2. « [1BOUHOCNOUHbIE» KOHAeHcaTopbl. [lpouecchl
nepes3apsixeHns MexXdgasHbiX rpaHuy,

- XapaktepHble yaenbHble eMKOCTU; noyemy yrrepoa?
- beicTpogencTeme

- Ponb anektponuta

- Ponb nopuctoctu

- Ponb okucrneHus NOBEPXHOCTU

http://www.elch.chem.msu.ru/rus/wp/index.php/kinetics/



[

lon permeable separatos

[ByXxaneKkTpoaHaa cucrtema C
nepesapsxaeMbiMyU MeXdasHbIMU
rpaHMLuamMmn — KOHAeHcaTop?

Current Collector

———— Carbon in contact
with an electrolyte film

+
EmMkocTHOM
L TOK 3
\ g Electrolyte lons
1 — ngeanbHbIN KOHOEHCATOP
2 — OMUYECKMIN NEPEKOC
3 — peanbHbI «ABONHOCNONHbLINY
AU U__ KoHOeHcaTop

YaoenbHast eMKOCTb:
3anasgbiBaHune

HanpsAaXxXeHus

- Ha Mmaccy (TexHun4eckad
1 XapakTepucTuka),

- HA UCTUHHYHO NMOBEPXHOCTb



>

Specific Capacitance (F/q)

TUNUYHbIE peXumMbl UCCriefoBaHUA NPOLIECCOB Nepe3apsikeHus

BonbTamnepomeTtpua
B
200

100 " _
A >
—— 100 mV/s o
0- - = 200 mV/s &
- -4+ -500 mV/s o
! >

-100- i

-200 —

00 05 10 15 20 25 30 35
Potential (V)

35 CEeKYH[ --------=--=mr=rsmmmmmeees

EmMkocTb (P) — 3aBUCUT OT NoTeHumana

EmkocTtb (Kn unn mA*y) - nHTerpansHas

XpOHONOTEeHLNO/KynoHOMeTpUS

57Alg 28Alg 1.4AlQg

50 100 150 200

Science 2011, 332, 1537




107
108
9 1¢° «JHepreTnyeckue»
2 o XapaKTepUCTUKN
% | yrnepoaHbIx
o 1% TROCHEMICAL (cynep)koHpeHcaTopoB
é CAPACITORS
"% 100
10k .I
1
0.01 0.05 0.1 0.5 1 5 10 50100 5001000
Specific Energy (Whikg)
Characteristic Electrolytic capacitor Carbon supercapacitor Battery
Specific energy (Whkg=') <0.1 1-10 10—-100
Specific power (W kg=!) 3 10000 500—10000 <1000
Discharge time 10-6 10 10~ s s to min 0.3-3h
Charging time 10-6 10 10—3 5 s to min 1-5h
Charge/discharge efficiency (%) ~100 85-908 70-85
Cycle-life (cycles) Infinite =500000 ~1000

Max. voltage (Vipay) determinants
Charge stored determinants

Dielectric thickness and strength
Electrode area and dielectric

Electrode and electrolyte stability window
Electrode microstructure and electrolyte

Thermodynamics of phase reactions
Active mass and thermodynamics




3neKTpon UTbl AnNA yrnepoaHbIX

(«4BOMHOCIIOUHbIX») KOHOEHCATOPOB B NOHHBIX XUAKOCTAX:

Organic electrolytes Discharge Specific Power density
(C2Hs)4N-BF4 (TEA*BF4~) capacitance energy kW kg™)
(C2Hs)3(CH3)N.BFy (TEMA*BF4~) “CoFg')  (Whkg)

(C2Hs)4P-BF4 (TEP*BF4™)

(C4Ho)4N-BF4 (TBA*BF4~) 210-234 33 7
(CgH13)4N-BF4 (THA*BF4~)

{CaHs uN-CF3S05 (100-200)  (1-10) 30 10

(CaHg )4N{CF3S0; h N (TEA*TFSI-)

Inorganic electrolytes

H,S04 ~ B H_‘_Eiﬂj"m“s' ]

KOH = 104 .

Naz 504 E 1M TEABF /AN

Nacl Solvents =

Li-PFg 5 1- 1M H,S0,

Li-ClOg4 Acetonitrile (AN) 8 ]
vy-Butyrolactone (GBL) o g
Dimethyl ketone (DMK) 5 :
Propylene carbonate (PC) 0.1 C?rbon 29’_'47 /7, 177.,

: N T N e T A :
Water 10" 10? 10° 10°
Power density (W L")
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JACS 2010, 732, 13220-13222
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derpagaunoHHbIe ABreHus

- NPY LMKANPOBaHUK

- NpY XpaHeHUK

Pores blocked with
trapped cations

Pores accessible
to mobile cations

J. Electrochem. Soc. 2008, 155, A745
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MoBbiweHWe yaenbLHON eMKOCTU Npu (hopMUpoBaHUN NOBEPXHOCTHbLIX

YHKUMOHaNbHbIX rpynn
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Samples Atomic ratio O 1s/C 1s Graphitic carbon Hydroxy Carbonyl Carboxyl Carbonate
Non-activated GE 0.08 73.48 10.57 5.61 488 5.46
Activated GE 0.21 64.68 13.78 13.59 7.05 0.90
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