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Investigation of the influence of technological parameters on the
copper deposition process

Abstract. The possibility of electroplating copper coatings on chemically and chemical-
galvanically nickel-plated acrylic fibers has been studied. The effect of electrolyte pH, its
composition, current strength at the 1st and 2nd cathodes, as well as the metallization time on
the electrophysical, physical and mechanical properties of copper-containing fibers have been
studied.

Electrically conductive fibers with different copper contents have been obtained. Regularities
have been established for the change in the electrical properties of fibers depending on the
content of copper. The studies have shown that with an increase in the copper content, the
electrical conductivity, the uniformity of the coating and the uniformity of the electrophysical
properties (for chemical-galvanically nickel-plated fiber) increase. In the case of copper plating
of chemically nickel-plated fiber, the coefficient of variation in electrical resistance increases with
increasing plating time, despite the fact that the copper content increases, and the coefficient of
variation in copper content and electrical resistance decreases.

Keywords: electrically conductive chemical fibers, electrical conductivity, electrical resistance,
electrolyte, electrodeposition.
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Introduction

Today, all leading manufacturers of metallized fabrics use nickel as a metal coating.
This metal is a ferromagnet, so it reflects well the magnetic component of electromagnetic
radiation [1].

Personal protective equipment against electromagnetic radiation includes head protection
equipment (protective helmets, hats), eye and face protection (goggles and protective shields),
respiratory protection equipment (gas masks and respirators), hand protection (mittens), means
of protection against falling (safety belts and safety ropes) and special protective clothing (suits,
gowns, aprons, vests) [2].

Electrically conductive chemical fibers, which are marketed by several leading countries,
differ significantly in the way they are obtained, the nature of the conductive components
used and of their distribution in the polymer mass. The areas of application of such fibers are
constantly expanding and their demand is increasing. The development of new technologies
to produce electrically conductive fibers and the study of their properties are urgent tasks of
modern polymer chemistry and materials science [3].

Metal coatings are applied to dielectrics either by vacuum spraying or by precipitation
from solutions, and the latter method is more versatile and can be used for metallizing
products of complex shape and, if necessary, obtaining metal coatings with specified functional
properties [4].
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In the scientific article, antimicrobial silver ions were introduced into knitted and non-woven
fabrics using the methods of dry curing with a swab and spraying. The absorbency of nonwoven
fabric is significantly higher than that of other knitted fabrics before and after antimicrobial
treatment [5].

The work “Development of electroless silver plating on Para-aramid fibers and growth
morphology of silver deposits” investigated the electrodeless silvering of para-aramid fibers
and the morphology of the growth of silver deposits. The results showed that a higher silver
mass gain was beneficial for improving the conductivity of paraaramide fibers deposited with
silver [6].

Electromagnetic Shielding Fabric (ESF) is a new electromagnetic shielding product with
portability, flexibility and good mechanical properties [7].

The occurrence of static charges on the clothes of medical workers is facilitated by many
electrical appliances in modern medical centers, low air humidity, as well as the background
level of ionizing radiation. This problem is most relevant for clinical laboratories, physiotherapy
and diagnostic rooms. The possibility of using the method of magnetron sputtering of metals
on textile materials was studied for the manufacture of medical clothing to impart antistatic
properties, provided that their physical and hygienic characteristics are preserved [8].

Applying a metal coating to fibers using supercritical fluid (SCF) is a manufacturing
technology used to produce highly conductive fibers; further research is currently being actively
conducted on synthetic fibers such as aramid, polyester and nylon fibers [9].

The revision of literature and patent data on the production, properties and use of electrically
conductive fibers and materials based on them shows that a lot of attention is paid to the problem
of obtaining electrically conductive fibers and products. This is primarily due to the fact that
such valuable properties as low density, elasticity, chemical resistance, electrical conductivity,
relatively low cost, successfully compete with metal fibers and allow solving urgent problems in
various sectors of economy. Currently, to produce metallized fibers, chemical and electroplating
metallization methods are most often used, which make it possible to give the fibers a sufficiently
high electrical conductivity while maintaining or slightly reducing their strength. However, there
are a limited number of publications on the possibility of applying galvanic copper coatings
to chemical fibers. The purpose of the current work is to study the possibility of applying a
copper coating by electroplating on a pre-chemically and chemical-galvanically nickel-plated
fiber, as well as to conduct a set of experiments to study the properties of the resulting copper-
containing fiber and comparing the data obtained with the original sample. Sufficiently detailed
studies of the influence of technological parameters on the deposition of copper on chemically
and chemical-galvanically nickel-plated fiber were carried out [10].

