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Mechanism of the process of photochemical metallization of dielectric surfaces

The possibility of applying copper-containing films on the surfaces of various samples was investigated in the
paper. Flat and smooth copper plates and fabric were used for the study. The sample of dielectric material was
immersed in the solution, then they were dried in the sun, and work was done on the deposition of copper on
the surface of the sample. The study of the rate of photochemical reduction of copper showed that the process
consisted of two stages. In the first 30 minutes of the first stage, by increasing the concentration of Halogens
during drying of the coating, a semiconductor layer is formed, and in the second — the direct photochemical
reduction of copper, which takes about 30 minutes, but then gradually slows down. At the second stage, the
rate of the photochemical reaction is equal to the rate of chemical or galvanic metallization. As a result of the
photochemical reaction, when drying the sorption layer under the influence of sunlight, copper semiconductors
are formed, which shape metallic coatings on the surface. This, in turn, can be used to make thinner films.
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Introduction

Decomposition of copper halides and their analogs under the influence of light refers to the photochemical
method. At the same time, part of the sample exposed to brightened, and particles of copper, gold and silver
are formed on the surface.

When processing the surface layer of the material under the influence of solar treatment with CuCl solu-
tion, a black layer gradually forms on the surface of the fabric. The reaction is characterized by the following
equation:

2CuCl ¥ Cu + CuCl, (1)

When processing the surface of the material is treated with a solution of CuCl, both of these reactions
occur on the surface of the fabric and form solid crystals of chlorine copper. Crystals can be rinsed with water,
but when added to the water, the black coating of the copper is lost, which indicates the return reaction:

Cu + CuCl, — 2CuCl )

To obtain high-quality coatings on the surface of dielectric materials and to study their physicomechanical
properties, it is necessary to study the mechanism of photochemical reduction of copper coatings and its sub-
strate.

It is known that most unipolar compounds of a copper substrate decompose quickly under the influence
of heating or light. It is also known that metal halogenates of a copper substrate are binary semiconductors.
Therefore, there is a relationship between semiconductor properties and photosensitivity.
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The sensitivity of halides is used to produce metal layers on these surfaces to give them bactericidal
properties. Such products may include door handles, fire extinguishers, curtains, pillows, dressings, bacteri-
cidal impregnations in household appliances, clothing [1].

Since ancient times, mankind has known about the bactericidal properties of copper and its analogues. In
2008, the status of substances with a bactericidal surface of copper and its several melts was officially given.
There is a tendency to use silver, as well as copper, in the production of bactericidal coatings [2, 3].

Thus, the method of laying metal coatings of copper substrate on different surfaces is widely used in
different fields of technology. In particular, the use of bactericidal properties of copper and its analogues in
medical materials is promising. It is convenient to use copper (I1I) chloride and gold (I1I) chloride when remov-
ing the light fluidized chloride layer. Therefore, the proposed work provides a mechanism for the transfor-
mation of light-sensitive coatings on various materials of these salts [4].

Results and Discussion

Cotton fabric was used in the studies (marking AA010278), which is most widely used for medical pur-
poses [5]. Separate experiments on the photochemical reduction of copper halides were carried out in mono-
valent copper solutions. Thus, a suspension of 30 g of CuCl in 100 ml of water was prepared to obtain a copper
coating on the surface of the fabric material, and then the solution was poured onto the surface of the fabric.
Next, the sample is exposed to sunlight. Depending on the drying of the fabric, its surface is covered with a
black layer. Covered areas with light-resistant protection remain unchanged in accordance with Figure 1.

Two products obtained by reaction 1 stay on the surface of the fabric as solid crystals of copper di-chloride
and nanoparticles of copper. However, the black layer of copper is eliminated by the addition of water, which
means a backlash 2.

The correctness of this mechanism is confirmed by experiments on photochemical reactions on the sur-
face of copper samples. In the following experiments, the samples were treated with copper (II) bromide. In
this case, the halide compounds react with the copper surface to the following reaction:

CuBr; + Cu — 2CuBr 3)

When the surface is immediately exposed to sunlight after such treatment, its surface layer is colored. In
addition, the dark color of the sample depends on its drying. In addition, some areas of the sample were dark-
ened from sunlight when they were exposed to the sun. Figure 2 shows the color change of the copper sample
at each stage of the process [6].

