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AHHoOTanua. AKmya/bHOCMb KccieloBaHUs 00yc/loBleHAa HeO6XOAMMOCTBIO CO3/laHMSA HOBBIX 6e30IaCHBIX MCTOYHHKOB
3HepruH, CoCcoGHbIX YA0BJIETBOPUTD HYX/Ibl IPOM3BO/CTBA U MEJUIMHBI TaM, I/le IPUMeHEeHHe TPAJUIIMOHHBIX UICTOYHUKOB
3Hepruy HEBO3MOXKHO WJIM HepeHTabeabHO. K 4Kc/ly TaKMX MCTOYHHUKOB MOTYT ObITh OTHECEHBI Pa/IHOM30TOIHbIE HCTOYHHUKH
NUTaHUSA, B KOTOPBIX BbIpaGOTKA 3HEPrUU 06eCreyrBaeTCs 3a CYET eCTECTBEHHOro pacnaja pajHOHYK/IWJO0B. BaxkHeHuMu
COCTaBJ/IIIOIIMMH UCTOYHHUKOB TOKa THMA CyNepKOHAEHCAaTOPOB ABJSAIOTCA 3JIeKTPOAHble MaTepHaibl, XapaKTePUCTHUKH KOTO-
PBIX ONpeAeIAI0T 3JIeKTPoPU3NIeCKHe T0Ka3aTe I PaJHOU30TONHBIX MCTOYHUKOB. B 1laHHON paboTe npe/ioeH Crnocob CHH-
Te3a yrJepoJHOM MaTpHULbl, JONUPOBAaHHOW Sr, [/Isl UCHOJIb30BaHUA B KadeCTBe 3JIeKTPOJOB PaJJMOM30TONHBIX NCTOUHHUKOB
nuTtanus. LJeaw: pa3paboTKa, 0CBOEHME M ONTHMH3AlMsA METO/Ja CHHTE3a 3JIEKTPO/I0B PAAHON30TONHBIX HCTOYHUKOB MUTAHUSA
Ha OCHOBE YIJIEPOJHBIX MaTePHUAJIOB, AOMUPOBAHHBIX pafluoU30TONOM Sr-90. 06seKmbl: yTepoAHbIA MaTepUuasl, JOIUPOBaH-
HbI MMHUTATOpoM pazauousorona Sr-90 (Sr cTaGuibHBIN). YriepoAHble MaTpPULbl HOJy4eHbl KapOboHM3aLHUel pe30pIiuH-
dbopMasberuHON CMOJIBL, ONTMPOBAHHOMN COJIBIO CTAOUJIBHOTO CTPOHLIMS. Memodsl: CKaHUPYIOLIast 3JIEKTPOHHAs MUKPOCKO-
s, HU3KOTeMIIepaTypHas aJcopOLHs-AecopbIiisa a30Ta, UKJINYECKast BOJbTAMIEPOMETPHS, Ta/IbBAHOCTATUIECKUH 3apsif-
paspsiji, UMIeJaHCHasi MUKpocKonvs. Pe3y1bmamul. [IpoBesieH CHHTe3 yIJepoJHOW MaTpPHIb], JONMPOBAHHON CTaOU/IbHBIM
M30TOIIOM CTPOHIYsI, METO/IOM NOJIYKapOOHH3alMK C Nocaeytolleld pusnyeckol akTUBaLel yriekucabM rasoM. Mccaeso-
BaHbI CTPYKTYPa, TOPUCTOCTb U 3JIEKTPOXHMHUYECKHE XapaKTepUCTHKU MaTepraJsia. YCTaHOBJIEHO, UTO PpU3ndecKast akTUBaLUs
MOJIOXKUTEJIBHO CKa3bIBAETCS Ha Pa3BUTHH YAe/bHOMN MJIOLAAN NOBEPXHOCTU U Me30TIOPUCTOCTHU 06pa3LioB CHHTEe3WPOBaHHOM
MaTpHUIbl, BCIEJCTBHE Yero YIy4LIAlTCsA ee 3JeKTPOXUMHUYeCKHe XapaKTepUCTUKU. MeTo/, Gu3nyeckoit akTHBAaLUU NpejJio-
»KeH B KadecTBe HauboJiee NPeJNOYTUTENBHOTO JJIl CUHTe3a YrJepoAHONH MaTpUlbl, JONMPOBAHHON M30TONAMU CTPOHIUS,
JUIs1 IPUMEHEeHHs B KaueCTBe 3JIeKTPO/0B Pa/JMOU30TONHbIX UCTOYHUKOB MUTAHUS.
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Abstract. Relevance. The necessity to create new safe energy sources that can meet the needs of production and medicine
where the use of traditional energy sources is impossible or unprofitable. Such sources may include radioisotope power sources,
in which energy production is ensured by the natural decay of radionuclides. The most important components of current sources
such as supercapacitors are electrode materials, the characteristics of which determine the electrophysical characteristics of
radioisotope sources. This work proposes a method for synthesizing a carbon matrix doped with Sr for use as electrodes of radi-
oisotope power sources. Aim. Development, mastery and optimization of a method for synthesizing electrodes of radioisotope
power sources based on carbon materials doped with the Sr-90 radioisotope. Objects. Carbon material doped with a radioiso-
tope simulant Sr-90 (Sr stable). Carbon matrices were obtained by carbonizing a resorcinol-formaldehyde resin doped with a
stable strontium salt. Methods. Scanning electron microscopy, low-temperature adsorption-desorption of nitrogen, cyclic volt-
ammetry, galvanostatic charge-discharge, impedance microscopy. Results. A carbon matrix doped with a stable strontium iso-
tope was synthesized by the method of semi-carbonization followed by physical activation with carbon dioxide. The structure,
porosity and electrochemical characteristics of the material were studied. It was established that physical activation has a posi-
tive effect on the development of the specific surface area and mesoporosity of the samples of the synthesized matrix, as a result
of which its electrochemical characteristics are improved. The method of physical activation is proposed as the most preferable
for the synthesis of a carbon matrix doped with strontium isotopes for use as electrodes of radioisotope power supplies.