Materials and Methods

The fabric used is pre-chemically and chemically electroplated nickel-plated acrylic
fiber. The purpose of this study was to study the possibility of applying a copper coating by
electroplating on a pre-chemically and chemically-galvanically nickel-plated acrylic fiber and to
study the properties of copper-containing fibers.

From the whole variety of electrolytes, we selected the most commonly used thre electrolytes.
The compositions of electrolytes and the recommended parameters of their operation are
presented in Table 1.
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Table 1. Electrolyte compositions and recommended parameters

Electrolyte Nol Electrolyte No2 Electrolyte No3
sulfate pyrophosphate ethylenediamine
CuSO,-5H,0 - 200 g/L CuSO,-5H,0-30 g/L CuSO,-5H,0 - 95 g/L
H,SO, (density 1.84 g/cm®) - | Na,P,O,-10H,0 - 120 g/L C,H,(NH,), - 50 g/L
50 g/L Na,HPO,-12H,0 - 60 g/L (NH,),SO, - 50 g/L
pH=1 pH=7.5-8.9 Na,SO,-10H,0 - 50 g/L
T=20-30°C T =20-30°C pH=6-78
Current density - 0.3-0.4 A/dm?® T =20-30°C
Currentoutput-75-80%

Investigation of the influence of technological parameters on the deposition of copper on
chemical and chemical-galvanic nickel-plated fiber. The properties of copper coatings and their
structure depend on the deposition conditions. In terms of physical properties, electrolytic
copper differs from copper in an equilibrium state. Copper obtained by electrodeposition has
increased hardness, electrical resistance and internal voltage.

Depending on the composition, type of electrolyte and structure of copper precipitation,
its physical and mechanical properties can vary widely. In most cases, copper coatings are used
when applying multilayer coatings such as copper-nickel-chromium or nickel-copper-nickel, etc.

Results and Discussion

Table 2 presents the results obtained in the study of the process of applying copper to
chemically nickel-plated acrylic fiber in the above electrolytes. The data presented in Table 2
indicate that, other parameters being equal, the most favorable conditions for the deposition
of copper on a nickel-containing fiber are created when using a pyrophosphate electrolyte. It
was also found that when copper is deposited on a chemically nickel-plated fiber, the deposited
metal is rather quickly oxidized in air with the formation of CuO and Cu,0. When copper is
deposited on chemical-galvanically nickel-plated fiber, the copper coating is more uniform and
more resistant to oxygen. Based on the analysis of the data obtained, when studying the influence
of various parameters on the process of electrolytic deposition of copper, further experiments
were carried out using a pyrophosphate electrolyte.
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Table 2. Results of the study of the process of applying copper to nickel-plated acrylic fibers in
various electrolytes

Type of Maximum Maximum | Metalliza- | Coppercon- Note
electrolyte current current tiontime, tentinfiber, %
and fiber on the 1% on the 2 min
cathode, A/ | cathode, A/
voltage, V voltage, V

Nel, pH=1 1) Copper is evenly

Chemical 1.5/6 1.5/10 12 2.3 deposited on the

nickel chemical-galvanically

plated 2.0/10 3/16 6 3.9 nickel-plated fiber.

Chemical- On chemically nickel-

galvanically plated fiber, copper

nickel- oxidizes rapidly.

plated 2) Over time, copper
begins to deposit on
the cathode roller.

Ne2, pH=7.5 1) Copper is evenly

-8.9 3/16 6/17 12 4.3 deposited on the

Chemical chemical-galvanically

nickel nickel-plated fiber.

plated On chemically nickel-

Chemical 3/10 5/16 6 5.6 plated fiber, copper

pebbles oxidizes rapidly.

nickel- 2) No copper

plated deposition on cathode
rollers

No3, pH=6- Copper isnot | High voltage on the

7.8 deposited on | cathode rollers, copper

Chemical 1/15 1.5/18 12 the fiber, itis | is not fixed on the

nickel deposited on | fiber. Copperisdeposit

plated 1/15 1.5/18 6 the cathode edonthecathoderollers

Chemical rollers

pebbles

nickel-

plated

The effect of current on the 1% and 2™ cathodes on the amount of copper deposited on the
fiber, on the electrical resistivity of the fiber and on the uniformity of the copper coating was
studied. The data obtained are presented in Table 3.

