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JocmipkeHo 3MiHN B KPUCTAIIYHINA CTPYKTYpi HOBEPXHEBHUX IIAPIiB MPH MOKPHUTTI KapOOHOBHX BOJIOKOH MIiJIIIO,
sIKe 3IIHCHIOBANIOCS B Ipoleci Meranizaiii 3a Moan(ikoBaHOW (OPMAIBICTIAHOI Ta LUHKOBOIO TEXHOJIOTISIMH.
BcranoBneHo, o0 BMICT Mijli Y TOKPUTTI Migb-OKCHIAM Milli MOKHA 301TBIINTH 32 PaXyHOK JBOIIAPOBOTO HOKPHTTS
TOYEProOBO IMHKOBHM Ta MO (iKOBaHUM (OPMAIIAETITHIM CIIOCOOaMHU.
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Beryn

Bimomo [1],
rpadiTu3oBaHi

IO METali30BaHi BHCOKOMOIYJIBbHI
BOJIOKHa 30UTBIIYIOTH TBEPAICTH 1
3HOCOCTIHKICTh TEPMOILIACTIB MOPIBHSHO 3
HEeMeTaJi30BaHUMHU BOJIOKHaMH. [pu bOMY
30UIBIIYyEThCS  3AATHICTH IOJIMEPIB A0 YTBOPEHHS
PETYJISIPHUX CTPYKTYp, IO YIIOBIJIBHIOE JECTPYKTHBHI
Ipoleck B TOJIMEpHIH MaTpumi TIpu TepTi Ta
3HOomryBaHHI. [lokazano [l] TakoX, IO TEPMOOKHCHI
MIPOLIECH B CaMHX BOJIOKHAX YHOBUIBHIOIOTBCS B DALY
moKpuBHUX MeTaniB: Al > Sn > Pb > Fe > Cu, t00TO
Mizb HaliMEHIIe TraJbMy€ TEPMOOKHCHI IPOLIECH.

et psx xapakTepHUd 1 I 3HOCOCTIHKOCTI
TEPMOIIIACTIB 1 peaKTOIUIACTIB, SKi MICTATh METaIi30BaHi
rpa¢iTH30BaHI BOJIOKHA. AJie, pa3oM 3 THM, BIJIOMO, IO
SKpa3 MiZHI TOKPUTTS 30UIBINYIOTH Teruodi3niHi
BJIACTMBOCTI TaKMX BOJIOKOH, a HAsBHICTh y BOJIOKHAx
pO3Taly’)KeHOi IOBEpXHI MOXE CIPHATH IPOLECcy
BHOIPKOBOTO TEPEHOCY MiAl TpH  TepTi, 3HAYHO
3MEHIIYIOUH 3HOIIYBAaHHS CyMiKHOI mapu [2-4]. Edekr
BITHOBJICHHA Ta TIEPEHOCY Milli CHOCTEpIraeTbcs IpH
TepTi METAIYHUX Tap B TIIIEepuHi, nepdTopromiedipax,
TOJITIIKONAX, MiHEpalbHAX OJNHMBAaX, BOMi, IO Ja€
Maibke 6e33HOCHY mapy [2,4].

JlecTpyKTHBHI ~NpomecH B TakUX MaTepianax
MOB’sI3aHi 3 YTBOPEHHSM OKCHJIB METaliB Ha MOBEPXHI
Ta  HU3BKOTEMIICPATYPHOI  KapOifu3aiiero  mpu
XIMIYHOMY,  €JIEKTpOXiMiuHOMYy  ab0  TepMidyHOMY
MOKpHBaHHI KapOoHoBHX BosokoH (KB) meramamu Ta
KOHTAaKTi 3 KHCHEM 1 KHCHEBUMHM crioiaykamu. OcTaHHIN
npotec KapOuam3arnii Yy BHIIQAKY MiJTHOTO
MMOKpHUBaHHS yTpyaHeHuH. Moxna ouikyBatu, mo KB,
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aki orpuMani 3a XMA — TtexHosoriero [5,6], Oyaytb
OiNTbIIe TPUAATHUME OKHUCHHM IIPOIIECaM IPH MiJTHEHHI,
HDK 3a 3BuyaiiHoro. [IpoGnema monsirae B TOMy, IO
MiZHEHHS  JICNCKTPUYHUX  MarepiaiiB, SKUMH €
kapOownizoBaHi npu 1123-1873K BonokHa, Ha BiqMiHY Bij
rpadituzoBanux mpu 2073-2673K BONOKOH, JOAATKOBO
yckmagaeHo anrtumipeHamu Na,B40;, (NH4),HPO,, mo
IPUBOIUTE B IIPOLEcax BiANaJeHHS A0 YTBOPEHHS
noJtihochopHUX 1 MOMOOPHUX KHUCIOT, momidocdaris i
nofiboparis, B,0;, B4C Ta amop¢Horo miposyriero [7],
SKi TIPUCYTHI Ha TOBEpPXHI sIK B Ipoleci kapOoHizamii i
rpadituzanii KB, Tak i npum HacTymHuX ormeparnisx
moaudikanii Ta Meramizamii TOTOBUX KapOOHOBHX
BOJIOKOH.

Mera poOoTtu nossiraia y BUBUEHHI (pazoBoro ckiamy
MOBEPXHEBUX mapis Mini, OTPUMAaHUX 3a
tdopmanpaerigoro TexHomoriero () [8], Momudiko-
BaHOIO B [6], Ta LMHKOBOIO TexHojoriero (Zn) [9]
MeTasi3aril KapOOHOBHX BOJIOKOH.

I. ExcnepuMeHTaJbHA YaCTHHA

O0’exTamMu TOCTiKEHHs OyiaM KapOOHOBI BOJIOKHA
YTM-8 Ta TekapMm, OTpUMAHHX 32 ONH3BKUMH
TEXHOJIOTISIMH, IIUIIXOM MPOCOYEHHS TiApaTIETFOI03HUX
(Bicko3umx) TkaHuH aHTumipenamu (NHy),HPO, i
Na,B;0,10H,O 3 mnomanpmuM BiAMaJeHHSIM TIPH
723+20K B CH4 ta mpu 1123+£50K B CH4. Otpumani
KapOOHI30BaHI TKAHWUHHU MiJJaBaM MOPI3KK Ha IIMATKU
Big 4x4 10 6x6¢M 1 mompiOHeHHto B npobapiii MPII-1 3
nojoBuMu Hoxkamu npu 7000 00epTiB 3a XBWIMHY
(uactota obepramms 117¢') nmporsrom ~ 3,3xB. 10
HAcMIHOI rycTurm ~ 400-600kr/M°. Kap6oHOBi BooKHA
MaJi MacoBHii (00’ eMHuiT) posmonin BeliOymna abo rama
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— po3mofin 3a norxuHamMu B Mexkax 20-1000mxwm [10].

