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Hocaigmxero Busus Mopdonorii Ta mopysaTol CTPYKTYPH HAHOIIOPHUCTOI'O BYT-
xaemio (HB), ogepsxagoro 3 aarpanury, Ha MicrricHi xapaxrepueTuru cynep-
rouneacaropis (CK), Burorosnenux Ha #oro ocroBi. IToxkasano, mo sHaUeHHA
IHATOMOL MiCTKOCTI ByIJIeIleBoOro MaTepifanry Kopenioe 13 3HaUeHHAM 3aIajbHO-
70 06’eMy HOp; KOpeaAnia MiCTKOCTI i3 THTOMOI0 IIOBEPXHEIO € MEHIII CTPOTOIO.
BeranosxeHo, 10 saraibHa MicTKicTs Marepiany sabesmeuyeThbesa MicTKicTio
noxBifioro enexrpuunoro mapy (IIEIIT), a BHECOK NICEeBAOMICTKOCTH € MiHi-
MAJBHUM i CTAHOBHTD MerIre 2% .

The effects of morphology and porous structure of nanoporous carbon (NC)
obtained from anthracite on capacitive characteristics of supercapacitors
(SC) fabricated on its base are investigated. As shown, the specific-capacity
value of carbon material correlates with total pore volume value. The correla-
tion of capacity with specific surface is less strict. As revealed, the total ca-
pacity of material is provided by double electric layer (DEL) capacity, and the
contribution of pseudocapacity is minimal and makes less 2%,

HUccneroBaro Bauanwe MOPGOAOTHH ¥ IIOPUCTOH CTPYKTYPH! HAHOIOPHCTOIO
yraepona (HY), HosyuyeHHOro K8 AHTPALNATA, HA €MEOCTHBIE XaPAKTEPHCTHKY
cynepxoraencaropos (CK), maroroBieHHBIX Ha ero ocHose., Ilokasamo, uTo
3HAYeHue YAeJIHLHON eMKOCTH YINIePOLHOI0 MaTepHala KOppeJaupyeT co 3HaJe-
HueM ofiero ofbeMa OP; KOPPENAINsa eMKOCTH ¢ YACALHOM IIOBEPXHCCTEIO
ABJIAETCH MEHee CTPOroii. YCTaHOBJIEHO, uTo ofIIas eMKocTs MaTepurasia obec-
neYnBaeTCs ABOMHKM anexrpaieckuM caoeMm (JIDC), a BRAAS DCEBAOSMKOCTH
MUHUMAJIEH H cocTaBiaser meHee 2%.

KmouoBi cjroBa: aKTMBOBAHMII ByrJeneBuil Marepisi, mofpBiliHuii enexrtpm:-
ynp# map, HafikeicroBa xiAarpama, nuToMa MicTKiCTE.
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1. BCTY1N1

