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Beryn

[Ipu3HaueHHs TBEPAMX MACTWI — 3HWKEHHS 3HOCY 1
TEpPTsl CHpsDKeHOi Tapu TBepAMx TiuT. TBepai MacTuia
BUKOPHCTOBYIOTh SIK CAMOCTIHHHHA CYXWUH TOPOUTKOBUI
MaTrepiaj, TaKk 1 SK HalmoBHIOBaYi B ONOYHHX abo
TUTIBKOBUX TOJIMEPHUX, MeETaJeBUX abo KepaMidHHX
MaTpUYHUX MaTepianax. Huspka tBepaicts HB, HU3bKHMIT
OTIp MIKIIAPOBOMY 3CYBY Ta JIaMEJSIPHICTh CTPYKTYPH
He 3a0e3nedyloTh aHTH(QPUKIIHHI BIACTHBOCTI TBEPIUX
MacTii. Ha 1i BIaCTHBOCTI BILTHBA€E TEMIIEPATypa, TUCK,
¢iznuHi abo XiMIYHI aKTHBHI CEpEJOBHINA 1 BaKyyM.
Ponp mapm i1 rasiB y 3a0e3meveHHI MACTHIBHOI il
rpadity Bmepmie gociivkeHo B podori  [1]. Aue
BUSIBWJIOCS, IO Iapa 1 ra3 y BHCOKOMY BakyyMi Majo
BIUIMBAIOTh Ha TepTss MoS, [2], ane mia rpadity uei
BILIMB 3Ha4HUH [1].

JlocmimpkeHHsT 3alIe)KHOCTI Ta30BHIUICHHS 3 TBEPINX
MACTHII BiI Temmeparypu y Bakyymi 1:10° M. pr. cr.
MoKa3ajiy, MO0 3a CyMapHUM 00’€MOM Ta30BHIUICHHSI
TBepAi Mactuia posramoaHi y psa: [ITOE > rpadir >
MoS, > WS, > WSe, =~ NbSe,, npu 11b0My B iHTepBai
temriepatyp 523 — 1123 K o0’em razoBuiiieHHS 3
rpadiry 3pocrae Ha 105 % [3].

Ouinka Ta30BHIUICHHS 3 TBEPIUX MAacTHi, HOTro
CKJIQJy 1 KIHETHKM 3MiHM 3 TEMIEpaTypolo y BakyyMi
1:10° Mm pr. cr. Brepure mpoBeneHa B po6oti [4]. Byu
nociimpkeHi mopomku rpadity, MoS,, MoSe,, WSe,,
PbCrO4, PDS, Sb,S;, Agl, GaTe i BusBneHo, Imo
ra3oBUOiNEHHA cKmagaeThes 3 Mmac 2(H,), 18(H,OM),
28(CO"), 44(CO,"), 64(SO,"). 3uaiineHo, mo cymaphe
Ta30BUAUICHHS HaiOimbIe 3 TpadiTy, mpu IbOMY 3i
3pocTaHHsM Temmepatypu Bix 344 qpo 894 K
rasopuminenns mac  2(H,"), 28(CO"), 44(CO,")
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36inbmyerhes, 64(SO,") ne 3minoerses Ta 18(H,O')
3MEHINYEThCSA, a BigmaneHHs rpadity y Bakyywmi
NPUBOMHUTH O BiACYTHOCTI BHmiNeHHA Mach 64(SO,"),
3poctanns BuaiieHns mac 2(H,"), 28(CO"), 44(CO,") ta
3MeHmeHHs BuineHns macu 18(H,O).

Pasom 3 TuM, aBTOpH [5] eKkcHepUMEHTAIBHO
JIOCIITUIIN TIPOIIeCH TepTs TBepaux Mactwi (MoS,;, WS,
CdJ,, BiJ;, ¢ramonianuH) mo Miai y HaJBUCOKOMY
Bakyymi 10°—10™ MM pr. cT., npu 1bOMy TOKa3aHO, IO
TBEpAl MacTHIa BUAUISIOTH MOMITHY KiJBKICTh T'a30BHX

MPOIYKTiB, ajié iX TMPUCYTHICTH HE BIUIMBAE Ha
AHTUPPUKIIIHHI BIIACTHBOCTI UX pPEYOBHH.
Jocmimkennit TaKOX rpoiiec PO3KOJIFOBaHHS

nipoxitrusoro rpadity y Bakyymi 10°-10" mm pr. cr.
Ha CIeIialbHO CTBOpeHii ycrtaHoBmi [5]. Ilpormec
PO3KOJIIOBAaHHSl ITI€BHMM YMHOM MOJIOHMH Iponecam
TEpTsl Ta 3HOUIYBaHHS KpHUCTAJIiB NPH KOB3aHHI IO
CIpsDKeHIH TBEpIi NOBepXHi, NpUHAHMHI B 000X
BUITQJIKaX HEIEPEPBHO OTOJIOIOTHCS HOBI ITOBEPXHI.
OxpiM TOro, B TpoIeci OTPUMAHHS MiPOJITHYHOTO
rpaditTy KpHucTaiizawis 3AiHCHIOBaNacs Ha MOBEPXHI, 0
BHKITIOYAJIO MOKJTMBICTh YTBOPSHHS YaIi.

VY Mac-crekTpax BHXiAHOTO TrpadiTy BHSBIEHI Macu
12(C"), 16(CH,"), 28(CO"), 44(CO,") i macu ckanok
mionediHOBHMX Ta aleTHICHOBHX ByriesoxHiB 37(C;HY),
4O(C3H4+), 43(C5H;, 49(C4H+), a TiCJIA BiMAJICHHS TIPH
3273 K B imeptHOoMy Tasi me i 18(H,O"). Ane micmsa
nporpiBy y BakyymHiii kamepi Mmacu 18(H,O') me
BUSIBJICHO. Po3KoitoBaHHS TpadiTy MPUBENIO IO Pi3KOrO
suginenns macu 12(C"), 14(N"), 16(CH,"), 28(CO"). Y
pasi poskostoBaHHs Tpadity, Bixnanenoro mpu 3273 K B
iHepTHOMY rasi, B Mac-criekTpax BuspieHi macu 12(C"),
14N, 16(CH ), 17, 18(H,0") (MakcumanbHa
inTeHcuBHicTs), 28(CO™).
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JlocikeHHIO CYMICHOT il TEepTSAM Ta HAJBUCOKOTO
BakyyMy Ha TraszoBuiineHHs 3 moBepxHi [ITOE,
HamoBHEHOTO 25 % KapOOHOBOTO TMOPOUIKY — Yai,
npucBsiueHa poborta [6]. [IpoBeaenuii aHami3 CKIATy
rasiB, BUIIICHHX y HaIBHCOKOMY Bakyymi 4-10° MM pr.
CT., BUSBHUB MacH CKJAQJOBHX BYIJICIICBOIO MaTepiaiy:
12(C"), 16(CH,"), 18(H,0"), 28(N," + CO"), 44(CO,"),
Ta ckamku @TopopraniuHoro momimepy IITOE. VY
nporieci TepTs y Bakyymi 3poctae mMaca 28(N,” + CO") ta
macu 31, 50, 69 Ta iHIIi, M0 BIJHOCATHCS JIO MOJIIMEDY.

Sk mokazamu pocnimkeHHs [7], HanoBHeHHA 50 %
KapOOHOBHM BOJIOKHOM IIOJialeTaysi MPHUBOAUTH 0
3pOCTaHHsI 3HOCOCTIMKOCTI Ha 2 MOPS/IKY, a ToJiaminy Ha
5 mopsaakiB mpu Tepri y Bakyymi. Astopu [7]
MOSICHIOIOTh Ied eQeKT TOTIMHAHHIM KapOOHOBUMH
BOJIOKHAMH BOJHIO, IO BHIIISETbCS TPH TEPTi 1
CTBOPCHHSM, TaKUM YHHOM, yMOB, IO 3a0e3MedyroTh
npyxHe QPUKIiiHE KOHTAKTYBaHHS APy TEPTSL.

TakuM 4MHOM, 3 TOYKH 30PYy MEXaHi3My MaCTHIIbHOT
Iii TBEpIUX MAcTHI (OCOOIMBO BYTJICIIEBUX MaTepialliB),
MIPaBUIILHOTO BHOOPY ab0 CTBOpEHHS IX Ul map TepTs
TOJIOBHOIO NPOOJIEMOIO € BHSBJIECHHS B3a€MOIII ra30BOTO
CepeJIOBHINA 3 TOBEPXHSIMH TBEPANX MACTHIL

Oco01MBO CKJIaHOTO MpOLECY B3aeMOJil rasiB i
Mapy Ta TA30BHIUICHHS Y BaKyyMi MOXKHA OYiKYBaTH LIS
KapOOHOBUX BOJIOKOH. [ls1 B3aeMomis BimOyBaeThcs B
mporeci iX OTPUMaHHS, NMPH KOHTAKTI 3 OTOYYIOUUM
CEepelloOBUIIEM Ta B TIpollecaX TEPMOMEXaHIYHOI i,
po3MeIy, B Iporiecax TepTs Ta 3HOUTYBaHHS TOIIIO.

IIpomec oTpumaHHS BYTJENEBUX MaTepiaiiB i3
rigpatnemono3u (I'Ll) ckmamaerbes 31 crafiit: oOpoOka
AHTUITIPCHAMH, OKHCHCHHS, 4YaCTUHHA KapOOHi3allisd,
kapOoHi3alis Ta rpadiTu3auis B iHEPTHOMY CepeIOBHIII
[8, 9]. 3a Temmepatyporo kiHueBoi Tepmooopooku (Ty)
BYIJICLIEBI BOJIOKHUCTI Martepialli KiIacu(ikyloTb TaKUM
YUHOM: YacTHHHO KapOoHi3opaHi (T, = 473 — 823 K), siki
MicTATh 10 65 % kapOony; kapOonizosani (T, = 1123 —
1873 K), axi mictats 10 98 % xap6ony; rpaditosani (T,
= 2073 — 3473 K), saxi mictars 10 99,9 % xapbony [10 -
15]. Yac mpoBemeHHs KkapOoHizamii Ta rpadiTuzarmii
KOJIMBAETHCS Bia JEKIIbKOX ceKyHI no 2,5 rox. [8, 10].
Temmneparypa KiHIIEBOi TepMOOOpPOOKH BIUTMBAE Ha
YTBOPEHHS CTPYKTYpH KapOOHOBOTO BOJIOKHA.
TemnepatypHoro MEXEr0 KapOOHI30BaHUX i
rpadiToBaHNX MatepianiB mpuiHATO BBaxkatH 2073 —
2173 K, BuUX0nf4M 3 TOrO, IO NpH LHUX TeMIepaTypax
CIIOCTEpIraloThcsl  HepuIi  O3HaKM  KBasirpadirauii:
CTPYKTypa KapOOHOBOTO BOJIOKHa HaOIMKAETBCS 0

TPUBUMIPDHOTO  YHOPSAAKYBaHHA —  TypOOCTpaTHOI
CTPYKTYpPH BHCOKOI MIpU  yINOpsIKyBaHHS — Ta
MikpodiOpuisipHocTi. BimmoBimHo T, BruBae Ha

YTBOPEHHS OKCHUTCHBMICHHX Ta IHIIMX KOMIUICKCIB
CIIONYK SIK Ha TIOBEPXHI, TaKk 1 Yy MDKIIAPOBHX
ctpykrypax [8, 16]. Ili mporecu miICHIIOTHC MPH
XEeMO-MeXaHIuHiil aii Ha KapOOHOBI BOJIOKHA, a TaKOX
IpH TepTi Ta 3HoUIyBaHHI [17].