PenTrenorpamMmn BOJIOKOH 3HIMadM Ha YCTaHOBII
YPC-60 B xpomoBoMmy HedimpTpoBaHoMy K,
BUINIPOMiHIOBaHHI MeTosioM Jlebas — Illeppepa B kamepax
PKA (miamerp xamepu 57,3mm). dazoBuil ckiajq
MOBEPXHEBUX IIAPiB BOJOKOH JOCIIDKYBAIU IILJISIXOM
pentreHorpadiunoi 3ioMku Ha audpaxromerpi JJPOH—
3, BukopuctoByroun Cu K, — BUIIpOMiHIOBaHHS.

[ToBepxHi 3pa3kiB KapOOHOBHX BOJIOKOH, 3aKPIIUICHUX
B wMmarpuni [IT®E, nocmimkyBaim Ha pacTpoBOMY
eeKTpoHHOMY Mikpockomi POM-200 i3 3matHIiCTIO IO
po3B’s3aHHA 00’ ekTy 30-50HM Ta 30imbIeHHs Bix 20 mo
26.000. 30impmICHHA ~ 3MIHIOBAIM  CTYNEHSAMH 3
KOMIICHCAI[I€I0 TPH 3MiHI TPUCKOPIOIOYOI HANPYTH Ta
uudposoi peectpauii. 3pa3ku 3HIMATM Yy 3BUYAHHOMY
PEXKHMMI Ta 3 BUKOPUCTAHHAM «y»- MoxyJusinii. [ToBepxHs
3paska Iepej 3HOMKOI0 PETeNbHO OYMIIATIACS PO3ZYHMHOM
XPOMITIKa 1 €TUIIOBUM CITUPTOM.

II. Pe3yabTaTn T2 00roBOpeHHs

Bimoma texHosoris [8] mimHeHHS rpadiTH3oBaHHX
MOBEPXOHb LUIIXOM BigHOBIeHHs ioHiB Mimi (II) 3
BOJHHMX PO3YMHIB CIpYaHOKHCIIOl Miai (opMalibaeriqom
CH,0 y npucyTHOCTI JIyTy - TapTpary HaTpilo - KaJIifo.

Henonikamu Bizomoro (opMaibAeriHoro crocooy
MiZHeHHS TpadiTOBUX MMOBEPXOHb € Te, W0 Iel mporuec
CKJIa[THUI, OaraTocTaiifHuii i moBro mpoTikae y gaci (10-
20roz.). MigHeHHs TpoTiKae Jmmie Ha rpadiTH30BaHUX
BonoKHax 3 BumuteHHam Cu’. V 6impmocti pernenTis
PO3YMHIB XIMIYHOTO MiJHEHHS BMICT (OpMalberiay y
KiJIbKa pa3iB MEpeBHILy€ Ty KUIBKICTh, fKa HEOoOXimHa
JUIA peakiii 3 Miamro, mo moB’s3aHo 3 ydactio CH,O B
JY)KHOMY cepeoBHIIi B peakiii KanHinapo Ta iHIIAMU
npoLecamM.

Ane wuepe3 macwBalil0 IOBEPXHI MiJl TpaHUI
HapOIIyBaHHS MiJHOTO ITOKPHUTTS i3 CBDKOTO PO3YHHY HE
nepesuulye 75-78% Bix Macu rpadiTH30BaHOTO BOJIOKHA.
[Ipouec BUMarae TpaBieHHs MOBEPXHI rpadiTH30BaHUX
BoslokoH HNO;, aktuBamii ix mosepxHi po3unHoM SnCl,
3 KOHIIeHTpariero 371/ y kucnomy cepemoBumli (40mi/mn
koHI. HCI) i cencubinizamnii moBepxHi pozunHom PdCl, 3
koHuenrpauietro 0,05-0,1r/n 'y kucioMy cepenoBuILi
(10ma/n konn. HCI). KoskHa omeparfiss miaroToBKH i
MigaenHs: KB Bumarae 6aratopa3oBoi MPOMHBKH BOJIOIO
i pimbTpawii.

[Tpn MigHEHHI BHCOKOIMCIIEPCHHX KapOOHI30BaHHX
BOJIOKOH, oTpuMaHux 3a XMA TEXHOJIOTIETO,
npoOJiemMa racuBallii MmoBepxHi Miii HabyBae 0cOOJINBOTO
3HA4YEHHA y 3B’A3Ky 3 THM, L0 METalidHa Millb, sKa
ocimae Ha po3BHHYTY mHoBepxHIO KB, Mae HamBuCOKy
KaTaJIiTHYHY AKTHUBHICTh, BHKJIHMKAIOYH 0P LBOMY
€K30TepMivHI OKHCHO-BITHOBHI peakiii yrBopeHHs: Cu,O
i CuO.