BsacMozaist ByrielesMicHOI CHPOBMEM 3 PISHMMM OKMCIIOBAJBHMMH
arentamu (ByrieKHcauif ras, BOAAHA apa i T.11.) P BHCOKUX TeMire-
parypax (1000~1300 K) nosBosise opepiarn aKTHBOBAHAN Byriems 3
TIOPYBATO CTPYKTYPOIO T4 BENUKOW0 BIOMelo Huromoi nosepxui. 3a-
BAAKM BMCOKiN amcopOuifimilt spatHocTi namuit Marepian sHaxoauTh
HIMPOKe 38CTOCYBAHHA B Pi3HKX Tady3AX HAYKM Ta BUPOGHMHTBA. ¥
3B’ASKY 3 UM JOCHTH BAKIUBOIC € npoGieMa yrpasmiHAS TepMoxinid-
HEMH ITPONECaMH, [0 CYMPOBOKYIOTE AKTHBALIO BYrinas, fka Haby-
Bae 0coGIMBOI aKTYANbHOCTH HPH OflePKAHHI AKTHMBOBAHOIG BYTJEMIO
LISl @NEKTPOX CYNeDKOHACHCATOPiB. B 1boMy BHOagKy erxexTpogEmit
MaTepian mopAx 3 OHTOMOI HOBEPXHEK, DOBMHEH BOJIOAITA HMBKOI
ocobNHBHX BIacTHBOCTEH (PO3IOZLn IOP 3a poaMipaM#, CTAH POSBHHY-
TOi MOBepXHi, HACHIIHA rYCTHHA i T.0.), AKi BUSHAYAIOTH eKCIIyaTaniii-
Hi NapameTpu cynepkospeHcaropa. lI[7sxoM BHKODHCTRHHR pisHMX
BHAIB BUXifHOI ByrnenesMicroi caporunu [1-3], BEeicHHAM ZOAATHO-
BUX TEXHOJOIi4HMX mapaMerpiB (BUCOKMI THCK) Ta 3ACTOCYBAHHSA Di3-
HOMARITHMX MOPOYTBOPIOBAYIB [4] MOKHA B IIMPOKMUX MeKax 3Miniosa-
i BRasani saacrasocri. IlpoTe BaaeMOBB’ A30K MiXK OKPEMHUMU XapaK-
TEPHCTHKAMM MATeDiAny, HanpUKJIaz, MOPHCTICTh—INTOMMUIN ONip, BH-
Marae onthmisanii croisBifROIMEEHA MiK HUMY 1 KOHKDETHOTrO BUG-
PaHOTO eNeKTPoNiTY. Bassw4ail, BUKODHCTOBYIOTh HAHOTIODHCTHM BYT-
Jerlb 3 MATOMOIO HOBepxHelo B Mexax 200-1800 m?/r aa ymoBH, mo
o6’em mixpomop poamipom 0,6-1,7 uM cramosuTs 0,3-0,6 cm®/r, a
06’eM Mesomop posMipom 10—12 um pisauit 0,1-0,4 cm?/r.

Toxpamenns napaMeTpis CymepKOHAEHCATOPIR He BHYEPIYETLCH
BUIIEHABEICRNIMY TiAX0ASMY 20 TEXHOAOTII OJPPIKAHARA ENEKTPOAHOIO
MaTepisIy, OCKLIPKH edeKTUEHe DYHEIIORYBaHHA HAKOOMIYBAILHOTO
IPHCTPOX BHMArS€ YSrOMMKEeHHS 1apaMeTpis Mix BeiMa Horo KoMmone-
HTAMH.

BoxpeMa, B 3aJIE3KHOCTI Bii BUMOT 0 TPAKTUYIHOrC 3aCTOCYBAHHS CY-
TOepKOHAEHCATODA ene[c'rpouunﬁ M&Tepi,}lll MOJKe 3aCTOCOBYBATHCH ¥ BH-
TAAAL NOPOMIKY, BONOKOH, TKARKH W10 RARIaRac BinosiAni ooMemenaa
Ha H0ro KOHCTPYKIIifo,

3 noMiK PisHMX BUAIB BUXiZHOI CMPOBHHM AJIf OfEPYKAHHS AKTHEO-
BAHOI'O BYrJelle ocofuuse Micue 3afiMac aRTDAIMT, AKHH MIiCTHTL A0
96% Byraemo [5].

B aaniit po6oTi aociKyBaBcs B3AEMO3B’ 30K MK HOPHCTOIO CTPYK-
TYPOIO aKTABOBAHOTO BYT/EIIO, OAeDKAHOTO 3 aHTPAIINTY, Ta Hore ¢isn-
Ko-XiMIYHMMH BIACTHBOCTAMHE, BUBYanacs HOro HOBeAiHKA B €JEKTpO-
xiMiYEMX CHACTEMaX KOHACHCATOPHOrO THILY Ta MOMUIMBICTL HOTO BHKO-
PUCTAHHSA B AKOCTi ©JIEKTPONHOrO MATEPifANY AJIA CYTIePKOHACHCATODIB.
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2. OB’€KTH TA METOAH JOCJIXKEHHSA

B skocTi 06’eKTiB AOCHIIMEEHA BUKOPHACTOBYBAJH 3PAsKH BAHONODHC-
roro syraenio (HB), ofepKaBOTo 3 NPUPOAHOTO AOHENHKOTO ARTPANATY
{¥Ykpaina) MeTo010 maporazosoi akrusanii B KMIVIAUOMY wWAapi 3a TeM-
neparyp 1100-1200 K. ing pocnipxent Bigibpano 6 spaskis akTuso-
BAHOIO AHTPANUTY 3 PI3HUMY I2PAMETPAMH [IOPYBATOT0 IIPOCTOPY.