Meta pobOTH mojsTrana B TOMY, IIO0 IOCITITUTH
BIUIMB TEMIIEpaTypu KiHIEBOi TepmooOpoOku (1123 —
2673 K) Ha IHTCHCHBHICTh T'a30BUIUICHD i3 KapOOHOBHX
BojokoH TI'H-T y BucokoMy Bakyymi Ta 3MiHY
CITiBBiTHOIIIEHHS CO/CO, npu TeMIieparypax
BurpoOyBanb 373 — 1073 K i TepmoMexaniuHii mii.
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I. ExcnepMMeHTAJIbHA YaCTHHA

O0’exTn  gocaimkens. JlocimimKyBalM YacTHHHO
KapOOHi30BaHi, KapOOHi30BaHiI Ta rpadiToBaHi BOJOKHA,
AKi Oynu oTpuMaHi 3 rigparuenmono3noi TkanuHu (I'LI-

TKaHWHM) 13 3aCTOCYBaHHSAM CyMIllli aHTUIIpPEHIB
Na,B407-10H,0 ta (NH,),HPO, (Bomokno OT'LI-2) [17].
O06pobiieHy aHTHITIPCHAMH I'I-TkaHuHy

TepMooOpobOmoBam B azotri mpu 723 + 20 K i3
MPOTATYBAaHHAM UYepe3 pypKOBY Mid oropy ,,Tammana’ 3i
mBuakictio 150 M 3a romuny (tkanuHa TI'H-T-450) i3
HACTYITHOIO BiJMHUBKOIO - OTIEpaIli€l0 BUIAJICHHS BUTBHUX
noBepxHeBuX cronyk [18] (ByrmeneBa tkannna TI'H-T-
450-B) 1 momanpIIMM BIiANANIOBAHHSAM B a30Ti IpH
temmniepatypax (1123, 1473, 1623, 1873, 2273, 2573,
2673) + 50 K. BimnoBizHo oTpuMyBaiM BYTJICLEBi
tkanunu: TTH-T-850; TTH-T-1200; TTH-T-1350; TTH-
T-1600; TI'H-T-2000; TITH-T-2300; TI'H-T-2400.
JocnimkyBaHi HA3BKOMIIHI, HU3bKOMOJYJIbHI BOJIOKHA
tkaunH TI'H-T wmamum  Onmu3bki  (i3MKO-MexaHidHi
xapaktepuctuku [17]: miamerp dg = 9 - 12 MM,
BIJTHOCHE TIOAOBKECHHS MpPHU PO3PHUBI € 2 -5 %,
MIIHICT TpH po3TsaryBanHi og = 0,3 £+ 0,05 I'Tla, moxyns
npyxHocti Eg =30 £+ 10 I'Tla.

Tkannau pizanm Ha mMaTkd ~ 4 X 4 cm i
nozapioHioBamu 3 xB. y apo6apui MPII-1 mpu 7000
00epTiB pyXy HOXIB 3a XBWIMHY. TakuM YHHOM
OTpUMYyBaJ  Jucrepcii  KapOOHOBHUX  BOJIOKOH,
PO3MOIiNICHUX 3a 3aKOHOM BelOyia 3a DOBXKHHAMH B
Mmexax 20 — 1500 mxM 3 ocHOBHOMO (ppakiiero 300 — 600
MKkM [19].

Monsiporpadiunuii anamiz. 3iioMka mosIporpam
BUTSDKOK 13 BHXIJIHUX KapOOHOBHX BOJIOKOH IpOBEIEHA
Ha npunami hv-1 y MakcHManbHO MOMKIUBOMY (ISt
naHoro (oHy) miamazoHi moteHmianiB Ha ¢oni: NH,OH
(IM) + NH,CI (1M); LiClO4 (IM); 50 % BomumiA
po3uun C,HsOH + LiClO,4 (0,5M).

Y®-cnekrpockomisi.  YO-crekTpu  BOgHHX 1
CIMPTOBOJHUX BHUTSKOK KapOOHOBHX BOJOKOH BHUBYAJIH
Ha npwiani CP-16 B iHTepBaNi JOBXUH XBWIbL 195 — 650
HM.

pH-meTpuyHuii aHani3 OPOBOIWIM 3 METOIO
BUBUYEHHS 3MiHHM KHCIUX 1 JYXHHX TPOIYKTiB, sKi
MOXHa BHIUIATA 3 KapOOHOBHX BOJIOKOH, IIPH
TepMOMEXaHiuHid Aii Ha HUX. pH BOJHHUX BHTKOK i3
BOJIOKOH 3HiMay Ha pH-miniBoimbT™MeTpi Mapku pH—121
micist 15 XB. ekctpakiii y 0iqucTriboBaniin Boi npu 293
K (Moxymnb BanHu 33).

IMoTeHuiomeTpu4Hi KpPHMBI BOJHUX  BUTSDKOK
KapOOHOBUX BOJIOKOH 3HiManmu TuTpyBaHHAM 0,02 H
NaOH Ta 0,02 1 HCI.

Mac-cneKTpaJIbHUI  aHAdi3 TOpPOBOAWIAM NS
BUSIBJICHHS 1HTCHCHBHOCTI Ta30BUAUICHHS, PO3MOILTY
IHTEHCHUBHOCTEH MOJIEKYJISIPHUX 10HIB Y CIIEKTpi Ta
3MIHH CIIBBIJHOIIEHHS IHTEHCHBHOCTEM IIKIB, IO
Binnosimatote CO/CO,, Big TemmepaTypu BHIPOOYBaHb
Ta TeMIlepaTypH KiHIIEBOI TEPMOOOpPOOKH KapOOHOBHX

BOJIOKOH. 3HOMKY Mac-CIeKTpiB 3IIiHCHIOBaIM Ha
Moanu(iKoBaHOMY CIIEKTPOMETPi MX-7301, 31
CTeliaJIbHO  pO3pOOJICHOI0  BaKyyM-KOMYTaliifHOIO

CHUCTEMOI0 Hamycky rasziB ta mactkamu [20]. Jliamazon
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BUMIPIOBaHb 32 MAacOBUMH 4uciamMu ckiagas 1 — 400,
HAKJIAJaHHA TOKa3aHb MpPU 3alUCy Mac-CIEeKTPIB He
Oinbine = 2,5 %; moxuOKa iHAMKAIl MAacOBOTO YHCJIa B
miama3zoni mMacoBux umcel Big 1 mo 200 He Oumpire = 5
a.o.M. CriekTpu 3HIManM B Aiama3oHi Temmeparyp T =
373 -1073 K.

Jlnst mociimiB BUKOPUCTOBYBAIIM HABaXXKH 5 MT, IO
JIO3BOJISTIO  OTPMMATH  TIOpiBHIOBaHI 1 HanmidHi
pesynbTatu. Peectpamis #  00poOka Mac-CIEKTpiB
MPOBOIIIIACS 3 BUKOPUCTAHHIM CHCTEMHU 00pOOKH JaHUX
J1-50 na 6a31 EOM ,,HoBa 2110”.

Pesynbraty mpeAcTaBIsUTH B CHCTEMaX KOOpPIUHAT J
~m/e, Jx ~mle, 1gJ ~T, & ~T, ne ] — iHTCHCUBHICTB
MOJII30TOMHOTO MKy MOJICKYJSPHUX 10HIB, B. 0.5 J/J i —
IHTEHCUBHICTh TIIKy MOJIEKYJSPHUX 10HIB BiTHOCHO
MaKCUManbHOTO, %; J.x — HAHOIIBIINK MK TIpH 3aMaHii
TeMmIeparypi; m/e — MacoBe 4mcio; lg J — mecaTkoBmid
sorapu(M IHTEHCUBHOCTI MKy MOJEKYJSIpHUX 10HIB; & —
CIHIBBIIHOIIIEHHS IHTEHCUBHOCTEMN ra30BHIIJICHHS
CO/CO,; T — Temmieparypa BUNpoOyBaHsb, K.

3a OMOMOTrOI0 CHCTEMH IOMII, TACTOK, BEHTUIIB Ta
nporpiey mo 1073 - 1273 K y xamepi aus aHamizy
JOCSITaJIi  BaKyyMy: IIPH BIJICYTHOCTI HaTiKaHHS Ta3iB
110 - 1-10® mm pT. cT. ipu 373 - 1073 K BignosigHo,
npu Hatikanai — 2,2:107 — 2:10° mm pr. 1. npy 3mini
Temrieparypu BunpoOyBanp Bim 373 mo 1073 K. Jlns
KOXHOI TeMIepaTypu 3HIMaJId 3aJWIIKOBUN CIIEKTP
KaMepH, iHTeHCHUBHICTb MIKiB sikoro ckimagana 0,5 — 10 %
Bil CIEKTPY 3pa3ka 3a BIONOBIIHUMH MaCOBUMH
guciamu [20].

Tepmorpadgiunuii aHami3 TPOBOAWIN 3 METOIO
BUSBJICHHS TCIUIOBUX €(EKTiB, IO CYIMPOBOUKYIOTH

TEPMiYHI ~ TIEPCTBOPEHHS  KUCHEBUX  Ta  IHIIUX
KOMILICKCIB, 1[0 YTBOPIOIOTHCS HA MOBEPXHI KAPOOHOBUX
BOJIOKOH,  IpW  TepMooOpoOwmi  Ta  HAacTyIHIiH

TepMoMexaHiuyHil aii. JuHamiuHuMit TepMorpadiuHui
aHaJli3 BHXIJHUX BOJIOKOH 1 BoyokoH micist 200 ro.
nmonpiOHeHHss B KymboBoMy MimHKY (KM) [19]
npoBoawau Ha Tepmorpadi OIIK-59 Bix 293 mo 953 K 3i
mBuakictio 0,05 — 0,07 K/c. Ilicns nmepBHHHOT 3HOMKH
TepMorpamu (1o Oyn0 pPIBHO3HAYHUM JUHAMIYHOMY
BIAMAIFOBAHHIO BOJIOKOH Bix 293 1o 953 K 31 mBHAKICTIO
0,05 — 0,07 K/c Ha mpotszi ~ 3,15 rox.), mpoBOAMIH
MOBTOPHY 3HOMKY TepMorpamu. Turii Oynu BUKOHaHI i3
nopuensiad. HaBaxkka cranosuia 0,20 + 0,0002 r.

II. Pe3dyabTaTu T2 00rOBOpeHHs

Moasiporpadivunmii anamis. [Tonsporpamu BUTSKOK
i3 KapOOHOBUX BOJIOKOH OyiaM TMOBHICTIO 1ICHTHYHI
noysiporpaMaM (OHOBOTO EJICKTPOJITY AJISI BOJIOKOH 13
Ty = 1473 ta 2573 K, mo Bka3ye Ha BiJCyTHICTb Yy

pO3UMHAX  JOCTaTHBOI  KUIBKOCTI  moJsiporpadivHo-
aKTUBHUX  PEYOBHH  OpPraHIYHOTO  (CIIMPTOBOISHI
pO3YMHM) Ta  HEOpPTraHiYHOTO  (BOASIHI  PO3YHMHH)
MOXOJKEHHSI.

Y®-cnekrpockonisi. B Y®-cnektpax BomHUX i
CITUPTOBOJIHUX BUTSHKOK kKapOoHoBHX BoJiokoH TTH-T i3
T, = 1123, 1473 Ta 2573 K He BUABICHO HISIKHX CMYT
TOTJIMHAHHS, IO BKa3y€ Ha BiJCYTHICTh Yy PO3YHMHAX
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OpPTaHiYHHUX CIIOJYK, SIKI BUSIBJSIIOTH ceOe B IUIAHII
JOBXHUH XBWIb 195 — 650 HM (HampuKiIaj CIOIYKd 3
rpynamu —COOH, -CONH,, >C=0, -COOC,Hj; Tom0).

pH-MeTpuuHmMii aHaJi3. Pesynbratu pH-
METPHYHUX JOCIipKeHb (excro3utis 15 xB. mpu 293 K,
MOAYJIb BaHHH 33) BONHUX BHUTSKOK  BHXIJTHHUX
kapOoHoBux BoiokoH TT'H-T i3 T, = 1123, 1873 ta 2673
K mpuBeneni B tabm.1. SIx BugHO 3 Tabn.1, pH BogHMX
BUTSDKOK ~ 3pocTae  npu  30UIbIIEHHI  KiHIEBOI
TeMIlepaTypy TepMOOOPOOKH BOJIOKOH 1 Tutbku s Ty =
1123 K BoHM MaroTh KuCIui xapaktep, a g T, = 1473
— 2673 K - ocHOBHMH. I3 MeTOI0 BUBYEHHS NPHUPOIU
BOJHMX BHUTSDKOK, 3pasku TI'H-T Oymm oOpobrneni
po3senenumu  posunHamu HCl 1 KOH. Ockinbku y
JAHOMY BHIIAAKY TOpPIiBHSHHS aOCONIOTHHX 3Ha4YeHb pH
He Mae (DI3UIHOTO CMHCITY, TO JaBalld OLIHKY 3MiHaMm 3a
BEITMYNHOTO 3MiHK pH.