Keywords: radioisotope source, carbon matrix, resorcinol-formaldehyde resin, Sr isotope, physical activation, surface area,
mesoporosity, electrical capacitance
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BBeaenue

B mocnenaue Tompl 0ONBIIOE BHUMAaHHE YIIENSCTCS
pa3paboTKe MCTOYHMUKOB IUTAHUS PA3IMIHBIX KOHCTPYK-
1uii, oOecrieunBaroIrX BbIPaOOTKY 3HEPTUH MOTpeOHTe-
0 B TEUCHHE JUTUTEILHOTO BpeMEeHHU 03 TI0I3apsKu OT
BHEIITHET0 MCTOYHUKA IeKTpuyeckoro Toka. C 3Toi Le-
JIbIO BEIYTCsl aKTUBHBIE PA0OTHI MO CO3AAHUI0 MCTOYHH-
KOB 3JICKTPUYECKOH 3HEpPruM, OCHOBAHHBIX HA MPSIMOM
MpeoOpa3oBaHAN SHEPTUH  PAIMOAKTHBHOTO —pacrazia
MIPUPOIHBIX M HCKYCCTBEHHBIX paauoHyknmuaos [1]. B
Ka4yeCTBE WCTOYHUKA M3IYYeHHs B TAKUX HCTOYHHMKAX
MMUTaHHUSI ¢ MHOTOJICTHAM PECYpPCOM JKCILTyaTaluy Tep-
CIIEKTUBHBIM SIBIICTCS HWCIOJIB30BaHHUE — of, 00iamaro-
LIETO JIOCTYITHOCTBIO M OTHOCHTENIBHO HU3KOW CTOMMO-
cThi0 [2]. [l ero mpakTHYecKoro MPUMEHEHHsSI B 3JIeK-
Tpomax pa3pabaThIBaEMBIX HCTOYHHKOB ITUTAHUS KOH-
JICHCATOPHOTO THIMAa HeoOxoauma pa3paboTka oblasaro-
e ONTHMAaIbHBIMUA CBOMCTBAMU CIIEIUAIBLHON MaTpH-
LbI, TOMHUPOBAHHOU Ogy pamuoHyKIuaoM. B kauectse
JNIEKTPOAHBIX MATEPHAIOB YacTO HCIOJB3YIOT YIIIEpO-
HBbIE MaTepualibl, OTYYSHHBIE U3 PA3IMUHBIX MPEKYPCO-
poB. MHoOroo0pasue aIOTPONHBIX MOAUGHUKAINA |
MOP(OIOTHYIECKHX THUIIOB JENaeT YIiepo] BechMa Iep-
CIIEKTUBHBIM I JICKTPOXUMHUYECKUX oOsiacTelt mpume-
HEHUS: YTIIEPOJHBIC JIEKTPOIBI XOPOIIO TOJSPUZYIOTCS,
SIBJISIFOTCSL XMMUUYECKH MHEPTHBIMH, YCTOWYHBBI B LLIMPO-
KOM JIamna3oHe TemIiieparyp, am(oTepHOCTh yriiepofa
MO3BOJISICT MCTIONB30BaTh €r0 KaK B Ka4eCTBE KaTo/a, TaK
M B KauecTBe aHoxa [3].