PenTreHorpammu kapOOHOBOTO BOJIOKHA TEKapM, LIO
3HiMaiH Ha ycTaHoBIi YPC-60, moka3yloTh Ha peHTICHO-
amMoppHMii  xapakTep 00’€KTa  JOCHI[DKEHHS. A
PEHTICHOIPaMHU LIbOTO K BOJIOKHA, SIKE MOKPHUTE MIiJJII0
3a  BiIOMOIO (POPMAJBJICTITHOW TexHojoriero [8],
HiATBEP/KYIOTh, 110 Ha MOBEPXHI MOAM(DIKOBAHOTO
KapOOHI30BaHOTO BHCOKOJIMCIIEPCHOTO BOJIOKHA
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yreoprotorses mapu Cu’ (hkl 111, 200, 220), Cu,O (hkl
111, 220, 311, 222) Ta CuO (hkl 002, 200, 202, 113, 310,

222).
BigHoBieHHs macMBOBaHMX IUIIBOK XIMIYHHAM 1
CJIEKTPOXIMIUYHMM  CIIOCOOOM  MOKa3ajo, M0 BOHH

ckianarThes y Oumbimocti 3 CuyO, TOBIIMHA SIKOT MpH
MIZIHIHHI 3a Kijgbka XBWIHH gocsrae 10-30MkM, a mpu
NIPOMHUBAaHHI BOJOI0 CBDKOYTBOPEHOT'O ITOKPHUTTS MiJi
map Cu,O 3pocrae go 200-300MkM. 3 eneKTPOHHOT
Mmikpodotorpadii moepxni KB Ttexkapm BuaHo, mio

yactunky mapy Cu’ + Cu,O + CuO yrsoprooTbest B

OKpEeMHUX TOYKaX MOBEPXHI BOJOKHA 1 BHPOCTAIOTH [0
po3mipiB Big 16%16 10 24x40MKM 3 «HDKKOIO» 4-5MKM,
AKOIO 3aKpillJIeHa YaCTHHKA O BOJIOKHA.

TakuM YWHOM, MiJHE MOKPHUTTA HAa KapOOHI30BAHHX
BOJIOKHAaX HEOJHOpiHE, Ba)XXKO BiJITBOPIOETHCA 3a
BJIACTHBOCTSIMH, Ma€ pi3Hy TOBLIMHY. [Ipoliec MinHEeHHS
TaKUX BOJIOKOH BHUMAara€ iHTEHCHBHOI'O IEpEMillyBaHHs
cycnensii, ToOTO MigHeHHS BigOyBaeTbcsi B 00’emi
pO3YMHY, a BUAIJIEHUH BOAEHb COPOYETHCS YaCTHHKaMHU
BOJIOKHA, BHacligok 4oro dvactnHa KB crmBae Ha
MOBEPXHIO PO3YMHY, MIO BHMara€e ix MOCTIHHOTO
MOBEpHEHHSI B 00’eM. I|HTCHCHBHE TMepeMilTyBaHHS
MPU3BOANTE IO CIJIBHOI aepamii KHCHIO TIOBITPS Y
po3uuH. lle mpuBoauTs no yrBopeHHs Cu,O BHACHTIIOK
SIK BIJHOBJIEHHS Mial, TaK 1 B HACIIJOK OKMCHEHHS
MTOBEPXHI Mifli Ha BOJIOKHI 32 CXeMaMH PeaKIlii:

2Cu™ +2Cu’ + 0, - 2Cu,0 (1)
2Cu” +0, - 2Cu0 )
4Cu’ + 0, - 2Cu,0 3)

Ha cranii ¢inerparii migaenux KB crocrepiraerbes
CWIBHUI pO3IrpiB  Macu, II0 MNPUCKOPIOE MPOIEC
OKHCHEHHS BHCOKOAKTHUBHOI moBepxHi Mimi 10 Cu,O 3a
CXEMOIO!

0
2Cu” + 0 — Cu, 0O 4
JUis  3MeHIICHHS  sBUINA IACHWBAaIlii  OBEPXHI
MigHEHHX BOJIOKOH JIOCIIIKEHO BILINB Ha

(hopMaIbIeTiAHY TEXHOJIOTIIO TAKNX (PaKTOPiB:

1) Ha crazii MigHEHHS — miATpUMaHHI pH po3uuHy Ha
piBai 12,54+0,3; miaTpuMaHHS TemIiepaTypd Ha piBHI
293+5K; BBemeHHs cTabimi3yrounx 100aBOK, HAIIPHUKIIAT
nietwnauTiokapOoHara Harpito, — 5-10mi1; iHTEHCHUBHE
nepemimyBaHag cycnensii KB y po3umni MigHeHHS 3
06apOoTyBaHHSM uepe3 PO3UHH a30Ty;

2) Ha craxii ¢inpTpanii MeTani30BaHMX BOJIOKOH —
MIPOMHUBKA BOJIOKOH Ha (iIbTpi BomHUM 5-7% po3unHOM
¢dopmaniny 3 NaOH (mo pH = 11,5-12), motim Bozo1o i
alleTOHOM; CTAJICTh PO3YHMHY OLIHIOBAJIHM 32 IEPiOJOM
iHAyKOii po3kiany micis BBeaeHHA 1w po3umny PdCl,
(1r/m) B 50Mn pozunny MimHeHHS pu 298K

BusBiieHo, 10 Ha IIBUAKICTh MIiJIHEHHS HaHOiNbIIe
BIUIMBA€ KOHIICHTpPAIIist Cu®" i mobGaBox Ta JY>KHICTB
po3unHy. CTanmicTh PO3YMHY MIiAHEHHS 3aJCKUTh Bij
kounenrpamii CH,O i1 mob6asok. Konrenrpamito CH,O
MOXHa 3MEHIIMTH 10 15-20Mi1/n, mpU LBOMY CTaJiCTh

pO3UMHY 3pocTae, a MBHAKICTH MigHeHHs KB
3MCHIIYEThCS. BBEICHHS TakuX Omepalliii y TeXHOIOTi0
MiHeHHs  Oylo  TOKJIaJIeHO B MoAH(DIKOBaHY

(hopmanpaerinHy TexHoorio (Md).
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Enextponna MikpodoTorpadis moBepxHi BOJOKHA
MiATBEPANIA, 10 32 MOIU(DIKOBAHOIO (POPMAITBIETITHOIO

J, B.O.

TEXHOJIOTIEI0 MiTHEHHS JOCSATHYTO PIBHOMIPHE MOKPUTTS
Ha KB.

22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67

28, rpag.

Puc. 1. Tudpakrorpama kKapOOHOBOTO BOJIOKHA TEKapM Iiciist 3,3xB. apobieHHs B MIIP-1.
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Puc. 2. Tudpakrorpama kapOboHOBOrO BOToKHa Y TM-8§,
MOKpuUTOro omHuM (a) i aBoma (0) mrapamm Mimi 3a
MOoH(iKOBaHOIO (hOPMAITBAETIIHOIO TEXHOIIOTIETO.

