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The preparation of carbon based materials and study of
energy storage properties
Abstract

Coal tar pitch and petroleum coke are important non-renewable carbon sources in
the chemical industry's production process. They not only have low utilization
efficiency, but also cause serious pollution to the environment. Through its deep
processing and lightweighting, the unique energy storage carbon material with unique
performance is designed to improve resource utilization, thereby increasing the added
value of its products. The carbon content of petroleum coke accounts for more than
80%, and coal tar pitch is a very complex and changeable chemical composition. Its
basic constituent units are polycyclic, polycyclic aromatic hydrocarbons and their
derivatives,which carbon content is as more as 90%.so they are carbon materials
prepared from carbon sources, which have high yield, good conductivity, and
excellent electrochemical performance.This paper aims at the perparation of
electrochemical energy storage carbon materials from coal tar pitch and petroleum

coke.The main research contents were as follows:

(1) Using petroleum coke as carbon precursor and K>CQOj3 as activator, a series
of petroleum coke-based porous carbons were prepared by carbonization-activation
one-step method. The effect of pore structure of the activation time, and the heating
rate pre-oxidized process were explored.The specific surface area of the porous
carbon with wt20% H,0, was maximum which is 1886 m’ g'1 and the total pore
volume of 1.477 cm’ g'l; The electrochemical performance was best which the
specific capacitance is 227 F g'1 at the activation ratio is 2:1,the activation
temperature of 800 °C, the activation time of 2 h and the heating rate of 5 °C min’'
at 0.5 A g'l,when the current density reaches 50 A g + capacity is 168 F g'1 and the
retention rate is up to 74.0%.

(2) The porous carbon with high specific surface area was prepared by using
potassium carbonate chemical activation technology, When the single coal tar pitch
was used as the carbon precursor, the specific surface area of the porous carbon
prepared at the activation ratio of 2 and the activation temperature of 800 ‘C for 2 h
was the maximum, which is 1886 m’ g_l and the electrochemical performance was the

best, which has the specific capacitance of 248 F g’lof the three-electrode system at
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05A g’1 in 6 M KOH. Using coal tar pitch and phenolic resin as carbon precursor, the
influence of the proportion of coal tar pitch on the structure and electrochemical
performance of porous carbon was investigated under the optimal activation
conditions. The specific surface area is 2163 m’ g’l at 75% of coal tar pitch, and the
electrochemical performance is best which has the specific capacitance of 244 g’1 of
the three-electrode system at 0.5 A g'l.

(3) In order to improve the problem of graphite stripping of the Li-ion battery,
combined with the advantages of carbon materials, the core-shell graphite@ coal tar
pitch material was designed and synthesized using the liquid-phase coating method.
When the carbonization temperature was 900 ‘C and the coating amount was 5%,
The carbon layer is approximately 7 nm. Electrochemical test results show that
graphite @ coal tar pitch has good cycling performance, the reversible capacity

reaches 387.5 mA h g'1 after 100 cycles, and its capacity retention rate is 96.5%.

Key Words: Coal tar pitch; Petroleum coke; K,COs; activation; Graphite;

Electrochemistry
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Fig. 1.1 Schematic diagram of double-layer Helmholtz model (a) and Stern model (b) formed
at negatively charged electrode/electrolyte interface in aqueous electrolyte. IHP indicates the close
layer-to-electrode distance; OHP indicates Uncertain adsorption of ions to the electrode distance,

OHP is also where the diffusion layer begins; d is the distance of the double layer of the

Helmholtz model; g, is the electrode surface potential
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1.2.2 BRENAKE

BgKE (CNT) TR ER. AN, BENVRMERM B FRE, 3
RS2 S ) B 2 FE A A A o . (R X T Al B K ST, R W
RSN TREES, HEMENBREROEEME, KA EHSLREME, )
1 20-80F.g "% 2, fE L EERRGKAT b, LA RS I A 0 5 AT A R
DOl fH A2 MH LU VR HE R B AR SR UG, AR, EH, B TIEE gk
EHAT AR, AT SR AE, HEMR AR 22K, FrUREA
R R I BEAEHE . 9KRA T ERHEFI AR RS, X FE R 9K E Befl
VAR, TR R R ERED PY, AR R T 9K (1 9K 5 4 WA
FLEARKE R RRTS, SRR ERM R 7o b e AP, a1k
AT E AE A ) CNTs 551, ELRMEAUN 395 m® g, A5 B84k
AR LB A R, A TEREN 104 Fem®, 7RSS EEE 10.8 wt%It [
I, EH 10000 (K 5 5 2R IREF 98.3%.

