
The total energy breaks the bonds is 1178 kJ/mol, which
virtually eliminates leakage without a catalyst reaction.
In catalytic reacting carbon oxide consuming oxygen
from the catalyst, and the water returns the catalyst, both
processes occur simultaneously. The reaction mecha-
nism fused interaction leads to a considerable reduction
of the energy barrier. This allows the process at relatively
low temperatures and high space velocities, as observed
in the present studies. The most effective means of accel-
erating the processes occurring in the diffusion region
(internal transfer), is to reduce the grain size of the cata-
lyst, as well as the use of catalysts with high surface area,
in which the pores are large transport routes to the surface
of the highly produced fine pores of small length.

The theoretical time necessary for the diffusion
of carbon monoxide in the catalyst pores is determined
by Einstein formula;

LZ

2D,

where: L — penetration depth (grain radius), cm;

D, — the effective diffusion coefficient.

The mean free path of molecules of CO (58 nm),
far smaller than the diameter of the catalyst (3000 nm),
the diffusion coefficient in the operating conditions
given by Arnold.

Ta

0.00837-792. |14 1
M; M;

P-(VE+VEY (T+C,,)

B

where: M,, M, — the molar mass of the components,
g/mol;

V-Vs _ molar volume of the components cm?/mol;

T — temperature boiling components K;
P — pressure, MPa;
C ., constant Sutherland.

A+B
05
Chpy=147-¢-(T,-T,)",
where: V,,V, — boiling point components °K.

(VA i VB )0.5

=8
¢ V,+V,

Substituting the values of the operating parameters
of the equation, we obtain:

o (307 -29.9)"
30.7+29.9

C.up =1,47-3.999-(68-60)"" =375,49;

¢= =3,999;

0.00837-523%2. | L4 1
D - 28 289

1-(30.7 +29,9" ) (523 +375.49)

=0,397cm? /s
Then, according to the equation:
0.5
T, =
2-0.397
In view of this time we define theoretically allowable
space velocity:

=0,315s.

3600 3600

W= 11428 K
0.315

Ta

If you do not use a large three-dimensional veloc-
ity of the gas, the degree of conversion of CO will
be reduced by minimizing the using of inner surface
of the catalyst. The bulk gas velocity can be increased
by using a smaller catalyst pellet, but this increases
the flow resistance layer. The equilibrium conversion
rate is determined from the relationship:

_ [Pco]'[Pﬂzo:I

! [PC()]'[PHZ]
where: K, - the equilibrium constant,

P,,P, P

co>*mo-tco,»
components at the time of equilibrium.

Expressing partial pressures through the initial con-
centration of the components in the feed gas, we obtain:

PH2 — the partial pressure of the
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Table 1
Active zinc-copper-chromium catalysts — pumice concrete
(ZnO-2%3; Cr,0,—6%; CuO—8% ; t =300°C)
. CO content,% Catalyst activity
Space }\lzglomty, Conversion,%
Entrance Exit VC’?‘ MCA SC’?
kg/m*-h kg/kg-h kg/m*h
5000 2,0 0,08 96 120 0,092 9,2
10000 2,0 0,12 94 235 0,18 18
15000 2,0 0,2 90 3375 0,259 25
20000 2.0 0,28 86 430 0,330 33
25000 2.0 0,44 78 487.5 0,375 37.5
a—a-X n—a-X The maximum conversion rate in the diffusion
P,=—"2=% B,,=—% region is 90-93.5%, which is 92-96% of the theore-
1+n : I+n tical.
b—a- X, _c—a X, For tubular reactors designed activity inves-
Hy, — ﬁ O 4p P, tigated catalysts per unit volume (volume

where: a, b, c — CO, H,, CO, respectively, in the feed
gas;

n — the ratio of the vapor-gas;

X~ the equilibrium degree of conversion.

Substituting the values of the partial pressures
of the components in the equation, we obtain:

(a-a-,)(n-a-%,)

b crax, ) (brax,)

Solving this equation for, X, we find:

—a- (f(,_.{; +K c+a+ n]
J J "

! 2-a’-(K,~1)

\’Ir[a . (K:,,{:’ +K,c+a+ r,']]' -44° ( K, -1 ) ( K 6c— cm]

2-a’ (K, ~1)

+

Inourcase:a=0.02;8=0;c=0;n=1,09.
The equilibrium constant for a given by:
__—002:(002+19)
P 2.0,02°-(0.02459-1)

. V[0.02:(0.02+1.9)F —4-0.02>(0.02459 - 1)- (- 0.02-1.9)
B 2-0.02%-(0,02459-1)

=97.43%

of the catalytic activity VCA), a unit of mass (the
mass of the catalytic activity MCA) and the specific
surface of the catalyst (surface catalytic activity
SCA). The determination of these values is carried
out according to the formulas:
VCA = G, _W. C,-M
V..t 100-22.4

cat ’
G,
Beat° T
G

SCA=—2" =
Sei'T S

-oucg/m3-h;

MCA =

AKg/Kg-h;

MCA

2
Kg/m--h
-1000 g/

cat

where: G, _ the mass of CO oxidation, kg;

V.. — the volume of catalyst, m’;

8..— the mass of the catalyst, kg;

S, — catalyst surface, m*/g;

T — reaction time, h;

Wg — hourly space velocity, h';

C?"— CO concentration at the reactor inlet, % (vol.);

M — molecular mass of CO;

a — the conversion of CO, the proportion of units;

p — density of the gas kg/m°.

The tubular reactor has a high capacity, can handle
dusty gases and provides a high degree of purification,
without requiring a large operating costs.
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SHHIXEHHSI BHHOCY IOHIB ITHHKY I HIKEAIO
ITPOMHBHHMH BOJAMH 'AABBAHIYHHUX AIHIH
3 YTHAISAILIIEIO Y BUTASIAI JOOATKOBHX
IITAPIB ITIOKPHTTIB

Maiizedic A.O.

