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AJICOPBIIIHI BIACTUBOCTI HOPUCTHUX BYIVIEHEBUX MATEPIAJIIB,
OTPUMAHUX METOJIOM XIMIYHOI AKTUBAIIII
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MeTonaMu CKaHyIO4Ol €JIEKTPOHHOI MIKPOCKOMIT Ta AM(EpeHIiabHOTO TEPMIYHOIO aHali3y 10-
CIIUKEHO CTPYKTYpPY IOPHCTOTO BYTJIEII0, OTPIMAHOTO KapOOHI3aIli€l0 POCIMHHOI CUPOBUHH, Ta
BIIMB Ha JIaHy CTPYKTypy XiMmiuHOi Ta TepMiuHOi akTtuBaii. [lokazaHo, mo ByryieneBmii Marepiai,
kap6onizoBaruii mpu 500 °C Ta akTUBOBaHUH T1IPOKCHUAOM KaJlil0 BOJOJIi€ BUCOKOPO3BUHEHOIO TTH-
TOMOIO TTOBEPXHEI0, TOOTO mpH 301nbireHHi KoHnenTparlii KOH BigOyBaroThCsl IHTCHCHBHI 3MiHU I10-
BEpXHEBOI CTPyKTypH. OTpUMaHUH ByTJIEIs 3a0e31euye aIcoOpOIiifHy aKTUBHICTh IO METHIICHOBOMY
rony6omy 250-300 mr/r.

Kui04oBi ¢jioBa: mopucTHii BYIIEIIEBUN MaTepiai, XiMidHa aKTHUBAIliS, TIAPOKCH KaJlifo, BYTJIEIe-
BHIA COPOEHT, a/IcopOIiifHa aKTUBHICTb.

AJICOPBIIMOHHBIE CBOMCTBA MOPUCTBIX YITIEPOJHBIX MATEPHAJIOB,
MOJIYYEHHBIX METOJOM XUMHUYECKON AKTUBAIIMU
H. M. bynsyask, B. M. Bamunckuii, b. . Pauni

MerTonamu CKaHUPYIOILECH 3JI€KTPOHHON MUKPOCKOIIMH M AU PEePeHIMATEHOTO TEPMUUECKOTO aHAIH-
3a MCCIIeloBaHa CTPYKTypa MOPUCTOTO YIIIepoa, MOTyYeHHOTO KapOOHM3aIMeH PacTUTENBHOTO Chl-
PBsl, U BIMSIHUE Ha 3Ty CTPYKTYPY XUMHUYECKOM M TepMHUUecKoi akTuBaiuu. [lokasano, 4to yriepon-
HBIH Marepual, kapoonnzuposanuslii mpu 500 °C 1 akTUBUPOBaHHBIN MMIPOKCHIOM Kaius, o0NagaeTt
BBICOKOPA3BUTOH YAEIbHON MOBEPXHOCTBIO, TO €CTh NpH yBeandeHun konueHTpaunun KOH mpouc-
XOIAT MHTCHCUBHbBIC M3MEHEHHMSI MOBEPXHOCTHOM cTpyKTypbl. [lomyueHHslil ymiepon obecneunBaet
a/ICOPOIIMOHHYIO0 aKTHBHOCTB TI0 METHIIEHOBOMY Toiryoomy 250—-300 mr/T.

Ki1roueBble cj10Ba: IOPUCTHIN YITIEPOAHBIA Marepral, XMMUYECKash aKTHBALIUS, THAPOKCHU]L KaJHs,
YIIEPOIHBIN COpOEHT, ancopOLMOHHAsT AKTUBHOCTD.

ADSORPTION PROPERTIES OF POROUS CARBON MATERIALS
OBTAINED BY CHEMICAL ACTIVATION
I. M. Budzulyak, V. M. Vashchynsky, B. I. Rachiy

With the methods of scanning electron microscopy and differential thermal analysis the structure
of porous carbon obtained by carbonization of plant material, and the influence of chemical and
thermal activation onthis structure is investigated.It is shown that the carbon material, carbonated
at 500 °C and activated with potassium hydroxide has a highly developed specific surface, ie with
the increasing of KOH concentration, intense changes in the surface structure occur. The resulting
carbon providestheadsorption activity of methylene blue 250—-300 mg/g.

Keywords: carbon material, chemical activation, potassium hydroxide, carbon sorbent, adsorption
activity.