IsorepMu agcopbIiii asory A 3paskiB HAHOIIOPUCTOTO BYTIENI0 Gy
onepaHi 3a JONOMOroX asToMaTuaoparoi ycranoskn KELVIN-1042
{COSTECH MICROANALYTICAL).

EnexTpoxiMiuHi XOCHPKEHHA NPOBOAUJIMCE B TPHEJEKTPORKIM eie-
KTpoxiMiuni# komipui [6]. B axocrti pobouoi enexTpogu BUKOPUCTOBY-
pann HB, aonomixkuoio Gysia NIaTHHORA €NEKTPOAR, & ENEKRTPOOI N0~
piBHAHHA ciysmia xJop-cpibHa emexrpoma Ag/AgCl. PismoBasmmii
€TeKTPOAHMI HOTEHNIAN ByTJENEeBOre MaTepiany npyu KiMHATHIH TeM-
mepaTypi BiHOCHO enexTposy nopiBsHEA cranosus —0,33—0,28 B. B
AKOCTi @IEKTPOIITY BUKOpNCTOByBann 30% BoxmMi posuny KOH.

Enextpoximiuri gocnifxensd NpoBoAMNNCH 3 BUKOPVUCTAHREAM CHe-
xrpomerpa Autolab PGSTAT/FRA-2 MeTozamMu iMOoeaaHCHOL COEKTPO-
cxomil, qurAiTHOI BomBTAMIEpOMeTpil TA XpoHONOTeHUioMeTpil. IMne-
paHcHI MipARES BUKORYBamuca B imrepsari uacror 1072-10° T'y & xis-
nagoHi HANpyr BiZ -1 10 0,2 B.

IuxaivHi BONPTAMOEPOrPAMA BYIJIENEBHX eNEKTDOZ 3HiMamuca B
obnacri morenuiamis -1 a0 0,2 B. llIsugKkicTh ckadyBanus craHOBMAA 5,
8, 10, 20, 30, 401 50 mB/c.

Bumiposansg IuToMol MICTKOCTH T4 BHYTPILHHEOrC oHOPY Jabopa-
Topuux apaskis CK, enexrpoau sxux chopmosani 3 panoro HB, suisic-
HIOBANUCH Y MAKeT] I'a/lhBaHOCTATHYHOIO MeToRoo [6].

TIpn KOCHiAKEeARAX eKCONyATanifiHuX XapAKTEPUCTHE TPOBOAMBCS
3apaz/Pospas KopjeHcaTopa IpH noctiiHoMy erpyMi B Mexax 1-100
MA.,

3. PE3YJITATH EKCIIEPHMEHTY TA IX OBIOBOPEHHS

B sanexHocTi Biz roubumu axTHBanii ARTpaNETy BOARHOK Hapow [5],
BeepeiUHi #oro 4acTHHOK GOPMYIOThCS [I0DH Di3EOT0 posMipy, Gopmu Ta
06’emy. Hacumua rycruna RocHi)RyBaHuX MaTepisis sMimioBanacs sii
0,76 10 0,24 cM®/r; muToma mosepxusa 450-1000 m*/r; micTricTs o ma-
pax sozau 0,20-0,80 em®/r. B rabanul 1 uaBejiero CYPYKTYpPHO-8ACOPS-
niftAi XAPAKTEPUCTHKM LOCHIKRYBaHUX 3DA3KIB HAHOIIOPMCTOTO aHTDA-
nary. Ak BuxHo 3 Tabu. 1 3pasku A3—A6 MaloTs HaiGinen posBUHEHY
noBepxHIO (IX MUTOMA MOBepxXHS focsarae 1000 m*/r), a saramsHuil 06’eM
op — 0,5-0,6 cM®/r. [Ipn mpoMy 06’eM MiKpONIOp BiXHOCHO HEBeTMKMI |
craagae 0,17-0,25 cv’/r. Buanauemns apcopbuiitnol mictkoern mo Gen-
B0JIy eKCHKATOPHOIO MeTOAOI0 NMoKasano, mo Haibinsmy szaTHicts no
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TABJIRIS 1. Crpyrrypro-azcopfniitni xapaxrepmetnrn HB, ogepixasoro
i3 axrpanuTy.