g cuHTe3a yriepoIHOro MaTepuana, oOyagaro-
Iero BBICOKOW €MKOCTBIO, HEeoOXoaumo chopmupo-
BaTh MaTpHlly, OOJIajjarolly0 OOJBIION IUIOIIAIbI0
TIOBEPXHOCTH M OMpeeNIeHHbIM THIOM 1op [4]. B
HACTOsIIIee BpEeMsl M3BECTHBI TaKWe METONbI CHHTE3a
YIJIEPOAHBIX MAaTEPHAJIOB C OONBIION IDIOMAABIO0 TO-

BEPXHOCTH, KaK METOIBI KXECTKUX [5-8] m MsArkux
mabioHoB [9-11], ruapoTepManbHOil 00paboTKU [6,
12-14] u meToap! xumuueckoi [15-19] u pusndeckoit
[8, 15, 20] akTuBanuu.

Kaxxaplit MeTos uMeeT CBOM NpEeUMYILIecTBa U He-
JIOCTaTKU. B ciydyae M3rOTOBJIECHUS PaJMOU30TOMHBIX
ncrounukoB nutanus (PUII) HeoOXoaumo co3maHue
JIEKTPOJIOB Ha OCHOBE YIJIEPOAHBIX MaTpHL, OMHUPO-
BaHHBIX PAJHOAKTUBHBIMH HCTOYHHKAMU H3ITY4YEHHS.
MeTopl, IpeAIoIararollie UCTI0NIb30BaHHE KUCIOT U
yibTpa3Byka [6, 8, 15] mig BeIenaunBaHus OpPooo-
pazoBareneil (METOIbl KECTKOro II1a0JIoHa U XUMUYe-
CKOM aKTHBALUH), HE MOTYT OBbITh UCIIOJIb30BAHBI U3-32
BO3MOKHOT'O BBIMBIBAHUS PAJUOHYKIHIA U3 MaTPHULBL.
Meron ruapoTepManbHO 00pabOTKHM HE MOXKET OBITh
WCIIOJIb30BaH, TaK KaK TOBBIIIEHHAs TeMIeparypa Oy-
JIET CIIOCOOCTBOBATH BBINICIAYNBAHUIO JIOTTMPOBAHHO-
ro MaTepuaiga. MeTombl MATKHX MIa0JIOHOB M XMMUYe-
CKOTO OCXKACHHUS U3 Ta30BOH (ha3bl OTHOCATCS K BECh-
Ma JOoporocTosimM. B kauectBe HamOosee mepcrek-
TUBHOM TEXHOJIOTUM HU3TOTOBJIEHUS YIJIEPOAHBIX MaT-
pHII paccMaTpUBAeTCsl MEeTOI (PU3NYECKOW aKTHUBAIHU
C HUCTOJB30BAHHWEM B KayeCTBE aKTUBUPYIOIIETO rasa
JMOKCHJA YyIJIeposa WK JIPYroro OKHUCISIOILIEro rasa
npu BbICOKUX Temmeparypax (750-1000 °C) ¢ uensio
pa3BUTUSL MOPUCTOM HEPAPXUUYECKOH  CTPYKTYpBL.
B ocHOBe MeTona (U3NUECKON aKTHBALMU JIS)KHT pe-
akuus (1) yacTUYHOTO OKUCIIEHUS YIieposa B IPUCYT-
CTBUM OKHUCIISIOIIETO ra3a:

C+CO, — 2CO. (1)

[lo cpaBHEHHUIO ¢ OPYTUMH METOIAMHU STOT METOJ
SBIIIETCSI HauOoJiee MPOCTHIM U MEHEe 3aTPaTHBIM,
MPEANOoaracT HCIOJIb30BAaHUE HEIOPOTOro CHIPhS U
XapaKTepU3yeTcsl JOCTIKEHHEM BBICOKOW YICIbHON
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mnomaau noepxuoctu (mo 1000 Mz/l“) [4, 21]. Han-
HBIN METO/ ABJISICTCA TepMOXI/IMI/I‘leCKI/IM, TakK KakK CO-
yeTaeT B ceOe BO3JICHCTBHE MOBBIIICHHOW TEMIIepaTy-
pel U mporecca okucieHus. OIHAKO B JHTEparype
HauboJyiee 4acTo MPHUMEHSETCS TEePMHUH «(puznyeckas
aktuBamws» [15, 20, 21], mosTomMy mnpu omucaHUH
HACTOAIIET0 TMOJIXOJa HCIOJIb30BaHA YCTOSBIIAACS
TEPMUHOJIOTHSL.