BCTYII

I3 301IBIIICHHSIM TIPOMHUCIIOBOTO BHUPOOHHIITBA
aKTHBOBAHMX BYIVICIIIB iXHE 3aCTOCYBaHHS He-
YXHJIBHO 3pOCTa€ a 00JIacTi 3aCTOCYBAaHHSI TO-
CTIHHO PO3MIMPIOIOTHCA. Byrmernesi copOeHTH
3aCTOCOBYIOTBCS JJISi OUUINEHHS CEpeOBHUIIA
BiJl YagHUX Ta3iB, CTIYHUX BOJ, IUTHOI BO-
JY, IyKPOBUX CHUPOIIIB, Y BUPOOHHUIITBI TIO-
TIOHOBHX, JIIKEPO-TOPUTYaHUX BUPOOIB, B 30-
J0TONMOOYBHIN cdepi, MemuuuHi (B SKOCTI

reMOCOpOEHTIB, eHTEepOCOpPOeHTIB) 1 T. 1. Tpa-
JTUIIIHOI0 CUPOBUHOIO JUIsl OTPUMAHHS aK-
THBOBAaHUX BYIVICLIB € JIEPEB’sIHI OLIYPKH,
Top(, Neskl MmoJiIMEpHI Marepianu, CKOpiyra
ropixiB Ta (pyxroBi kictouku [1]. IIpu 1po-
My OYEBHUHO, 110 CUPOBHMHA OTpUMaHa 13 poc-
JMHHUX BIJIXOJIB Ma€ 3HAYHY TEpeBary uepes
CBOIO JICIIEBU3HY Ta EKOJOTIYHY YHCTOTY
B TOPIBHSIHHI 3 CHHTETHYHUMHU MOJIMEpaMu
1 IPUPOIHUMHU ByIIelsIMU. J{OCTaTHHO 3HAYHI
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Ta Oe3lnepepBHO IOHOBIIOBAJIbHI Ha Ie-
pepoOHUX MIANPUEMCTBAX 3aracd y BHUIVISAAL
(GPYKTOBUX KICTOUYOK € CEPHO3HUM IIIalJapMOM
JUIs BUPOOHHMIITBA Ha iX OCHOBI BYIJICLIEBUX
copOentiB. /lana myOmikamiss MiICTUTh pe-
3yJAbTaTH OTPUMAaHHS TOPHCTUX BYIVIELEBUX
MmarepianiB (IIBM) 3 cupoBUHU POCIUHHOTO
MOXO/KEHHS (KICTOYKU aOpHUKOCIB), SIKa BKITIO-
yae /Ba erany OOpOOKH BHXIIHOI CHPOBHHHU
(xapOomi3aris + akTuBarlis) i 3adesneuye hop-
MYBaHHSI HEOOXIHUX CTPYKTYpHHUX 1 (hi3uKo-
XIMIYHUX BIACTUBOCTEH NMPOAYKTY.

Jnsa orpumanns IIBM mmpoko BHUKOpH-
CTOBYIOTh METOJM XIMIYHOI aKTHBAIlil BYyIJe-
LIEBOBMICHOI cHUpOBUHM. Jleski XiMiyHI aK-
TUBAaTOPH — TIAPOKCUAM JIy>)KHUX METaJiB,
HEOpraHiyHi KHCJIOTH Ta COJIi — CIPHUSAIOThH
po3BUTKY mopuctoi cTpykrypu [IBM B nporeci
tepmodnizy [2], [3]. [ntepec 1o my>HOi akTHBa-
1ii BYIMEneBoi CUPOBHHM TOB’SI3aHUN TaKOX
13 TUM, IO OTPUMAaHI TAaKUM YHHOM Marepia-
JM BOJIOIIOTH BHCOKOPO3BMHEHOIO MIKPOIIO-
pucroto crpykryporo. Taki [IBM MoxyTh KOH-
KypyBaTH 3 BYIJIELIEBUMU MaTepiajiaMH, METOAU
SAKMX € 3HAYHO CKJIAJHIIIUMHU TEXHOJOT1YHO
1 HeBUTIAHI ekoHOMiuHO. CydYacHi TEXHOJIOTil
OYMCTKH BiJl OpraHiYHUX BKJIIOUEHb BKIIIOYAIOTh
Oionoriuni, (i3uuHi, (i3UKO-XIMIYHI, XIMIYHI
Ta ajcopOuiiHi metoau [4].

OcrtaHHi € IOCUTh €(EeKTUBHUMHU IPH BH-
KOPUCTaHHI MarepiajiiB 3 BHCOKOIO aacopo-
1iiHOIO0 akTUBHICTIO. KpiM Toro, aacopOuiiHuii
METOl — € BIJIHOCHO HECKJIAaJHUM TEXHOJIO-
TIYHUM TIPOIECOM, HA BIAMIHY BiJl XIMIYHHX
Ta 010JI0TIYHUX MeToiB. Bucoka agcopOuiiina
3[aTHICTh AKTUBOBAHOTO BYT'ULIS IOB’s3aHa
3 1Or0 BHYTPIITHHOIO MOPHUCTICTIO, 1 3aJIEKUTH
BiJl MUTOMOI IUIONII TIOBEPXHi, 00’eMy TmOp
Ta PO3MONAUTY MOp 3a pO3MipaMu. 3a3BUYal
aKTHBOBAHI ByIVIELll € MIKPOIIOPUCTUMH, IPOTE
HEOOXiTHICTh HASBHOCTI ME30- Ta MakKpoIop,
00yMOBJIEHa THM, 1110 BOHU 3a0€3MeUyIOTh J10-
CTyn ajcop0aTy BCEpeAMHY BYIJICLIEBOi dYac-
TUHKH.