25 30 35

Ha puc. 1 nmpuBenena audpakrorpama kapOOHOBOTO
BOJIOKHA TEKapM.

Sx BumHO 3 puc.l 1A HEMOKPUTOTO KapOOHOBOTO
BOJIOKHa TEKapM CIIOCTEPIraeThCsl peHTIeHOamMop(dHa
CTPYKTYpa MOBEPXHEBUX 1IapiB. bnnzbka
mudpakrorpama mnpuBeneHa B [11] mis kapOoHOBOTrO
BoiokHa YTM-8. i HEmokpuroro KapOOHOBOTO
BookHa YTM-8 micms 3,3xB. nmpobnerns B MPII-1

546

CIIOCTEPIraeThCs HEBEJINKA PCHTICHIBChKA
YIOpsAKOBaHICTh InapiB 3 mnapamerpamu: d (002) =
0,386um i L (002) = L. = 0,6 14um. [Ipu 30inb1IeHH] yacy
npobsiennss B MPII-1 go 11xB. ymopsikoBaHiCTh
TypOOCTpaTHOI CTPYKTYpH 3pOCTae, aje I CTYIiHb
3QIUINAETECA Maor. Sk JUIsi KapOOHOBOTO BOJIOKHA
TekapM, Tak 1 YTM-8, cyanTtu npo po3Mip CTpyKTYpHHUX
€JIEeMEeHTIB YTPYAHEHO, TOMYy IO 3HAYHUHA BMICT
amMopdHOi (a3 kapOoHY.

Ha puc.2 mpuBenena mudpakxTorpama KapOOHOBOTO
BoslokHa YTM-8, sike mokpute omumm (puc.2a) abo
nBoma (puc.20) mapamu Mimi 3a MoauGiKOBaHOIO
(hopManbaeTiTHOIO TEXHOJIOTIEIO.

Sk BuAHO 3 puc.2a, CKJIaJ OAHOIIAPOBOTO MOKPHUTTS
Ha KapOoHOBOMy BoNOkHI YTM-8 mae Taki ¢asu: Cu’
(hkl 111, 002), Cu,O (hkl 111, 002, 022) ta CuO (hkl
020, 200, -131), mpu bOMY MaKCHMaJIbHA IHTEHCUBHICTh
nikis Bixnosigae Cu’ (irTeHcuBHicTh TiKa J5 = 100% mns
205 = 43,174rpan.; Jo = 44% mia 205 = 50,259rpan.,
pemra Cu,O (J, = 17% nmns 26, = 36,287rpan.; J, = 8%
s 20, = 42,230rpan.; J; = 4% s 26, = 61,186rpan.);
CuO (J; = 2% nys 20, = 35,302rpan.; J;= 1% nns 20; =
38,646rpan.; J; = 2% nna 20; = 61,186rpazn.). Crani
rpatku (asu Cu’ craHoBISTH: a, b, ¢ = 0,36271(3)HM; Y=
90rpan.; dasu Cu,O: a, b, ¢ = 0,42803(10)um; v =
90rpanx.; ¢asu CuO: a 0,46840(0)um; b
0,51290(0)um; ¢ = 0,34250(0)am; y = 99,5rpan. (tabdmn.1).

Sk BumHO 3 pric.20, U IBOMIAPOBOTO IMOKPUTTS HA
kapOoHOBOMY BoOJIOKHI YTM-8 xapakrepHa BiACYTHICTH
peduiekciB mikiB, mo BigHOCATHECA M0 CuO, ame BMicT
Cu,O 30impmryetscsi, 00 3pocTae iHTEHCHBHICTH IMIKiB
Bigourts (111) y ~ 4,24 pasu, (002) ~y 3 pasu Ta (022)
~y 5,75 pasm, i smenmyetbest J g (022) y 1,2 pasm.
®da3oBuil CKJIaJ IBOIIAPOBOTO MOKPUTTA € Takumii: Cu
(hkl 111, 002), Cu,O (hkl 111, 002, 022), mpu 1BOMY
MaKCUMAJIbHA iHTEHCHBHICTD MiKiB Bimmosimae Cu’ J; =
100% mns 20; = 43,056rpan.; J, = 36% mns 20, =
50,150rpan.) ta Cu,O (J; = 72% s 20, = 36,206pan.; J,
= 24% nna 20, = 42,100rpax.; Js = 23% nmus 205 =
61,193rpan.). Crani rpatku ¢asu Cu’: a, b, ¢ =
0,36352(2)um; v = 90rpan.; ¢asm Cu,O: a, b, ¢ =
0,42832(21)am; v = 90rpan. (tabm.1).
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Taoauns 1

3aJIeKHICTh MapaMeTPiB IPATKH BiJl TEXHOJIOTIT MeTami3arlii kapOoHI30BaHOTO BOJIOKHA

Craui rpaTku, HM
TexHooris Tun KB 5
Cu Cu,O
HM rpan. HM rpaj

a b c v a b c Y

KB-+Cu’(Mdb) YTM-8 | 036271 | 036271 | 036271 90 0,42803 | 0,42803 [ 042803 | 90
0,46840" | 0,51290" |0,34250" [ 99,5"
KB-+Cu’(Mp)+Cu’(md) YTM-8 | 036352 | 036352 | 0,36352 90 0,42832 | 0,42832 [ 042832 | 90
KB-+Cu’(Zn) 3 06’emy - 0,36189 | 036189 | 036189 90 0,42729 | 0,42729 | 042729 | 90
KB-+Cu’(Zn) YTM-8 | 036244 | 036244 | 036244 90 042762 | 042762 | 042762 [ 90
KB-+Cu’(Zn)+Cu’(Zn) YTM-8 | 036253 | 0,36253 | 0,36253 90 0,42808 | 0,42808 | 042808 | 90
KB+Cu’(Zn)+Cu’(Zn)+Cu’(Zn) VTM-8 | 036263 | 036263 | 0,36263 90 0,42857 | 0,42857 | 0,42857 [ 90
KB-+Cu’(Mp)+ Cu’(Zn) YTM-8 | 036154 | 036154 | 036154 90 0,42694 | 0,42694 | 042694 [ 90
KB-+Cu’(Zn)+Cu’(Mdb) YTM-8 | 0,36303 | 0,36303 | 0,36303 90 0,42985 | 0,43025 | 043025 | 90
KB+Cu’(Zn)+ Cu’(Zny+Cu’(md) | YTM-8 | 0,36292 | 0,36292 | 0,36292 90 0,43025 | 0,42985 | 042985 | 90
KB+Cu’(Zn)+ Cu’(Zn)+Cu’(Md) | Texapm | 036273 | 036273 | 0,36273 90 0,42859 | 0,42859 | 042859 [ 90
KB+ Cu’(Zn)+ JEJTK-natpiro Tekapm 0,42865 | 0,42865 | 042865 | 90
* CuO
. o : 2+ 0
Jocimigamu  3HalgeHO, 10 IPAKTUYHO  BCI Zn”" nepen BBEJIEHHAM Zn".