HanionansHuii TEXHIYHUNA YHIBEPCUTET
«XapKiBCHbKHN MOMITEXHIYHUI IHCTHTYT
Byn. Kupnnuosa, 2, 61002, m. Xapkis
a.maizelis@gmail.com

[IpencraBneHo pe3yabTaTé TOCTIIKCHHS YMOB 3HIDKCHHSI BUHOCY 10HIB IMHKY 1 HIKEITFO IPOMHBHIMH BOJIaMU TaJIbBAaHIYHUX JIiHIH
LMHKYBAHHS 1 €lIEKTPOOCAMKEHHS MyIbTHIIApoBUX (Zn-Ni),/(Zn-Ni), HOKPHUTTIB 3 yTHNi3ali€lo METaNlB y THX *e JiHiAX. [TokazaHo, mo
BUKOPUCTAaHHS JONATKOBOI IaJIbBaHiYHOI BAHHU 3 PO3BE/ICHUM 32 i0HAMH METAJIIB EJICKTPOJIITOM JIa€ 3MOTY 3aJIeKHO BiJl CKIIaJly eeKTPO-
JiTy 1MHKyBaHHs y 3—10 pasiB 3HU3WUTH BUHOC iOHIB METAJIB y CHCTEMY NPOMHBHHX BOJ JIiHii. 3aBISIKH BUKOPUCTAHHIO KOMIIIEKCHOTO
DIIHATHO-aMiaKaTHOTO PO34YKHY B Il BAHHI Ha OLMHKOBaHI IIOBEPXHI 0CAIKYEThCS SIKICHHI JOATKOBHIT IIap CILUIaBY, KW 3aXHIIAe
ii Bix kopo3ii. Lle mae 3Mory He BUKOPHCTOBYBATH JJIsl TAKOTO 3aXHCTy XPOMATHY MACHBALI0 IIMHKOBUX MOKPHUTTIB Y PO3UMHI, 11O MicC-
TsTh TokcH4Hi criomyku Cr(VI). B ranpBaniuHiil 1iHii e1eKTpoOCaHKEeHHS MYJIBTHIIAPOBOTO MOKPUTTS, Y IKOMY TIEPiOIHIHO YePryIOThCS
TOHKI IIapy cIuIaBiB Zn-Ni pi3HOTO CKJIaJy, 3alpoOlIOHOBAaHO YTHIII3yBaTH METallM y BUIVIAAI Miqmapy cruiaBy Zn-Ni, mo 30aradeHnii 3a
LIMHKOM IS PO3LIMPEHHS chepy BUKOPUCTAHHS ITOKPUTTIB. Takuii migmiap ocapKyIoTh y JOIATKOBIH BaHHI 3 PO3BEICHHUM Mipodocdar-
HO-IIUTPaTHUM PO3YHHOM, 3aBASKH YOMY Ha IOPSIO0K 3MEHILYETHCSI BHHOC 10HIB METaJIiB y TPOMUBHI BOAM JTiHii. ¥ cXeMi 3alIpOIIOHOBaHO
TaKOXX MIOBEPHEHHsI OCHOBHOTO Jiiranay (mipodocdary) enekTponiTy, sKuii BAHOCUTHCS ASTAISIMY 11/l Yac IPOMHUBAHHS B poOOUy BaHHY.
Pesynbrati HOCIIKEHHSI MOXKYTh OyTH BHKOPHCTaHI B rajbBaHIYHUX AUISHKAX 1 I1€XaxX, B SIKMX 3IIHCHIOETHCS €NIEKTPOOCAIHKCHHS
IUHKY 3 Oy/b-SIKUX €JIEeKTPOIITIB, JUIs T030aBIEHHS Ollepalii XpoMaTHOI macuBanii y po3dnHax, mo MicTaTs crioryku Cr (VI), a Takox
Ha TUX MIINPHEMCTBAX, JIe € MOTpeda B 3aXHCTI CTaJIeBOI MOBEPXHI Ha PiBHI KaAMI€BUX TIOKPUTTIB 0€3 BUKOPUCTAHHS TOKCHYHUX 10HIB
KaJIMil0, 3aBJIIKM BHCOKii KOpO3iitHiii cTifikocTi MynbTuIIapoBux (Zn-Ni),/(Zn-Ni), nokpurtis. Knwouosi cnroea: ciuiaB HUHK-HIKEIb,
IIPOMHBHI BOJIY, KOMIIJIEKCHI €JIEKTPOJIITH, YTHIII3aIlisi METaJliB, BHHOC SIIEKTPOJIITY.

Reduction of zinc and nickel ion loss by rinsing waters of galvanic lines with their utilization in the form of additional
coating layers. Maizelis A.

The results of the study of the conditions for reducing the loss of zinc and nickel ions by the rinsing waters of galvanic lines of
zing coating deposition and electrodeposition of (Zn-Ni),/(Zn-Ni), multilayer coatings with metal utilization in the same lines are
presented. It is shown that the use of an additional galvanic bath with low-concentrated electrolyte, depending on the composition
of the electrolyte for zinc electrodepostion, can reduce the loss of metal ions into the rinsing water system of the line by 3-10 times.
Due to the use of a complex glycinate-ammonia solution in this bath, a high-quality additional alloy layer is deposited on the surface
of zinc coating, which protects it from corrosion. This avoids the use of chromatic passivation of zinc coatings in solution that pro-
duces toxic Cr (VI) compounds for such protection. In the galvanic line of the electrodeposition of multilayer coating consisting of
periodically alternate thin layers of Zn-Ni alloys of different composition, it is proposed to utilize metals in the form of a Zn-Ni alloy
sublayer enriched with zinc to expand the scope of the coatings. This sublayer is deposited in an additional low-concentrated bath with
pyrophosphate-citrate solution, leading to the reduce in metal ions loss into the rinsing waters of line by an order. The scheme also
proposes the return of the main ligand (pyrophposphate) of the electrolyte, which is carried out by washing the parts, into the work-
ing bath. The results of the study can be used in galvanic lines and workshops in which zinc is deposited from any electrolyte to get
rid of the operation of chromatic passivation in solutions containing Cr (VI) compounds, as well as in those enterprises where steel
protection is required at the level of cadmium coatings without the use of toxic cadmium ions due to the high corrosion resistance
of (Zn-Ni),/(Zn-Ni), multilayer coatings. Key words: zinc-nickel alloy, rinsing water, complex electrolytes, metal utilization,
electrolyte loss.