o . Tinroma o{g::unh::zo OFem | Hacwraa Vgsa
/n|Mapxa)  momepxus, ancop6it Mixc:gnop, ryorane, Geif‘c;nou,
M/ asory, ent/r ei®/r r/eM /v
1 A 450 0,26 0,20 0,76 0,26
2 A2 680 0,34 0,18 0,64 0,35
3 A3 880 0,49 0,23 0,49 0,55
4 A4 940 0,50 0,25 0,54 0,46
5 A5 980 0,65 0,17 0,42 0,60
6 A8 990 0,59 0,17 0,24 0,68
0w

s
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Pre. 1. IsorepMu agcopbnil apaskis HamoTIOPHCTOTO BHTPAMATY: = K-m Ko
o Al —A A — A2 — XX — A8 —Qurdm e A4y = O O—
AB; —[1—0— — A8.

ageopbuii Genaory MaloTh spasku A6 va A5: 0,68 Ta 0,60 cM®/r Bigmopia-
=0, OBpaxyroxk isoTepm ancop6uii (pxe. 1) Meroxoio BJH aas amory ofe-
PAATH DOSIOALI OP 58 PAATIOCAMY ANH KOKHOIO 3pasKa (puc. 2). K Bu-
AEO 8 pac, 2, spasku A1-A3 Malors edexTHBRUI Riamerep mop 1-8 BM.
Hns spasxie A4—-A6 neit inTeppan smimyerses ¥ obaacTs Gimbsm muapo-
Kux nop 8,5-6 Bm.

BusnagesHs napamerpies edextpoximMiusmux nponecis, mo siabysa-
I0TRCH HA M1 Poazisy ByTienesa eNerTpONa—eAOKTPORIT, 3PYYHO BU-
BYATH 38 HOHOMOrow iMneaHcHOI criexTpockonil, [ana Meroza saBaa-
K¥ YACTOTHOMY PO3ALAEHHIO MAE NOPEBATY HAX IHIIMMIE METONAMY, 30K~
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Pue. 2. Kpusi poswoginy mop sa pagilocaMy spaskis HaHONODHCTOTO #HTDS-
nury: ——k—k— — Al} —A—A— — AT} — AKX — AZ; —0—0
Ad; —0—0~ — AB; —O--0— — AB,

pema, Bif A03BOJIAE BUALIMTH Hpouec ig 3aranssoro i BUaHAUKETH Horo
napamerpu. B ocHOBI posiIndpoBKY pesyABTATIE, OUEPKAHNE METORO0
imnexancHOl CIEKTPOCKOII, TesuTs NiAGip exBiBaneRTHOL CXeMu, AKa
6 MozearoBaa Bei IPONECH B AOCHLIKY BAHOMY MATepiAi.

Ha pucyuxy 3 vaBeneno Hafixsicrori niarpamn noeaipxysasux spas-
xig, ogeprraui ¥pyu noteHnisai sigkpurore Kona (—0,3 B) sigzocHo enex-
Tpoax ncpipuarEs, Ha noganux jisrpamax B ofgacTl BHCOKMX “acTor
CIIOCTEPArasThCA AIMANKE y BUIIAL miBKOIA, fKa BigoBinac Dapageiio-
BYIM YPOIIECAM, ¥ AKHX GepyTh yuacTs Karionu K' Ta nosepxHesi gynk-
niomaneri rpynu. 8a maHW mexamisM B elexTpwuHill expiBamemTHIH
cxemi Bignosizarume mapanensEs R|C-namka, B sxilt R, permamentye
msupxicrs ®apageiioBoro npouecy, C, Bino6paxae napanensauii nporec
HaKONMYeHHA Macu MpogykTy peaxnil (pue. 4). 3 pucyHKka cuinye, mo
L 3paska A6 BKJAJ MCEBAOMICTKOCTH ¢ HaRMeHINWM i He mepesmutye
2%, Jinanka rogorpady B HUSEKOMACTOTHIN oBaacri iMnenancy sigmosi-
nae sapany IEIN, Ins mogemoBansAa Moxe ByTH BEHKOPUCTaHA BifoMa
Jayfep-cxeMa 3 morpibron kinekicrio cxoauHok. B pamiit cxemi Ry —
onip nigsigaux xouraktis, C), C,;, CPE; MOZeN00Ts HAKONNYEHHS 3a-
pany s gopax pissoro poamipy s onopamn R, R,, R, eiantosizzo, Iua mo-
HeMOBAHAA HAKOIIMUeNH 3apaAy B HA¥MEHIINX NOpaX, B AKKUX YTPYA-
HIOETHCH pyX HOHIB enexrponivy 1 sizaysaersea sxnas Audysifiaux npo-
neciB, BUKOPRCTOByeThCH enemedT CPE,, nxuii € eeMeHTOM MiCTKicROrO
THITY 3 ReBHUM BiXUJIeHRSM y Audysifiny cTopoRry.
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Pre. 3. Hajiusicrosi aiarpamm RocxifryBaEmx MaTepismis, oxepasi mpu
HoTeHIiAN BigKpPHTOrO KOXa.

