
Y)J,K 621.794.4: 546.682'19 

H.B. KycHK·, B.M. ToMaWMK, 3.<J>. ToMaWMK, 
B.I. rpMu,is· 

XIMl'-IHE TPABJlEHHSI MOHOKPlflCTAJllB lnAs 
BOAHlflMlfl P03'-llflHAMlf1 K2Cr20 7-HBr­
AU.ETATHA Klf1CJ10TA (TPl"lllOH 6) 

):locJiiL1:>KeHo MexaHiJM Ta KiHeT11KY xiMi'IHOI s3aeMoL1ii" InAs 3 BOLIHHMH 

po3'!11HaMH K 2Cr20 7-HBr-auernTHa K11cn0Ta (Tp11noH 6) y simsop10satt11x riL1POL1HHaMi­

'!H11x YMOBaX. Bl13Ha4eHO OCHOBHi 3aKOHOMipHOCTi xiMi'IHOro TpaBJieHHH apceHi):ly iH):lilO i 

no6y):loBaHO nosepxHi O,[lHaKOBHX lllBl1,[lKOCTdi p03411HeHHH. noKa3aHo, IL\O BO,[lHi p03411-

Hl1 ,[lOCJii):l:>KYBaHHX CHCTeM MO)l(Ha Bl1KOpl1CTOByBaTH HK noJiipyBaJihHi TpaBHJlbHi KOMno-

3HUiI 3 HeBeJIHKOIO lllB11,[lKiCTIO TpaBJieHHH nosepxHi MOHOKpHCTaJii'lHOro InAs. 

)l,octtTh YaCTO po3YMHM K 2Cr20 7 y MiHepaJibHMX KHCJiornx 3a­
CTOCOBYIOTh .!IJUI xiMi'-IHOro TpaBJieHH51 pi3HMX HarriBnpoBiuHMKOBMX MaTepia­
JiiB. YHacni.LioK HH3hKOI UJBH.!I.KOCTi p03'-IMHeHH51 TaKi TpaBHJihHHKM npwnaTHi 
.!I.Jl51 o6po6KM JlOBepxHi 6araThOX HaniBnpoBi.LIHMKOBMX CITOJiyK, y TOMY '-IHCJii 
i CTIOJIYK THTIY A3B5

. 

TaK, BOJJ,Hi po3'-111Hl1 K 2Cr20 7-HBr-oKcaJiaTHa K11cnorn [l] BMKop11cTo­
BYBaJIM .!I.Jl51 xiMiYHoro TpaBJieHH51 rroBepxHi GaP Ta InP, np11Y0My lllB11.!I.KicTh 
TpaBJieHH51 CTaHOBMJia 1-3 MKM/XB .LI.JI51 InP rn 0,4-2,5 MKM/xB .LI.JI51 GaP. 
)l,JI51 xiMi'-IHOI 06po6K11 rroBepxHi InAs nepcrreKTl1BHMM11 e TaKO)J( TpaB11Jih­
HMKH Ha OCHOBi BO.!I.HMX p03'-111HiB K1Cr207-HBr-OKCaJiaTHa KHCJIOTa Ta 

K 2Cr20 7-HBr-TpHJIOH E [l, 2]. lllBM.!I.KicTb xiMiKO-.!I.MHaMiYHOro nonipy­
BaHH51 (X)JJl) y p03'-111Hax rrepUJOI CHCTeMH MO)l(e 3MiHIOBaTMCb Bi.LI. 1 .!IO 
4,5 MKM/xB, a B p03'-IHHax npyrol - Bi.LI. I no 5 MKM/xB. KiHeTMKY xiMiYHoro 
p03'-IHHeHH51 cpoccpi.LiiB raJiiIO Ta iH.LI.iIO B BO.!I.HHX p03'-IHHax K1Cr207-HBr-HCI 
TaKO)J( nocJii.LI)l(eHo B npauj [1]. ABTOpoM 6yno po3Me)l(OBaHo o6nacTi rroni­
PYBaJihHMX i HenonipyBaJihHMX CKJia.LI.iB rn 3'51coBaHo, mo UJBH.LI.KiCTh po3'-IH­
HeHH51 CTaHOBHTb 0,1-3,5 MKM/XB. Po3'-ll1HH uiei: CHCTeMH BHKOPHCTOByBa­
JIMCb i .LI.JI51 TpaBJieHH51 InAs rn lnSb [l, 3]. 