IMocTranoBka npodjemu. ['agpBaHIYHI MOKPUTTSI —
OJIVIH 13 HalIeeBIINX 1 HAUMPOCTININX CITOCOOIB MOJIH-
¢ikamii moBepxHi 3 METOIO HAJAHHS il TOKpaneHnX ¢i3u-
KO-XIMIYHHX 1 MEXaHIYHUX BIACTUBOCTENH. BomHoyac
y JiHISX TaTbBaHIYHOTO HAHECEHHS TOKPUTTIB T'eHEPY-
€THCSI IOCUTH BEJIMKA KIJTBKICTh CTOKIB, 1[0 MICTHTH 10HH
METaJiB, OCKUTLKHA B CUCTEMH MTPOMHUBAHHS 3 JACTaISAMH
BHHOCHTBCS KOHIICHTPOBAHUH €IIEKTPOJIIT.

I[MHKOBI MOKPHUTTA 3aXMINAIOTH CTaJeBi BUPOOH BiJ
KOpPO3ii 3aBSIKK CBOEMY OLITBIII HETaTUBHOMY ITOTCHITIATY

B Oararbox cepeqoBHINAX. TOMy MOKPHUTTS € aHOIHHM
IIO/I0 CTAJILHUX JICTAJICH 1 3aXHIa€ iX 3aBASKH CBOEMY
po3urHEHHI0. 1151 3HMWKEHHS IBUIKOCTI KOPO3il IIMHKO-
BUX ITOKPHUTTIB iX MacUBYIOTh. HalG1IbII IMPOKO HOIIH-
pCHE B IIPOMHUCIIOBOCTI XPOMAaTyBaHHs, B IIPOIIEC] SIKOTO
BUKOPHCTOBYIOTHCS TOKcH4HI crionrykH Cr (VI), Big sikux
HEeOoOXiTHO 3HEIIKO/KYBAaTH HE TUIBKH NPOMHUBHI BOIH,
ane ¥ KOHIIEHTPOBAHI BiANpaboBaHi PO3YHHH.
IMokpurtss cmmaBoM Zn-Ni MaroTh aHTHKOPO3i-
WHI BIACTHUBOCTI, IO BiAPI3HAIOTHCS SK BiJ| IUHKOBUX
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MTOKPHUTTIB, SIKi 3aXUIIAI0Th CTAJIEBI JIeTall aHOIHO, TaK
1 BiJ HIKENEBHX, SIKi € OUTBII KOPO3IHHO CTIKIMH, HIK
nuHKoBI [1; 2]. Kopo3siiiHa CTIHKICTh TMOKPHUTTIB CILIa-
BOM [IMHK-HiKeJIb OJTM3bKa JI0 KaJIMI€BUX, IO Ja€ 3MOTY
IiJ] 9ac 3aMiHW HUMH KaJIMi€BUX MOKPHUTTIB MPHOpATH
31 CTOKIB TrajbBaHIYHMX ILexiB TokcnuHi ioHm Cd?'.
Y cBOIO Uepry, KOpo3iifHa CTIHKICTh TOKPUTTIB CIUTABOM
Zn-Ni 3aJIeKUTh BiJl €IEeMEHTHOTO Ta ()a30BOTO IXHBOTO
CKJamy, a TakoX Bif cTpykTypu. CKiam i CTpyKTypa
MOKPUTTS BU3HAYAIOTHCS YMOBAMH iX €JIEKTPOOCal-
JKSHHS, TIEPelyCiM THIIOM EJIEKTPOJIITY Ta IapamMeTpamMu
€JIEKTPOIi3y MiJl Yac Woro BUKopHcTaHHS. HaitOinmbim
BHCOKY KOPO3iiHYy CTIHKICTb MAalOTh MYJIBTHIIIAPOBI
MTOKPUTTS, MO CKJIAJAIOThCSA 3 TOHKUX IIapiB CIUIABIB
Zn-Ni, IO YepryOThCsL.

OjHaK 1 Mmicist 3aMiHH OTIepallii i3 BUKOPUCTAHHIM
tokcnyaux cronyk Cr (V1) i Cd (1) 3anmumraeTsbest He0O-
X1JIHICTh Y 3HEIIKO/PKEHHI CTIYHMX BOJ TallbBaHIYHUX
JHIA K MUHKYBaHHS, TaK 1 €JICKTPOOCAKCHHS CIUIaBY
IWHK-HiKenb. Hampukiaza, migBUINEHHS KOHIIEHTpAIii
10HIB HIKEJI0 Yy BOJOWMAaxX CIOYATKy MPHU3BOIUTH IO
3arubeni BOJOPOCTEH, a 3a MOJAIBIIOrO IiABUIICHHS
KOHIICHTpaIlii — HaBiTh 10 3arubeni puob. [TigBumeHHS
KOHIICHTpAIlii 10HIB HIKENI0 y TPYHTI TNPU3BOTUTH
IO 3aTPUMKH POCTY KYJABTYPHHUX pOCIuH. Brums Ha
JONWHY Y MaJMX KOHICHTPAIliSiX IOJIATaE B TIPOSBI
QIEePTIYHUX peakIliii, AepMaTHTy, Y BEIUKHAX KOHIICH-
Tpamisx — y MOPYIICHHI OOMiHYy PEYOBHH, MOPYIICHHI
¢byHKIIT HEUpOK. € JaHI PO OHKOJIOTIYHY HEOE3NeKy
10HIB HIKEJIO.