BrnactuBocti [IBM BH3HayaloThCS CyKyI-
HICTIO TEpMIYHMX Ta XIMIYHUX peakUiil ax-
THBATOPIB 3 BUX1IHOIO OPTaHIYHOIO CHPOBHHOIO.
JIOCHI/PKEHHIO TaHUX PeakIiii OCTaHHIM YacoM
NPUALISETHCS BEJIMKa yBara, OCKUIbKH Kepyroun
JaHUMH IIpoliecamu, MOkHa orpumyBsaru [IBM

3 Hamepel 3aJaHUMM XapaKTepUCTUKaMH Ha-
HomopucToi cTpyktypu [5] HaiiGinbm edek-
TUBHHUM XIMIYHUM aKTHBYIOUYHM areHTOM € Tif-
pokcua Kaiito [6], sIKuil 103BOJIsIE OTPUMYBATH
I[1BM 3 Benukoro (~2000 M?/T) mHTOMOIO MO-
BepxHero. 3 iHmoro Ooky, BiractuBocTi [IBM
CHJIBHO 3aJIeXaTh BiJ] IPUPOAU BUXIIHOI CH-
poBunu 1 criBBigHomeHHss KOH/C, npu yomy
I 3aJeXKHICTh JUId KOXKHOTO IPeKypcopa
1HMBITyaIbHA.

Merta naHOi poOOTH — BCTAHOBUTH BIUIMB
KOHLIEHTpAIII] TIAPOKCUTY KaJl0 Ha CTPYKTYpY
aKTMBOBAaHMX BYIVIELIB, @ TAKOX JTOCIIIUTH aJ1-
copOLiiiHy aKTUBHICTh OTPUMAHUX MarepiajiB
10 METUJIEHOBOMY roxyoomy (MI') 3 HacTymHOO
MOXJIUBICTIO 1X BHMKOPUCTAHHS IJISi OYMCTKU
PIOVH BiJl OpraHiuHUX Ta TEXHOJOTIYHHX 3a-
OpyIHEHbD.

MATEPIAJIM TA METOIHU
JOCJIKEHHS
B sxocTi aKTUBHOrO Marepially BHKOPHCTO-
ByBaBcs [IBM, oTpumanuii i3 CUPOBHHM pOC-
JUHHOTO TIOXO/KEHHS IUISAXOM ii kapOoHizarii
Ta aKTUBAIll Kajiil rigpokcuaoM. BuximHoro
CHPOBHHOIO OyJ1H CyX1a0pHKOCOBI KICTOUKH, [TO-
npidueHi no ¢pakmii 0,25—-1 MM, kapOoHi3alris
SAKHX MPOBOJAMIACH B 3aKPUTIM medl mpu Tem-
nepatypi 250-350 °C 3 MmBHIKICTIO HarpiBy
10 °C/xB. Otpumanuii kapOOHI30BaHUN BYT-
Jelb MEXaHIYHO MOoApiOHIOBaBCsA 10 (pakiii
200-250 MkM 1 3minryBaBcs 3 TiAPOKCHIOM
KaJilo Ta BOJOIO y BaroBOMY BiJIHOIICHHI:
X.=1,2,3,4, ne X =m(KOH)/m(C).
OTpumaHy CyMilll peTelIbHO MepeMilyBaIn
BITPOZIOBK 1—2 rojiuH, miciist yoro ii BUCyIryBaiu
y TepMocCTaTi O MOCTIHHOI Macu HpU TeM-
neparypi 90 °C. Cyxuii MaTepian moMimianu
y Mi4 Ta HarpiBaju B aproHoBii armMocdepi 10
850-920 °C npu mBuzakocti Harpiy 10 °C/xB
1 BUTpUMYBAJIM IPU JaHIi TeMmIeparypi BIpo-
noBx 20 xB. Ilicast oXONOMKEeHHS OTpUMaHUN
Marepiaj mpoMHuBaBcs B 5 % BOAHOMY PO3UMHI
HCI ta auctunboBaHiii BOII 10 HEUTPATHLHOTO
pH 1 Bucymysascs npu 90 °C no mocriiiHoi
MacH. 3pa3Ku HyMepyBaJIMCh BiJIOBITHO 10
CMIBBIAHOILIEHHS BMICTy ByIIewo Ta jyry. Ha-
npuknaa, C32 — wmarepian, kapOOHI30BaHUN
npu 300 °C 1 3mimanuii y ciBBiAHOIIEHH] 1 : 2
3 TIAPOKCHUIOM KAIif0.
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MikpockomivyHi JTOCHiPKEHHsI TIOBEpXHI Ha-
HOIIOPHCTOTO BYIVIEIIO MPOBOAMIKCH 32 JIOMO-
MOTOI0 CKaHYI04OI'0 €JIeKTPOHHOTO MIKPOCKOITY
JSM-6490LV BupobuuTBa kommnanii JEOL Ltd.
(Amonis). [Ipuckoproroua Harpyra CTaHOBHIIA
15 1 30 kB, crpym myuka 7 HA, po3fijibHa
374aTHICT cTaHoBWIA 10 HM.