Y rrpaui [4] BOJJ,HHtt po3YMH, mo cKJianaBC51 3 1 M K 2Cri07, 36 N H 2S04 

Ta 12 N HCl, BMKop11cT0ByBaJIH .LI.JI51 xiMiYttoi" o6po6Kl1 GaAs Ta lnP 3 opieH­
Tauie10 [001]. 51.KlUO y TaKOMY rpaBttJihHHKY 6yna Bi.LicyTH51 H Cl, TO ue rrp11-
3BO.!I.HJIO no 3Htt)l(eHH51 UJBM.!I.KOCTi rpaBJieHH51 GaAs Ta rrp11n11HeHH5I TpaB­
neHH51 noBepxHi InP. 3a3Ha'-IMMO, mo 36iJihUJeHH51 BMicTy K 2Cr20 7 y po3YHHi 
TIOKpamye 51KicTb JlOBepxHi. 

y .LI.aHiW rrpaui y Bi.LITBOPIOBaHMX ri.LipomrnaMi'-IHHX YMOBax 3 BMKOpl1C­
TaHH51M .!l.HCKa, lUO o6epTa€TbC51, .!I.OCJii.LI)l(eHO lllBH.LI.KicTb Ta MeXaHi3M p03-
'-IMHeHH51 lnAs y BO.!I.HHX p03'-IMHax K 2Cr20 7-HBr-auernTHa KHCJIOTa (Tp11-
JIOH E). 3pa3Kl1 lnAs n-T11rry 3 opieHTauieIO [111] rn ITMTOMMM orropoM 
0,03 OM · CM MaJIH JlJIOlUY Ilpl16JIH3HO 0,5 CM2 i TOBlUMHY 1,5-2 MM. nepen 
TpaBJieHH51M 3 rroBepxHi rrnaCTHH Bl1.!I.aJl51JIM nopyUJeHMW Ulap TOBlUMHOIO 
50-80 MKM 3a .!I.OITOMOfOIO TpaBHJihHHKa 3 o6'€MHMMl1 YaCTKaMH CKJia.LI.OBHX 
lOHF + 6HN03 + 4H2S04 3 HaCTYITHOlO npOMHBKOlO TpaBMJibHOlO KOMJ103H­
uiel0 nocn~yBaHoi: c11cTeM11. MeTO.!I.HKa, mo BHKop11cTOBYBaJiach .LI.JI51 rrpo­
Be.LI.eHH51 eKcrrepwMeHTaJibHHX .!I.OCJiiu)l(eHb, OITMCaHa B npaU51X [2, 3]. 

)l,JI51 rrp11roryBaHH5I B11xi.LIH11x cyMiUJew 3aCTOCOBYBaJIM I N BO.!I.HHW po3-
'-111H K 2Cr20 7, 40 %-Hy 6poMi.LIHy i 100 %-Hy auernrny KHCJIOTM rn Tp11noH E 
(Bci peareHTM - MapKM «X.'-1.» ). 06JiaCTb p03'-111HiB, lUO B116paHa .!I.JI51 )lOCJii­
.!I.)l(eHb, rronaHa Ha pttc. 1, e. 
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P11c. l. KoHL(eHTpauiHHa 3aJJe)l(­
HiCTb WB11J],KOCTi TpaBJJeHH51 lnl\s 
( T = 298 K, y = 110 xs-1) Ta o6Jrac­
Ti noJJipyBaJJbHHX (J) i HenoJJipy­
BaJJhHl1X (2) BOJJ,Hl1X p03'-111HiB 
K2Cr20 7-HBr-auernTHa K11cJJ0Ta 
(a) Ta K 2Cri07-HBr-Tpl1JJOH E 
(6) np11 o6'eMHOMY cniBBiJJ,HO­
weHHi K 2Cr20 7 : HBr : auernTHa 
Kl1CJJOTa (Tpl1JJOH E) y sepw11Hax 
A, B, C BiJJ.noBiJJ.HO 20 : 70 : 10, 
80: IO: IO Ta 10: 30: 60 (e) 