B nacrosmier pabote Ui MccieoBaHHUs Tpoliecca
usrotojieHuss PUIT koHIeHCATOPHOro THIA HA OCHOBE
YIJICPOJHBIX MATPHI[ BBITIONHEH CHHTE3 YIIICPOIHOTO
MaTepraia, JOIMMPOBAHHOTO MMHUTATOPOM HM30TOma Srt-
90 — craOWiIBHBIM SI, ¥ MPOBEJICHA €ro aKTUBAIWS JIJIS
MOJTyYCHHUS BBICOKOH yJIeTbHON IO MOBEPXHOCTH
u nopuctocty. Y3 momyueHHOro MaTepuaia copmupo-
BaHBI JICKTPOJIbI, U3TOTOBJICHA JBYXAIICKTPOTHAS SUCH-
Ka, M OTIPEICTICHBI €€ IIEKTPUUYECKUE XapaKTEPUCTHKH.

Mamepuavt u Memodsl

Jns monmyyeHns yriepogHON MaTpHUIBl OCYIIECTB-
JIEHa CIIEyIoIIasi MOCJIE0BATEIbHOCTh onepanuil. B
BOAHOM pacTBope o0bemMoM 3 mi SrCl,, conmeprxaiieM
2,56 Mr crabuipHOrO CTpOHIHUA, pactBopsutd 0,33 T
pe3opuunHa. Jlanee x pactBopy mpubaBmsu 1 mi pac-
TBOpa (popmanmHa ¢ MaccoBoil KoHueHTpanueit 37 %.
IlonydeHHBI TPEXKOMIIOHEHTHBIA PAacTBOP IOJIHAMeE-
puzoBanu mpu 60°C B 3aKpBITOM COCTOSHUM 24 4yaca,
Janee TpU TOW JKe TeMIlepaType B OTKPBITOM BHIC B
TeyeHue 24 4acos.

W3roToBNeHHBIH MOPOMIOK — Pe30pLHH-(hopMabIe-
rugaoi cMonbl (POC) moaBeprany mocienoBaTeIbHON
kapOonmaiuu pu 500 °C, 3arem nipu 900 °C B Bakyy-
Me. Brimepikka Ha KakmoM dTare cocTaBsuia 1 9, CKo-
pocts HarpeBa 5 °C/muH. Ilpomemypa HpuUTOTOBIICHUS
obpaszna POC+CO, oTnuyanach TeM, 4TO Ha dTame 00-
skura pu 900 °C yist akTHBAIUK TIOBEPXHOCTH BBITION-
HeHa 00paboTka yraepoaaoi Matpuisl B cpene CO,.

MuxkpocTpykTypa 000%CKEHHBIX MOPOIIKOB H3yda-
JIach C WCIONB30BAHUEM CKaHUPYIOMIETO JJIEKTPOHHO-
ro mukpockona TESCAN Mira 3.

VYaenpHy0 IUIOMIAAL MOBEPXHOCTH U TOPHCTOCTH
00pa3roB nocie 00KHra HCCIIeOBATN METOJIOM HH3-
KOTEMIIepaTypHOl aacopOuuu-aecopOLMU a3oTa ¢
MpUMEHEHUEM aHaju3aTopa copOuuu razoB Nova
1200e ¢pupmer Quantachrome.

DNEeKTPOXUMUYECKNE XAPAKTEPUCTUKHU (BOJBTPAM-
MEPOMETPUS, LUKIBI 3apAAKU-Pa3psAIKH, UMIIEJaHCHAs
CIIEKTPOCKOMHS) OBUTH ONpeNeNeHsl NPH  ITOMOIIH
JNIEKTPOXUMHYECKOW cTaHmmu Zive-MP2 1o nByx-
JIEKTPOJHON cxeMme. DIEKTPOAbl JUIsl HUCCIeJOBaHUI
MOJIy4YeHbl ¢ ucrnonb3oBanreM nopomka POC u cyc-
MICH3UH TOMUTETPa(QTOPITUIICHA METOIOM KalaHAPH-
poBanust. CopepikaHue MOPOINKa YTIEPOAHOTO MaTe-
puaa, moJy4eHHOTO U3 PE30PIHHO-(POPMAaIbACTHIHOMI
CMOIJIBI, B 3JICKTpOJIe cocTaBisiio 75-85 %.

VYaenbHas 3JEKTpHYECKas EMKOCTh OJHOTO DJICK-
TpOJa paccYMTaHa corjacHo ypasuenuio (2) [6, 7, 17]:

2-1-t
Csin gle = ! (2)
AU -m
rae | — Tok paspsima, A; t — Bpems paspsna, c; AU —
MajJieHue HampsokeHus, B; M — Macca 0IHOTO 3JIEKTPO-
na, T.