PesynbTatn, mo HaBeaeHi B Tabd.2, J03BOJSIOTH
CTBEpKYBaTH, IO NPONYKTH, SKi BHUMHBAIOTECS 3
BUXITHUX KapOOHOBHX BOJIOKOH, MalOTh aM(pOTepHUI
Xapakrep, BipHime OydepHHuil, i3 mepeBaror0 OCHOBHHX
BacTUBOCTEi. X MOXHa BigHecTH 10 po3umHIB coseii
cmabkux kucinotr Ttumy Na,CO;, Na,B,0; i T. 1., sKi
T1IPOIII3yIOThCS 32 OCHOBHUM THIIOM:

Na,CO; + H;O <> NaHCO; + NaOH. (1)

I[Ipn pomaBaHHI 1O TaKOrO PO3YMHY KHCIIOTH
TiApOJi3 TIOCHITIOETBCS 1 KHCIIOTa BUTpPAdaeThes 3a

CXEMOIO:

Na,CO; + 2HCI — 2NaCl + H,0 + CO,. (2)

SIkmo g0  poO3uMHY JOOAaTH  JIyry, TO BiH
BUTPAYaTUMEThCS Ha IPUTHIYCHHS TiIpOJIi3y:

NaHCO; + NaOH — Na,CO; + H,0 3)

Takum 4MHOM, pe3yNIbTaTH EKCIIEPUMEHTY JIOBOJSTH,
10 y BOJHHMX BUTSIKKAaX KapOOHOBHX BOJIOKOH € COJIi
ciabKkuX KUCIOT, HalOuTeI iMOBipHO OopHOi Ta
KapOOHATHOI, SIKi MPUCYTHI Y PO3YMHAX Yy AYXKE MallUX
kimpkocTsix (COs> amion sikicHo He BusBieHwif). Tomy
JUISL aHaJli3y PEYOBHMH, SKi MaloTh HasBHI KHCJIOTHO-
OCHOBHI BJIACTHBOCTi, BAKOPUCTOBYEMO UYTJIMBUI METO[
KUTbKICHOTO aHaJli3y — MOTCHI[IOMETPUIHE TUTPYBAHHS.

MMoTenuiomerpuuHuii anamaiz. Xapakrep 3miau pH
npu tutpyBaHHi 0,02 B HCl BOAHWX BWTDKOK IS

Taoauus 1
pH BomHMX BUTSDKOK 13 KapOoHOBUX BostokoH TI'H-T
Kap6onose Tk, K pH
BOJIOKHO
TI'H-T — 850 1123 6,50 + 0,04
TI'H-T — 1600 1873 7,77 £ 0,03
TT'H-T - 2400 2673 8,20 £ 0,02

Tadonnus 2
3mina pH BOJHUX, KMCIIUX Ta JIY)KHUX BUTSDKOK 13
BoJiokoH (Tk = 1123 K) npu 3miHi yacy 006poOku

Pearent | Tk, K| Buxigae ApH micnst 06poOku
3HaueHHs pH Ta EKCTPAKIIi1
15 xB. 60 xB.
H,0O | 1123 | 6,50+0,04 +0,90 +0,97
HCl 1123 | 5,30+ 0,02 +2,10 +2,33
KOH | 1123 | 8,83 £ 0,03 - 0,98 - 1,01
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OinbmIOCTI KapOOHOBHMX BOJIOKOH OJJHAKOBHI: KpUBI
BUSIBILIIOTH siBHUME cTpnOok pH npu pH = 4,75 — 5,25 1
0sm3bKi 3a hopmoto. [ kapOoHOBHX BOJNOKOH i3 T, >
1473 K motenmiomerpuyni kpusi (st 0,02 # NaOH)
0JIM3bKi 32 (hOPMOIO, HE BHABIIAIOTH CTPUOKiB pH, MaroTh
piBHUI xapakTtep. lle maTBEpIKyE BHUCHOBOK TIPO
OCHOBHI BJIACTHBOCTi CITOJIYK, SIKi MICTATBCS Y BOJHHUX
BUTSDKKaX KapOOHOBUX BOJIOKOH.

3pasku Bogaux BUTHKOK 13 TTH-T (T = 1123 K) He
turpyroteest HCI, ane 3a xpuBoro turpyBanns NaOH
MOXHA 3pOOUTH MPUIYLIEHHS NP0 HAasBHICTH y PO3YMHI
kapOoHnartHoi kucnotu (pK = pH %4 = 7,2) y xinskocti 0,9
Mr-ekB./11. TutpyBaHHs BUTSDKOK 13 BostokoH TI'H-T i3 T
> 1123 K 1[03BOAMIO BHU3HAYUTU BMICT COJEH
kap6onatHoi kucmotu 0,7; 0,5; 0,4; 0,3; 0,25; 0,2 mr-
exB./inm mia T, = 1473, 1623, 1873, 2273, 2573 ta 2673 K
BiJINIOBIIHO, 11O BiJMOBiJa€ CXeMi OTPUMAaHHs BOJIOKHA

TrH-T:

Bosoxkno I'T1-2 +{ (NH4),HPO, |— OI'll-2—|723
(N2)

—>TFH-T—450E H,CO;; H;BO; |— (BigMuBKa) —

H,CO;,
(0,9 mr-exs./m)
— TI'H-T-1200| Na,CO; | —| 1623 K

(0,7 mr-exs./m) (Ny)
[ NacO; | -[1873K
£),5 MT-€KB./1T) (Nz)
[ Na,cO;, |- [2273K
(0,4 MT-€KB./TT) (Nz)
B Na,CO; —
(0,3 mr-exs./n)

N32CO3 )] i
— (0,25 mr-exB./n
[ N32CO3
(0,2 Mr-eKB./J;| .

Lli pe3ynbTaTd O3BOJISIIOTH CTBEPXKYBATH, LIO0
B3aEMOJisl aHTHIIpeHiB i3 kapOoHoM C; nOBepXHi
BOJIOKOH TIIOYMHAETHCS BXKE Ha cTaaii OTpUMaHHS
YaCTHHHO KapOOHi30BaHMX BOJIOKOH mipu T, = 723 K.

IlepeTrBopeHnHss Ta B3a€MoOJisd AaHTHUIIIpeHIB 3
Kap0OHOM MOBePXHi B0OJIOKOH. BukopucroByroun [21-

N32B407' 10 HzO
3,5 Mr-exs./n) (8,6 Mr-exs./n

—TT'H-T-850

TrH-T-450-B—| 1123 K
(N2)

— [T473 K
(N2)

— TI'H-T-1350

—

— TT'H-T-1600

—

— TT'H-T-2000 253K | —

(N2)

2673 K| —
(N2)

— TI'H-T-2300

— TI'H-T-2400

26], pO3TIAHEMO  TIOCIHiJAOBHICTh  IEPETBOPEHHSI
aHTI/IHipeHiB (NH4)2HPO4 1 N32B407' 1 0H20, 1o
HAaHECeHI Ha  BHXiJHE BOJIOKHO, B  IpoIlecax

TepMooOpoOku ['1l-BonokHa Ta KapOOHOBOTO BOJIOKHA
Bixm 723 no 2673 K. 3i 30inbIIeHASIM TeMIIepaTypH BHIIE
373 K (NH4),HPO, posknanaerbcss Ha opTodocharHy
MOHOKHCIIOTY Ta aMoHiak [23]:

(NH,),HPo, 0P — H,PO, + 2NH;1 (4)

IIpu 486 K optodocdarHa kmcimora (Temmeparypa

tormenHs T, = 316 K [23]) sxe Brpagae 2 H,O [23] i

npu 473 K [24], 533K [23] yTBOproeThcs amMep
nipodocdarnoi kucnmoru [24] (i3 T, =334 K [21, 23]):
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2H;PO, [ - H,P,0, + H,0,
3 skoi mpu 573 K [23, 24] yTBOPIOIOTHCS TMOMTIMEpH
muKIigHoi  MeradochaTHOI KUCIOTH 13  3arajibHOIO
dbopmymoro H,P,O3, [21], ie n =3 — 8 [22]:

n(H,P,0,) 07PN, 2P0y, + 0,0, (5)

ITonimepu (HPO3), marots T, ~ 313 K i Ty, ~ 1073
K [23]. Tlpy momanbIioMy IMiIBUIIEHHI TEMIEPATypH
KOHIICHCAIlil TPHUBOJAUTH A0 3POCTAHHSI MOJEKYJIIPHOI
MacH, 3IIUBKHA JAHIIOTIB MeTadocaTHoi KHCIOTH.
Bucoxomonekymspua  (HPOs),  mictuth  JiHIiHHI
MaKpOMOJIEKYJI 31 3B’S3aHMX Yy JaHLIOrW (ochaTHUX
terpaeapis (n < 90) Ta umkiivyHI nomiMepu 3 n > 3 [24]. 1
IpU TOJAIBIIOMY IIiIBUICHHI TEMIEpaTypu IoyimMep
(HPO;), Brpawae H,O no yrBopenns ¢ocdarHoro
anrigpuny P4O¢ [24]. IIpu cuipHOMY Harpisi nosimep
(HPO3), mnocmimoBro (yactkamu) Brpadae P40y,
yrBoprotoun nomimepu (HyP,0-), i mani m[H;PO,], sxa
ySIBIsIE cOBOIO arperaTd MoneKy: i3 m = 2...10° atomis
tdochopy i T, =315,5 K [21-23].

Y pa3i yrBopeHHs momidocdariB Ha MOBEpXHi
KapOOHOBMX BOJIOKOH TIIPpHU HarpiBaHHI BiOYBa€ThCs
MOCTYNOBUH Tepexif i3 BimmeruieHHsM P40y 3a cxemoro
[22]:

MeTtadocdar M- mipodocpar M. oprodocdar.

-P40y -P40y

Comi wmetadochaTHUX KHCIOT TEX ICHYIOTH ¥
noJiiMepHiit popwmi, B T. 4. i pochar 6opy (BPO,), (T, =
1723 K) 'y Burmani  tpuBuMipHOi  citku  [24].
Monidocdarni i nonimeradocdarHi kucnotu Ta ix cosi
YTBOPIOIOTH Ha KapOOHOBOMY BOJIOKHI (ha3y ckia [22].
Ipu rigparamii tukmivaoi (HPOj), yTBOprOIOTBCS, B
HepIy 4epry, MoJiMepH JiHIHHOI CTPYKTYpH. Y BOAHHUX
po3urHax abo TmpW KOHTakTi 3 Bosororo P40
IHTEHCHBHO TIOTJIMHAE BOIy [24]:

P40]0 + 6H20 — 4H3PO4,

a momidocharni Ta momiMeradochaTHi KHCIOTH IPH
KiIMHATHIH TeMITepaTypi CTYTICHSIMH, MOBLIBHO
(MicATIIMU) TIPHETHYIOTH BOIY, TIEPETBOPIOIOYNCH Y
H;PO, [22]. IligTBep/uKEHHSM IHOIO  SBUINA €
YTBOPEHHS HAa MIOBEPXHI BUPOOIB i3 KOMIIO3UTY Ha OCHOBI
[NTPE +20 % xapbonoBoro BojokHa YTM-8,
OTpUMaHOTO B  TOpuUCyTHOCTI  Na,B,0,10H,0 +
(NH4),HPO, mpu T, 1123 K y cepenopumii CHy,
Kparenb B’sI3K0i, JoOpe po3umHHOI Yy BOAI, NpPo30poi
pimuaM TIpU 30epiraHHi iX ~ 0,5 pOKiB y BOJOTrOMY
npumimenHi. SkicHi peakmii miei pimman 3 AgNO;;
MgCl, + NH,OH + NH4CI; (NH4),Mo00, + HNO; Ta
siedHIM GinkoM rokasanu Ha ioH (PO,). ®ocdaru Tex
MOBUTBHO TigpONi3yIOThcsl ¥ Bomi. BpaxoByrouwm 1ie,
MOXKHAa CTBEp/DKYBATH, INO y PO3YMHAX BHUTHKOK i3
KapOOHOBUX BOJIOKOH Oyne BincyTHst BUbHa (ochaTHa
KUCJIOTa 1 TpHU TUTpYBaHHI (ocdaTtu He BHUABISIOTHCS,
NP IIbOMY BPaxyeMo 1 Iporiec yTBOpeHHs nodidocdaris
3a CXeMOI0:

(4HPO;), + 6nNaOH — (NagP403), + SnH,O.  (6)

Ili mpomecu moOpe BimOMBAIOTBCS HA KPHUBHX
TUTPYBaHHS.