An analysis of the results obtained indicates that with an increase in the current strength at
the 2" cathode, the amount of copper deposited on the fiber increases, and the electrical resistivity
of the fiber decreases accordingly. This improves the uniformity of the coating (KV . decreases)
and increases the uniformity of electrical properties (KV g also decreases).At the same time, the
uniformity of the coating improves (KV_ decreases) and the uniformity of the electrophysical
properties increases (KV_ also decreases).
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Table 3. The effect of current on the 1% and 2" cathodes on the properties of the fibers, subjected
to electrolytic copper plating

Fibertype Current | Current | Copper Coefficient Specific Coefficient
strength | strength | content | of variation electrical of
on the on the on fiber, of copper resistance of | variation,
1st 2nd Ccu, % content, KV the fiber, KV ov, %
cathode, | cathode, cw 1o ov-10°Ohm'm
il, A i2, A
Chemical- 1 3 3.74 41.2 12.3 51.4
galvanically 1 4 4.42 33.3 7.67 41.3
nickel-plated 1 5 4.74 26.4 7.39 32.8
fiber
Chemical- 2 3 3.85 28.3 11.7 40.6
galvanically 2 4 5.25 24.5 6.4 40.0
nickel-plated 2 5 6.90 23.2 6.06 39.4
fiber
Chemical- 1 3 4.06 19.8 592.9 52.8
nickelplatedfiber 1 4 52 33.7 553.9 38.6
1 5 5.6 42.1 507.2 274

It should be noted that when applying a copper coating on a chemical-galvanically nickel-
plated fiber, increasing the current on the 2" cathode to more than 4-5 A is not advisable, since
this does not lead to a further decrease in resistance (Figure 1). Increasing the current on the 1*
cathode up to 2 A, makes it possible to slightly increase the amount of copper deposited on the
fiber and the electrical conductivity of the resulting fibers.

4

i2,A

Figure 1. Influence of the magnitude of the current on the 1* and 2" cathodes on the properties of
chemical-galvanic nickel-plated fiber subjected to electrolytic copper plating, ata)il=1A;b)il=2 A
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For chemically nickel-plated fiber (Figure 2), the electrical conductivity of the fiber increases
linearly with an increase in the current strength at the 2" cathode. At the same time, to increase
the current strength above 5 A, it is necessary to increase the voltage to values exceeding 16 V,
which negatively affects the process of galvanic copper plating.

600
580
560
540

520

p,* 10°, ohm * m

500

480

460 . . : . :

Figure 2. Influence of the current value on the 2" cathode on the properties of chemical nickel-
plated fiber subjected to electrolytic copper plating, atil =1 A

It should also be noted that in the case of copper plating of chemically nickel-plated fiber,
the electrical conductivity is 1.5-2 decimal orders lower than in the case of copper coating of
chemical-galvanically nickelized fiber with an approximately equal content of galvanic copper.
This is due to the different electrical resistance of the original fibers subjected to metallization
(QV trermicatty nickel-plated fiber = 9" 107 OV, QY (it pratea fiver =07 10 Ohmem). As in the preliminary
experiments, it was observed that the copper coating on chemically nickel-plated fiber is less
resistant to weathering and oxidizes rather quickly (PV.,icany nickel platea fiver =210 Ohmm, pv, o
nickel-plated fiver —2<10° Ohm-m). It should also be noted that when coppering a chemically nickel-
plated fiber, the electrical conductivity is 1.5-2 decimal orders of magnitude lower than in the
case of a copper coating of a chemically galvanically nickel-plated fiber with an approximately
equal content of galvanic copper. This is due to the different electrical resistance of the initial
fibers subjected to metallization (pv,, ...\ cawvanicnickelpiated fiver = 2 X107 Ohm-m, pv, _ =5x10° Ohm-m).