Pe3ysibTaThl HCCJIeJOBaHUA

Jns u3ydeHnss CTPyKTYpHl TOBEPXHOCTH 00pasIoB
MOPOIIKA Pe30pUUH-HOPMAaTbISTUIHON CMOJIBI TOCIE
kapOOHU3alIMU MOIy4eHsl uzoOpaxenuss SEM, mpen-
craBieHHple Ha puc. 1, a—d. [IpuHIMNUaIEHOTO pa3-
s cTpykTypbl Mexay POC u POC+CO, Ha ypoBHe
50 MkM He oOHapykeHO. OOouMM MaTepuanaM CBOK-
CTBEHHA pa3BUTas MIOBEPXHOCTh U PhIXJas CTPYKTypa,
chopMUpOBaHHAS  KOHIJIOMEpAaIed  CepuaecKux
MHUKpoYacTul pasmepom okosio 1 mxm. [Ipeamnonaraer-
csl, 4TO YIJIEPOJHBIM Marepuan C TaKOW CTPYKTypoi
Oyzer cBOOOJHO KOHTAaKTHPOBATH C MOHAMH 3JICKTPO-
JMUTa B DJICKTPOXHMHUYECKOW sueiike. OmHAKo Uit
P®C+CO, xapakTepeH HECKOJIbKO MEHBIIMN pa3Mep
gacTul W OoJNbIIas HEOAHOPOIHOCTH W IOPHUCTOCTH
MOBEPXHOCTU. DTU OTJIMYHUS, BEPOSTHO, BBI3BAHBI Ya-
CTHYHBIM pa3pylieHueM cTpykrypsl POC mpu akTuBa-
IIUH OKHCIISTFOLITAM Ta30M.

UccnenoBanue BausiHuS (HU3MUESCKOW AKTHBAIAU C
MPUMEHEHHEM akTUBHUpYtorero raza CO; Ha MOPHUCTYIO
CTPYKTYpY W COCTOSIHHE TIOBEPXHOCTH 00pa3noB POC
nmposenero npu momom MmeronoB BET um BJH. Kax
MOKA3aHO Ha PUC. 2, @, I 000uX MaTepuaoB u3Meps-
eMasl BeJIMYMHA OBICTPO BO3pAcTaeT B MHTEpPBAJIE HU3-
kux gaenennit <0,3 P/Py, yka3piBas Ha TO, 4TO MOBEPX-
HOCTh 00pa3loB mpuHAUISKUT K H1 Tumy nerenms ru-
crepesuca (cornacHo winaccupukarmu |UPAC), yto
XapaKTepHO ISl aICOpOLMHE B MUKpPOIOpax. DTH NaH-
HBIC COTJIACYIOTCSI C TAHHBIMH KPHBBIX pacIpelelICHHUs
[op MO pa3Mepam, MpecTaBieHHbIMH Ha puc. 2, b. B
JEUCTBUTEILHOCTU MIPAKTHIECKH BCE TIOPHI, CPOPMHPO-
BaBuMecs B npouecce u3roroineHus POC u POCHCO,,
SIBIISIFOTCA  MUKporiopamu. [lomydeHHble pe3ysbTaThl
M3MEpPEHH CBUETEILCTBYIOT O JIOBOJILHO Y3KOM WH-
TepBajle pacHpeieieHUH IMOop IO pa3MepaMm: JTUaMeTp
nop usMensiercsi oT 0,7 10 3 HM (Dyye30=2—-50 HM).

PesynpraThl wWccrenoBaHWMN  yAETBHOW  IUIOIIATH
MMOBEPXHOCTH U 00beMa Top I 00pa3IioB MaTepHaIOB
MpeACTaBIeHBI B Ta0n. 1. YaenpHas IUIOmaab MOBEpX-
HocTH st POC cocrasuma 664 M%/r. Briag MHKPOTIOp
B 00muii 00beM Mop [T MaTepuaina coctaBiseT 51 %.
Jus obpasua POC+CO, uszMmepeHHas: yIenbHas IUIO-
maap IOBEPXHOCTU cocTaBisieT 1315 M2/, IIpH 3TOM
BKJIaJl MHKPOIIOp yMEHbIaeTcss U coctapisier 43 %.
[Mony4eHHbIe NaHHBIE W3MEPEHHU CBHUICTEIBCTBYIOT,
yro 00beM mop POC+CO, mpakTuuecku B JBa pasa
MPEBBIIIACT 3HAYCHHS BEJIUYMHBI ITOPHCTOCTH IS
P®C. Takum oOpa3oM, nmpuUMeHeHHE (PU3MUECKON ak-
THUBAllUU CYIICCTBEHHO YBEIMYHBACT YICIBHYIO ILIO-
aib TOBepXHOCTH B 00BeMa mop POC+CO,.
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6/C 2/
Puc. 1. ®omozpaguu, noy4eHHble npu NOMOWU CKAHUPYHOWe20 31eKMpoHHO20 MUKpockona, obpasyos POC (a, 8) u POC+CO: (6, 2)
Fig. 1. Photographs obtained using a scanning electron microscope, samples of P®C (a, c) and POC+CO: (b, d)