Bigomo [27], mo 6op Ipu BHUCOKOTEMITEPATYPHOMY
MipoJi3i BOJOKOH aKTHUBHO B3a€EMOJiE€ 3 HAHOUIBIIT
peakIifHO 3MaTHUM HEYIOPSIJAKOBAHUM BYTJICLIEM. 3a
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nmannmu  [Y-cekrpockomii [28], mpu mipoizi ¢enon-
tdbopmanpaerinaux cmou npu T > 873 K BoxHEBi 3B’ s13KH
PYWHYIOTBCSI 1 TTOYMHAETHCS IHTEHCUBHE BiIIIETUICHHS
BOJIHIO, KW O€3MocepeHbo 3B’sA3aHUN 13 KapOOHOM
OCH30JIEHOTO KiJIBIIA.

AHaJIOTIYHO MPOXOJIATH MPOIECH MPHU TEPMOOOPOOITI
KapOOHOBMX BOJIOKOH, oTpuMmanux i3 [I1[ i ITAH-
BOJIOKOH. [li mporiec pUBOAATH IO TOTO, IO MpH T, =
873 — 1073 K yrBOpro€eTbcsi akTHBHMH KapOoH. YUnmm
OiNIbIIIe JIETKUX CIIOJIYK BiJOKPEMITIOETHCS BiJl BOJIOKHA,
TUM OiJIbIIIe YTBOPIOETHCS AKTUBHOIO KapOoHy H, SIK
HACiJOK, 3pOCTa€ B3aeMOJist KapOoHy 3 Oopom i
crniosrykamu ocopy.

Ii mneperBopeHHss TeTpabopary HaTpito, SKHA
BBOJUTHCS K aHTUIIPEH Ta KarajizaTop KapOoHizarlii,
MOXHA Y3araJIJLHUTH 3a HACTYIMHOIO cxemoro [21-25].
Antunipen Na,B40;10H,O Brpauae 10 moiexyn Boau
ke mpu T, < 673 K [23]. Tomi mepeTBOpeHHS
aatumipeny npu T, > 673 K cming posrmsgatu st
Na,B,0,, sxmii mae T, = 1014 K [23] i Temneparypy
posknany Ty > Tpoma = 1848 K [23]. TIpu Hu3bKHX
temnieparypax (no 923 — 973 K) BinOyBaeTbcsi po3kiian
TeTpabopaTy Ta 3MiHa KpPUCTaNIYHOI CTPYKTypH 3i
3BUTLHEHHSAM OKCHIY OOpY:

N32B4O7 —>2NaB02 + B203. (7)

OckiTbkH Temmeparypa M’ skienHs ckia B,O; T, ~
873 K, temmeparypa toruieHHs kpuctanmiB T, ~ 567 K
[23], 573 K [21] Ta 723 K [22], 738 K [23, 24] i
temrieparypa KamiHas T, = 2133 K [23], 2523 K [22],
Tomy Tipu TepmMoobpobrii pu T, > 723 K I'll-BosiokHa 3
MPOCOYCHHsIM  TeTpabopatroM Hatpito, B,0; Oyne
3HAXOIMUTHUCS y CTOIUICHOMY BHIJISAI i MPH OXOJIOKEHHI
Oyne yrBoproBatu (a3sy ckia [22].

B,O; mnpu B3aemonii 3 H,O yrBOproe pisHi
HOJTIMETa0OPHI KUCIIOTH 1 MPH IOJAIBIIOMY IIPHEIHAHHI
BOJM YTBOPIOETbCS OPTOOOpPHA KHUCIOTAa 3 BUIUICHHSAM
76,5 xJIx Temna [21, 22]:
(B203)st nH,0—2(HBO,), }

3(HBO,),+ nH,0—(HsB307), (3
(H5B307)n + 2nH20—>3nH3BO3
Ockimbkn  peakmii  (8) MPOXOIATh 13  BEIUKOIO

WMoOBipHiCTIO, TO KapOoHoBi BosiokHa TI'H-T (T, =
723 K) natots y BoaHiit Butsokui pH < 7. [Ipu HarpiBanHi
H;BO; nounnae poskiagarucs npu T >343 K i Brpayae

ke npu 573 K 1,5 momexkymu H,O [23], mnpu
HOJAJIBIIOMY HarpiBaHHi opTobopHa KHCJIOTa
KOHJICHCY€EThCS B MeTabopHy [21, 24]:

n(H;BO;) — (HBO,), + nH,0, ©)

1 gaii — B TeTpabophy [24]:
4(HBO,), — (H,B407), + nH,0,
1 BpemTi-pemT — B 6opaui aHrigpun [21, 24]:
(H2B407),— 2(B,03), + nH,0.
Astopu [27, 29] noBenwu, mo kpuctamiuHi paszu B,C
y KapOOHI30BaHUX Marepiaiax MOYMHAIOTh
yrBoproBatucs npu 1473 — 1573 K (tax, 3a 10 rog.
Butpumku npu 1500 K yrBoproerscs 40 — 50 %
kapOifiB) 3a cxemoro [22]:
2(B,0;), + TnC — (B4C), + 6nCO (10)
Oxpim TorO, sl KpUcTaniyHoro B,0; G% = -1194
kJx/Monb [22] (ze AG’; — 3mina motenmiany I'i66ca B
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HpoLeci yTBOPEHHsS CHOJYKHA 3 NPOCTUX PEYOBHH), TO
00p BIJHOBIIIOE TIPH BUCOKHX TEMIIEpaTypax AyKe CTIHKi
okcumn P,Op Tta CO, (micnms po3kiagy KHCHEBHX
KOMIUIEKCiB) [22]:

2B203 + P4010 i 4BPO4, (1 1)

B203 + C02 — B4C + CO, (12)
i came Tomy B,0; HE BiTHOBIIOETHCS KapOOHOM IpPH
HaJBUCOKHX TeMriepatypax [22]. Tak, mns peakmii

B,0; +3C — 2B +3CO (13)
3MiHa noreHuiany [i06ca 3anexuTh BiJ TemIepaTypH i
MiATOpsAAKOBaHA PiBHIHHIO [22]:
AG’, =950 — 0,494 T [x]Ix].

Toni, npu Temneparypi M sikieHHs ckia B,0; 3mina
noteHmiany ['i60ca nopiBHIOE AG%; = + 519 kJIx, npu
TeMIlepaTypax TOIUICHHs KpucTaniB B,0; AG0567 =+670
k/lx Ta AG0738 = + 585 x/Ix, a npu TemrepaTypax
KiHIIeBOT TepMOOOpoOKH KapOboHOBOTO BoJoKHA T, = 723
~ 1873 K AG’, smimoetsest Bin AG'3 = + 593 10
AG" 573 = + 25 xJIx. | mume npu T, = 2273 — 2673 K
BUKOHYIOTBCS TEPMOJMHAMIYHI YMOBH TPHHIUIIOBOTO
3nificHeHHst  JoBinpHOro  (0e3  BUTpar  poOOTH)
npoTikaHHs XiMiyHOI peakuii (13) y npsiMoMy HanpsiMKy:

AG’; <0,
10670 AG’; 3minr0eTes Big AG 73 = - 173 10 AG 73 =
- 370 x/Ix. Lli TeMneparypu Bullle TeMIIEpaTypHy KUIIHHS
B,0; mpu p° = 0,101325 MIIa, mis sikoi AGY53 = -104
k/[k (BUKIMKA€e CyMHIB, IO MPU TAKUX TEMIIEpPATypax
npunarue piBusiaas AG’; = f(T), HaBenene B [22]).

IIpu T = 2573 — 2773 K peakuis (12) mpoxoautsb
Maike 3 TOBHUM BHUXOAOM. OCKIIBKH TeMIepaTypH
kamiHASA T, (B203) = 2133 K, Ty, (NaBO,) = 1707 K,
T0 NaBO, 4acTKOBO BHIApOBYETbCA IPH BUCOKUX
temrieparypax (1500 — 1700 K) i He HakomuuyeTbes 3
HiBUILCHHSIM TemIepaTypH (aHanoriyso i B,O; mpu T >
2140 - 2200 K). Tomy nokasnuk pH BomHUX BUTSXKOK
TIH-T (T« = 1473 K) mae pH > 7, sxuii 3pocrae 3
HiBUIICHHSIM KiHIEBOI TeMneparypu TepMooOpoOku Ty
KapOOHOBMX  BOJIOKOH, OTPUMaHMX 32  OJHIEIO
TeXHOsori€0. Y 1npoMy BHHagKy pH BOZHMX BUTSIKOK
3yMoBiieHni Timpomizom NaBO, ta B,O; Bomoro 3a

CXEMOIO:
4NaBO, + H,O — Na,B,0; + 2NaOH;
B,0; + 3H,0 — 2H;BO; (14)
[pu meitrpamizanii H;BO; He yTrBOpIOIOTHCS

terpabopar, ski wmictare ion (BO;)”, a kiHnesum
NPOJIYKTOM peakuii € Terpaboparu, merabopar 1 coii
IHIIMX TOJIO0PHHUX KUCIIOT [22]:
4H;BO; + 2NaOH — Na,B,0; + 7H,0 }
H3BO3 +NaOH — NaB02 + 2H20, (15)
BpaxyeMoO TpH IbOMY, IO BOAHI po3umHu Na,B,0;
BHACJIIJIOK T1IPOJIi3y MAIOTh JIy)KHY peakitito [21].

ToMmy BUTBHOTO JIYTY y BHUTSKKaxX i3 KapOOHOBHX
BOJIOKOH He BusBIIeHO. Tak sk TTH-T mignanu BigMuBLi
rapsuol0 BOAOK - omepauii BHIAJIEHHS BUIBHUX
MOBEPXHEBHX CIIOIYK Ticis TepMooopooku mpu T, = 723
K, ToMy B aHamiTHYHMX pO3YMHAX OOpaTH MICTATHCS B
oyxe Maniii kinbkocti. KpiM Toro, y mpucyTHOCTI

KapOOHaTiB Ta KapOOHATHOI KHCJIOTH OOpaTH IOTaHO
BUSIBIISIFOTBCSL.
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Takum YHHOM, AHTHITIIPESHU (3aXMCHUKA
IHTEHCHBHOTO OKHCHEHHS, KaTaslizaTopu KapOoHizawil
OpraHiYHMX BOJIOKOH 1 rpadirtallii kapOOHOBHX BOJIOKOH)
(NH,),HPO, i Na,B4,0;10H,O ckmagauM YUHOM
B3a€EMOJIIIOTh 13 TOBEPXHEI0 KapOOHOBOTO BOJIOKHA 3
YTBOPEHHSIM TEPMOTPUBKMX CHONYK. SIK dacTWHHE
BHUJAJICHHS CTIOJYK B3a€MOJii KapOOHY 3 aHTHITipEHAMH
Ha HU3bKOTeMmepaTypHii cranii (micms T, = 723 K), Tak
i TepMooOpoOKa B IHEPTHOMY CEPEIOBHII a30Ty,
JIO3BOJISIE  OTPUMATH  BIMHOCHO  YHCTI  IOBEPXHI
kapOoHOBUX BojokoH TI'H-T, iMOBIpHO mHOKpHUTHX
TyromiaBkumu  conykamu:  (B4C),, (B,03),, mnomi
¢docharHuMn 1 MONIOOPAaTHUMHM KHUCIOTAMH Ta MOJi-
(ocdaramu i moniboparamu y cTaHi CKia.