EixpoMaT KaJJ.iJO B KMC­

JIOMY cepe.uOBMlUi OKMCHIO€ 

n0Bepxtt10 InAs yttacJii.UOK 

xiMi4HOl peaKu,ii 

Crp~- + 14H+ + 6e- = 

= 2Cr3
+ + 7H 20. (1) 

Dp11 U.hOMY 6poMi.utta KM­

cJioTa po34MH5I€ npo.uyKTH 

OKMCHeHH5I, a au,eTaTHa KMC­

JlOTa a6o TPMJIOH E cnp115IJOTh 

KOMnJieKcoyrnopeHHIO B p03-

'IMHi. AKTHBHMM KOMnOHeH­

TOM TpaBMJihHMKa MO)l(e 6YTH 

TaKO)l( 6pOM, OCKiJibKM B CHC­

TeMi MO)l(JIMBa TaKa B3a€MO.ll,IB: 

Cr20~ + 6Br- + 14H+ = 

= 2Cr3
+ + 3Br2 + 7H 20. (2) 

}J,JI5I .ll,OCJii.LJ.)l(eHb BMKOpM-

CTOBYBaJJ.M TiJihKM CBj)l(o-

npMfOTOBJieHi p034MHM, i ne­

pe.u TpaBJieHH5IM BCi TpaBMJib­

HHKM BHTPHMYBaJJ.M npornroM 

60-80 XB .ll,Jl5I BCTaHOBJieHH5I 

piBHOBafM xiMi4HOl B3a€MO­

LJ,il, lUO npoTiKa€ Mi)l( KOMTIO­

HeHTaMM TpaBMJihHOl cyMiwi. 

DpoTpaBlleHi 3pa3KM npoMM­

BaJJ.M BeJIHKOIO KiJihKiCTIO .ll,M­

CTHJihOBaHOl BO.UM Ta BMCy­

WyBaJJ.H Ha ITOBiTpi. 

KiJihKiCHOIO xapaKTep11-

CTHKOJO npou,ecy TpaBJieHH5I € 

lllBM.ll,KiCTb p034MHeHH5I. }J,i­

arpaMM «CKJla.ll, TpaBHMKa­

lllBM.ll.KiCTb TpaBJleHH5I» no6y­

Ll,OBaHi 3 BMKOpMCTaHH5IM Ma­

TeMaTwrnoro TIJiaHYBaHH5I eKC­

nepwMeHTy Ha CMMITJieKcax [ 5]. 
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Ha p11c. 1, a, 6 HaBe,lleHo KOHLI,eHTpau,iHHi 3aJie)J(HOCTi lllBl1JlKOCTi po3'-!11HeH­
HH InAs y BOJlHl1X po3lfl1Hax K2Cr20 7-HBr-au,eTaTHa KttcJioTa (Tp11JIOH E). 811-
JlHO, lllO po3lfttHeHH51 lnAs B TpaB11JihH11x KOMno311u,i5Ix K2Cr20 7-HBr­
CH3COOH xapaKTep113yeTuC51 BiuHocHo HeBeJI11K11M11 lllBl1JlKOcrnM11 TpaBJieHH5! 
(0,5-8,5 MKM/XB), npttlfOMY Hati6iJibllla lllBl1,llKiCTh cnocTepiraeTbC51 B p03lfl1Hax, 
36ara'-leHttx HBr Ta K2Cr20 7 (cepe,llH51 •-rncT11Ha KOHLI,eHTpau,it\Horo Tpl1KYTHttKa), 
a rorn TpaBttJihHttKiB, y cKJiaai 51Kl1X nepeBm1<ae OJlttH i3 KOMnoHeHTiB (KYTl1 A, B, 
C), e xapaKTeptt11M11 MiHiMaJihHi WBH,llKocTi TpaBJieHH51 (p11c. I, a). CTpoBeaeHi 
KiHeTHlfHi ,llOCJii.LJ)KeHH51 ,ll03BOJil1Jil1 p03Me)KyBaTH o6JiaCTi p03lfl1HiB 3a xapaK­
TepoM OTpl1MYBaHOl nicJI51 TpaBJieHH51 noBepXHi lnAs. 06JiaCTh TIOJiipyBaJihHHX 
TpaBl1JlbHl1KiB (p11c. 1, o6JiaCTb f) y ,llaHiH Cl1CTeMi 3HaxO,lll1ThC51 B iHTepBaJii o6'eM­
Hl1X '-!aCTOK CYMiwew, %: (20-80) K2Cri07: (10-50) HBr: (10-50) CH3COOH. 