3

Figure 1. The fabric is treated 1 — surface layer after treatment in a solution of 30 g/l CuCly;
with an aqueous solution 2 — sample surface treatment after exposure to sunlight; 3 — surface layer
of CuCl and exposed to sunlight after screening of some parts under the influence of solar treatment

Figure 2. Changing the color of surfaces in samples during exposure
to a light-sensitive layer

Consequently, the copper base, which is a reducing agent, contributes to the slowing down of the reaction.
Therefore, it is recommended that the sodium hypophosphite solution be added to the solution by coppering
dielectric materials.

Methods of copper coating were carried out in fabric samples measuring 2x5 ¢cm to determine the indi-
vidual technological parameters of the process. The sample is poured with a solution of CuCl,x2H,0 —
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100 g/1. In this connection, the volume of the solution retained by the sample was 0.6 ml. Copper in this solu-
tion is about 25x107 g [7].

The results of the study revealed that the process of photochemical reduction of copper consists of two
stages: the formation of a semiconductor layer due to an increase in the concentration of halogen during the
drying of the coating occurs in the first 30 minutes of the first stage. Direct photochemical reduction of copper,
which takes about 30 minutes, but then gradually slows down in the second stage. Therefore, in the second
stage, the rate of the photochemical reaction is equal to the rate of chemical or galvanic metallization.

The following empirical relationships were obtained for studying the reaction kinetics mechanism. The
influence of the concentration of copper chloride on composite copper and its analogs has been studied. As
shown in Table 1, the concentration of copper chloride increases with the weight of the coating, but the thick-
ness of the coating does not affect the absorption rate of copper chloride in accordance with Figures 3-5.
Consequently, the reaction rate of copper chloride is 0.

Table 1
Effect of copper chloride concentration on the weight of the film
Weight Time, min Concentration of copper chloride, g/l
of copper. m 0-30 min 0.1 1 10 30 50 70 100 150
bpet, g 0.024 0.24 2.4 72 12 16.8 24 36

The reaction rate of copper chloride at various concentrations (differential method) was studied in ac-
cordance with Figures 6-8.

oD I5 ﬁ:l
a” 1 & &
E 1 2 E— 20 2
o =
-E'l b '% 15
5 3 s
g 10 $ 10 .
o o
g g -
3
0+ o
W 4y A U W B RS AR B %G 4% AR 45 e & min 25 30 35 40 45 50 55 60 65 70 75 80 8 8o T min
1—200¢g/l; 2— 100 g/1; 3— 50 g/l 1—200¢g/l; 2— 100 g/l; 3— 50 g/l
Figure 3. The rate of reduction of copper (II) chloride Figure 4. The rate of reduction of copper (II) chloride
under sunlight at 25 °C under sunlight at 35 °C
30
- 25 4 . 1 5
, 4%
% ?— 3.5
E E 34
o 3 o
] = 5
E 10 % 2
g o
§ 5 E 1
i o oot | e than: o S o i 25 30 35 40 45 50 55 60 &5 70 75 80 85 so rmin
[—200g/1;2—100 g/l; 3—350 ¢/l Figure 6. Recovery rate of copper chloride
Figure 5. The rate of reduction of copper (II) chloride at a concentration of 50 g/l under the influence
under sunlight at 40 °C of sunlight

Cepust «Xumusi». Ne 3(95)/2019 47



P.A. Abdurazova, Sh.T. Koshkarbayeva et al.

o
i i 6
o o
] w5
E. ™ =)
" T,
£ . £
=) 2
@ = 3
s k=
. ]
@ s 2
a g
1
g iy
o ; 3o
25 30 35 40 45 50 55 60 65 70 75 80 s so TMIN 25 350 35 40 45 50 S5 €0 65 70 75 %o 85 so TMin
Figure 7. Recovery rate of copper chloride Figure 8. Recovery rate of copper chloride
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The reaction rate was studied at different concentrations of copper chloride to determine the order of the
reaction.
2CuCl, + H,0 + NaH,PO, — 2CuCl + 2HC1+ NaH,PO, 4)

The reaction rate is calculated by the Vant-Hoff method (differential method) using the following for-
mula:
n;= (1gW1 - lng) / (lgCo_1 - 1gCo,2). (1)
Description: W1, W», Co.1 and Co actual rates of reaction at baseline concentrations; n; — the concentra-
tion is Cp individually in the component.
The results are shown in Table 2.