TepMiuHi TEpeTBOPEHHA BHUXIJHOIO Ma-
Tepiaidy JOCTIKYBaJl Ha CHHXPOHHOMY Tep-
moanamizaropi STA 449 F3 Jupiter (¢dipmu
NETZSCH) B pexumi JiHIHHOTO HarpiBy
3 mBuaKicTIo 10 rpag/xB B TemImeparypHOMY
iaTepBasi 25-1000 °C. 3miHa macu 3pa3ka
MiJ yac HarpiBaHHs BHM3HaYajacs 3 TOYHICTIO
10°¢ kr , mrym [ITA-curHamy cTaHOBUB MEHIIE
50 HB. B gKoCTi NOPIBHSJIBHOTO €TaJOHY BH-
KOPUCTOBYBaJIM TIOPOXKHIA THrens i3 Al O,
JlocikyBaHMM  3pa30K HarpiBajd  pa3oM
3 €TAJIOHHHUM 3Pa3KOM 1 PEECTPYBAIU MOTOYHY
TeMIeparypy AOCIIKYBAaHOTO 3pa3Ka Ta pi3-
HUIIIO TeMIepaTyp 3pa3Kka Ta eTalloHy, 110 J10-
3BOJISUIO (DIKCyBaTH TMPOIECH, TIOB’s3aH1 3 TO-
[JIMHAHHSIM Yd BHUJUJICHHSIM eHeprii. 3MiHa
MacH JOCHIDKyBaHMX 3pa3KiB Yy pe3ynbTari
HarpiBaHHA NpeacTasieHa kpuowo TI, mBui-
KicTh 3MiHU Macu — KpuBoto /ITT, 3miHa en-
tanbmii — kpuBoto [TA (puc. 1).

AncopOriiiHi BIacTUBOCTI OTPUMAaHHUX BY-
IJICIIB OI[IHIOBAJTH METHIEHOBOMY TOIyOOMYy
(MT') [7]. HocnimkyBaHuit 3pa30K BMIITyBalu
B KOHIUHY KOJIOY, B IKY 10OaBIISLII BOJHUNA pO3-
YiH aacopOTUBy (25 M pozunny MI' 1 3 koH-
ueHrpamiero 1,5 r/1) 1 mepemimyBanu mpo-
TsiroMm 20 xB. Konnenrtpariito MI' BumiproBanu
CIEKTPOMEPUYHUM METOJIOM 3a JIOTIOMOTOIO
cnektpodporomerpa ULAB UV 102, Buko-
PUCTOBYIOUH  CBITIO(MIABTP 3  JIOBKHUHOIO
xBuii 400 HM B KIOBETax 3 JIOBXKUHOIO OII-
TAUYHOro HuIsixy 10 MMm. 3anumikoBy MacoBy
KOHLEHTPAI[II0 1HAMKAaTOpa BHU3HAYalM B IIO-
PIBHSHHI 3 MOMNEpPEIHBO OTPUMAHUM Tpajyro-
BaJIbHUM Tpadikom [8].

PE3YJIBTATU EKCIIEPUMEHTY TA IX
OBI'OBOPEHHSA

Bubip temmneparyp kapOoHi3awii Ta akTHBaLii
BUXI1/IHOT CUPOBUHM OOYMOBJICHUNA THM, 1110 OC-
HOBHI TpollecH po3Kiaxy (Mipomi3) Ta mepiia
KapOoHizaliss BUXiAHOI TBepAodasHoi pedo-
BUHHU BiJOyBalOThCS B 1HTEpBalll TeMIeparyp

300-900 °C. ITigTBepKEHHSM ILBOTO € JaHi
TEPMOTPaBIMETPUYHHUX TOCTiKeHb (puc. 1).
Amnaniz TI'-kpuBoi 1okasye, 110 MPH TeEMIepa-
typax Big 25°C no 350 °C BTpara mMacu BUXia-
HOI CHUpPOBMHM BHACIIJOK HarpiBaHHs CTaHO-
BuTh 60 % BiJ MOYaTKOBOI MacH BHACIIIOK
BUTOPAHHS OPraHiYHUX CIIOJYK Ta BUIApPOBY-
BaHH BOJIU.