Y BHnaaKy BO,llHl1X po3lfl1HiB K2Cr20 7-H Br-TpttJIOH E MaKCl1MaJihHHMl1 
lllBH,llKocrnM11 TpaBJieHH51 InAs xapaKTep113yIOThC51 JlBi o6JiaCTi KOHu,eHTpau,it\­
Horo Tpl1KYTHl1Ka (p11c. I, 6). Ilepwa 3 u,wx o6nacTeI1 - u,e TpaBttJihHi cyMillli, B 
51Kl1X BMicT HBr 3aI1Mae TIOJIOBl1HY o6'eMY (cepea11Ha cTopoH11 AC), a wB11n­
KiCTb TpaBJieHH51 CTaHOBl1Tb 6-7 MKM/XB. CTp11 36iJihweHHi a6o 3MettweHHI 
BMicry u,iel Kl1CJIOTl1 B TpaBl1JlhHiM KOMTI0311LI,il WBlf)],KiCTh p03lfl1HeHH51 3MeH­
wyeThC51. AttaJiori'-!Ha KapT11Ha cnocTepiraeTbCH i ,llJIH BMicTy K2Cr20 7, a,ll)Ke B 
p03lfl1Hax npyrol o6JiaCTi, HKi Hanonorumy CKJia,llaJOTbC5! 3 LI,hOfO KOMTIOHeHTa 
(cepen11tta crnpoH11 AB), wBtt)lKicTh TpaBJieHHH MaKcttMaJihHa i aocHrae 
8,5 MKM/XB. 36iJihweHHH a6o 3MeHllleHHH BMicTY BOJlHOro po3lfl1HY K2Cr20 7 

nptt3BOJll1Tb ao ynoBiJihHeHH51 npou,ecy po3lfttHeHHH. TpaBttJihHttKH, CKJia,ll HKl1X 
BiunoBiaae KYTaM A, B i C aiarpaM11 fi66ca, HK i y Bl1Tia,llKY BOJlHl1X po3'-!11HiB 
cttcTeMtt K2Cr20 7-HBr-CH3COO H, xapaKTep113yIOTbC51 ttaI1MeHwttM11 (0, 1-
0,5 MKM/XB) WBl1,llKOCTHMl1 TpaBJieHH51. 06JiaCTh nonipyBaJihHl1X TpaBttJihHHKiB 
y u,iw c11cTeMi o6Me)Ketta o6'eMH11Mtt '-laCTKaM11 cyMiwi, %: (10-80) K2Cr20 7: 

(10-60) HBr: (10-60) HBr: (10-60) Tpl1JIOHY E. CToBepXHH 3pa3KiB InAs ni­
CAA o6po6Ktt B p03lfl1Hax 3 HenonipyBaJibHOl o6nacTi Mae MaTOBl1M 6Jil1CK. 