B3aemonisi okcureny 3 kapooHom. HenacudeHicth
KpaloBHX aTOMIB KapOOHY MPUBOIUTHL JO B3aEMOMIi 3
iHmmMu atomamu (iepeBaxxHo O; H) 3 yrBopeHHSIM rpyn
[16, 30 - 33] 3a mogemtro [9].

B3aemomis okcureHy 3 kapOOHOM BOJIOKOH IMOBIpHO
BiIOYBa€ThCSI 3 YTBOPCHHAM TIPOCTHX 1 CKIQIHUX
okcuaiB kapbony (II) 1 (IV). VYr1BOopeHHS mpocTHX
OKcuAiB KapOOHYy Bele OO Ta30BHX IPOAYKTIB. Termo
AH’ npu cranmapraux ymosax (T = 298 K Ta TucKy p =
0,101325 MIla), KOHCTaHTH piBHOBaru KOp (mpu p =
0,101325 MIla) mpu 1073 Tta 1573 K 1 BigHOCHA
MBUAKICTh XiMiuHUX peakiin W npu 1073 K ta tHCKy p
= 0,10132 MIla mpocTux peakmiid Ta3o-rpadiTOBUX
cucteM mnpuBeneHi B [32, 33]. V3arampHeHHS IHX
pE3yNIbTaTiB MPUBOANTE JI0 TAaKUX peakiliii (Tadu. 3).

MosknuBi peakii [33]:

C02 +4 H2 — CH4 + 2H20 (28)
CH, + CO, — 2CO + 2H, (29)
CH, + H,0 — CO + 3H,. (30)

Binpmiicts peakuiit (16) — (19), (21), (23) — (27)
ex3orepmiuni. Peakuis (16) na 5 8 mopsakiB
nepesuinye iHmn peakmii. 3rimHo [33], po3man H,, O,,
H,O na atomu (a Boau Ha H™ i OH) mpu T < 1500 K
MPAKTUYHO He BigOyBaeTbes, Toai peakiii (16) — (30) mo
X TEMIIEPaTyp MOXKHA PO3IIISAAATH SIK MOJEKYIAPHI.
CtpykTypa piBHOBarm TpPOAYKTIB  peakmiii  Oymne
BU3HAYATHCSI TPOIECAMH BTOPHHHUX peakmid. Y
MeXaHi3Mi TepeTBopeHb mpoctux cymimeir C — CO —
CO, — H,0 — CH; HeoOXimgHO 3BaKUTH Ha TE, IO
OKCUTEH BUTpadaeThes Jimme Ha yrBopeHHs CO rta (abo)
CO,. 3Bigcu MOIMBI Taki npocti BropuHHI peakuii C i3
H,0, H,, CO, Ta iami: (19), (20), (21), (23), (25), (28),
(29), mpu mpomy mmme peakuii (19), (20), (23) €
Heszanexxuumu [33]:

(25)=-(20) + (23)
(28) =-2(20) + (19) + (23)
(21) =(20) - (19)
29)=(19) - (23).

Bpaxosytoun mani [30 - 33] Ta Tabn. 3, yTBOpeHHS
Ta PO3KJIAJ TOBEPXHEBHX CKIAJHUX KOMIUICKCIB Ha
aKTHBHHMX LEHTpaXx KapOOHOBMX BOJIOKOH C; MOXHa
NPE/ICTABUTH PiBHSIHHIMU:

1'lcs + 1’1’102 - [CH(OZ)m]S (3 1)
[CH(OZ)m]S - nCOZ (32)
nC; + /2mO; — [Co(O)m]s (33)
[Co(O)m]s — mCO (34)
[Cn(o)m]s + 1/21'11()2 - [Cn(OZ)m]s (35)
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Tadauusa 3
Temo (AHOZ%), KOHCTaHTH PiBHOBAaru (Kop) 1 BiTHOCHA
mBuAKicTs (W) mpocTux peaxiuiid ra3o-rpadiToBUxX
cucrem [32, 33]

Ne 0 1gK°
. AH 595, L
- P W
. carii Kbk 1073 K [I573 K
(16)| C+0,— CO, -406,4 | 17,26 [13,18|1-10°
(17)| C+%0,—>CO |-246,4| 18,15 [16,65
(18)| CO+ %0, — CO, | -567,3 | 14,38 | 9,70
(19| C+CO,—2CO |[-160,9| 0,88 | 3,48 | 1,0
(20) C+H,0 — CO + H, +118,9| 0,90 1,0 | 3,0
@1y [COFHO=COH 454 | 002 |-048
+H,
C+ 2H20 i COZ +
(22) +2H, +16,3 [ 0,92 | 2,52
(23)| C+2H, — CH, 83,8 | -1,35 |-2,74(3-10°
CH4 + 202 — COZ +
(24) +2H,0 -715 40 30
CO +3H, —» CH, +
(25) H,0 -206,7 | -2,23 |-5,74
2C02 + 2H2 —
26| "oy, rco, |2484-221 |-622
27)| %0,+H, —» H,O |-482,2|-15,66 |-15,35
nC, + mCO, « [C,(0),]s + mCO (36)
[Ca(O)m]s — nCO + nC; (37)
mCO +nC — [Co(O)m]s (38)
[Ca(O)m]s — mCO (39)
nCs + mHZO < [Cn(HZO)m]s (40)
nC; + mH,O — [Cy(O)]s + mH, (41)
[Cn(o)m]s + mHZO and [CH(OZ)m]s + mHZ (42)
nCs + I’I]HZ > [Cn(HZ)m]s + 1’1CH4, (43)

Jen>m.

3a [32] Boga karamizye peakuii (16) 1 (31). Skmo
NoBepXHsI Trpadity cuinbHO JedexkTHa (a TOBEpXHS
KapOOHOBHX BOJIOKOH € TakOl 32 TEXHOJIOTIEI0
OTpUMaHHS  Ta  IHTCHCUBHUM  JpOOJNEHHAM Yy
BHCOKOOOepTOoBOMY TipucTpoi MPII-1), TO MOXIHMBE
yrBopeHHs koMriekciB [C3(0),]s [32, 34].

IToBepxHeBi OKCHAM KapOOHY € CTIHKMMH TBEPIAUMHU
KOMIUIEKCaMH, sIKi PYHHYIOTHCS TIPH HarpiBi B TEBHIH
IUTsHI TeMriepatyp i3 yrBopenasm H,, CH,, H,0, CO,
CO, Tta BusHauenoi cymim CO/CO,. MospHe
cniBigHomenHss CO/CO, He € cTaauM MpH Pi3HUX
TeMIiepaTypax i THCKax, I10 TOSICHIOETHCS MPOTIKaHHIM
BTOPMHHUX pEakUiil Npu pyHHyBaHHI KoMIuiekciB [35].
Tak, 3a paHMMH TepMOTrpaBIMETPUYHOTO aHaJi3y B
IHEPTHOMY CEpEIOBHIIl JIsI YOTUPHOX KapOOHOBHUX
BoIOKOH VYB, sxi mictumm Oimeme 90 % kapOomy,
3HaliIeHo, 10 TPOIEeC BTPATH MAaCH MOYMHAETHCS IPU
825 845 K 1 wMakcumanbHa BTpaTa MacH
crioctepiraerscs ipu 1140 — 1150 K [29]. OcobmuBicTh
IUX JIOCHTIKCHb TOJNISITa€ B TOMY, IO 3pa3kd Oyiu
HopMasizoBaHi mpu 823 K (BUKIIOYEHO BIUTMB BOJIOTOCTI
3paskiB) i Oyyno 3a0e3MeueHO HEemepepBHE BHIIAIICHHS
ra3iB i3 peakliifHOi 30HM BOJIOKOH, IO 3HAYHO
00MEXHJIO BTOPHHHI peaKiii.
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Puc. 1. Poznozin "aycca nus 3anexHoCTel epIoi MOXiHOT BTPaTH MacH Bix
TeMITepaTypH (3a KPUBOIO TEPMOTPABIMETPUIHOTO aHami3zy) [35]:
1, 2, 3 —BucokoTemneparypHi autssaku Bugiteras CO, i CO.

Btpatu wmacm aBTtop [35] MOSICHMB pO3KIAJIOM
MOBEPXHEBUX OKcuAiB KapOoHy [36]. 3a kpuBoiO
po3nozminy l'aycca mis 3aJie)KHOCTI MEPIIOi MOXiAHOT

BTpPaTH MacH BiJl TEMIEpaTypud pa3oM i3 JaHUMH
razoBoro  anamizy (puc. 1  [35]) BumHO, w0
CIIOCTEPITAEThCS  HE3aJCKHUA BHXIT UIS  OKCHJIIB

kapooHy CO 1 CO, y pi3HHX TeMIepaTypHHUX AUISHKax
(monsipre  cmiBBimHOmEeHHS CO/CO, TyT CTaHOBWIJIO
1,64). Tlpm BimCyTHOCTI BHIAJCHHS Ta3iB TpoIleC
pO3KIamy KHUCHEBHX KoMmIuiekciB Ta B3aemonii C, O,,
CO,, H,0 y moBepxHeBUX mapax KapOOHOBUX BOJIOKOH €
CKJIaTHHM.

YV npunoBepxHeBOMY mapi kapOOHOBHX BOJOKOH ITiJ|
4ac pO3KJIaJly KUCHEBUX Ta IHIIMX KOMIUIEKCIB MO>KIJIMBI
BTOPHHHI ~ pEakKIlii B3a€MOJIl KIHICBHX IPOIYKTIB
poskitany: CO,, H,, H,O wmix coboro Ta 3 C; i3
yrBopennsim CH,, CH;0H, HCOOH, CO i H,O (tabm.
4); CO 1 H, 3 yrBopennsam C,H,,.;OH ta CO, H, i C,Hy,
i3 yrBopenusim C,H,, ;CHO (tabm. 5) [33]. 3a [33]
MO>KITUBA PEaKIIis:

C,H,, + nH,O — nCO + (n + m/2)H.,. (69)

OpraHigdi TPOAYKTH B3a€EMOJIi TNPU TEPMIUHIH,
TepMOMEXaHIUHIA Jii XiMIYHO-aKTUBHOTO CEPEOBHINA
YTBOPIOIOTH  TiPOTIEPEKUCH 1 KapOomepekwcH, sKi
PEKOMOIHYIOTh i3 BUALIEHHSM TeIUla i epeTBOPIOIOTHCS
y OUIBII CTIHKI TeTEPOIMKIIH.

Iepeunnmii akt okucHeHHs Cg (1o 873 K) 3Boguthes
JI0 azcopOuii MOJEKyJ Ha MOBEPXHi, 3aKpiIUIEHHs X Ha
nedekrax abo Kpasx KPUCTAJITIB Ta XiMIYHOT B3aeEMOIi 3
KapOOHOM 13 YTBOPEHHSIM KHCHEBHUX KOMILIEKCIB.
AKTHBHI TIEHTpH KapOOHY BHOIPKOBO XeMocopOyoTs H,
H,0, CO,, CO. 3a mamumu [16, 30, 31, 35] akTuBHI
HEeHTpH, sKi copOyroTh H,O, 3aiimaiors ~ 2 % moBepxHi
rpadiry, a (CO, + CO) ~ 0,5 %.