ToMy TiANPHEMCTBA MArOTh CTaHINI HEWTpaizamii
CYMapHHUX CTIYHHX BOJl 1IeXY, BAPTICTh 0OCITyTOBYBaHHS
SIKHX € CYTTEBHM CKJIQJIHUKOM Yy CyMapHiid BapTOCTi
HaHeceHHs TOKPUTTA. OT)Ke, 3HIKCHHST HaBaHTA)KEHHS
Ha [I CUCTEMH OYHUILEHHSA € JOCTATHIM E€KOHOMIYHUM
CTHMYJIOM JIJIsI BIPOBAKEHHSI HOBUX TEXHOJIOT1H.

YacTKOBO OKYNHTH BHTPAaTH Ha 3HEIIKOIKCHHS
JIAI0Th 3MOTY JIOKaJIbHI CXEMU BWIIYYCHHS 10HIB MeTa-
JB 13 MPOMUBHUX BOJl OKPEMHUX TaJIbBaHIYHHX JIIHIH.
EnexTponiTiyHO BMITy4alOTh METalH, 30KpeMa LHHK,
SIK 32 JIOTIOMOTOK) BHHOCHHX €IIEKTPOJII3epiB, TaK
1 3a JIOTIOMOTOIO EJEKTPOJHHMX OJIOKIB, IO 3aBaHTa-
KYIOTh y TIEpIIy HEMPOTOYHY BaHHY MPOMHBaHHA [3].
HenonikoM 1ux cmocoOiB € Te, IO Ocaj IMHKY He
€ TOTOBOIO TPOAYKINE Yepe3 Horo rpydy CTPYKTypy
1 3a0pyAHEHICTh JOMIIIKAMH, IO CIIBOCAIKYIOThCS
(TeMHE TIOKpPUTTS), HACTIIKOM 4YOr0 € HEOOXIiIHICTh
TypOOT MmIomo yTHii3amii IHWHKY, SKHH BUIYYAETHC.
OKynmuTH BUTpPATd Ha BIUIYYCHHS METATIiB MOMIIUBO
TIJIBKY 32 TX yTHiIi3aIii 6e3mocepeIHb0 B raJlbBaHIqHIN
JHIT y BUTVISITI TOJATKOBHX IIApiB METAIB, AKi 0CATKY-
I0Th y JONATKOBIM BaHHI 3 pO3BeNeHUX (AJIS 3HIKECHHS
BHHOCY METAJIiB) eNeKTpodiTiB. [Ipukiag Takoro HOBOTo
MIIXOAY JIO BHJIYYSHHS METAJIB y TaJbBaHIYHUX JIHIAX
3alpOINOHOBAHO, HATIPUKJIIA, B [4]. YTHII3aIlis METaTIB,
0 BHJTYYaIOThCsI, MOXKITHBA IT1JT YaC BUKOHAHHS SIK MiHi-
MyM JIBOX OCHOBHHX YMOB — cTa01Ti3alii MaTepialbHUuX
MOTOKIiB CUCTEMH MPOMUBHUX BaHH i OTPUMAaHHS SKiC-

HUX IIapiB METAJIIB 13 PO3BEJCHHUX EIEKTPOiTiB. [lepiia
yMOBa 3a0€3MeUyeThCS CIEKTPONI30OM Y PO3BEICHOMY
CJIEKTPOJITI 3 MIATPUMAHHAM IOCTIHHOT KOHIICHTpAIT
10OHIB METaJliB 1 JO30BAHOI IOJAYCH0 BOAU B MPOTH-
TIYHY cXeMy IpoMuBaHHiI. J[pyra ymoBa, 0 HE BHKO-
HaHa B PO3BENCHHX EJICKTPOJITaX Ha OCHOBI IPOCTUX
cojell MeTaiB, 3a0€3MMeuy€eThCsl BAKOPHCTAHHIM KOMII-
JIEKCHUX CIIONYK METAJIB, 3 SIKHX BOHH PO3PSIKAIOTHCS
3 OUIBII BUCOKAMH YTPYIHEHHSIMH Y BHIVISII KOMITaK-
THUX JAPIOHOKPUCTATIIYHUX OTIaIiB.

MeTta nocaimkeHHs — po3pOOICHHS TEXHOIOT1YHIX
CXEM 3HWKCHHS BHHOCY 10HIB IIMHKY 1 HIKEJIO 3 Tpo-
MUBHHMH BOJAMH TaJbBaHIYHUX JIHIH MUITXOM €JeK-
TPOOCAKEHHS TOAATKOBHX IIapiB METANIB i3 po3Bele-
HUX KOMIUIEKCHHUX CIEKTPOIITIB.