)1.JI51 ae51Kl1X nonipYBaJihHl1X p03lfttHiB c11cTeM11 K2Cr20 7-HBr-CH 3COOH 
i3 cniBBiuHoweHHHM HaBe,lleHl1X Bl1lUe o6'eMHl1X lfaCTOK Bl1XiuHl1X KOMnOHeHTiB, 
% : 12,5 K2Cr20 7 : 40 HBr: 47,5 CH3COOH (po3'-!ttH 1), 62,5 K2Cr20 7 : 
: 16 HBr: 22,5 CH3COOH (po3'-!11H 2) rn 47,5 K2Cr20 7 : 30 HBr: 22,5 CH1COOH 
(p03lfl1H 3) 6ym1 Bl1BlfeHi 3aJle)KHOCTi WBl1Ll,KOCTi TpaBJieHH51 Biu WBl1,llKOCTi 
o6eprnHH5! a11cKa (p11c. 2, a). h pwcyttKa 3p03yMiJio, mo npou,ec po3lftt:HeHH5! 
Mae 3MiwaHttM Mexatti3M, ocKiJihKtt np51Mi, 51Ki BianoBiuaIOTb po3'-!11HaM I Ta 2, 
BiunmaIOTb Ha oci Op,ll11HaT Biupi3Ktt, a y Bl1Tia,llKY p03lfl1HY 3 np51Ma MO)Ke 6YTl1 
eKCTpanOJibOBaHa B nolfaTOK KOOpLl,ttHaT, T06TO npou,ec p03lfl1HeHH5! lnAs B ,lla­
HOMY p03lJl1Hi JiiMiTyeTbC51 CTa,llieIO Jll1cPY3iJ. 

)1.JI51 u,11x )Ke p03lJl1HiB 6yna Bl1BlfeHa i TeMneparypHa 3aJle)!<HiCTh lllBl1,llKOCTi 
po3YHHeHHH B iHTepBaJii 279-312 K. 3 oaep)Katt11x naHwx ,llJIH p03lfttHiB I, 2 i 3 
Bl13HalfeHO YHBHY eHepriIO aKTl1Bau,il (Ea): 16,1, 44,5 Ta 21,9 l<,wK/MOJih, T06TO 
TeMneparyptta 3aJie)!(HicTh BKa3ye Ha 3Miwattttti Mexatti3M po3YttHeHHH InAs B 
po3lfl1Hi, 36araYettoMy Ha K2Cr20 7 (po3lfl1H 2), i Ha n11¢y3iI1He JiiMiTyBaHHH y 
p03lJl1Hax 1 Ta 3 . .D:e51KY p036~icTh Mi)!( pe3yJihTaTaMl1 ,llAA p03lfl1HY 1, OTp11-
MaHl1Ml1 np11 Ll,OCJijn)KeHHi 3aJle)!(HOCTi WBl1,llKOCTi p03lfl1HeHH51 Biu lllBl1,llKOCTi 
nepeMiwyBaHHH (3MiWaHa KiHeTttKa) Ta i-i TeMneparypHOI 3aJie)KHOCTi (a11¢y-
3it\He o6Me)KeHH51), MO)!(Ha TI051CHl1Tl1 T11M, 11(0 a6o B 3MilllaHOMY MexaHi3Mi 
po3lfttHemrn nepeBmKaIOTb nw¢y3ittHi npou,ecw, a6o np11 niuB11ll(eHHi TeMnepa­
TYPl1 n0Bepxm1 lnAs lfaCTKOBO nac11ByeTbC5l, mo np113BOJlttTh no He3aJie)KHOCTI 
WBH,llKOCTi p03'-!11HeHHH Biu TeMneparyp11. 