IIpu TepmomexaHidHii nii Ha TpadiTOBiil MOBEpXHI
MOCTIHHO YTBOPIOIOTHCS aKTHBHI IEHTPH 1 KOKHUN aTOM
KapOOHY MOTEHLIHHO NPUIATHUH 10 peakiii OKUCHEHHS
1o koMruiekciB. IIpu moapiOHeHHI KapOOHOBHX BOJIOKOH
abo TepTi Ta 3HOIIYBaHHI B OKHUCHOMY CEpEIOBHIII

YUCIIO TPHUEIHAHMX MOJCKYIT 3HA4YHO 3pOCTaE B
MOPIBHSHHI 3 X YHCIIOM Y CTATHYHHX YMOBaX.
Mexanizm B3aemomii C; i3 O, 1 CO, MOXHa

NPEICTABUTH 32 MEXaHI3MOM yTBOpeHHs map dpenkens
[37]. AxTtuBoBaHi  (BHAcHmiZOK  TepMiuyHOi  abo

. . ew * . .
TepMoMexaHiuHO1 1ii) atomu kapbony C; , AKi € pyXJuBi
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Bke mpu 293 K, BUTHCKYIOTH i3 BY3JIB KPHCTaIi4HOT
I'PaTKK HEaKTUBOBaHI atoMu kapOoHy C, y MiXBY3/IOBiH
mo3unii  C;. Artomu C; 3axOIUTIOIOTBCS MMACTKAMH,
YTBOPIOIOUM KOMIUIEKCHU THITY C'C,, GO, GOV, 1a
iHmi [38], ne O; — aTOM KHCHIO Y MDKBY3JIOBHX MiCIISIX
KPHUCTAIIYHOI IPaTKH, a V, — IMBaKaHCIs.

VYV [39] noka3zano BB C; Ha YTBOPEHHSI KUCHEBUX
JIOHOPIB B iHTepBanax temreparyp 573 — 773 K, 873 —
1173 K i mpernunitamii okcureny mpu 973 — 1373 K.
ImoBipHO, 1O 31 30UmbIIeHHAM C; TPHCKOPIOETHCS
MIPEIHITITAIlisl OKCUTEeHy. [Ipyu IbOMYy BHHHKAIOTH 3HAYHI
MPYKHI HAIIPYTH HA MEXi PO3IiTy TPEIUIiTaT-MaTPHUIIs,
0 TPUBOIUTH HABITH N0 JIOKAJIBHOI IUIACTHYHOT
nedopmanii matpuii HaBkouo nperumitaty [40].

MoxHa JOMyCTUTH, IIO MOPYY i3 MHpEIHMIIITaIl€e0
OKCHUICHY TMpPOXOJUTHh MpPOIEC YTBOPCHHS KOMIUICKCIB
iy  [C,O,], 3 SKMX camMMMH IpocTUMU OyayTh
kommiekcn Ty [C(O)], [C(O),]. Kommuekcu C,O;
nepetBoprotoThes y C;O; 1 maini [C(O)y], [C n(O)ml-

IlinTBEpHKEHHSIM IIBOMY € OIliIHKAa €Heprii 3B’s3KY
kommekciB [C(O)] ta [C(O;)] i [C(Oy),]: E[C(O)] = 1,1
eB [39]; E[C4(O))] = 0,8 eB [41]; E[C4(Oy),] = 1,0 eB
[41]. EHepris 3B’s3Ky IMX KOMIDICKCIB 30ira€Tbcst 3
EHTAJIBITIEI0 yTBOpeHHs Moiekyn CO [37].

Mac-cnexkTpaiabHuii  aHamis. Ha wmac-cnexrpax
BUSIBJICHO TakWil Habip MacoBux wmcen: 1, 2, 12, 13, 14,
15, 16, 17, 18, 22, 26, 27, 28, 29, 32, 39, 40, 41, 42, 43,
44, HaWOLTBII 1HTEHCHBHI cepen skux: 2, 12, 14, 16, 17,
18, 28, 44. 1i pe3ynbTaTH € IHTETPAJbHUMHU IS BCIX
BUTIPOOYBaHB. Binnecenns MaCOBHUX qucen
MOJICKYJISIpHUX 10HIB (Tabi. 6) 3xaiiicHeHo 3a [5, 9, 16-18,
30, 31, 33, 41 - 43]. Ha puc. 2 moka3zaHi Mac-CIIEeKTpH Ta
pO3MOMIAM  IHTEHCHUBHOCTEH  TIKIB  Ta30BUIICHHS
BiTHOCHO MaKCHMAaJIbHOTO TIKy TIpH TeMIlepaTrypax
BurpoOyBanb 573 Ta 1073 K mis kapOOHOBHX BOJIOKOH
i3 Temmeparyporo KiHieBoi Tepmoobpobkm T, = 1123,
1873, 2273, 2573, 2673 K. Sk BugHo 3 puc. 2, 3i
3pOCTaHHSIM TEMIIEPATypu BHUIPOOYBaHb IHTCHCHUBHICTB
ra30BHIICH 13 TIOBEPXHI BOJIOKOH 301JBIIYETHCS, aje
npu 3pocTanHi T — 3MCHITYETHCS.

Ha puc. 3. mpeacraBneni rpadiku 3anexHoOCTEH
ra30BUAUIEHb XapaKTePHUX MiKiB MOJIEKYJIAPHHUX 10HIB 13
macoro 2 (H,"), 12 (C"), 28 (CO"), 44 (CO,") Bin
TEeMITEpaTypy BUMPOOYBaHb T KapOOHOBUX BOJIOKOH i3
pizaoto T, 1123 2673 K. IHTEHCUBHICTH
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Taéauus 4

Temio (AH') Ta KoHCTaHTH piBHOBAarH (Kpo) BrOpuHHNX peakuid CO, 3 yTBOPEHHSIM OpraHiYHuX
npoxykriB [33]

Ne : 300 K 1000 K
Peaxis o 5 7 o
peaxitii AH", xJIx Lg K, AH', xIx | LgK,
(44) CO, + H, - HCOOH -14,73 -7,6 +8,58 -6,1
(45) CO, + 3H, —» CH;0H + H,0O -49,6 0,07 -70,5 -7,7
(46) CO, + 4H, — CH,4 + 2H,0 -165,1 19,2 -190,6 0,4
47) 2CO, + 2H, — HCOOH + CO + H,0 +39,3 -12,6 +42.,9 -6,3
(48) 2CO, + 4H, — CH;0H + CO + 2H,0 -8,4 -5,6 -35,8 -7,8
(49) 2CO, + 5H, —» CH4 + CO + 3H,0 -123,8 14,2 -66,8 0,3
(50) CO, + C +4H, — 2CH;0H -9,0 -12,0 -40,0 -14,8
(51) CO, + C+ 6H, — 2CH,4 + 2H,0 -240 27,4 -280 1,4
(52) CO, + C+ 2H, — CH;0H + CO +81,6 -16,5 +65,3 -7,1
(53) CO,+C+3H, —» CH, + CO + H,O -33,8 33 -54,8 0,9
(54) CO, + H,0 — HCOOH + '/,0, +256 - +256 -
(55) CO, + 2H,0 — CH;O0H + °/,0, +676 - +700 -
(56) CO, + C+ H,0 — HCOOH + CO +146 -23 +144 -5,6
(57) CO, +3C +2H,0 — CH;0H + 3CO +187 -35 +175 -13,0
(58) CO, +4C +2H,0 — CH, +4CO +360 -44 +353 2,1
Ta6auus 5

Temto (AH') Ta KoHCTaHTH piBHOBAarH (Kpo) BrOopuHHNX peakuid CO 3 yTBOPEHHSIM OpraHiuHHX
npoyKTiB [33]

Ne . 300K 600 K
Peaxmis o 0 5 0
peaxuii AH", xJIx LgK, AH, x/Ix | LgK,
(59) CO + 2H, — CH;0H -91.9 - - -
(60) 2CO + 4H, —»C,HsOH + H,0 -255,6 21,2 -271,8 -1,74
(61) 3CO + 6H, — C;H,0H + 2H,0 -409,7 36,1 -432,2 -0,53
(62) 4CO + 8H, — C,HyOH + 3H,0 -553,5 49,8 -587,9 0,04
(63) 5CO + 10H, — CsH,,;OH + 4H,0 -717,1 65,3 -753,5 1,53
(64) CO +H, + C,Hy — C,HsCHO -134,1 10,6 -138,0 -1,2
(65) CO + H2 + C3H6 - C3H7CHO -1 15,1 7,8 -1 18,0 -3,2
(66) CO + H, + C;Hg — (CH3),CHCHO -127,0 8,1 -132 -2,8
(67) CO + H2 + C4Hg — C4H9CHO -1 17,0 7,3 -120 -3,1
(68) |CO +H,+ C4Hg — CHsCH(CH;)CHO | -129,5 7,8 -132 -2,9
ra3oBH/IICHb 3i 30UIBIICHHSAM TeMnepaTypu CTPYKTYpH BOJIOKHA, 3MEHIICHHSIM Je(eKTiB (BHACIITOK

BHIIPOOYBaHb 3pocTae, a 3i 30UIbmeHHsIM T, — TOMITHO
3MEHIITY€ETHCS.

SAx BugHO 3 puc.2 1 3, Temreparypa KiHIIEBOI
TEPMOOOPOOKH CYTTEBO BIUIMBA€ HA IHTEHCHBHICTH
Ta30BUUICHB 13 TOBEPXHI KAPOOHOBUX BOJIOKOH.

Ha puc. 4 moka3ano rpadiku 3aJ1eXHOCTI CyMapHOTO
Ta30BHIINICHHS 3 BOJIOKOH BiJI TEMIIEPaTyp BHUIIPOOYBaHb
393 — 1073 K mnsa temmnepatyp kap6onizanii T, = 1123 —
2673 K. 3anexHicTe Mae JIHIHHMH XapakTep Uil BCiX
TeMIepaTyp BUTIPOOYBAaHB. Pesynbraruy, o
TpEeJICTaBJICHI Ha PUC. 4, TOKA3YIOTh, IO 31 30UTBIICHHIM
TEMIepaTypu BUNPOOYBaHb CyMapHa 1HTCHCHUBHICTB
Ta30BUAUICHHS 3 TIOBEPXHI BOJIOKOH 30UTBIIYETHCS, a 3i
30UTBIIICHHSAM TeMITepaTypu kapOoHizarii -
3MeHmIyeTees. lle mMOB’s3aHO 3 YIOPSAKYBaHHIM

YOro 3MEHIIYEThCS  KUIBKICTh TBEpAMX  KHCHEBUX
KOMIUIEKCiB, YTBOPEHMX Ha IMOBEpXHi, COpOOBAHHUX
MOJIEKYJ), IO TPUBOJUTH JO 3HWKEHHS 3araibHol
IHTEHCUBHOCTI T'a30BUIUICHHS 3 BOJIOKOH.

I3 posmozisly IHTEHCHMBHOCTEH IIKiB y CIEKTpi
BiTHOCHO MaKCHMaJbHOTO (pUC. 2) BHIHO, IO IS

TeMmIiepaTypu  KiHmeBoi — TepmooOpobkum 1123 K
MakcuManbHUM € mik Macu 28 (100 %) mpu Bcix
Temreparypax BunpoOyBanb. Ilik Macu 2 mpu

temneparypax 10 873 K ne nepesumrye 20 %, ane npu
873 Ta 1073 K cranoBurs 60 ta 80 % Bimmosiguo. ITik
Macu 18 naBmaku npu 393 K 3naunwmii (64 %), a mpu
30UTBIIICHHI TeMIlepaTypl BUTPOOYBaHb CTAaHOBUTH HE
oinmemre 20 %. Brecok miky 44 xonmBaeThes B Mexax 40 -
60 %.
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Tabauus 6
BigneceHHs MaCOBHX YHCEN Mac-CIIEKTPaIbHHUX JTOCIHIHKEHb KapOOHOBUX BOJIOKOH
[5,9,16-18, 30, 31, 33,41 - 43]