Buknan ocHoBHOTO marepiany. Memooduxka oocii-
Ooicerb. KiHETUKY KOHTAKTHOTO OOMiHY B CHCTEMI «ITUH-
KOBE MMOKPUTTS — OAATKOBHI IIap CIUTABY» JOCITIIDKY-
BaJIM 3a JIOTIOMOroro Merony JloHueHko-AHTpornosa [5],
0 BIOCKOHaJIeHH# y [6; 7]. XpoHOMOTeHLiOTpamu
1 TONSApPHU3AIiHI 3aJIeKHOCTI IS BOTO OTPUMYBAIH
3a JOIOMOTOI0 IOTeHIiocTaTa-ragpBaHoctara MTech
PGP-550M  (http://chem.Inu.edu.ua/mtech/mtech.htm)
y TPHENEKTPOIHIH KoMipii. Poboui emexTpoau — craib
Cr. 3, UMHK, IJATHHA 3 TMOKPUTTAM CIJIABOM IIMHK-
HiKeNb, CTalb 13 JBOLIAPOBUMH MOKPUTTSIMU «LUHK —
crmaB Zn-Ni»; HOMOMIKHHN €JIEKTPOJl — TUIATHHOBHIA,
€JIEKTPOJ] MOPIBHAHHS — XJIOPUA-CPIOHHM, 3’€IHAHHMA
i3 poOOYMM ENEKTPONITOM 3a JOMOMOTOI0 COJILOBOTO
MicTKa. 3HaueHHS pH eNneKTpONiTIB KOHTPOIIOBAIH
pH-merpom CT-6020A.

Kopo3iiiHy CcTiliKicTh MOKPUTTIB BU3HAYAIN HOJSAPU-
3aliHHUM METOAOM Y 3 %-My PO3UYMHI XJIOPUAY HATPIIO.

3menwienna 6uHOCY I0HI8 YUHKY | HIKENO UWLIAXOM
ymunizayii' y uensoi 000amkogo2o wapy cniagy Zn-Ni
nosepx yunkogoz2o noxpumms. CxeMy TrajibBaHIYHOI
JmiHIl UMHKYBaHHS 3 JIOKAJbHUM BHJIYYEHHSM 1OHIB
METaJliB y BUIVISAL JJOAATKOBOIO LIApY HMOKPUTTA Mpel-
craBiieHo Ha puc. 1. JIinis Bkitodae BanHy BLI 1 enex-
TPOOCAXKEHHS OCHOBHOTO ILIAPy IIUHKOBOI'O MOKPUTTA
Ta CHCTEeMYy NPOMHUBHUX BaHH. llepiry, HempoTOYHY,
BanHy BJIIII 1i€i cucTteMu BUKOPUCTOBYIOTH Y TIPOIIECi
MIPOMUBAHHS AJIS1 €TIEKTPOOCAHKEHHS 1I0JaTKOBOT'O LIIapy
LIMHK-HIKEJIEBOTO TIOKPUTTS, SIKE € OibIl KOPO3iHHO
CTIHKIM, HI’ LIMHKOBE MOKPHUTTS. B cucTeMi mpoMUBHUX
BaHH MPOTUTOYHOI MPOMHUBKU (iHIIIHE NPOMUBAHHA
MPOBOJISITH B OCTaHHI# BaHHI npomuBaHHs BII 3 mo3oBa-
HUM IiJPKUBJICHHSM YUCTOIO BOJIOIO, a CTiK 3a0pyIHEHO1
BOJIU — Y IPpOTOYHiil BaHH1 npomuBku BII-C.

3 MeTor0 3’sICYyBaHHS MOXIIMBOCTI OCAJKEHHS ILTi-
BOK criaBoM Zn-Ni Ha MOBEpXHIO OibII HETaTUBHOTO
LUMHKY OLIHIOBAJIM HASBHICTh KOHTAKTHOTO BUTICHEHHS
B CHCTEMi «IIMHK — EJIEKTPOJIT BAaHHH JJIS €JIEKTPOOCa-
JKEHHS JJOAATKOBOTO IIapy MOKPUTTS», 110 MICTUTh 10HH
OLIbII O3UTHUBHOTO Hikemro. IIBUAKICTH KOHTAaKTHOTO
0o0MiHy B AUISHII MOTEHLIANIB peaJbHOTO KOHTAKTHOTO
oOMiny B 1t cucremi (Big —1,04 B no —1,15 B) He nepe-
Builye Beanunny 0,2 MA/cm?. TIpu 1boMy Ha IOBEpXHI
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BN BN

Puc. 1. Cxema eanveaniunoi ninii yunKy8anus 3 GUILYYEHHAM MEMAie, sIKi GUHOCAMbCS Y 6AHHU NPOMUBAHHSL, ) 8U2NIS0I 000AMKOBO20
wapy nokpumms: BL] — eanna yunxyeanns; B/l — eanna 0ns enekmpoocadicents 000amro8020 wapy HOKpUmmsi,
BII-C — npomouna éanna npomusanns, BII — eanna npomueanus

Zn
(aHog)

N,

Ni
(aHog)
rniuuH

H,0

1. LInHKyBaHHS

£n
(kaTog)

Zn?*
NH e

2. EnekTpoocagseHHsa
L0AaTKOBOMO Wapy NoKpUTTA
(pH 9,25; Cy;. = 0,06 monb/am?)

Zn-Ni
(kaTon)

Zn?*, Ni#*

3. NpomueaHHs
(Cyre = 0,4 r/iam3)

H,0

4. MNpomueaHHsa

Zn?*, Ni#*

NoouncTra

(Cpe = 0,05 r/gm?®)

H,0

H,0

Zn2* Ni2* _
CTik

5. MpomueaHHA
(Cye = 0,007 rigm?)

Puc. 2. Texnonoziuni onepayii  2anb8aniuHiti Niii YUHKYBAHHS 3 BUTYYEHHAM MEMaie, Ki BUHOCAMbC Y 6AHHU NPOMUBAHHS,
¥ 8U2nIs0i 000AMK0OB0O20 WAPY NOKPUTNMS