Vi, CM*/1 dv, em3/r
450 0,03 0,50
400
350 0,025 0,25
300 0,02
220 0,015 0,00
200 0,1 1 10
150 / 0,01 [vameTp nop, HM
100 P C 0,005 —P®C

50 ——P®C+CO2 I\.\ —— PDOC+CO2

0 0
0 0,2 0,4 0,6 0,8 1 1 10 100 1000
OTHOCUTENbHOE AaBJ/IEHME, P/P0 OnameTp nop, HM
a/a o/h

Puc. 2. Kpusble onpedeneHusi xapakmepucmuk nosepxHocmu: a) uzomepmol adcopbyuu-decopbyuu Nz; 6) pacnpedeserue
Me30nop nop no pasmepam (MuKponop 8o ecmaske)

Fig. 2.  Curves for determination of surface characteristics a) adsorption-desorption isotherms of Nz; b) size distribution of
mesopores of pores (micropores in the insert)
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Ta6auya 1. Xapakmepucmuku nopucmocmu U N08epxXHocmu

POC u POC+COz
Table 1. Characteristics of porosity and surface of P®C
and P®C+CO:
s s | 5 g |8 £ |=¢
. 2 N
o § g8 ; = 5 = g”i
o 2 SXES| 3. %m| .2 w| E&x
8 = ?émEU’E "Q\Q)m\ é\mm\ [STR SN
2 E To sl s| 8ESE| SE5E| £S5
o S 2 EEE g 59§ 5 S 5 53528
8% |52BgE|5 2°|3575°%| 257
=3 a®| 5 B £ 5 E 5
> = [97) © ° te) = 3 =
o F c = = =
P®C 664 0,372 0,199 51
PPC+CO: 1315 0,652 0,281 43

OnexTpoxumuueckue xapakrepuctuku POC u
P®C+CO;, uccnenoBanu B ABYXDIEKTPOTHOU sSUCHKE.
B kauecTBe 3jekTponuTa Hcnoib3oBanu 1M pacTBop
H,SO, wu  woHHyl  kuakoctb  1-Oyrtmn — 3-
METHIIMMUIa30us  TpudropMeTaHcyibhanaTa, pac-
TBOPEHHYIO B IIPONMIIEH-KapOOHATe C MAaCCOBBIM COOT-
HomeHueM 3:1 (Janee B TEKCTE€ — OPraHUYECKUN 3MIeK-
TposuT). [yl BOAHOTO 3JIEKTPOJINTA OKHO HANIPSDKCHUH
cocraswio 0-1 B, s opranmyeckoro — 0-2 B. Ha puc.
3, a, b mokaszaHbI UKKIIBI BONBTAMIIEPOMETPHHH B BOJI-
HOM M OpPraHWYEeCKOM D3JIEKTPOJINTaX IPH CKOPOCTH
ckanupoBanus 3 MB/c. s o6pasua POC+CO, mpu
MPOBEICHUU BOJIBTAMICPOMETPUUECKUX HCCIEN0Ba-
HUH momydeHa Oojiee IIMPOKas IJIOMAAb IIHUKIOTpam-
MBI, YTO XapaKTEPHO JISI BBICOKOM 3JIEKTPUYECKOU
eMKOCTH Martepuana. [lns naHHoro obpasua Habmrona-
eTcs IIUKIINYEecKast KpUBasi, OJIM3Kasi K MPsIMOYTOJbHOH,
YTO CBOICTBEHHO ISl CYNEPKOHJICHCATOPOB C ABOM-
HBIM JIEKTPUUECKUM CJIOEM Ha MOBEPXHOCTH 3IEKTPO-
JIOB. Y3Kasl LUKJIOTpaMMa Ha Tpaduke, MMOIydeHHas
npu uccuenoanuu odpasua POC, BeposiTHO, ABISIETCS
ClIeICTBHEM OOJIBIIOr0 KOJIUYECTBA MUKPOIOp B Mate-
puaji€e U NpakTUICCKHU MOJIHOI'0 OTCYTCTBUS ME3010DP,
MPEMATCTBYIOMUX 00pa30BaHUIO JBOWHOTO 3JIEKTPH-
YECKOIr'o CJIOsl Ha MOBEPXHOCTH. CKpYIJIEHHE BOJIbaM-
nepoMetpudeckoro Iukia POC+CO; npu ucnomas3o-

I, MA
10 "M
——POC
5
o L A
5
-10
0 02 04 06 08 ypgl

a/a

BaHWU OPraHUYECKOro 3JIEKTPOJIUTa O0YCIOBIEHO 3a-
TpyaHeHHeM THu(dy3uM KpyMHBIX HOHOB OpraHHUYe-
CKOTO DJICKTPOJINTA B ITOPax MaTepHaa.