Macosi Bignecenus Macosi Bignecenus

quca qucia
1 H 49 (C,H)', (CO,)"
2 H," 51 (C4H3)"
12 (o 52 ((CH)4)"
13 C, N’ 53 (C4Hs)"
14 C’, (CH,)",N" 54 (C4Hg)"
15 (CH3)", N* 55 (C4H))"
16 (CHy)", 0" 56 ((CO))", (C4Hg)" (C5H40)
17 (H,0)', (OH)", (CH,)", 0" 57 (C4Hy)"
18 (H;0)", 0", (CHy)" 58 (C4Hyp)", (C(OH)),", (C,HsCOH)"
19 (H;0)" 59 (C4Hig)', (C:0,Hy)", (C(H,0)), ", (C3H;0)"
20 (H,0)" 60 (CsH;,0H)', (C(H,0),)", ((CO),H3)"
25 (C,H)" 64 (C40)"
26 ((CH)y)", (CO)" 68 (C3(02))"
27 (CO)", (N, (CoH3)" 69 (C;0y)"
28 (CO)", (N2)', (CHy))" 72 (CsH,CHOY)', (C5(0)5)"
29 (CO)", (N2)', ((CH,))", (C(OH))" 74 (C4Hy,OH)
30 (CO)', (Ny)" 76 (CeHy)"
32 (0,)", (CH;0H)', (CO)" 78 (CeHe)"
36 (GH) 79 ((C0),)"
37 (GH) 80 ((C0),)"
38 (CsHy)" 84 ((CO)s)"
39 (C3Hy)" 86 (C4Ho,CHO)"
40 (G3Hy)', (C0)', Ar 87 ((COL))"
42 ((CHy)3)", (Co(H0))", (C(OH))", (C3He)" 88 ((CO,))", (CsHy OH)
43 (CHy)" 92 (Cs0y)"
44 (CO,)", (C5Hy)" 94 (C¢HsOH)"
45 (CO,)", (COH)" 99 (C304)"
46 (C,Hs;OH)", (HCOOH)", (CO,)" 100 (C304)"
47 (COy" 132 ((COYs)”
48 (COy" 136 ((C502)"

Jns temnepatypu KiHneBoi TepmooOpooku 1873 K
MakcuMmanbHEUM € mik macu 28 (100 %) mpum Beix
TeMIieparypax BuIpoOyBaHb, kpim 393 K, npu sxii
MakcuManbHuUH Tik - 18. Ilik Macu 2 npu TemmepaTypi
393 K cranoButs 25 %, npu 473 - 873 K— mo 15 %, npu
1073 K — 40 %. BHecok inTeHCMBHOCTEH MiKiB Mac 18 Ta
44 3i 30UIBIICHASIM TeMIIepaTypy BUIPOOYBaHb CKIIaaae
6mm3eko: 100, 70, 60, 50, 30, 10 % Ta 45, 75, 80, 80, 65,
35 % nna temneparyp 373, 473, 573, 673, 873, 1073 K
BiJITIOBIHO.

Jns temmepaTtypu KiHneBoi TepmooOpoOku 2273 K
MakcuMasibHuM € mik Macu 28 (100 %) mpum Beix
TeMmmeparypax BumpoOyBaHb. Ilik Macu 2 mpu
temneparypax 393 i 1073 K cxmagae ~ 15 %, a npu 473 -
873 K — Big 5 no 10 %. 3i 30UIbIICHASIM TeMIIepaTypu
BUIIPOOYBaHb BHECOK iHTEHCHBHOCTEW MikiB mMac 18 Ta
44 cranoButs: 45, 40, 25, 28, 30, 50 % Ta 10, 8, 20, 20,
20, 22 % nyia remnieparyp 373, 473, 573, 673, 873, 1073
K BigmosigHo.

Jns temmepaTtypu KiHneBoi TepmooOpoOku 2573 K
31 30UIBIICHHSAM TEMIIEpaTypd BHIPOOYBaHb BHECOK
IHTEHCHBHOCTEH MiKIB ckiamae: maas macu 2-20, 15, 10, 6,
6, 20 %; mra macu 18-100, 100, 80, 60, 40, 30 %; mis
macu 28-80, 90, 100, 100, 100, 100 %, nns macu 44-7, 7,
15, 20, 25, 30 % nnsa temneparyp 373, 473, 573, 673,
873, 1073 K BigmoBigHO.
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Jns temmepaTtypu KiHneBoi TepmooOpooku 2673 K
MakcumansHEM € Tk macu 28 (100 %) mpm Beix
TeMIieparypax BuUIpoOyBaHb, kpiM 1073 K, npwm sxii
MaKCHMaTpHUHA MK BigmoBimae wmaci 2. Brecok
IHTEHCUBHOCTEN MiKiB Mac 2, 18 Ta 44 31 30UIbIIEHHAM
TeMrieparypu BunpoOyBanb ckiamae 10, 22, 30, 85, 90,
100 %; 95, 60, 40, 30, 10, 10 % Ta 40, 30, 15, 18, 4,2 %
st temnepatyp 373, 473, 573, 673, 873, 1073 K
BiJITIOBITHO.

Ha puc. 5 nokazano rpadix 3MiHM CIiBBiIHOIICHHS
inTencuBHoCTel TikiB Mac 28 (CO") ta 44 (CO,") mpu
3MiHI TeMIiepaTypu BHUIIPOOYBaHb JUIl TEMIEPaTyp
KiHIeBoi TepMooOpobku 1123 — 2673 K. Sk BumHO 3 pHC.
5, mpu T, = 2673 K ne cmiBBiAHOMEHHS & Pi3KO 3pOCTae
31 30UTBIIEHHSM TeMIlepaTypu BHUIIPOOyBaHb 10 873 —
1073 K. Ilpm 1mux TtemMreparypax 3HAYHO 3POCTAE
IHTEHCUBHICTh Ta30BHIIJICHHS MOJIEKYIISIPHOTO 10HY 3
Macoro 28, y TOM 4Yac SK IHTEHCUBHICTh i0HY 44
3aIUIIAETECS TPAKTHYHO He3MiHHOM. Lle Bkasye Ha Te,

o B pe3yiabTaTi TEpMOOOpPOOKM Ha  TOBEpXHIi
YTBOpIOIOTECS KoMimiekcd 3 CO BUCOKOI CTIMKOCTI, sIKi
pO3KIaNaroTECs  NMpH  TABHINEHHI  TeMIlepaTypH
BUIIPOOYBaHb.

OTxe, BiAman BOJOKOH Tpu pizHHX T, copuse
YTBOPEHHIO KOMIUIEKCIB PI3HOTO CKJIaay Ta CTIHKOCTI,
HAsSBHICTh SKUX BH3HAYAE AKTUBHICTH MOBEPXHI BOJOKOH.
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Puc. 2. Mac-criekTpu Ta po3o/isl iHTEHCUBHOCTEH MiKiB BiIHOCHO MaKCUMAJILHOTO ITIKY IIPH TEMIepaTypax
BunpoOyBanb 573 K (a, 0, B, 1, 1) Ta 1073 K (a’, 6°, B’, I, 1) U1 KapOOHOBHX BOJIOKOH i3 TEMIIEPATYPOIO
kiHmeBoi TepmMoodpobku 1123 K (a, a’); 1873 K (6, 6°); 2273 K (8, B’); 2573 K (1, r°); 2673 K (1, I°).

Tepmorpadiunuii anamiz. Ha puc. 6 mpuBeneHi
TEpMOTpaMH  BUXIJJHUX BOJIOKOH, IO IOINEPEIHbO
nopioueHi npu 7000 o6epTiB HOXKA 32 XB. Y IpodapIii 10
macunuoi rycturn 40 xr/m® (1); mux ke Bormokon (1)
micns aMHamivHOro Bigmany Bim 293 mo 953 K 3i
mBuakicTio 0,05 — 0,07 K/c (2); Buxigaux BosokoH (1),
nozapioHenux 200 roxa. y Kyab0BOMY MIIMHKY (3); IIHX ke
BOJIOKOH (3) micyis TUHAMIYHOTO Bifmany Big 293 mo 953
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K 3i mBuakicto 0,05 — 0,07 K/c (4). 3a 1i€eto mporpamoro
Oynu mOCIHimKeHI KapOOHOBI BOJIOKHA 3 TEMIIEPaTypOrO
KiHeBoi TepmMoobpodku T, = 1123 (a), 1473 (6), 1623
(B), 1873 (r), 2273 (r) ta 2573 (m) K. PesynpraTm
po3mudpoBKM TepMorpaM 3BeieHi B Tabn. 7, ne
no3HaueHo: T, — Temneparypa miky eHnoedexry; Tomax
TeMmrepaTypa TO4YaTKy  ek30e(eKTy;  Toax
TeMIiepaTypa Iiky eK30e(eKTy.
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Puc. 3. ['padiku 3aexxHOCTEH ra30BHU/IICHD
MonekysapHux ionis Mac 2(H,") (a); 12(C") (6);
18(H,0") (B); 28(CO") (1); 44(CO,") (1) Bin
TEeMITEpaTypy BUTIPOOYBaHb Il KaPOOHOBHUX BOJIOKOH
i3 T 1123 K (1), 1873 K (2), 2273 K (3), 2573 K (4),
2673 K (5).

SAx BumHO 3 puC. 6 1 Tabm. 7, MaHimymsmi 3
KapOOHOBUM BOJIOKHOM 33 MPOIPaMO0 JIOCIiIKCHb
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Puc. 4. I'padixu 3a51€:KHOCTI CyMapHOTO
ra30BUIUICHHS 3 KapOOHOBHX BOJOKOH BiJ|
TEeMIIepaTypy BUIIPOOYBaHb Il KAPOOHOBHUX BOJIOKOH
i3 Ty: 1123 K (1), 1873 K (2), 2273 K (3), 2573 K (4),

2673 K (5).
45 1 &, B.o. x5
35
25
15
3
5 91
2
-5 T T T T T T IT’K
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Puc. 5. I'padiku 3a51€KHOCTI CITiBBiAHOIIICHHS
IHTEHCUBHOCTEH miKiB 28 Ta 44 Bim TemMnepatypu
BHIIPOOYBaHb I KapOOHOBUX BOJIOKOH 13 Ty:1123 K
(1), 1873 K (2), 2273 K (3), 2573 K (4), 2673 K (5).

BUSIBHITH Taki 3aKOHOMIPHOCTI. Temneparypa
eHn0e(eKTy BHUXiJHOTO BOJIOKHA JIEXKHUTh y Mexax 368 —
372 K (mo T, < 1623 K, micia T, > 1873 K enmoedexr
BincytHii). Ilicms  Bigmamy — TemmepaTrypa Ky
ennoedexry nexuth y mexxax 370 — 382 K i 3cyBaeTbes
Ha 0 — 12 K y Bucokoremmeparypny ainsuky. ITicist 200
roJl. TMOJPiOHCHHS BHXIJHOTO BOJIOKHA B KYJIHOBOMY
MJIMHKY €HI0e(EeKT MOTIHONIIOETHCS 1 TeMIeparypa MKy
cTaHoBUTH 376 388 K i 3cyBaerbcs y
BUCOKOTEMIIEpaTypHy AiIsHKY Ha 4 — 12 K. Bimnan
MoIpiOHEHOTO BOJIOKHA ITIe TiepeMiIae mei mik Ha 0 — 12
K y BucokotemmnepatypHy OUISHKY (Ta0i.7), Ipu 1IEOMY
mposiB eHjoedeKTy crocrepiracTbest B Mexkax T, < 1873
K mns nBox ocrtannix mpouenyp. Llet ennoedext moxxHa
BIIHECTH JO BTpaTH BUTbHOI 1 Ciabo03B’s13aHOI 3
BosokHoM H,0.

BigHocHO ex3oedekTy crocTepiraeTbcs 3arajibHa
3aKOHOMIPHICTB: BiINajd BHXITHOTO BOJIOKHA 3MIIIye
TeMIlepaTypu MOYaTKy Topa 1 MKy Tia €K30edekTy y
BUCOKOTEMIIEpaTypHy IUITHKY, a 200 roz. moapiOHeHHsS
BUXIJIHOTO BOJIOKHa Yy KYyJbOBOMY MJIMHKY 3Millye IIi
MOKAa3HUKH y HU3BKOTEMIIEPAaTypHY IUIAHKY, 1 THM
Oinpme, ynM Bumie T,; Bignmas moapiOHEHOTO BOJIOKHA
3MINIy€e i TMOKa3HWKHA y BUCOKOTEMIICPATYPHY IIISHKY,
ajie TIpy IbOMY HE JOCSTAIOTHCS TEMIIEPATypH BUXiIHOTO
BOJIOKHA JIO 1 Ticiis Bignamy (pwuc. 6).
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Puc. 6. Tepmorpamu xap6onoBux BosokoH TT'H-T 3 Temneparypoto KiHIeBoi TepMooOpodku: a - 1123
K;6-1473K; 8- 1623 K;r- 1873 K; r-2273 K; 1-2573 K; 1 — BuxigHe BOJIOKHO;
2 — TeX caMe TICIIs JMHAMIYHOTO Biamnany; 3 — BUXigHe BoJoKHO micist 200 roa. ApoOiaeHHs B KyIbOBil
npoOapiri; 4 — TeX caMe TICIIsT JMHAMIYHOTO BiaIany.