IIMHKY OCaPKYEThCS KOMIIAKTHA, A00pe 3ueruieHa
3 OI[MHKOBAHOIO TIOBEPXHEIO TUTIBKA CILIABY.
MarepianbHuii 0ajgaHC €NEKTPOIITY Yy BaHHHM ILIHH-
KyBaHHSI CKJIQJa€ThCA 3 HAAXOMKCHHS 10HIB IUHKY
B MpOIECi PO3YMHEHHsI IIMHKOBOTO aHOMy, iX BHUMa-

JIEHHS B Ipolieci BiJHOBJIEHHS Ha Karoli Ta BUHOCY
KOXXHMM KBaJpaTHUM METPOM TMOBEpPXHI JeTrajei
0,2-0,4 1M KOHIIEHTPOBAHOTO EJICKTPOIIITY, 1[0 MiCTHTh,
HAINpPHKIAJ, I0HA LUHKY i aMOHIlO, B CHCTEMY IPOMUB-
HUX BaHH (puc. 2, onepariis 1).
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ExoJioriuni Hayku N@ 4(27)

HAYKOBO-TTPAKTUYHUH XKYPHAA

Jius eNeKTpOOCAIKEHHsST  JOAAaTKOBOIO  IIapy
MOKPUTTS Ha TMOBEpXHi (omepailis 2) OIMHKOBaHUX
JeTaneil BUKOPUCTOBYIOTh IIEpILly, HENPOTOYHY, BaHHY
BJUI (puc. 1) B cucreMi NpOMUBHUX BaHH TajbBaHiy-
HOI JTiHil, y siKi#i Hakormuumnocst 11,5 r/qm? ioHIB ITUHKY,
o0 BWHECCHHWH JEeTalsiMH B TMPOLECI NPOMUBAHHS
3 XJIopamiakaTHOI BaHHM IIMHKyBaHHS BLI. V pasi kuc-
JIOTO €JEKTPOJITY IMHKYBAaHHS B II0 BaHHY JTOIATKOBO
BBOAATH 3 I/AM® amiaky, y pasi JIy)KHOTO eJISKTPOIIITY
BBOIATH COJI aMOHIIO B KIJIBKOCTI, 110 MICTUTH 3 T/mam3
amiaky. lomarots 22,5 r/nm? ioHiB Hikemnro i 28—32 r/am?
rinuHy. JoBomsate pH poszumny no Bemmumam 9-9,5.
3 Takoro pO3BEICHOTO 3a iOHAMH METAJiB EIEKTpPO-
JITY, IO MIiCTUTh IXHI KOMIUIEKCHI CIIOJIyKH 3 aMiakoM
1 DIIAHOM, Ha JETali, SKi MPOMUBAIOTh, OCAKYIOTh
JIpiOHOKpUCTANIYHI ONMMCKYYi TUTIBKH cIutaBy. Jlis
MTOCTIMHOTO TTOTIOBHEHHS EJICKTPOJIITY 10HAMU HIKEINI0
BHKOPHUCTOBYIOTh HIKEJICBI aHOIW B HAIliBIIACUBHOMY
CTaHi, B SKOMY BOHH PO3YHHSIOTHCS 3 0OMEKEHOIO Tap-
iaJhHOIO IIBHIKICTIO, 32 BIIHOIIECHHS IIJIOMII MTOBEPXHI
no rtionn moBepxHi jgetamed 1:(3-7). MoxauBHiA
1 OLIBII JENIeBUH BapiaHT MOMOBHEHHS BMICTY 10HIB
HIKEJFO — IIJISIXOM 0CaJly TiAPOKCHIY HIKENF0, 0 yTBO-
PIOETHCS TiJ] Yac JIOKaJbHOI HeWTpaizamii MpOMHBHUAX
BOJI JIiHIT HIKEIFOBaHHA. Y NMAaCHBHOMY CTaHI HiKEeJICBHM
aHOJl BUKOPUCTOBYIOTH SIK HEPO3YMHHUH — JJISI OKHC-
JICHHsI HaJUTHIIKY aMiaky B €JEKTPOJITI 10 Ta30moio-
HOTO a30Ty 1 BOAHIO. Yac 0CcaKeHHS TOAATKOBOTO IIapy
MOKPUTTS — [WHK-HIKENEeBOI TUTIBKH — 3aJIE)KHO BiJ
CKJIaIly eJIEKTPOJITY 1 TUTOMOTO BUHOCY HOTO JIETAISIMA
3a KaTomHOI rycTuHHu cTpyMy 20—40 A/m? 1 HakIaaeHHS
MepeMilTyBaHHS CTaHOBUTH 15—40 XBunnH.

[Ticast enekTpooca/pkeHHS TUTIBKUA CIUIABY JeTalli
MIPOMUBAIOTH HOCTIJOBHO B OCTaHHIX BaHHaX CHCTEMH
MMPOMHUBHUX BaHH (omepartlii 3—5), B IKUX cymMapHa KOH-
[EHTpaIlisl 10HIB METaNiB TOCTYIIOBO 3MEHIIYETHCS
3 0,4 t/am® mo 0,007 r/am®. CtiuHy BoOmy, sIKa yTBOPH-
nacs y BanHi BII-C, B sKiit 3niliCHIOETBCS omepariis 3,
3aJIeKHO BiJl YMOB Ha IiIIPHEMCTBI, MOXJIHBO 00OpO-
OJIOBAaTH JIOKAJBHO A0 IOCSATHEHHS TI'PaHMYHOMIOITY-
CTUMHX KOHIICHTpAIii yCiX KOMIIOHEHTIB €JIEKTPOIITY,
a MOMJIMBO HANpPAaBILITH HA CTAHIIO OYUCTKH CyMap-
HOTO CTOKY T'aJIbBAHIYHOTO IIEXY.