nepepaxoBaHi He10J1iKH opMalberiaHoi TexHoor il [§]
MOXYTh OYTH YCYHCHIi, SIKIIO BIJHOBJICHHS I1OHIB Miji
NPOBOJNTH LMHKOBHM IOPOIIKOM Yy CIpYaHOKHCIOMY
po3unHi. Edekr nocsiraeTbcs 3a paXyHOK BiJHOBJIEHHS
Cu’ UMHKOM 3a KOHTaKTHO-XiMiYHMM TBepAO(a3HUM
MeXaHi3MOM B 00’eMi pO34MHY Ha Mik(dasHill MoBepXHi
ra3-piMHa-TBEpAe TIIO 3a  pPaxyHOK  IIIBHIKOTO
BHUIUIEHHS AaKTHBHOIO BOJHIO Ta  IHTEHCHBHOI'O
06apOoTyBaHHSAM HOro uepe3 Bech Imap cycrnensii [9].
CxeMy XiMIYHHMX DIBHSIHb 32 I[I€I0 TEXHOJOTIEI0 MOXKHA
NPEICTaBUTH TAKUM YHHOM:

Zn’ +2H" — Zn* + H, (5)
Cu™ +H, — (CuH) +H* (6)
(CuH)" +Cu™ —>2Cu™ +H* (1)
2Cu™ — Cu’ + Cu™ 8)

Piusiaus (5) — (8) BkazyloTh Ha OararocTaliiiHiCTh
MEXaHi3My MiJHEHHS 3a LIMHKOBOIO TEXHOJIOTIEI0, IO
Bele [0 3HIKEHHs eHeprii akTuBaumii npouecy i,
BIAMOBITHO, /10 3HIDKEHHS OINTHMAJIBHOI TeMIlepaTypu
MiJHEHHS.

Po3pobnena texnomoris [6,9,12,13] momsarae B Tomy,
mo KB o6pobmnsarote y po3unHi, skuit mictuts 20-40r/n
CuSO,, 0,05-0,2r/m ZnSO,, 18-35r/m H,SO4 (xoHiL.),
motiM mpu mepeminryBanHi KB 3 po3umHOM Yy
criBBigHomeHHi 20r: 11 mpu 293K nepioguvHo 10AaI0Th
YacTKaMu 1o 1-2r mopormky Zn" ua mpotssi 0,5-1rox. 10
BMicTy #oro y posumHi 15-46r/n, miciast yoro
npoJoBXKy0Th 00pooky KB mnpu 293K, cycnensito
migHenoro KB ¢inbTpytoTh, mpomuBaioTh Ha GuUIBTpi
BoJOI0 70 pH = 7, moTiM aneToHoM 1 BHCYLIyIOTh Ha
noBiTpi. 3a paxyHoK BBeaeHH ZnSO, I0CATAETHCS
NPUIIBUAIICHHS OCa/UKEHHS Miai, [0 0OyMOBIICHO
SJNIEKTPOIITUIHAM MeEXaHIi3MOM TIIpOIeCy: HeOOXiTHICTH
CTBOPEHHS B PO3YMHI MiZHEHHS OKHCHO-BIIHOBICHOI
HamiBmapu  Zn’/Zn’’, 10 JOCATAEThCS 33  PAXYHOK
CTBOPCHHS MiHIMaIbHOI BHUXiIHOT KOHIICHTpAIlii 10HIB

JocmimkeHHs ITUHKOBOI TEXHOJOTII IOKa3aio, IIo
MOXKHa 32 OJMH IIMKJ JIOCATHYTH IIPHBICOK Mial Ha
BOJIOKHI 110 250% Bix macu KB.

Po3pobnena  nmHKOBa
JIO3BOJISIE:
® HE MPOBOJMTH MOMEPEIHIO TPYIOMICTKY MiATOTOBKY
mosepxHi KB;
® CIIPOCTUTH  MPOILEC
BUKOPHCTaHHA (opMaliHy,
MiABUINEHHS  3MOYYBAaHOCTI  BYTJIEEBOI  IOBEPXHI
TpaBJeHHs, aKTuBalii 1 ceHcuOULT3anil TOBEpXHI
KOILTOBHHMH PEaKTUBHMH, OaraTOYMCICHHI MPOMUBKH 1
cymiky ((popmasberigHa TexXHonoris BuMarae 10 cramii,
UHKOBA - 3) Ta mpoBoauTH nporec Ha KB 3 T, = 673-
3273K;
® [PUIIBHAIIIUTH rpouec MigHEHHS KB
(dbopmampaerinaa TexHonoris 3-8rox., muHKOBa 1-2rom.)
Ta  CKOPOTHTH  3arajbHy  TPHUBAIICTh  IIPOIECY
(dbopmampaerinna Ttexnomoris 10-20rom., mmHKOBa 2-
3ron.);
® 3pOOHTH JICIIEBIINM HPOLIEC 38 PAXyHOK BUKIIOYCHHS
KOIITOBHUX PEAreHTiB Ta 0araropa3oBOro BUKOPHUCTAHHS
PO3YHHY MiJHEHHS;
® MIJBUIIMTH XIMiUHY 1
MTOKPUTTSL.

Hocmimkernns nmoBepxui KB, mignanoro MigHeHHIO 3a
IUHKOBOIO  TEXHOJIOTIEI0,  METOJOM  EJIEKTPOHHOI
MIKpPOCKOTII TOKa3alo, M0 TIOBEPXHS pPiBHOMIPHO
MTOKpHUTA IIIApOM MaTepiaiy.