Tak, Ttemmnepatypu mo4YaTKy ek30ePeKTy Tomax
BUXITHOTO BOJIOKHa 3pocTaioTh Bim 406 mo 675 K, a
micnst Bigmamy — Bix 520 mo 729 K npwm 3mini T, Big 1123
mo 2573 K BigmosimHo. 3cyB Temmepatyp ATomax ¥
BHCOKOTEMIIEPATypHY MOUITHKY  BHACHIZOK  Biamamy
3MeHImyeThes Bia 114 mo 54 K BiamoBigHO 10 3pocTaHHs
T, Bim 1123 mo 2573 (tabxn. 7). Temmeparypu TiKy
ek30ePeKTyY T .x BUXITHOTO BOJOKHA 3MIIIYEOTHCSA Bij
620 no 880 K, a micns Bignmamy — Bin 757 no 903 K npu
smiai Ty Big 1123 mo 2573 K BigmoBimHo. Aye 3CyB
temneparyp AT..c y BHCOKOTEMICpPATYpHY IUISHKY
BHACIHIZOK Bignany ctanoButh 137 K BiamoBimHo uis
BosiokHa 3 T, = 1123 K i 13 K ans Bonokna 3 T, = 2573
K, misa pemTd BOJOKOH TIie 3CyB BigOyBaeTbes Y
HU3bKOTeMIepaTypHy niisaky Ha 0 — 10 K (Tabm. 7).

IToapiOHEeHHS BOJIOKHA Yy KYJIBOBOMY  MIIMHKY
NIPUBENO JI0 TAaKWX Pe3ynbTaTiB. TemmepaTrypu MOYaTKy
ek30e(PeKTy Tomax MOMPIOHEHOTO BHUXITHOTO BOJIOKHA
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3mingyrotees Bin 386 mo 410 K, a micns Bimmamy — Bix
510 mo 610 K mpwm 3mini T, Big 1123 go 2573 K
BiJINIOBiTHO. 3cyB TeMIIepaTyp AT omax y
BHCOKOTEMITEpaTypHY AUITHKY 3pocTae Bin 124 no 200 K
BHacHioK Bimnmamy mpu 3miHi T, Big 1123 mo 2573 K
BimnoBimHo (Tabm. 7). Ilpum mpomy, 3CyB Temmepatyp
ATomax Y HHU3BKOTEMIIEpATYpHY MiJSHKY BHACIIIOK
MOJPiOHCHHS BHXITHOTO BOJOKHA 3POCTa€ 1 CTAHOBUTH
20 K nns Bonokna 3 T, = 1123 K ta 153 — 265 K npu
3mini Ty Big 1473 no 2573 K Bignosiguo (tadu. 7). [Ticns
BiAnany noapiOHeHNX BOJIOKOH 3cyB TeMneparyp ATgmax
y HU3BKOTEMIIEpaTypHY AUISHKY BHACIIJIOK ITOIPiOHEHHS
BHXIJHOTO BOJIOKHA cTaHoBUTEL 10 K mas Bomokon 3 T, =
1123 K ta 100 — 130 K npu 3mini T, Bix 1473 mo 2573 K
BiZlMOBiTHO (TabI. 7).

Temneparypu miky ek3oedexty T.x MmoapiOHeHOTO
BHXITHOTO BOJIOKHA 3MimIyroThcs Bim 542 g0 650 K, a
micnst Bigmamy — Bix 713 mo 770 K mipm 3mini T, Bim 1123
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Tabanusa 7
Pesyneratu Tepmorpadiuaoro aHanmizy kap6oHoBux BojokoH TT'H-T
HarpiBanus
Tk, K TepmomexaHidHa mist HEePBUHHE BTOPHHHE
Tmina K TOmaxa K Tmaxa K Tmina K TOmaxa K Tmaxa K
1123 (1) BuxizHE BOJIOKHO 372 406 620 372 520 757
(1) + 200 roxn. nonpidouenHs B KJ1 376 386 542 388 510 713
1473 (1) BuxizHE BOJIOKHO 368 543 798 380 640 795
(1) + 200 ron. nonpionenns B KJ1 388 390 584 388 540 728
1623 (1) BuxizHE BOJIOKHO 370 582 825 370 662 825
(1) + 200 roxn. nonpidbnenns B KJ1 382 396 605 390 545 735
1873 (1) BuxizHE BOJIOKHO - 610 870 - 680 860
(1) + 200 ron. noapidHenHs B KJ1 388 400 615 386 550 742
2273 (1) BuxizHE BOJIOKHO - 645 876 - 700 878
(1) + 200 ron. nonpidonenns B KJ1 - 405 635 - 600 760
2573 (1) BuxizHE BOJIOKHO - 675 880 - 729 903
(1) + 200 ron. monpibuenns B KJ| - 410 650 - 610 770
mo 2573 K BigmoBimHo. 3cyB TemmepaTryp ATn. KapOOHy, IpH FOMY YTBOPEHHS NMPOCTHX OKCHIIB BEZE
BHCOKOTEMIIEpaTypHY AUISHKY 3MeHIIyeThes Bix 171 no JO Ta30BUX MpPOAYKTIB peaklii, a CKIaJHUX — [0
120 K BHacninok Bigmany npu 3mini Ty Bix 1123 mo 2573 KOMIUTEKCIB, sSKi MICTATh, B OCHOBHOMY, okcureH. Ili
K BigmoBimHo (tabn. 7). Ilpum npomy 3cyB TemmepaTyp KOMIUIEKCH  DPO3KJIQJAlOThess  NpW  Biagmanmi — Ta
ATy.x Y HU3BKOTEMIICpAaTypHY JAUISHKY BHACIiJOK BIJHOBJIIOIOTECS. NPM  MEXaHIYHUX  Ipolecax B

MoJpiOHEHHS BUXIJIHOTO BOJIOKHA 3pocTae Bix 78 mo 230
K i3 makcumymom AT« = 255 K npu temneparypi T =
1873 K mpwm 3mini Ty Bix 1123 mo 2573 K BiamosimHO
(tabm. 7). Ilicna Bigmamy moApiOHEHMX BOJIOKOH 3CYB
temneparyp ATn.x y HHU3BKOTEMIEpaTypHY IUISHKY
BHACNIJIOK  NOApPIOHEHHS  BHXiTHOTO  BOJOKHA i
HACTYIHOTO Bifmany 3poctae Bif 44 mo 133 K npu 3mini
T, Bix 1123 no 2573 K BiamosigHo (Tadm. 7).

IMOBipHO Ha TOBEpXHI BYIJICLEBHX BOJIOKOH
YTBOPIOIOTHCSI KOMIUIEKCH Pi3HOTO CTYHEHS CTIHKOCTI J0
TEIJIOBOTO BIUIMBY. 30UIBIIEHHS! TPUBAIOCTI MEXaHIYHOT
Ji IPUBOJUTE 10 HAKONMWYEHHS KOMIUICKCIB, BiJITaleHHs
SIKMX TIPOXOJIUTh Yy HHU3BKOTEMIICpaTypHIH MiJISHII.
TeroBuii BIJIMB Ha BOJIOKHAa NPUBOAUTH O TOTO, LIO
MMOYaTOK 1 MAKCHMYMH €K30(DeKTiB 3CYBalOTHCS y OUIBII
BHCOKOTEMIIEpaTypHy IAUITHKY. Lle MoOXHa MOsSCHUTH

BHCOKOTEMIIEPATYPHUM  BIAMMaloM  KOMIUIEKCIB 10
CHOJNYK, SKi TIEPETBOPIOIOTHCA TpU OiTBII BHCOKUX
Temmeparypax |y Ta3. Peaxmiiina 3patHicTs  C

KapOOHOBUX BOJIOKOH JIO OKCUTEHY IIpU MOJpPiOHEHHI
3HAYHO 3pOCTAaE, MPO LIO CBIIYUTH 3CYB €K30€(EKTIB Yy
HU3BKOTEMIIEPATYPHY AUISHKY.

BucHoBku

®ocdop- i OOPBMICHI aHTHUITIPEHH, IO HAHECEHI Ha
MOBEPXHIO BHXIJHUX TiIPATLEIIOI03HUX BOJOKOH, B
mporeci TepMoodbpoOku Bin 723 mo 2673 K B iHepTHOMY
CEpeIOBUINI MEePETBOPIOIOTHCS B TYTOIUIABKI TONIMEpPHI
CHodyKH y (asi ckia.

B3aemonis okcureny 3  KapOOHOM  BOJIOKOH,
TepMooOpobiennx mpm  723-2673 K BimOyBaeTscst 3
YTBOPEHHSIM B OCHOBHOMY MPOCTHX 1 CKJIaJJHUX OKCHJIB

CepeOBUINaX, IO MIiCTATh OKCUTCH i BOITY.

31 30iIBIICHHSIM TeMIepaTypHu BUIpoOyBaHb Bif 373
mo 1073 K iHTEHCHBHICTh TA30BHAUICHHS 3 IIOBEPXHI
BCiX KapOOHOBHX BOJIOKOH, OTPHMAaHHX 3a OJHI€IO
TEXHOJIOTI€I0 # AKi MaroTh ONMM3BKi (hi3MKO-MEXaHIIHi
BIIACTUBOCTI Y BHCOKOMY BaKyyMi, 3pOCTae€, MpoTe 3i
30UIBIICHHSAM TemIepatypu KapOonizamii Bim 1123 mo
2673 K 3MCHIIYEThCS, II€ TMOB’SA3aHO 3
YIOPSIIKYBAaHHSAM ~ CTPYKTYPH  BOJIOKHA.  3aJIeXKHICTh
CYMapHOT0 Ta30BHIUICHHS BiJ TEMIIEpaTypu KiHIEBOI
TEPMOOOPOOKH KapOOHOBUX BOJIOKOH € JIHIHHOIO JUIs
BCIX TeMIepaTyp BUIPOOYBaHb.

Ha chiBBinHOLIEHHS IHTEHCUBHOCTEN I'a30BHUILIEHHS

CO Ta CO, i3 kapOOHOBMX BOJIOKOH BIUTUBA€E
TeMIeparypa BUIpoOyBaHb Ta TeMIIepaTypa iX KiHIeBOi
TEPMOOOPOOKH.

pH-MeTpuunmii  Ta  TepMorpadiuHmii  aHami3

BKa3yIOTh Ha HAsBHICTh KHUCINX MPOAYKTIB Ha ITOBEPXHI
BOJIOKOH, SIKI 3/IaTHI TEPEXOAUTH Y PO3YHH JUCTHUIIATY.
MexaHiuHuil BIUIMB Ha KapOOHOBI BOJOKHA 3HIXKYEe pH
BOJHCBUX BHUTSKOK, IO CBIAYUTH TPO aKTHBI3aAIil0
MOBEPXHI BOJIOKOH MIiJl Yac TepMOMEXaHi4HOi 1ii, ToOTO
PO YTBOPCHHSA HA iX MOBEPXHI KHUCIUX, IMOBIPHO

KHCHEBUX  KOMIUIGKCIB, SKi  BIMATIOIOTBCS  IpH
BTOPMHHOMY HArpiBaHHi, NP0 IO CBIAYUTH 3MIICHHS
eKk30eeKTiB  TepMOTrpaM y  BHCOKOTEMIIEpPATypHY
IUIHKY .
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The Influence of the Temperature Treat on the Gas Distinguished from the
Carbon Fibers in the High Vacuum

Vasyl Stefanyk’ Precarpathian National University,
57, Shevchenko Str., Ivano-Frankivsk, 76000, Ukraine

The research by mass-spectrum analysis of the influence of the last temperature treat and temperature of the
investigation on the gas distinguished from the carbon fibers by the hydrocellulose. The analysis change balance of
CO/CO, from the temperature of the investigation. It is shown the results of the pH-analysis and thermo graphical
analysis of the carbon fibers.
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