[Torenmianu Kopo3ii crajgeBUX 3pasKiB i3 MOKPHUT-
TSIMU [IMHKOM 1 JOZATKOBUM CILJIABOM IIMHK-HIKEJIb CBi-
9aTh MPO HASBHICTH MPOIECY PO3YMHEHHS ITMHKOBOTO
MOKPUTTS KPi3b IOPH MOKPUTTS CIIaBoM. [IpoTe Bke 3a
JIOCHTH TOHKMX mapiB cruiaBy (0,2—0,6 MkM) crioctepi-
raeThCs ICTOTHE TaJIbMYBAaHHS IIHOTO TIPOIIECY.

Kopoz3iitni giarpamu TFOCTPYIOTH 1ICTOTHE 3HYDKCHHS
CTpyMy KOpO3ii 3pa3kiB, IMHKOBUH Iap SKUX 3aXHIIC-
HUH O1JIbII TOBCTHM MOKPUTTSIM.

OTXe, MPOIIOHOBaHA TEXHOJIOTIUHa cxema [8] mae
3MOTY 3MCHIIIMTHA BHHOC 10HIB METaJIiB Y CTiK MPOMHB-
HUX BOJl TAJIbBAHIYHOI JIIHIT 3aJIEKHO BiJl CKIIaay eJIeK-
TPONITY HUHKYBaHHS y 3—10 pa3iB (IIUITXOM 3MEHIIICHHS
KOHIICHTpAIIii i0HIB METaJIIB Y BaHH1 €JIEKTPOOCAIIKCHHSI
JIOZIATKOBOTO Iapy, 3 sIKOT B Iill CXeMi BUHOCSTBCS CIIO-

JYKA B TIPOMHBHI BOAW TOPIBHSHO 3 BaHHOKO ITMHKY-
BaHHS) Ta YTHIJII3YBaTH METAIH Yy BUIVISAL JOAATKOBOTO
IIapy OWHK-HIKEIEeBOTO CIIaBy Ha IMHKOBOMY IOKPHTTI,
10 3HAYHO IiBUIIYE KOPO3iIMHY CTIHKICTh IOBEPXHI
(moTeHmian Kopo3ii € OUTbII MMO3UTHBHHUM, IIBHIKICTh
Kopo3il 3MeHIIyeTbes y 1,8-2,2 pasu) i, BiAMOBIIHO,
301IBIIIYE TEPMiH EKCIUTyaTaIlii BUpOOiB i3 TaKUM JIBO-
[IaPOBUM TOKPHTTSIM.

3menwenns 6uHOCY [OHI6 YUHKY | HIKeno ulLis-
xom ymunizayii y euensoi niowapy cniagy Zn-Ni 0o
myremuwiapogozo  (Zn-Ni) /(Zn-Ni), nokpummsa. Ha
pHCc. 3 TPENCTaBICHO CXEMy TalbBaHIUHOI JIHIT I
€JIEKTPOOCA/DKCHHSI  MYJBTHINAPOBOTO  MOKPUTTS
(Zn-Ni),/(Zn-Ni),. MynsTuimapoBe MOKPUTTS OCAIKY-
I0Th 13 TTipoocdaTHO-IIUTPATHOTO EIESKTPOIITY Y BaHHI
BIIH. [TokpuTTs OCTiIOBHO, 5K 1y cxemi puc. 1, mpo-
MHUBaIOTh y cucTemi mpomuBHUX BanH BJIIL, BII-C
i BII. OgHak, Ha BigMiHy BiJ cxemu puc. 1, Ha naerani
ocaykyroTh y BanHI BJIII momatkoBWil map cruiaBy
Zn-Ni He micis, a 10 OCHOBHOTO MOKPHUTTs. [ pere-
Hepallii cronyk mipodocdary B cxeMi 10JaTKOBO Mepe/-
baueno nepioguune (y Banui BJIILI) i mocriitae (y BaHHI
BII-C) dinbTpyBaHHS pO34HHIB.

3aBISKU IEPIOIUMIHOMY BIITyUCHHIO 3 PO3UMHY BAaHHU
B/ILL ioniB mipodocdary ioro ckiaj 3Ha4HO BiApi3HS-
€TBCS BiJl CKJIQJly OCHOBHOTO E€IIEKTPOJITY BiTHOIICHHIM
KOHIICHTpAIlil JtirasiB, mpodocdary i muTpary J0 KOH-
LEHTpallii 10HIB METaJiB, TOMY JIJIsl €JICKTPOOCAKCHHS
JIOZIATKOBOTO IIapy CIUIaBy BiH Mae i iHIIe 3HaueHHs pH
(pH 10,0 — nuB. omeparito 1 Ha puc. 4). [l BUITydeHHS
B 1[Il cXeMi, KpiM 10HIB MeTaJIiB, Ie 1 1HIIOTO LIHHOTO
KOMITOHEHTY eJIEKTPOJITY ISl OCAIDKEHHS MYJIBTHINA-
POBOTO MOKPUTTS — 10HIB Mipodochary — po3YrH BaHHH
BJIL mepionuuHo migkucmowTs 10 pH 5,5 Ta otpu-
MaHHU Tichs GUIBTPYBaHHS OCAJI, IO MICTITh CIIONYKH
Zn,P,0, ta Ni,P,0,, moBepTatoTs y BaHHY AJI €IEKTPOO-
CaJIKEHHS MyJIbTUILIAPOBOIO OKPUTTS. Taky >k camy olle-
parifo BUKOHYIOTh 1 3 PO3YMHOM IPOTOYHOI BAHHH TIPO-
muBku BII-C (omepartis 4). 3a 7030BaHOTO MOITOBHEHHS
CHCTEMH IPOMUBHHX BaHH BOJOIO y BaHHAX HMPOMHBKU
(onepaiiii 4—6) BCTaHOBJIFOFOTHCS Ti K caMi KOHIIEHTpaIlii
10HIB MeTaJIiB, K 1Y JIiHIT IUHKYBaHHS (pHC. 2).