SAx BunmHO i3 AudpakrorpaMu KapOOHOBOTO BOJOKHA
YTM-8 (puc.3), nmokputoro oaumm (a), aBoma (0) Ta
TppoMa (B) MmapamMu 3a IMHKOBOKO TEXHOJIOTIEI0
MinHeHHs, paszoBuii ckmag € takum: Cu’ (hkl 111, 002) +
Cu,O (hkl 011, 111, 002, 022), npu upomy, npu
301IBIIEHH] KITBKOCTI IIapiB, 3pOCTa€ IHTEHCHBHICTH
Big6uBanns ws Cu’.,

TEXHOJIOTIS MiJIHEHHS

MIJIHCHHS,  BHKIIIOYHBIIN
OararocramiiiHi omepartii

NOKPHBHY  OJIHODPIJTHICTH
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Puc. 3. ludpakrorpama kapOoHoBoro BotokHa Y TM-8§,
MOKPUTOTO OJHUM (a), mBoma (0), TppoMa (B) mapamu 3a
LMHKOBOIO TEXHOJIOTI€I0.
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Tak, U1 0IHOIIAPOBOTO NOKPHUTTS Ha BOJIOKHI Y TM-
8 (puc.3a) MakcumaibHa  IHTCHCHBHICTh  MIKIB
Bignosigana Cu,O (J, = 100% mist 20, = 36,264rpan.; J;
= 14% nmna 20, = 29,420rpan.; J; = 28% musa 20; =
42,156rpan.; J¢ = 4% s 205 = 61,217rpan.), a ans Cu’
IHTCHCUBHICTh TiKiB Oynma MeHma (J, = 22% g 204 =
43,162rpan.; Js = 9% mns 205 = 50,295rpan.). Crami
rpatku craHoBwin: 11 Cu,O a, b, ¢ = 0,42762(18)HM, y
= 90rpax.; s Cu’a, b, ¢ = 0,36244(4)um, y = 90rpaz.
(tabim.1).

I[Ipu mpomy, 3 00’eMy po34uWHA MIOHIHHSA IIPH
nokputTi oxHuM (nepmum) mapom KB YTM-8 3a
[UHKOBOIO TEXHOJIOTiE€r0 MeromoM  (inbTpamii Oyna
BUIaJIcHa TBepaa (asa, CKiaja sSIKoi MiCTUB cu’ (hkl 111,
002), Cu,O (hkl o011, 111, 002, 022) Ta
HeineHTH]iKoBaHe BinOUTTS criekpTy 3 J, = 3% mis 26,
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30,625tpan. (puc.4). MakcuMmanbHa IHTEHCHBHICTBH
nikie  Bigmosinanza Cu’ Js = 100% nmna 205 =
43,265tpan.; Jg = 45% musa 20, = 50,389rpan.) 3i
cTaMMu TpaTtku: a, b, ¢ = 0,36189(0)um, v = 90rpan.
(tabn.1). MeHiua iHTeHCHMBHICTB MiKiB Bixnosigara Cu,O
(J1 = 3% s 20, = 29,579rpan.; J; = 40% misa 20; =
36,373rpan.; J, = 13% ana 204 = 42,260rpan.; J; = 13%
st 20; = 61,311rpan.) (puc.4) 31 cramumu rpatku: a, b, ¢
=0,42729(10)am, v = 90rpan. (tadmn.1).

Jist  nBOMIapOBOrO MHOKPHUTTS Ha BOJIOKHI YTM-8
(prc.30) MakcHUMaNbHA IHTEHCHBHICTH ITKIiB BiIIOBimama
Cu’ (J; = 100% s 20, = 43,171rpan.; Js = 45% ans 205
50,302rpan.) 3i cragumMu TpaTKu: a, b, ¢
0,36253(4)um, v = 90rpam. (tadm.1), a mit Cu,O
iHTeHCHBHICTh miKiB Oyna meHma (J; = 1% mnsa 26,
29,417rpan.; J, = 28% misa 20, = 36,262rpan.; J; = 8%
st 20; = 42,154rpan.; J; = 8% mis 20, = 61,219rpan.) 3i
CTauMH IpaTku: a, b, ¢ = 0,42808(18)um, y = 90rpaz.
(Tabm.1).

JUist TpUIIApoBOro MOKPHUTTA Ha BOJIOKHI YTM-8
(puc.3B) MakcuMaJbHAa IHTEHCHUBHICTH TIKIB TaKOX
Bignosinana Cu’ (J4 = 100% mns 20, = 43,156rpan.; Js =
42% ma 205 = 50,288rpaz.) 3i cTamMu IpaTku: a, b, ¢ =
0,36263(5)uMm, v 90rpax. (tabn.1). Hma Cu,O
iHTeHCHBHICTh miKiB Oyna meHma (J; = 3% mns 26,
29,423rpan.; J, = 71% st 20, = 36,266Tpan.; J; = 20%
st 205 = 42,148rpan.; Jo = 22% s 20 = 61,216Tpan.)
(puc.3B) 31 cTamumu IpaTku: a, b, ¢ = 0,42857(8)um, v =
90rpan. (tabsm.1).

Takum uurOM, BMICT (hasu Cu,O MakCHUManbHUHN ISt
OJTHOIIIAPOBOTO TIOKPUTTS, 3HAYHO 3MCHINYETHCS JUIS
JBOIIAPOBOTO  TOKPHUTTA 1 3HOBY 3pOCTae  Jyis
TPHIIAPOBOTO IIOKPHUTTS 32 IIMHKOBOKO TEXHOJIOTIETO.