The influence of the electrolysis time on the amount of deposited copper and, accordingly,
on the electrical volume resistance of nickel-plated fibers was also studied. The results obtained
(Table 4) indicate that for chemical-galvanically nickel-plated fiber, with an increase in the copper
content, the electrical conductivity increases (Figure 2), as well as the uniformity of the coating
and the uniformity of the electrical properties (Figure 3).
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Table 4. Effect of plating time on the properties of fibers subjected to electrolytic copper

plating
Fibertype Metalliza- Copper Coefficient Specific Coefficient
tiontimemin. content on of variation electrical of variation,
fiber, Ccu, % of copper resistance of KV ov, %
content, the fiber,
KV, % ov-10°*Ohm-'m
Chemical- 4 3.4 27.7 10.1 45.3
galvanically 6 5.25 24.5 6.4 38.1
nickel-plated 8 8.3 16.8 59 34.0
fiber 10 11.7 13.8 5.2 26.3
Chemical- 10 4.83 28.9 386.7 35.5
nickelplatedfiber 12 6.2 30.0 320.4 52.0
18 13.2 27.2 216.8 86.6
24 21.2 28.0 206.0 107.7
45
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Figure 3. Dependence of the coefficients of variation for copper content (KVCu) and electrical
resistance (KV gv) on the amount of copper (C_ ) deposited on chemical-galvanic nickel-plated fiber

During copper plating of chemically nickel-plated fiber, the coefficient of variation in
electrical volume resistance increases with increasing copper content, while the coefficient
of variation in copper content and electrical resistance decrease (Figures 2 and 4). This can
apparently be explained by the fact that the oxidation of galvanic copper during the drying
process is more intense, the greater its amount, and this is due to the direct contact of galvanic
copper with nickel sulfide, which is always present in chemically nickel-plated fiber.
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Figure 4. Dependence of coefficients of variation for copper content (KVCu) and electrical resistance
(KV gv) on the amount of copper (C_ ) deposited on nickel-plated fiber

In the case of copper plating of chemical-galvanically nickel-plated fibers, there is no such
contact, since galvanized copper is in contact with the galvanized nickel coating, which explains
the higher resistance of the copper coating.

Conclusions

According to the results of this study, electrically conductive fibers with different copper
content were obtained. The regularities of changes in the electrophysical properties of fibers
depending on the copper content in them are established;

Studies have shown that with an increase in the copper content, the electrical conductivity,
the uniformity of the coating and the uniformity of the electrophysical properties (for chemically
galvanically nickel-plated fiber) increase. In the case of coppering of chemically nickel-plated
fiber, the coefficient of variation in electrical resistance increases with increasing metallization
time, despite the fact that the copper content increases, and the coefficient of variation in copper
content and electrical resistance fall.
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MEICTBIH TYHABIPY IIPOIleCiHe TEXHOAOTMSIABIK IIapaMeTpAepaiH acepiH sepTTey

A.b. AommbGekosa', U M. Axypunckas', C.III. TammnyaaTos?
LAamamut mexHoA0ZUsALK yHusepcumemi, Aamamul, Kasaxcman
*Tawkenm moxoima xare xeHir enepkacin uncmumymul, Tawxenm, ©30excman

Anpatna. XUMMAABIK OK9HE XMMMSABIK —TaAbBaHMKAAbIK HUKeAbMeH KallTadfaH —aKpua
TaAIIBIKTapbIHa MBIC >KaOBIHAAPBIH K0AJaHy MYMKiHAir sepTTeasi. Kypambinaa Mpic Oap TaAIIBIKTapAbIH
92eKTpoPU3UKaABIK, PU3MKa-MeXaHNKaAbIK KacuerTtepine saekrpoaut pH, oHblH Kypamsbl, 1-mm1i >xeHe
2-11i KaTo4TapAarsl TOK KYIIli, COHBIMEH KaTap MeTaaJaHy YaKbITBIHBIH acepi 3epTreaai.