KoMmakTHwuii Tiamap cruiaBy, o 0CapKyTh y Mpo-
ieci orepaiii 1 Ha puc. 4, OUTBIION MipOrO 30araueHMA
IIMHKOM, HDX MYJIGTHIIAPOBE IIOKPUTTSA, a TOMY Mae
OUTBIII HETAaTUBHUH MOTEHITIAN, IO PO3IIMPIOE ACOPTH-
MEHT MaTepiary JieTajeil IJIsl aHOTHOTO 3aXUCTY 1 oca-
KCHHS TIepPIIOTO mapy 0e3 KOHTAKTHOTO 0OMiHY.

OTke, B TalmbBaHIUHIN JIHIT EIEKTPOOCAIKCHHS
MYJIBTHAIMIAPOBOTO  MOKPHUTTA  (Zn-Ni),/(Zn-Ni), 3aB-
JIIKA HasIBHOCTI JIOIATKOBOI BAHHU 3 PO3BEICHUM ITipo-
¢dochaTHO-IIUTPAaTHUM  EJIEKTPOJITOM Ha  TOPSJIOK
(3 0,5 mon/mm* 10 0,06 MOJTB/IM?®) 3MEHIITYETHCSI BUHOC
y CHCTeMy ITPOMUBHIX BaHH i0HIB METAJIiB, SIKi yTHII3Y-
I0ThCS Y BUIVISIAL MiAIIAPY CIUTABY IIMHK-HIKEb.

Tl'osi0oBHI BUCHOBKH. 3amponoHOBAaHO TEXHOJIOTIYHI
CXEMH IIMHKYBAHHS 1 €EKTPOOCAHKEHHS MYIIBTHIIAPO-
BHUX ITOKPHUTTIB, 110 CKJIAJIAFOTHCS 3 TOHKUX IIAPIB CIIIABIB
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Puc. 3. Cxema eanveaniunoi ninii enekmpoocadsicenns myivmuwaposux nokpummis (Zn-Ni)1/(Zn-Ni)2 3 eunyuennsm memarnis,
SKI GUHOCSIMbCAL Y 6AHHU NPOMUBAHHSL, Y 6u2ns0l niowapy: BIIH — eanna ons enexmpoocaoicennusi (Zn-Ni)1/(Zn-Ni)2 nokpummis;
BIIII — eanuna ona enexmpoocadicents 0ooamxosozo wapy nokpumms, BII-C — npomouna eanna npomuexu, BII — eanna npomugku

Zn. Ni 2. EnexTpoocagXeHHs NoKpUTTIB
(aHog) (Zn-Ni),/(Zn-Ni),
(pH 8,5; C,,. = 0.5 monb/am?)

Zn, Ni
(kaToa)

1. EnekTpoocagseHHa
A00aTKOBOro Wapy NOKPUTTH

; - 3
NaOH (pH10; Gy, = 0,06 monb/am®)

Zn-Mi
3. MpoMuBaHH:A

(kaToa)
pHIESE? g chineTpaT

Me,P.0, DiNETpYBaHHA

Zn?*, Ni2* H,O
4. [NpoMuUBaHHA
(Cye = 0.4 rlam3)

iz H,SO
Zn?*, Niz* | H,0 pH = 5.5

5. [pommrBaHHA -
(Cyye = 0,05 r/am?) DinbTpyBaHHA Me,P.O-

Znz*, Ni* | H,0

6. MNpomueaHHA .
H
,0 (Cyra = 0,007 rlamd) MNoouncTka Crik

Puc. 4. Texnonoeiuni onepayii 6 2anveaniyniil ainii enexmpoocaddicents myrbmuwaposux nokpummis (Zn-Ni)1/(Zn-Ni)2
3 BUILYYEHHAM Memalis, sKi 6UHOCAMbCA Y 6AHHU NPOMUBAHHS, Y 8U2iA0L niowapy
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ExoJioriuni Hayku N@ 4(27)

HAYKOBO-TTPAKTUYHUH XKYPHAA

Zn-Ni, SKi MICTSTb CTaJIif0 EIEKTPOOCAKESHHS JTOJATKO-
BUX INAPIB CIUIABIB i3 PO3BEICHUX 3a METAJaMH PO3UH-
HiB, 3aB/ISIKM YOMY Ha ITOPSIIOK 3MCHIITY€ThCSI BHHOC 10HIB
METaliB y CHCTEMH NPOMHUBHHX BaHH. BHKopucTaHHS
JUII HAaHECEHHS [ONATKOBHX IMIApiB CIUIAaBYy KOMILICK-
CHHX DIIMHATHO-aMIiaKaTHOTO i mipodocdarHo-IuTpaT-
HOTO €JICKTPOJITIB JIa€ 3MOTY YTUII3yBaTH 10HH METaiB
y BUDJISI KOMITAKTHUX SIKICHUX IIApIiB CIIJIABIB.

Pesynpratu mociipkeHHS MOXKYTh Oy TH BUKOPUCTAaHI
B rajbBaHIYHMX JISHKAX 1 II€XaX, B SKUX 3AIHCHIOETHCS
€JIEKTPOOCAKEHHSI IIMHKY 3 OYIb-SKHX EJEKTPOJITIB,
JUTSL TI030aBIICHHS BiJ| omepallii XpoMarHoi MachBarlii
y po3unHax, mo MicTath cnonyku Cr (VI), a Takox Ha
TUX TIIMPHEMCTBAX, JIe € MoTpeda B 3aXUCTI CTaleBOl
MOBEPXHI Ha PiBHI KaaMIEBUX MOKPHUTTIB 0€3 BUKOPH-
CTaHHS TOKCHUYHUX 10HIB KaIMIiIO.
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