Puc. 4. Exgpinagentua cxeMa ZAS Mofemossuus HafixsicroBux pisrpam,
oftepaKaBUX Aas cucrema HB—emexrporir,

Buxonauu 3 nonepeAnix MipKYBaHb, NPOIEC HAKONMYEHAA CIEKTPU-
uHoro sapazy B cucremi HB—eneKTposiT MOXES NPOMOXCNIOBATY HA-
CTYHHOIO eKBiBaTenTHOI0 cXemMoo (puc. 4},

Micrxicts [1EII B jaHOMY BUISAKY BUBHAATHMETECA 32 (DOPMYJION0:

Cppm = C1+ Cy+ CPE,,

Mogemonanns HailikBicToBux AisrpaM, OAepsKanuUX OpH PisHUX mo-
TEeHNIANAX, ZAHOIO eKBIBAICHTHOIO CXEMOIO A0 MOYKJIMBICTD BUSHAYH-
TH DUTOMI BOABT-hapasHi 3aNeHOCTI ANS AOCHI/PKYBAHUX 3pAsKin
(puc. 5).

Bei 3paskn npu nanpyrax, 6aasskux a0 -1 B, Matorh sucoxi micTri-
CHI XaPaKTEPHCTUKY, AK] 31 3MIHOX0 HATDYI'HE B OZATHIO 061aCTh 3aKO0-
HOMIDHO BMEHIIYIOTHCH. 3 TOYKM 30pY KOHAEHCATOPOGYHYBAHEA BAK-
JMBUM OUTAHEAM € OZePHAHHA MaTepiany, AKuY Mae MAKCHMABHI Mi-
CTRICHL XApaKTEPUCTHRY Y BCHOMY AIANA30H1 RATPYT i, 0cO6MIBO, B 10~
AaTHil obmacti. B upoMy nuani Haltkpate cebe IPOSBHAB 3pasok A6, Mi-
CTRicTh AKOTO B HomarHif ofnacri ma 30-100% Ginema sa micTricTs
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Puc. 8. Bonsr-dapagui samexuocri, ogepuxani iz mogemosanna Hatiksicro-
BHX Alsrpam.

inmuy spaskis.

OpepaaEAA NMKIIYHIX BOALTAMOEpPOrpaM (pac. 6) Aajo MORIKBICTE
PO3PaxyBaTH NUTOMY MICTKICTE ROCHIMYBAHUX BYIJIENEBHX MAaTepif-
JIiB OPH IMOTeHNisA] BifKPHTOre KOXA BiIHOCHO XA0p-cpifHol enexrponn
HopiraIRES 33 hopmyro0

Ae AI — plsaUNA cTpyMiB anOAHOI Ta KaTogHOL rijlok BOJILTAMIEDPO-
TpaMu; § — MIBUAKICTH CKAHYBAHHSA; /11 — AKTHBHA Maca eJICKTPOAM.