Table 2

Effect of copper chloride concentration on the rate and order of the reaction

Concentration of copper chloride, mol/1-1073 4.5 5.8 5
Actual reaction rate, /min- 103 0.112 0.145 0.125
Reaction order - 0.365 0.365

The reaction rate does not affect the moisture content of the mixture (i.e. H>O). Let's calculate the true
reaction rate:

_45
W=""40

Wz=5'8

=0.112;

40=0.145;

W, =Y =0-125.

_(gW —1gW,)
n, = . 2
! (lgCOAl _lng) @)
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365,

(1g Co, —1gW,, ) ‘ ®)

_ ~0.838—(~0.903) _ 0.064

n, = = =0.365 .
~0.698—(-0.522) " 0.176

Thus, the kinetic equation for the complete reaction for the formation of composite shells of copper and
its analogs is written as follows:
V — K . C0.366—0.365 (4)
Description: kK — reaction rate constant, min .
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The following formula is used to determine the activation energy:

RETlg] 7

T2

E——. 5
W 1 ®)

1
Description: E.., — activation energy of the reaction, J/mol.
0.1125 =k, -4.5°°%;

k=212 6 065
1.73

0.145 =k, -5.8°%;

k=219 10,
1.190

0.125=k, -5°%%;
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1.801
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Activation energy:

Well, then,

o 2.303-8.31- 298'308(0'0641,218) _ 0.053-308-298-8.31-2.303
ol (308-298) 10

o 2-303'8-31'298'313(0'06%218) ~0.053-308-298-8.31-2.303
o (313-298) 10

The results of the study of the temperature dependence of the reaction rates in time are given in Table 3.
Consequently, a low concentration of the coating formation makes it possible to obtain a semigloss coating,
which varies from black to gray-black. The coating thickness was about 0.3—-0.6 um, depending on the con-
centration of copper chloride, the base material and the surface layer. Thus, as a result of photochemical reac-
tion of the sorption layer under the influence of sunlight, copper semiconductors form metal coatings on the
surface. This, in turn, can be used to produce thinner coatings.

=9437-10°

=6.762-10°.

Table 3

The influence of time and temperature on the reaction rate and its constant

Parameters Temperature, °C Time, min (40 min)

308 0.112
Rate of reaction, sm*/min 298 0.145
313 0.125
308 0.064
Rate constant, min ! 298 0.218
313 0.069

. 9.437x103

Activation energy, J/mol 6.762%103

Conclusions

Mechanisms of photochemical reactions in thin layers of solutions of copper halide are presented. Copper
halides and its analogs can participate in the oxidation-reduction reaction under the influence of sunlight. In
thin films, monovalent halides are formed first under the action of beams. These are semiconductors, because
they are oxidized by the sun’s quantum of light, and the positive charge generated at this moment is the «va-
cancies» of the water molecule or oxidizes the hydroxide layers of material cellulose.
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As aresult of photochemical reaction in the sorption layer under the influence of sunlight it is proved that
semiconductor copper components forming metal coatings on the surface are formed. It is shown that the
process of studying the photochemical reduction of copper is two steps.
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JmaJieKkTpaik 0errepai (pOTOXMMHUSIIBIK MeTaj1ay NpoueciHiH MeXaHu3Mi