Kypambraaa opTypai MpIcOap 5AeKTp ©TKI3IiII TaAITBIKTap aAbIHABL. MBICTBIH Ky paMbIHa Oall4aHBICTHI
TaAIIBIKTapABIH DAeKTPAiK KacHeTTepiHiH o3repy 3aHABLABIKTaphl OearideHal. 3epTTeyep KopceTKeHAel,
MBIC MOAIIIepi apTKaH CaifbIH DAeKTP OTKIi3TIIITiK, >KaOBIHHBIH OipKeAKiAiri >KoHe DAeKTPAiK KacueTTepiHiy
OipKeAKiAiri (XMMMUsIABIK-TaAbBaHMUKAABIK HUKE/AbMEH KaIllTaAfaH TaAIIBIKTap YIIiH) apTaAbl. DAeKTpPCi3
HIKeAbMeH KalTaAFaH TaAILIBIKTBI MBIC JKaJaTy Ke3iHge MBIC MOAIIepiHiH >KOrapblaayblHa >KoHe MBIC
MeAllepiHiH o3repy KooduUIIMEeHTi MeH 9AeKTpAiK KeAepriHiH ToMeHJAeyiHe KapaMacTaH, MBIC JKaAaTy
VaKBITHI YAFaiiFaH CaliblH DAeKTp KeAepriciHiH e3repy Koo PuUIIMeHTi apTabl.

TyitiH ce3aep: DAeKTP OTKI3IIII XUMMSABIK TAAIIBIKTAp, ®AEKTP OTKI3IIIITIK, ®A€KTp KeJeprici,
DAEKTPOAUT, DACKTPOTYHABIPY.

MCCAeAOBaHI/Ie BAVISIHVSI TEXHOAOTMYIECKUX IIapaMeTpPOB Ha ITpOoIjecC OCaXXAeHIsI MeAl

A.b. AommbGexkosa', .M. Axypunuckas', C.II1. TammnyaaTos?
TAamamunckuii mexnorozuteckuil yuusepcumem, Amamot, Kasaxcman
2TawkeHmeKuii UHCMUmMym mekcmuAbHOL U Aezkoil npomuviuirennocmu, Taukenm, Y3oexucman

AHHOTaI_H/IiI. I/I3yqua BO3MOJKHOCTb HaHECeHIsI MeAHBIX HOKPI)ITI/Iﬁ Ha XMMWMNYECKM U XVMMIKO-
raabBaHMYIE€CKN HUKEANPOBaHHbIE aKPI1A0OBbl€ BOAOKHA. ]/Isyquo BAVIsSIHIIE pH DAEKTPOANTa, €ro cocrana,
CUABI TOKa Ha 1-M u 2-Mm KaTogaxX, a TakKXXe BpeMeHI MeTaAAn3anun Ha BAQKTPO(I)I/ISI/I‘{ECKI/IQ, (1)]/[3]/[1(0-
MeXaHM4YecKre CBOMCTBaA MeabpcoaepiKalX BOAOKOH.

HOAy‘-IeHI)I DAEKTPOIIPpOBOAIIINIE BOJAOKHA C pPa3sANYHBIM COAEp>KaHNEeM MeAIl. YcTaHOBAEHBI
3aKOHOMEPHOCTM M3MEHEHNS DAEKTPUIECKMX CBOMICTB BO/AOKOH B 3aBUCUMOCTU OT COAep KaHNsI MeA.
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MCCAEAOBaHI/IH ITOKa3aAan, 4To C yBeAn4eHleM COAep KaHNs MeAN yBeANYNBaeTCs DAeKTPOIIPpOBOAHOCTD,
O4HOPOAHOCTD ITOKPBITII I O4HOPOAHOCTD SAQKTPOCI)I/ISI/I‘IGCKI/IX CBOJICTB (,ZI,A}I XMMUKO-TaabBaHMYECKI
HUKeAVPOBaHHOTO BOAOKHa). B caydae MeAHEHM XMIMIYECKN HIKEAIPOBaHHOI'O BOAOKHa KOBC])CI)I/ILU/IGHT
Bapmanum 3SAEKTPMIECKOIO COIIPOTMBAEHNSI YBeAUYVBaeTCsa C yBeAN4eHlNeM BpeMeHl MeAHEHI:,
HeCMOTpsI Ha TO, 9TO COAeprKaHle MeAN YBeANIMBaAETCsI, a KOE)CI)CI)I/ILU/IEHT Bapmanmnmn CoAep>XKaHNs Meau 11
DAEKTPUIECKOTO COIIPOTNMBAECHNS YMEHbIIAeTCAl.

Kaouesbie cao0Ba: DAEKTPOIIPpOBOASIIIIVIE XMmnmyeckKkmne BOAOKHa, DAEKTPOIIPOBOAHOCTD,
DAEKTpIIeCcKoe COIIpOTUBAEHIIE, DACKTPOANT, DAEKTPOOCaAKAECHNE.
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