BoabTamMneporpamu Ha puc. 6 BiAnOBiAAIOTS THIIOBMM 3aMEXHOCTAM
ANs eneKTpoxiMiuamx womzencaropie, Taxox cuiy BigsHaumTH, MO Ha
BCiX BOJBTAMIEPOrpaMax He CIIOCTEPiracrhes BUAUMUX MiKiB, fAK HA mO3H-
TUBHUX, TAK | He HETATHUBHUX ZUIAHKAX ¥ BCHOMY JifNA30H! NOTeHIIAIIR
AOCTIIPKERHS, K Iie Ma€ MicIle IPH KOCIieHH ] YanbRaHi4HIX e/ieMEHTIR
[7, 8], TomMy MOMKHA CTBEPAMYBATH PO ¥iMIUHY Ta eNeKTPOXiMiuy Criff-
KiCTH CHOTEMU MEKTPORA~EIEKTPOMT,

Tlopisrioun soasraMueporpamu jias HB npyu meupkocTti cramy-
Banus 5 =5 MB/c, MosxHa BifMiTHTH, 1IN0 ANA BCix 3paskis y gomarmii
obxacti noTeruisuiB crocrepiracThen HesHauMHA Ik, IIpnitmaroun no
yBaru, Mo B aanil ofxacTi MicTkicrs MaTepisay salesmedyeThea nepe-
BaJKHO HeI'aTHBHMMU foHaMu exexrponity, — OH-rpyuamu, — mMoxaa
3pobuTH BECHOBOK IIPO AKTHBHE BXOZKEHHS OuX rpyn y nopu HB, Ha
PUCYHKY 6 MO2KHa cnocTepiraTy SMeHIIEHHS faHUX nikis i3 sGinsmoren-
HAM IBMAKOCTH CKaHyBAHHS, TOGTO BKASAHI MPOLECH MOMYTH HPOAB-
JATBCS TUIBKM MPU HUBLKUX DIBMAKOCTAX CRAEYBARHHA, TOAL AK Opu
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36iapMeHHi WRNAKOCTH CKAHYBAHHESA BOHM BiICYTHI.

BanexHicTh BOALTAMIEPOMETPUYHNX CTPYMiR Bif IIBMAKOCTH cKa-
HYBAHHS BUKOPUCTOBYETBCA, 3a3Buyal, Ans ouinku oBopoTHocTH Ta
eHePreTHYHUX BIACTUBOCTEH EJeKTPOAHHMX MATepisNiB, AKi BUKOpHC-
TOBYIOTHLOS B eXERTpoXiMivnnx Komzencaropax [9, 10]. Pesynbraru aa-
nux sanexsocreit ana HB, ogepsxani npu pisaux moreHuniansax B 30%
posupat KOH, noxasaso ra puc. 7,

3riggo 3 puc. 7 nixiiifge 3a/eXHICTE BONLTAMIEPOMETPHYHUX CTPY-
MiB BLJ IIBRAKOCTY CKAHYBAHHS CIIOCTepiracThes NJif 3paska A6; paa
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Pue. 8. luxaiyai Boasramneporpamix BM. Illsmaxicts ckamysamusa cramo-
smne 5, 8, 10, 20, 30, 40, 50 mB/c. Crpinka BRAasyec HA HaIpAMOX 36ias-
IUeHHA TOBMAKOCTH CKAHYBAHHSA S.




[image: image10.png]TIOABIHUY BIEKTPHYHIHA HIAP HA MEMKI TIOPHCTOTO C TA PO3YHHY KOH 367

TABJHAII 2. xroma mMicTricTs HB,

T

Mertoanra focIipKeRHs

Marepian [‘ IMHeJ:(ﬂ;‘(cH

Bonsramoepomerpis | XporonoreniioMerpis

CUEKTPOCKON A .
At 72,8 73,5 74,2
A2 81,4 80,6 85,2
A3 95,4 20,3 93,2
A4 102,4 105,9 104,1
A5 104,8 106,6 108,7
A6 1154 1109 120,1

1A
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Pue. 7. Banesxnicts crpyMy Bi IIBUAKOCTH CkaNyBanHd OpE Haupyrax 0,2 B (a)
Ta 0 B (6).

apaskis A2~A5 gaHa 3aneHicTh € MHIHHOIO NPH HYILKHUX IIBAAKOCTAX
cxanyBsamHa, s apaska AB 3 faHux sameskHocTell MOXKHA CTEEDAMKY-
BATH NPO #0TO BMCOKY 06OpOTHiCTH 3apsisy/pospaay IIEINL. B immmx
spaskax fama nimifiHa sazesxnicrs He crocTepiraersed, Haibiap fmo-
®ipHO, Yepes HeBIATOBIANMIE POBNOALN NIOP 32 POIMIPAMM i MaNy Kimb-
ricts pobounx nop pagiocom 1,5-3 au.