[loniOHuit BIIMB TeMIepaTypu Ha Tmapa-
METpU MOPHUCTOI CTPYKTypH BYIVICLIO CIIO-
cTepiraBcss NpuU OTPUMaHHI  aJCcOpOEHTIB
13 Oyporo Byruuig [9] a Takox y poboTax
IHIIMX JOCIHITHUKIB TIpU KapOOHi3allii ByIie-
LIEBOBMICHOI CHPOBMHU POCIUHHOTO MOXOJ-
xenast [10]. HasBHicTh MakcHUMyMiB Ha
puc. 1(xpusa 3-[ATA), oueBuaHO, MOXe OyTH
MOSICHEHO THM, IO NpH Temmeparypax 250—
450 °C BuaingeThCsl OCHOBHA KUIBKICTH Jie-
TY4YMX CHOJYK, BHACHIZOK YOro BiaOyBaeTbCs
PO3BHUTOK OPHUCTOCTI (B OCHOBHOMY MIKpPOIIOp
3 epextuBHUMU paziycamu Big 0,3 mo 0,4 HM),
a 3Ha4YMTh, 1 3HAUHUI PICT MUTOMOI MOBEPXHI.
Bume 750-800 °C BinOyBaeTbcs BUPOIKEHHS
BY3bKHX MIKPOIIOp HUISXOM iXHBOTO 3JIUTTS,
BHACJIIOK 40T0 00’€M TOp, a, BIMOBIAHO, 1 1X
noBepXHs 3MeHuIyeTbes. [loBHa kapOoHizaris
HacTymae npu temneparypax npu 850-900 °C.

Ha ocHOBI oTpumaHMX pe3ynabTaTiB Ta Ji-
TEPATYpHUX JaHUX [2] OTpUMaHMH HaCTYII-
HUI XiIMI3M KapOoHi3allil BUXiTHOI CHPOBUHHU.
BpaxoByrouu, 10 OCHOBHMMH Ii KOMIIOHEH-
TaMH € MEeNI0I03a, TeMIIENion03a Ta JIrHIH
[11], MoXHa CTBEpIKYyBaTH, IO YTBOPEHHS
KapOOHi3aTiB BiAOyBa€eTbcs B pe3ynbTari ix
TepMiYHOTo po3kiaiy. Ilpu oMy Ha mepiuo-
My etami mipomnizy (150-350 °C) mpoxoauthb
pO3KJIaZlaHHs HalMeHII CTabiIbHUX  CIIO-
JYK — TIEHTO3aHIB (OCHOBHHUX CKJIQJOBUX Te-
MILIEJTI0I03) 3 BUJUIEHHSM y Ta30By a3y BOIM,
KHCHEBMICHHUX Ta3iB Ta KHUCJIOT (MypamuHOi
1 OIITOBOI).

BpaxoByoun KpucTallidyHy CTPYKTYpy IIIO-
KO3M Ta HasBHICTh BOJHMX 3B SI3KIB Y 1I CTPYK-
Typi, po3KiaJaHHs BiAOyBaeTbcs B iHTEpBai
325-375 °C. Ilpu po3kiagaHHi JITHIHY yT-
BOPIOIOTHCSI METaHONI Ta (PEHOJbHI MPOAYKTU
(penon, kpesonm Ta iX MeTHIEH3aMIlIeH]
TTOX1]TH1).

[Ipu nonanpIIoMy MiIBUIIEHHI TEMIIEpaTypH
nepepaxoBaHi BUILE MPOLIECH CTIOBUTHLHIOIOTHCS.
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Puc. 1. Tepmorpama moapiOHEHNX KicTOYOK abpHuKOCiB (1 — 3MiHA MacH JOCTiIKyBaHUX 3pa3KiB y pe3yabTaTi
narpiBaass (TI), 2 — mBunkicts 3mian macu (JITT), 3 — 3mina enransmii (ATA)

VY nmianazoni Temmneparyp 650-900 °C mpouecu
MOJTIKOHIEHCAllli TPUBAIOTh 3 BTPATOI KUCHIO,
BOJHIO, a30Ty Ta cipku. llpum Temmeparypax
650-800 °C TtpuBae kapOOHi3alis Marepiairy
Ta MEPETBOPEHHS BYIJIELIEBOI MaTpHlli, a came,
TpaHcopMmallisi  HaIlliBKOKCOBOi  CTPYKTYpHU
y Kokc. [Ipu 1boMy BMICT ByIJIEIIO B Marepiai
nocsrae 85 %.