)1.JIH 3'51cYBaHH5! Mexatti3MY p03lfttHeHHH InAs B nonipYBaJibHHX TpaBttJibHH­
Kax c11cTeM11 K2Cr20 7-HBr-Tp11noH E 6yna nocni.LJ)KeHa 3aJie)!(HicTh WBl1,llKOCTi 
TpaBJieHH51 Biu WBl1,llKOCTi o6epTaHHH Ll,HCKa (pttc. 2, 6) ,llJIH p03lfl1HiB 3 o6'eM­
Hl1Ml1 YaCTKaM11 cKJiaaos11x 12,5 K2Cr20 7 + 40 HBr + 47 ,5 Tpl1JIOHY E (po3'-!11H 1), 
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P11c. 2. 3ane:l1<HicTh UJBl1JlKOCTi po3q11-
HeHHH InAs sin WBl1JlKOCTi o6epTaHHH 
n11cKa ( T = 298 K) y BOJlHHX po3Yl1Hax 
K2Cr20 7-HBr-auernTHa Kl1CJJOTa (a) 
Ta K 2Cr20 7-HBr-Tpl1JJOH E (6) rrp11 
o6'£MHOMY crriBBiJlHOWeHHi K 2Cri07: 
: HBr : auernTHa K11CJJOTa (Tp11JJOH E): 
1 - 12,5 : 40: 47,5; 2 - 80: IO: 10; 
3 - 47 ,5 : 30 : 22,5 

80 K2Cr20 7 + IO HBr + IO 'fPHJio­

HY 5 (po3'IHH 2) Ta 47 K2Cr20 7 + 
+30 HBr + 22,5 TpMJIOHY E (po3-

'IHH 3). O.uep:>KaHi .uatti cBi)l'laTh 

rrpo Te, lUO p03'IHHeHH.sI lnAs B cy­

Millli 1 rrpoTiKa€ Ja 3MiwattHM Me­

xatti3MoM, a y BHTia)lKY p03'IHHiB 2 i 
3 'TpaBJieHH.sI JiiMiTY€ThC.sI .umpy3i.H­

HHMH o6Me)l(eHH.sIMH. 

BHB'leHH.sI TeMrreparypHMX Ja­

Jie)l(HOCTetl: lllBH)lKOCTi 'TpaBJieHH.sI 

ni.uTBep.Jl)l(y€, lUO p03'IHHeHH.sI lnAs 
B p03'IHHax 2 i 3 .uiMcHO o6Me:>KY­

€TbC.sI CTa)liHMH .umpy3ii', ocKiJihKH 

Ea .uopiBHIO€ 21,8 i 15,3 K,il.:>K/MOJ!b. 

CTpH po3'IHHeHHi lnAs B po3'IHHi 1 
E., B o6JiaCTi HH3hKHX TeMrreparyp 

CTaHOBHTh 33,9 K,[l,:>K/MOJih, a rrpH 

2,4 

2,0 

1,6 

1,2 

0,8 

0,4 

______ .J...-

•• 

2 

- 3 
• ** o.__~_._~~-'-~~.._~_.~~_._~__. 

20 

15 

10 

5 

0 

0,06 0,09 0,12 0,15 0,18 0,21 

a 

2 

-----------3 
0,06 0,09 0,12 0,15 

6 

0,18 

BHCOKHX TeMrreparypax - 227,8 K,[l,:>K/MOJih, T06TO rrpH HH3hKHX TeMrreparypax 

npouec p03'IHHeHH.sI InAs B urn cyMillli JiiMiTY€ThC.sI 3MiWaHOIO KiHeTHKOIO, a 

rrpH BHCOKMX - CTa)li€IO xiMi'IHOI B3a€MO.Ui'i. 

TaKHM 'IHHOM, .uocJii.u)((eHo xapaKTep xiMi'lttoro TpaBJieHH.sI InAs B BO­

.UHHX po3'IHHax K 2Cr20 7-HBr-CH3COOH (TpHJIOH £). CTo6y.uoBatto KOH­

ueHTpauitl:tti 3aJie:>KHOCTi WBH)lKOCTi p03'IHHeHH.sI Ta BH3Ha'leHO JiiMiTyIO'li 

CTa)li'i UhOfO rrpouecy. CToKa3aHo, lUO BO)lHi p03'IHHH o6ox CHCTeM MO:>KHa 

BHKOpHCTOByBaTH HK TIOJiipyBaJihHi TpaBHJlhHi KOMTI03HUi'i 3 HeBeJIHKOIO 

WBM)lKiCTIO TpaBJieHH.sI TIOBepxHi MOHOKpHCTaJii'IHOfO InAs. 
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