laxpBaHOCTaTHYECKHE KPHUBEIE 3apsima-pa3psaa Io-
nydeHbl TpuU TokKax | MA/C M mpeAcTaBieHbl Ha
puc. 4, @, b 1715 BOTHOTO U OPraHUYECKOTO AIIEKTPOITHU-
TOB. MOXHO OTMETUTH, YTO i KpuBbIX PDOC+CO,
XapakTepHa NPaKTUYEeCKH TpeyrojibHas popma KPUBOU.
DTO MOATBEP)KAACT MPEANONONKEHUS O MPOCTON Iu-
(Gy3UH HOHOB AJIEKTPOJIUTA TI0 ITOpaM 00pa3lioB U BEHI-
COKOW OOpaTUMOCTH 3apsia dJeKTpoja, oOHapyKeH-
HOM IO pe3yibTaTaM LMKINYECKOH BOJIBTaMIIEPOMET-
pun. [lameHwe HampsDKEHHS B BOJHOM DIICKTPOIHTE
H,SOy4, cOOTBETCTBYIOIIECE BEIUYHMHE MOCICIOBATEIb-
HOTO CONpOTHBJIEHMS sueiku, coctaswio 0,321 u
0,008 B miist POC u POCH+CO, cOOTBETCTBEHHO. 3Ha-
YEeHUS MAJCHUS HANpPsDKSHUS UL 3TUX JKe 00pas3IoB B
OpraHUYECKOM DIIEKTPOJIUTE XapaKTepU3yeTcsl Beu-
gypaamu 0,368 u 0,138 B.

B T1abn. 2 mpencraBiieHBl BEIWYUHBI JIICKTpUYC-
CKUX eMKocTel o00pas3noB »3nekTpogoB PDPC u
P®OC+CO;, B pa3nuuHbIX cpenax. DJIeKTpHUUecKas eM-
KocTh oOpasma POC B cpeme BOIHOTO 3IEKTPOJIHTA
npakTuyeckd B 30 pa3 mpeBbIIaeT aHAJIOTMYHBIN Ma-
pametp B opranndeckoM anekrponute. s POC+CO,
9Ta pa3HUIA COKpAIIAEeTCs J0 IBYX. YKa3aHHBIH (akT
MOJATBEPXKAAET Haiuuuyue Oojiee JOCTYMHBIX MOp B
ctpyktype oopasua POC+CO,, uto obneryaer auddy-
3WI0 KPYIHBIX HOHOB OPTaHUYECKOTO 3JICKTPOJINTA.

Ta6auya 2. Emxocms obpasyoe POC u POC+CO; e pazauu-
HbIX cpedax

Table 2. Capacity of P®C and PPC+CO; samples in vari-
ous environments
EmMkoctb aniektposa, @ /r/Electrode capacity, F/g
O6pasern
Sample PactBop 1 M H2S04 HoHHad KUAKOCTb
Solution 1 M H2S04 Ionic liquid
P®C 8,7 0,3
P®C+CO2 84,3 47,8
ls MA
——P®C
2,5
0
-2,5
-5
0 0,5 1 1,5 u, B2
o/

Puc. 3. Boabmamnepomempuueckue yukavl POC u POC+CO02: a) 8 IM pacmeope H2S04; 6) 8 opzanHuveckom anekmpoaume

Fig. 3.

Voltammetric cycles of P@C and PPC+CO:: a) in 1M H2504 solution; b) in organic electrolyte
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Puc. 4. ukawl 3apsida-paspada POC u POC+CO0z: a) e 1M pacmeope H2504; b) 6 opzanuteckom anekmpoaume
Fig. 4. Charge-discharge cycles of P®C and P@C+C0:: a) in 1M H2504 solution; b) in organic electrolyte
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20 0 10 20
10 M /\/
0 ——P®C
0 20 40 60 80 100 0 20 40 60 80 100
Zreall Om Zreal' Om
a/a o/
Puc. 5. Kpusbie umnedarcHoil cnekmpockonuu POC u POC+C0:z: a) 8 1M pacmeope H2504; 6) 8 opzaHuyeckom 3/1ekmpoaume
Fig. 5. Impedance spectroscopy curves for POC and P9C+CO:: a) in 1M H2504 solution; b) in organic electrolyte

MMnenancHas CHEKTPOCKONUS IO3BOJISET Ompere-
JUTh TOCIEA0BATENbHOE CONpPOTUBNEHHE R sueiiky,
KOTOPOMY COOTBETCTBYCT KOHTAKTHOC COINPOTUBJIICHUC
MIPOBOJIOB M KOpIyca s4eHKH, R, CONpPOTHBIECHHE Ie-
peHoca 3apsifa yepe3 ABOWHOM CIIOW 3JIEKTpoJa M CO-
npoTuBiIeHUE TU(( Y3 HOHOB 3JIEKTPOIUTA.