[Iponec orpumanns IIBM ximiuHOIO ak-
TUBAII€}0 BKIIIOYA€ TPU OCHOBHI €Tamu: Iep-
i — 00poOKa KapOOHI30BaHOTO BYTJIELIIO JTy-
TOM; IpyTUil — HarpiBaHHs JyHO-BYIJICLEBOi
Mmacu a0 temneparypu 900 °C; 1 Tpetiii eranm —
130TepMiyHa BUTPUMKA IPOTATroM 20 XBHIIUH.

Ha puc. 2 nomani CEM 300pakeHHS
MOBEPXHI BYIJICLIO MPHU PI3HUX 30UIBIICHHSX.
Ha 300pakeHHsX 4iTKO BUIHO OBEPXHEB] MiK-
POTPILIMHA Ta HAsIBHICTb BEJIMKOi KIIBKOCTI
KPYIIMX Ta OBAJIBHUX TPAHCHOPTHUX IOP
po3mipamu 0,44 mxMm. ITo Bciil moBepxHi cro-
CTEepIraloThCsl BKJIIOUEHHS OLIOr0  KOJIBOPY,
MOB’s3aH1 13 3aJMIIKAMM 307U Ta NPOAYKTIB
B3a€MOIIT TIAPOKCUAY Ko 3 BYIJICLIEBUM Ma-
TepiajaoM.

BcraHOBIEGHHS BIUTMBY KUTBKOCTI JYTy Ha
CTPYKTYPHO-aJCOpOIIiifHI  BIACTUBOCTI  JIO-
CI/DKYBaHUX 3pa3KiB IMPOBOJWIOCH MIISTXOM
XiMiuHOI aKkTHBalii TigpokcuaoM Kaiito. Ha
puc. 3 mpeAcTaBiIeHi MIKPOCKOIIYHI 300pakeH-
HS JOCH/DKYBaHUX 3pa3KiB MpU  Pi3HHUX
croisBigHomenasx C/KOH.

Puc. 2. CEM 300pakeHHsI IOBEpXHI TOPUCTOTO ByIJIELe-
BOTO MaTepiaiy

[Ipy HM3BKMX KOHLEHTpALisiX Jyry Iep-
BUHHA KapOOHI3allisl MPAaKTUYHO HE TOPYLIye
MOp(oJIOorito BUXIJHOI CUpOBHHU (puc. 3,a),
OZIHAK 3pOCTaHHS KOHLEHTpALil TiAPOKCUAY
KaJIio MPUBOAUTH J10 Aerpajauii Lelono3u Ta
NEPEMIIIEHHS] MPOAYKTIB pO3KIagy 3 00’emy
YACTUHKM Ha IOBEPXHIO, LI0 B CBOIO Yepry
BIUIMBA€ Ha MOPHUCTY CTPYKTYPY BYIVIELIEBOIO
Marepiajly Iiciisi HarpiBaHHs Marepiajly B ap-
roHoBiii armocgepi 10 850-920 °C 1 BUuTpuMIi
poTsrom 20 XBUIJIMH.

3 puc. 3 BuaHo, mo Marepian C54 B nopis-
HsH1 3 C52 Mae OuIbllly OBEPXHIO, TOOTO IpHU
301nbenH] koHneHTpauii KOH BinOyBaroTbes
IHTEHCUBHI 3MIHHM TIOBEPXHEBOI CTPYKTYpPH.
OTpumaHi pe3ynbTaTd Jar0Th MOMKJIMBICTb
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MIPUITYCTUTH, 110 KOJU B KapKaci BYIJIELIEBO-
ro marepiany 3 SIBIS€TbCS «BUIBHUI» YT, TO
BiIOYyBAa€ThCSI PO3BUTOK ITOBEPXHi, 3yMOBIIE-
HUW peakiisMu Iyry 3 (QparMeHTamu Kap-
kacy: rerepomiz C-O i1 momspuzoBanux C-C
3B’s3KiB [12] posueruienHs O- Ta S-BMiCHUX
rerepo kB [13]. Bei mi mpouecu mpoxo-
JSTh 13 BHJIIJICHHSIM BOJIHIO Ta METaHY 1 CIIPU-
SI0Th IHTEHCUBHOMY PO3BHUTKY MiKpPOIMOPHCTOI
CTPYKTYPH 32 PaxXyHOK 301UIbIICHHS KIIBKOCTI
Ta 00’ eMy TOp.