Makanazna MBICKypaMIac KalnraMalap/sl dpTYpil yiuriaepain OeTiHe KOHABIPY MYMKIHAITT 3epTTenreH. 3epT-
Tey YLIIH Teric jKoHe jKajlak MbIC IUIACTHHAJIap MEH MaTa KOJIaHBULABL JIM3JIEKTPI MaTepuasIblH YJrici
epiTiHgire GaTBHIPBUIABL, ONap KYH SHEPIHACHIMEH KENTIpiIi >KoHe MBIC YITIHIH OeTiHe TYHABIpY OoifbIHIIA
JKYMBIC JKYPTi3ingi. MBICTBIH (POTOXHMHSIIBIK TOTBIKCHI3JaHy JKbUIIAMIBIFBIH 3€PTTEY MPOLEC] €Ki Ke3CHHEH
Typazpl. bipiHmi ke3eHHiH anFaksl 30 MUHYTH — OyJ1 KanTaMaHbl KENTipy Ke3iH/Ie rajloreHaAepIiH KOHIIeH-
TPALMSCHIH apTTHIPY eceOiHeH KapThUIAHOTKIIII Ka0aTThIH KaJIbINTACYHl, aj eKiHnrici — 30 MUHYTKa JKYBIK
YaKBIT aJlaThIH MBICTBIH Tikellel ()OTOXUMHUSUIIBIK TOTHIKCHI3aHYbI, OipaK coaH KeiiH OipTiHaen Oasynanibl.
Exinmi ke3eHne GOTOXHUMHSIBIK PEaKLHs KbUIIAMIBIFBl XUMUSIIBIK HEMeCe TajlbBAaHUKAIBIK METaU3alis
KBUIIAMJIBIFbIHA TeH. POTOXUMHSUIBIK PEaKIUs HOTIDKECIHIE KYH COYJICCIHIH 9CepiHeH COpOLMSIBIK Kabar
KypraraH Ke3zie OeTiHIe MeTalul KalTaMaHbl KYpaiThIH MBICTHI XKapThlIaifeTKisrimTep naiina 6omansl. byHsl,
03 Ke3eriHje, ’KyKa KantaMmaiap/bl JaiblHIay YIIiH Naiiaananyra 6oapl.

Kinm ce30ep: Mexanu3M, GOTOXMMUS, METATH3AINS, IUIIIEKTPIIK OET, MBIC, pEKIHs, Karnrama, Kadat.

I1.A. A6aypa3zosa, III.T. Komkap6aesa, M.C. Caraes,
H.O. /Ixxakumnbexosa, E.b. PaiibiMOekoB

Mexanu3m npoimecca (poTOXMMHIECKO MeTAIH3AIUH
AUDJIEKTPUYECKUX MOBEPXHOCTEI

B crarbe uccnenoBaHa BO3MOXHOCTh HAHECEHUs] MEJbCOJEPKALINX TTOKPBITUI HA TIOBEPXHOCTH Pa3IUUHbBIX
o0Opasnos. [ uccnenoBanust ObLIM UCHOJIb30BAHbI ITIOCKUE M IJIAJIKME MEJIHbIE TUIACTHHBI U TKaHb. O0pasen
JMPIIEKTPUYECKOr0 MaTepuaia Obll IOTPYKEH B PACTBOP, 3aT€M OHM ObUIM BBICYLIEHBI HA COJHIE, U ObuIa
npoienaHa padoTa Mo OCaXKISHHIO MEIH Ha MOBEPXHOCTh oOpasua. M3ydenue ckopoctd GpOTOXUMHUYECKOTO
BOCCTAHOBJICHHS] MEIM ITOKA3BIBACT, YTO ITPOLIECC COCTOUT U3 ABYX 3TanoB. B nepssie 30 MuHyT mepBoro sramna
3a CYET yBEJIMUCHUS KOHIIEHTPAIMH IaJIOT€HOB IIPH CYIIKE ITOKPBITHS 00pa3yeTcs HOIyNIPOBOAHUKOBEIN CIIOH,
a BO BTOpPOH — mpsiMoe (OTOXMMUIECKOE BOCCTAHOBICHUE MEIH, KOTOpoe 3aHMMaeT okono 30 MUHYT, HO
3aTeM IOCTEIIeHHO 3aMemsiercs. Ha BropoM stame ckopocTb pOTOXHMHUECKON pPeaKkIuy paBHA CKOPOCTH XH-
MHMYECKOH MM rajbBaHMYECKOH MeTayuim3anuu. B pesynbrare GOTOXUMHYECKOH pEaKIMH IPH BBICBIXaHUH
COPOIIMOHHOTO CJIOS 110/l BO3/ICHCTBUEM COJIHEUHBIX JTy4ded Ha MOBEPXHOCTH 00pa3yIOTCs MEHbIC HOIyIpo-
BOZHUKH, (OPMUPYIOLINE METAUINYECKYIO IUICHKY.
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Kniouesvie cnosa: MCXaHU3M, (I)OTOXI/IMI/ISI, METAJUIM3alus, JUDJIEKTPUYECKas NOBEPXHOCTh, ME€/lb, PCaKIys,
IIOKPBITHUE, TJIIEHKHU.
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