BayexnicTs nuromMol MICTROCTH Bijf LUBUAKOCTY CKAHYBAHHN A
pisanx HB 306pameno Ha puc. 8, 3 pucyHEa cxigye, IO IUTOMA MIiCT-
KieTh MOHOTOHHO BMEHITYETHCH i3 SOLILIIERHAM MIBMAKOCTH CKARYBAHAL,
Ile mosCHIOETHCH PYXHBICTIO HOMIB B ME/KaX IEBHHUX MiKpomop {0co6uBo
nOoBepXHi MIXDOHOp, K4 WACTKOBO JOCTYNHA AJA eJeKTPOJITiB), AKa
crae icToTHOR npu BmHOCHO BHCOKUX MBHAKOCTHAX CKAHYBAHESA 34 pa-
XYHOX BHCHAEHHS KoHUeHTpamil emexrposiry {11, 12]. Bizmosixgso,
TIEN] » MexxaX OuX MiKPONOD He B 8M08} BCTRHOBJIIOBATHCA NOBHICTIO IPH
IUX BIAAOCHO BHCOXMX 3aPHJ-POSPIAHUX MIBUAKOCTAX. Kpim Toro, xi-
ABKICTh TIHX HEOCTYIHHUX MIRDONOp 36LTbIIyeTsCA 3 NiABHIIEHHAM
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IBUJAKOCTH CKAHYBAHHS 1, BLATOBLAHO, CIIOCTEPIracThCA MOHOTOHHE 3Me-
HINeHHA AMTOMOI MiCTKOCTH.

3 pucyHKy 8 Takom caifye, mio maifinen criikum y sesoMy pisna-
3omi mBMAXOCTEH CKAHYBAHESA € 3pagok A6, OCKiNbKA foro nuTOMa Mic-
TKIiCTh 3a/MINAETHCS MPAKTHYHO CTANOI0 ¥ BChOMY Aianasoni msuaKo-
creli. IIpHYMHOIO THOTO € Te, o AaHUM MaTepisr Bogoxie Hadbimpmmm
nHTOMHM 06’eMOM 1IOp i B HEOMY peallizoBaHe oOTMMAJIbHe CHiBRiZHO-
menns Min poatoainoM TpaHCHOPTHEX i pofouux mop.

ITuroma MiCTKICTL ZOCAIMIKYBAHOTO MATEDiANY DO3paXOBYBAaJaCh 3a

It

e
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Oxa orerniany AU = 2IR . Tunori pogpssai xpusi naseiexo ua puc. 9.
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Pue. 8. BanexuicTs nuroMoi MICTHOCTR Bif IIBAAKOCTH CKAKYRAHHA.
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Puc, 9. Bapax-pospanyi xpusi nafoparoprux spaskis CK.
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Puc. 10. 3anexnicTe MicTrocta naGopatoprux apaskis CK Bix crpymy pospsa-
Iy.

B rabnuui 2 noparo sEaYeHHA MUTOMOIL MiCTKOCTH, OAEPIKAHOI TPEO-
M4 PisHHMH METOAAMH.

OkpiM mocnizykeHb MaTepisy, BUKOHYBaIHCS TeCTyBaHHA Jabopa-
TopEMX 3paskiB CK, chopmoBaHuX Ha OCHOBI flaHOro Marepisimy. Enex-
tpoau CK ryAanKoBoro vy OpMYBATIHCS TIPECYBAHHAM KOMIOSKIiMH-
Hoi cymimi crnany <HB>:<CI> = <75>1<25>, ne CIl — e¢rpymonposiana
nobaBka, sAixa 3abesneuye 3GiNBIIEHHS eNEKTPOMPOBINHOCTH. 3apsi-
pospazHi KpuBi npu cTpyMi 50 MA s06pakeHo Ha puc. 9.