Puc. 3. MikpocTpykTypa noBepxHi 3paska a — C52,
o — C54

AncopOriiiHy aKTHBHICTb BYyIJEIl0 IO
O0apBHHKY B MulirpamMax Ha 1 T HOpOAyKTY
PO3paxoByBau 1O GOPMYIIi:

B (C -C,K)-0,025
m 3

A

ne C, — MacoBa KOHLEHTpaIlis BUXiIHOIO poO3-
uyHy iHauKaropa, mr/am’; C, — MacoBa KOH-
LEHTpAIlis] PO3YHMHY ITiCIIsI KOHTAKTYBaHHS 3 aK-
THUBOBAHUM ByTJIeIeM, MI/mm*; K — KoediieHT
posbasienHs po3unny; 0,025 — 00’eM po3unHy
IHIUKATOPa, B3SATOTO JIJIsl OCBITIICHHS, IM*; 11 —
Maca HaBa)XKKH aKTUBOBAHOTO BYTJIEITIO, T.
CopOriifHa 37aTHICTh IO METHUJICHOBOMY
ronyoomy A, XapaKkTepu3ye 31aTHICTb aKTH-
BOBAHOTO BYIVICLIO COPOyBAaTH i3 BOIHUX PO3-
YHMHIB BEJHMKI MOJIEKYJIH OPTaHIYHUX PEYOBHH.
Bcranomneno, mo temmeparypa kapOoHizarrii
i cmiBigHomenHs KOH/C moB’s3ani Mix
co0OI0 Ta CyTTE€BO BIUIMBAIOTH Ha COPOMiiiHI
BJIACTUBOCTI JOCII/DKYBaHUX 3pa3kiB. Tak,
CIIOCTEPIraeThCs TO3UTHBHA TEHACHINS MI0-
0 3pPOCTaHHS €MHOCTI 13 30UIBIICHHSIM

nozyBanHsi KOH. MakcumainbHoI0 afcopOiiii-
HOIO aKTHBHICTIO BoJofie 3pa3ok C43 ta C44.
VMoBipHO, mo Temmeparypa Kap6oHizamii Bu-
X1IHOT CUPOBHHM TAaKOXK € BaKJIMBUM YHWHHU-
KOM, SIKMI BIUIMBA€ Ha COPOILiiHI BIaCTUBOCTI
Byrnemo. [lpu omHaKoBOMY CHiBBiIHOIIIEHHI
KOH/C (1 : 1) makcumanbHy aKTUBHICTH IIO
MI' (290 Mr/r) BOJIOAIIOTH COPOSHTH, OTPUMaHIi
npu 7'=300 °C. Ilopanbiue 301IbIIEHHS TEMIIe-
patypy IpU3BOAUTH J0 3MEHIIEHHS COpOLiiHOT
aktuBHOCTI 10 150 wmr/r. Take moripmieHHS
MOB’s3aHE 3 TUM, W0 MpPH TemIeparypax
600-900 °C neTroui pe4OBUHH HE YTBOPIOIOTH
B MOpax BYIVIELO MPOAYKTIB KOHAEHCAIil, 110
MPU3BOAUTH 10 BUTOPAHHS CTIHOK TOP.

Ha erami myxxHOi 00poOKHM BifOyBaeThCs
B3aemonis KOH i3 kucHeBMiCHUMH (yHK-
LIOHAJILHUMU TPYyTaMH BYIVIELIO 1 YTBOPEHHAM
(deHonATIB Ta KapOOKCHJ aTiB KaJlilo Ta po3-
HIETUIEHHSM CKJIagHuX edipHux rpym. [lani pe-
aKIii € pyIIi{HOI CHUJIOK JUIS BIPOBAKEHHS
ioniB K" ta OH , monekyn KOH Ta ix 3akpin-
JEHHS B TIPOCTOPOBIM CTPYKTypi ByIJIELO
OKpEeMHMH 10HaMH, MOJIEKYJIaMH UM arperaramu
monekyn. [14], [15]. KapOonizamis ByreIro
3 TIJPOKCHJIOM KaJIi0 CIIPUSIOTH POCTY MMUTOMO-
ro 00’eMy Top B cTpyKTypi orpumanoro [IBM.

Xapaktep 3MiHH aJCOpPOIIHOI aKTUBHOCTI1
B 3ajexxHocTi BiA cmiBBigHomeHnHss KOH/By-
IJIelb € JOCTaTHhO CKJIAIHHUM. 332 BEITHYUHOIO
aacopOLiiHOT aKTUBHOCTI IO METHIEHOBO-
My TOIyOOMYy MOXHA 3pOOWTH BHCHOBKHU TIPO
BMICT B aJICOPOEHTI MIKpPONOp, OCKUIBKUA pPO3-
Mipu Monekylt MI' nocratabo Benuki (1,97 Hm)
11x nudy3ist B MiKponopH (iaMeTpoMm A0 2 HM)
yCKJIagHeHa. B maHOMy BHITQJKy MH MOXKEMO
TOBOPUTHU NP0 CTAaTMYHHM METOI BU3HAUYECH-
HA aJCOpOIiifHOT aKTUBHOCTI BHCOKOTIOPH-
cTUX MarepianiB (eQeKTUBHUI pajiyc mop
outbmii 10 HM). AHami3 eKclepuMeHTallb-
HUX [OaHUX [OKa3aB, 10 XIMIYHA aKTHBAIis
MOKpaInlye aacopOIiitHy 3[aTHICTh OTpHUMa-
HUX ByrieniB. OCHOBHUN MPUPICT aKTUBHOCTI
BiI0yBaeThcst npu  cmiBBigHOmeHHI KOH/
Byrienpb = 1 : 3 1 craHoBuTH 325 Mr/r. Xapak-
Tep 3MIHU aACOPOIIIHHOT aKTUBHOCTI COPOCHTIB
B Pe3yJbTaTi BiICOTKOBOTO BMICTY TiAPOKCUIY
KaJlI0 CXOXHM MPakTUYHO ISl BCIX 3pPa3KiB.
Onnak, s 3paskiB C3 BenauuuHa copOmii
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3pocTaenpu 100aBISTHHIIYTY Yy CITiBBITHOIIEHH1
KOH/C =1 : 1, npu OLIbIINX KOHLEHTpALisX
CraJl akTUBHOCTI CTaHOBUTH 31 %. Jlist 3pa3kiB
cepii C4 MmakcuMasbHa EMHICTB IPH MOTTMHAHH1
METHJICHOBOTO Toiyooro nocsrae 280-325 d/r.