Crpoba 3MEHIINTH TACHBALII0 TTOBEPXHI MiTHEHOTO
BoNOKHa mienektpukoM Cu,O 3a paxyHOK CHHTE3Y
MIIHOTO KOMIUIEKCY JIeTHIIUTIOKapO0-MaTOBOT KUCIOTH
Ha BOJIOKHI TekapMm (puc.5) fgama Takuil pe3yJbTar:
(dasoBuit ckimam mosepxHi MigHeHoro KB ckiamaBes
Bukmo4Ho 3 Cu,O (hkl 111, 002, 022, 113) (puc.5), npu
I[LOMY MaKCHMaJlbHa IHTEHCHBHICTh MIKIB BiJIIOBiIaIa
Cu,0 (Jg = 100% ms 204 = 36,261rpan.; J; = 35% mpu
20, =42,129rpan.; Jg = 26% npu 205 = 61,226rpan.; Jo =
19% nast 269 = 73,372rpan.). Crani rpatku ¢pazu Cu,O
CTaHOBWIIH: a, b, ¢ = 0,42865(3)uM, vy = 90rpan. (Tabmn.1).
HeinnedixoBani BitOUTKHN CIIEKTpY B Mexax J; 5 = 4-16%
BigHOCHIMCS 10 20, = 23,945rpan.; 20, = 24,481rpan.;
20; = 27,858rpan.; 20, = 33,279rpan.; 205 = 35,548rpan.
1 3 BEIMKOI WMOBIPHICTIO IX MOJKHA BIZHECTH [0
MIZHOTO KOMIUIEKCY JieTHIINTIOKapOOMaTOBOI KUCIIOTH.

BigHoBieHHS  Mimi B IOBEPXHEBHX  Iapax
METaJIi30BaHOTO KapOOHOBOTO BOJIOKHA MOXHA
JIOCHFHyTl/I 3a anyHOK JIBOIJ_IapOBOFO HOKpl/ITTﬂ

Mo4YeproBo 3a (opMaibJIeriTHOI0 1 LMHKOBOIO abo
LIMHKOBOIO 1 (hOpMaibJETiHOI0 TexHoJyorisiMU. Puc.6
noKasye Ha 3MiHy (a30BOTO CKJIaay MOKPUTTS MPU TAKUX
MAaHIITyJIAIsAX.

Sk BUIHO 3 puC.6a, I IBOIMIAPOBOTO MOKPUTTS Ha
kapOoHOBOMy BOJNOKHI YTM-8, sKke yTBOpeHEe 3a
MOIU(IKOBaHOK (OpMaIbaCriqHOw (HepImuil map) Ta
[IUHKOBOIO (APYTHHA IIap) TEXHOJOTISIMH, 3MECHIIYETHCS
BvmicT a3 Cu’ i 36imemyerscs Bmict Qasu Cu,O
MOPIBHSHO 3 JIBOIIAPOBUM MOKPHUTTM 3a
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Puc. 6. Iudpakrorpama xkapooHOBOro BosiokHa YTM-8
(a,06,8) 1 TekapMm (T), MOKPHUTOrO IBOMA IIapamMH: 3a
¢opmanpaerinHolo  (mepmMid  Iap) Ta  IMHKOBOIO
(mpyrmii map) (a), 3a IMHKOBOIO (TIEPIIMI Imap) Ta
tdhopmanpaerinHoo (npyruit map) (6) TEXHONOTiAMH, i
TpPbOMa [IApaMH: 3a [MHKOBOIO (HEPILIUid 1 qPYTHid 1map)
Ta (OpPMaIBACTiIHOO (TPETii m1ap) (B,r) TEXHOJOTISIMH.

w
a

002, 022) ta Cu’ (hkl 111, 002). MakcumanbHa
IHTeHCUBHICTH mikiB Bifgmosigana Cu,O (J; = 5% mis 20,
= 29,554rpan.; J, = 100% misa 20, = 36,408rpaz.; J; =
35% mna 20; = 42.298rpan.; Jg = 32% mus 20, =
61,370rpan.) (puc.6a) 3i cramuMu TIpaTku: a, b, ¢ =
0,42694(3)umM, y = 90rpan., a mis Cu’ iHTeHCHBHICTH
mikiB Oyna menma (J, = 64% mst 20, = 43,310rpan.; Js =
27% msa 205 = 50,440rpan.) 3i cTanmuMu IpaTku: a, b, ¢ =
0,36154(0)am, y = 90rpan. (Tabm.1).

Sx BuAHO 3 pHUC.60, A IBOIIAPOBOTO MOKPUTTS HA

kapOoHOBOMYy BosiokHI YTM-8, sike yTBOpeHO 3a
UHKOBOIO  (meprimii  map) Ta  MoAu(}iKOBaHOO
¢dopmanpaerinHo0  (Apyruii  map)  TEXHOJIOTISIMH,

nominye dasa Cu’ (hkl 111, 002, 022) 3 MaKCHMAJTbHOIO
inTencuBHicTiO (J, = 100% ams 20, = 43,03 1rpan.; J; =
37% mna 20; = 50,152rpan.; J, = 23% mis 20, =
73,809rpax.) 31 cramuMu  rpaTtku: a, b, ¢ =
0,36303(16)aM, vy = 90rpan. (tabn.1). Ha nudpakrorpami
puc.60 BUSABIICHUI JIUIIE OJUH MK MaJioi iHTEHCUBHOCTI
Cu,O (hkl 111) (J; = 2% nna 26, = 36,128rpan.) 3i
cramumu rpatkd: a, b, ¢ = 0,43025(0)am, y = 90rpaz.
(Tabmn.1).

Sxmo kapooHOBE BOJOKHO YTM-8 TOKpHTO TphrOoMa
mapamu (mepmui 1 Apyruid map — 3a LHWHKOBOK, a
TpeTii — 3a MoaudikoBaHOW  (opMabIeriTHO0
TexHonorisMu), To BMicT (asu Cu’ me Gibire 3pocTae
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(puc. 6B), pu poMy I AudpaxTorpama OIHM3BKa 10 OMH IIIK Majoi IHTEeHCUBHOCTI, 110 BigHeceHuii 10 Cu,O
audpakTorpamMu, 1o 300paxeHa Ha puc.60. Taxum (hkl 111): J; = 3% mna 20, = 36,273rpan. (cTamni rpaTku:
4yuHOM, dYepryBaHHs mnokputts KB wMigmo 3a a, b, ¢ =0,42859(0)um, y = 90rpan.).