Jins nopipHAHEA pobouux xapaxrepucTur CK nposogunocs muxsso-
BAHEA Ip® pisHMX cTpyMax 3apat/pospaxy. s Beix spaskis Biabysa-
€TBCA BMEHIIEHHA MICTHOCTH NpH 36GINbINEHHI cTpymy pospasy. Hase-
nexi Ha puc. 10 pesyasrare ana CK runoposmipom "2525” ceiguars, mo
AJIS 3DasKa, eJIGKTPONM SIKOre BHI'OTOBJIEHO 3 MaTepiany A6, samex-
ficTs SMiHM MICTKOCTH Bifi BeJWMUMHM POSPANHOIO CTPYMY € Ha-
MEHIIIOK0,

4. BACHOBKH

Ananisa cTpyrTypHO-aacopOuifinnx xapaxrepuctux HB noxasas, mo
TpH moraubaeHHI CTYNeHRd nMaporasoBol akTusauil asTpanury Bin6ysa-
€TBCA DOSLIMPEHHS Ta BIMTTA Mikponop. BaBaaku onrumisanii napa-
MeTpiB maporasoBoi aKTHBAIil MOXINBE OfepXKaRHA 3PasKiB npaKkTHy-
HO OAHOPIAHOTO MOHONOPHCTOrO AKTHBOBAHOIO aRTPANUTY 3 PO3MipoM
mop B inTepBani 3,5-6 am, npn HesEawHOMY BMicTy Mixpomop. 3riaro
KaHUX IMIOEeAAHCHUX T4 NOTeHNIOAMHAMIUHMX ROCIIJMKEHbL BCTAHOBIE-
HO, IO HAWGLABNI eQEeKTHBHAM MaTEeDifA/IOM ANSA CTBODEHHSH eXeKTDOX
CK ¢ matepian A6 — BucOKONODYBAaTMIf aHTpanuT 3 HaHbinburuM
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06’¢MOM HAHONOD T HE3HAYHHUM BMICTOM Mikpomop. TaxuMm UMHOM,
edextusruMu 4na crsoperasa CK e marepisnn s HaliGinsmum BMicToM
Hanrouop posmipy 1,5—8 M ra pauioHaNbHMM ¥X POSHOALIOM BCEPeAHEL
marepisany 8 OZHAKOBMK iHIIMX XaPAKTEPUCTHK,

HATOBAHA JITEPATYPA

1. A. Hpeuno, A. Ecuga, H. Tasaxacu, X. Taxsuma, M. fmacura, F. Mypaxa-
ke, X. Exopa, National Technical Report, 31, N 3: 318 (1983).

2. C. Farahmandi and E. Blank, Proceedings of the 4 International Seminar
on Double Layer Capacttors and Similar Energy Storage Devices (Deerficld
Beach, Florida, USA, 1994), vol, 4.

3. S. Dietz and V. Nguyen, Proceedings of the 10" International Seminar on
Double Layer Capacitors and Similar Energy Storage Devices (Deerfield
Beack, Florida, USA, 2000 ), vol, 10, p. 85.

4. G. Salitra, A. Soffer, L. Eliad, Y. Cohen, and D. Aurbach, Journal of the
Electrochemical Society, 147, No. T: 2486 (2000).

B. JI. B. T'onoexo, A, A. Jiapuua, B, A, Topancuuit, Sxomexnonozus u pe-
cypeocBepenenue, Ne 3: 49 (1996),

6. B. K. Ocradiftuyx, M, B, Bepkemyx, I. I. Bynaynax, O. J[. Maromere,
Disuxa i ximia meepdozo mina, 9, Ne 1: 64 (2008),

7. D. Aurbach, B, Markovsky, A, Nimberger, E. Levi, and Y. Gofer,
Journal of the Electrochemical Soclety, 149, No. 2: A152 (2002).

8. P. Novak, F. Joho, M. Lanz, B. Rykart, J.-C. Panitz, D. Alliata, R.
Kotz, and O. Haas, Journal of Power Sources, IV, No. 97-98: 39.

9. Y.-8. Chen, C.-C. Hu, Electrochem. Solid State Lett., 6: 210 (2003).

10. K..H. Chang, C.-C. Hu, Journal of the Electrochemical Society, 151: 958
(2004).

11. B. E. Conway, Electrochemical Supercapacitors (New York: Kluwer—
Plenum Publishing Co.: 1999).

12. K. Kinoshita, Carbon. Electrochemical and Physicochemical Properties
{New York: John Wiley&Sons: 1988).