340 -
320 -
300 +
280 1
260 -
240 4
220
200 -
180 -
160 - o
140 4
120 4
100 -

—0—1:
—0—1:
—A—1
—v—1:

B WN -

/4

A, mrit

A

300 400 500 600 700 800 900
T,°C
Puc. 4. 3anexxHOCTI BENUYUHM aACcOpOLItHOT €eMHOCTI
BiJl TemMIieparypu KapOoHizarii

Haii0inpin  BaXauMBO, IO caMa XiMidHa
npupona mnosepxHi [IBM Bu3Hadae cTymiHb
a/IcopOMiifHOT AaKTUBHOCTI MO 1HIUKATOpy i3
po3unHiB. B TOoMy BHUManKy, SKIIO BYIJIEIb
Ma€ MPAKTUYHO 1/IeaIbHy MOPUCTY MOBEPXHIO,
e(eKTHBHA KOHIICHTpAIlisl JeIOKATi30BaHUX
€JIEKTPOHIB JJOCTaTHHO BHCOKA, L0 BH3HAYa€
MOXJIUBICTh CIeU(piuHOI cOpOIii KOMILIEK-
CHHX 10HIB OapBHMKA 3a paXyHOK B3a€MOIIT IIUX
10HIB 3 LIEHTPAJIbHUM aTOMOM KOMILIEKCHOTO
iona. Ilo mipi 3amOBHEHHSI TOBEPXHI XEMOCOP-
O00BaHUM KHCHEM e(eKTHBHA KOHIICHTpAIlisl
3MEHIIY€EThCS 1, BIAMOBIAHO, 3MEHIIYETHCS
copbuis. Came ToMy azncopOuiiiHa aKTUBHICTh
Criajiae, a HaWTIPIIUMU TOTITMHATHHUMH BIIa-
CTMBOCTSIMM BoJiofi€ 3pa3ok C93,ancopbuiiina
€MHICTb SIKOTO CTaHOBUTH 110 O/T.

BUCHOBKHA

1. BcraHoBieHo, 1m0 npu 30iIbIIEHHI KOH-
nenrpanii KOH BinOyBaroThCsl iHTEHCUBHI
3MIHM BYIVIELIEBOI MaTpUIl Ta PO3BHTOK
MOPUCTOCT] JIOCHI)KYBAaHOTO Marepiaiy.
KapOoni3aiist CHpOBHHHM POCIMHHOIO IO-
XO/DKEHHS Ta IMOJaJiblla XiMiYHA AaKTH-
Ballis TiAPOKCHIIOM Kajil0 BHU3HAYAIOTh
aKTHBHICTh TIOBEPXHEBUX IIEHTPIB al-
copOeHTiB, 110 MOXe OyTH OCHOBOIO JISt
OTpPUMaHHS BYIVICLIO 3 Harepe] 3aJaHuMU
a/IcCOpOLIIMHUMH XapaKTepUCTUKAMHU.

2. Iloka3aHo, 10 MpH BHU3HAYEHHI ajacop-
OWIfHOI ~ aKTUBHOCTI MO  1HIWUKATOPY

Oy70 BCTAaHOBIIEHO, [0 MAaKCHMAJIbHOIO
ancopOLifHOI aKTHUBHICTIO TIO MeETHUJe-
HOBOMY T0JIyOOMY BOJIOJIi€ MaTepiai, OTpH-
MaHU KapOOHI3aIi€l0 BUXIAHOI CHPOBH-
Hu npu temneparypi 400 °C 3 HaCTymHOIO
AKTUBAIIIEI0 JIYTOM Yy  CHiBBiJHOIIEHH]
KOH/C=1:3.
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