LIMHKOBOIO, a MOTIM Mo 11 (hiKOBaHOIO

(bopManbIeTiIHOI  TEXHOJOTIAMH  MPHUBOIHUTH  JI0

Maike ToBHOTo BimHoBnenHs Cu,O. Ili mporecu BucHoBKH

BiNOyBalOThCS B OJHAKOBIM Mipi Ha JBOX THIaX

kapOOHOBUX BONOKOH YTM-8 (puc.6a,6,8) i Tekapm Bumicr mimi Cu’ y nokpurri Cu’ - Cu,0 moxHa
(puc.6r), AKi BiIpi3HAOTHECS BUXITHUMHU OPraHiYHIMHA 30UIBIIMTH 32 PaxyHOK JIBOLIAPOBOIO  HOKPHTTS
BOJIOKHAMH 1 TEXHOJIOri€l0 TepMooOpodku. Tpumapose 1I04YEProBo LIMHKOBOIO Ta MO/ (DiKOBAHOKO
MOKPUTTS Ha KapOOHOBOMY BOJIOKHI TekapMm (mepimmii i (GOpMaIbIETiHOK TEXHOIOTISMH.

OpyTUH Tmapm — 3a IIMHKOBOIO, a TpeTii — 3a

MO (iKOBaHOI  (QOPMAIBAETIIHOK TEXHOJIOTISIMH)
cknamaeThes (puc.6r) maibke 3 ommiei pasu Cu’ (hkl
111, 002, 022) 3 MaKCHMAaJIbHOI IHTEHCUBHICTIO IIKiB
J, = 100% ms 20, = 43,110rpan.; J; = 36% mis 20; =
50,297rpan.; Jy = 20% mis 20, = 73,809rpanm. 3i
CTaJIUMH I'paTtku: a, b, ¢ = 0,36273(15)um, y = 90rpa.
(tabn.l); Ha mudpaxrTorpami (puc.6r) crocTepiraeTbes

[1] AWM. Bypra, B.A. Jlybxosa, A.B. KoGera. AHTU(QPHKIMOHHBIE MATEPHAIIBI HA OCHOBE TEPMOILIACTOB,
ApPMHUPOBAaHHBIX METAJIOYTJICPOJHBIMU BOIOKHaMU // Mamepuanvt Mexcoynapoo. Cumnosuyma « Tpenue
@puxyuonnvix mamepuanosy, 1, SIpocnasip, cc. 45-49 (1991).

[2] J.H.Tapkynos. Tpubomexnuxa. Mamunoctpoenue, M. cc. 267-319 (1985).

[3] A.A.Tlonskos, I.H. Fapkynos. U36uparensusiii ieperoc // Tpenue, usnawusanue u cmaska. CrpaBounuk, Ku.2
/ Tlon pexn. .B. Kparenbcbkoro, B.B. Anncuna. Mamnmuoctpoenue, M. cc.23-48 (1979).

[4] Hosvuuenue usnococmoiikocmu na ocrose uzbupamenvrozo nepenoca / lox pexn. I.H. TapkyHosa.
MammHoctpoerne, M. 215¢. (1977).

[5] A.c. Nel1736171 (CCCP). Crocob nonyuenus anmugpuryuonnoi komnosuyuu «@payoon» / T.A. Cupenko, A.O.
bynuuk. 3asB. Ne4741996 Big 3.10.89. Ony6. 22.01.92.

[6] T.O. Cipenko. CTBOpeHHs aHTH(OPUKLIMHUX KOMIIO3ULIMHUX MATEPiajiB HAa OCHOBI MOPOIIKIB TEPMOTPUBKHX
MOJIMEPIB Ta BYTJIELIEBUX BOJIOKOH: Jlyc. oKTOpa TexH. HayK. [H-T marepiaio3nascTBa iM. .M. dpannesnya
HAHY, K.431c. (1997).

[7] T.O. Cipenko, O.1. ®enopuiuns, JI.51. Minak. Brumms temieparypu TepMooOpOOKH Ha ra30BHIUICHHS 3
KapOOHOBUX BOJIOKOH Y BUCOKOMY BakyyMi // @izuxa i ximis meepooeo mina, 7(2), cc. 274-288 (2006).

[8] M. Ilankayckac, A. Bamkanuc. Xumuueckas memanuzayus naacmmac. Xumus, J1. 144c. (1985).

[9] A.c. Ne1604862 (CCCP). Crocob xumuueckozo meonenus yenepoonvix mamepuaiog | B.H. Kupuuenko, I'.A.
Cupenko, JI.M. Kupuuenko. 3as. Ne4465219 Bix 16.05.88. Ony6. 7.11.90.

[10] T.O. Cipenko, O.B. [uituyk. MareMaTHYHHUI OMKUC MIPOLECY APOOIICHHS BYTJICLIEBUX BOJOKOH JUISi HAIOBHEHHS
noJtiimepiB // Komnosuyitini nonimepni mamepianu, 25(1), cc. 49-53 (2003).

[11] T.A. Cupeno, B.I1. Cunepckuii, B./I. T'epacumos, B.3. HUKOHOB. Anmugppuryuonnvie mepmocmorikue
nonumepst. Texwnika, K. 246c. (1978).

[12] B.U. Kupuuenko, I'.A. Cupenko, J.M. Kupuuerxko. IToaydeHue u paboTocriocOGHOCTh aHTH(HPUKIIHOHHBIX
MaTepUaIOB C MEJIHEHHBIM HANOJHUTENEM // Bonpocwsl xumuu u xumuyeckoi mexnonozuu, (94), cc. 113-118
(1991).

[13] B.I. Kupuuenko, I'.O. Cipenko, JI.M. Kupuuenko. TpuOoakTuBallis XiMiuHUX MPOLECIB Y HOBHX
BUCOKOE(EKTHBHUX KOMIIO3UTHUX Matepianax // Tesu donos. nayk.-npakm. koug. «Hayxoso-micmki mexnonoeii
nodsitinozo npusnauennsy, K. c. 76 (1994).

H.A. Sirenko', M.B. Kvych', V.I. Kyrychenko®

The Copper Reduction in Surface Layers of the Metallized Carbon Fibres
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The changes of surface layers crystal structure of carbon fibres in the course of copper-plating were investigated.
The metallic coating process using modified formaldehyde and zinc technology was realized. It is established, that
copper content in copper-copper oxide increases when using two-layer alternately modified formaldehyde and zinc
method.
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