Pe3ynbraThl UMIIETAaHCHON CIIEKTPOCKOIMU IIPECTaB-
JIeHBI Ha puc. 5, @, b. Conporusnenue Rg 171st 2meKTpooB ¢
POC u POC+CO, cocrasister 59 u 5Om B 1 M H,SO, 1
74 n 55 OM B OpraHMYECKOM 3JIEKTPOJINTE COOTBETCTBEH-
Ho. Jns ob6pasna POC+CO, B H,SO, xapakTepeH camplii
KpPYTOl HaKJIOH KPHBOW, YTO CBOMCTBEHHO JJIsI BBICOKOW
cKopocTH Ir((y3ur HOHOB 3NIEKTPOIIHATA.

06cy:xieHHe U 3aK/II04YeHne

B nannoii paGore 00pasibl yrIIEpOJHOW MAaTPHIIBL,
cozepxanied Sr, ObUTH CHHTE3MPOBAHBI JIBYMS CIIoco0a-
MH: IyTeM HeIoCpeCTBeHHOW KapOOHM3AIMK W C TIpH-
MEHECHHEM JOMONHUTEIbHON (Pu3HUIecKoil akThBanuu c
ucnone3oBanreM CO, B KauecTBe aKTHBHPYIOIIETO Ta3a.
[NomydeHHBIe 3KCTIEPUMEHTAIBHBIE PE3YNBTaThl HCCiIe-
HOBaHI/Iﬁ TOKa3bIBAKOT, YTO MATCPUAJIOM C HAWTYUIIUMU
XapaKTepUCTHKaMK ObLT o0paser mociie (QU3MYeCKOn
aKTHBAlLlMH{, yAENbHAas IUIOMIAh MOBEPXHOCTH U 00BEM
rop Kotoporo coctamsumi 1315 M/r 1 0,652 cm/r. Tax-

ke JUI1 JaHHOTO o0pasiia XapakTepHa HauOOJbIIas
yIeNbHAs NIEKTPUYECKasl eMKOCTh dekTpoaa 84,3 d/r.
DJeKTpuYecKass eMKOCTb YIJIEPOJHON MaTpPHIII COCTaB-
nsiet 99,2 ®O/r. Jlanuabiid 3hGeKT ABIACTCS Pe3yabTaTOM
YaCTUYHOTO Pa3pyLIEHUs] TOBEPXHOCTH YTIIEPOIHOTO
Marepuala B mpolecce (PU3MUeCKOW aKTHBAIUH, COIIPO-
BOJK/IAIOIIETOCS YITY4IICHHEM TTOBEPXHOCTHBIX XapaKTe-
PUCTHK M, KaK CIIICTBUE, MOBBIILICHUEM JIOCTYIMHOCTH
MOBEPXHOCTH MaTepralia MOHaM SJIEKTPOJIUTA.

[TomyueHHBIN pe3ynbTaT OJM30K K U3BECTHBIM JaH-
HBIM, UMCIONIMMUCS B 3apyOeKHOH JHTeparype, TIe
TOBOPUTCSI O BEIMYMHAX YNIENbHOH IUIOIIAAX MOBEPX-
Hoctn 7002000 M%/r u o6wemax mop 0,6-2,3 em’/r;
yaeNbHas JJEKTPHUYSCKass eMKOCTh TaHHBIX MaTepHha-
noB cocraBisieT ot 100 no 110 &/r [8, 15, 20]. Takum
oOpa3oM, yriaepoHas MaTpulla, MOJIydYeHHas B JaHHOH
paboTe, COOTBETCTBYET TEXHHUYECKOMY pE3yIbTAaTy,
JIOCTUTHYTOMY Hay4YHBIM COOOIIECTBOM.

[logBoast WTOT, MOKHO OTMETUTh, YTO YIJIEPOJHAsS
MaTpuIla, MOJTyYCHHAs IyTeM MpeIBapUTEILHON KapOo-
Huzauuu POC ¢ mocaenyrouielt Gpuzndeckoil akTuBamu-
eit B atmocepe COy, siBrsieTcss HanboJee MoIXOIAIIIM
W3 UCCICAOBAHHBIX MaTEPHAJIOB IS JOTMPOBAHMS U30-
Torom *°Sr ¢ 1e/IBIO NPHMEHEHHS B PaIHOM30TOMHBIX
HCTOYHHUKAX MUTAHUS KOHACHCATOPHOT'O TUIIA.
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