=

Ao v
i

G

mf

1.2.3 RSB

BRI SR FH M -V s v ] 4% 11, R ok [ R A R A 4 A IR LA 3
R EEES AP LT SR A B 2L RK B, S A, BT
LG AR E SR JLS/em), EHILLERFE 400-900 m* g! 28, HiFEt
WALLLES N, T AR BN Z LM, RS R 23 1 thR Y.
SRTI, M SCHRARGE , 164 LR AR R B b, LR 299 50-100 F g/,
PR & T e AR ED. 5w, XS SRR, NS8T
PRI DN, R AT B TF R I 24880
1.2.4 FEME R 44

SRR AR L, S MR AT 4 sl RN K AT 4 AN T BTG 577, T EL
B LA S A0 T 2R (I o 375 M R 4T 4 (R FEL 5 AE 200-1000S em™' 22 8], HAE
P AR T o T AR AT Y A AN AT 4 4RO R R S AT 2 R 15 31K
I Nit 2 B R IEE, Zidid )G =4 10 b2 i AL A] LLUE ] 1000-3000 m* g
SR RAZEAK . R, EHERT MMM R, IR e R GEEX )2 H
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2 I RFE QU LA . 3R 1.4 52 JURE R FE AR R b iy rEAL 2 PR RE L,
A DAL i A R B AR AR B e L R FELAR A ) R AR PR R S

A L4 WUZ RS H R AR 1

Table 1.4 Properties of commonly used carbon electrode materials for double layer capacitors

B R SA/m’ g) CFe) —
K& AHHL 5 R
i M 1000-3000 200-400 100-150 100-150
B R 500-2500 120-350 120-135 150
WK 120-500 20-180 20-80 20-45
Bk AT R 1000-1600 . 100-140 100-150
prds 250-2000 <300
R 400-1000 40-200 <160

1.3 BB R F ARV R &5 E

1.3.1 ¥3EE L

VRS ALV AR AR TR, R ERRAL S, AR5 FHLE 600-1200 CI1Y
Bl N &K S R AR, =R BIER SIS v TE B,
B SR 25 0 R IR A (9 R AR g s — SR AR A A W, XT3RS KR AL R A
Bhe— A% B, BrUEYEENAT, R T RS EE — €Y
AALERAI AT, BT IHALBR RN, BTCAESE 700-900 C R TiEtk, ¥
P AN AR 2 A 3 A 75145 ST 35 R 7 K BR824 ) R PP,

KSR R 3 R P,

C+IL,0 — H,+CO  (1.5)

K ZE et I I R N A

C+2H,0 — 2H,+CO, (1.6)
SSALEE G0
C+2H,0 — C(H,0) (1.7)
C(H,0) — C(O)+H, (1.8)
C(0)—CO (1.9

H TR SR AR AL, —BEAE 750-1000 CHEAT, FIHAMERALH, #%
ZHITHOKZES (SERE 200 °C), JRFLNAERURL A EBI 51T, B0k P9 55
(1] SRR S N —

AR AL R R G R
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C+C0O,—2CO  (1.10)

CO, fENEWA, R ZARARRL, —MAE 850-1000 CRHEAT, ZHTH
AL BB A o 5 b Ik PR A 4 A P R S N TP e 1 T A B A B 4 o D TR
ST AHEN R B Y B, T CO, 20 T H 4£(0.33 nm) K Tk &S5
T(0.29 nm), FrLA CO, 7> TAEZ LR T IG5 BlUd B LUK 28 <8, Fr A&t Co,
TEA & 1 3 R DAL E R R, HEARE LR . il AKiE 1L
H& W EH KIS MALEEH Mo ML RMEY. BT co, RiRES
e, FrbL COy AR /NI R A, 7K Z8AH T2 BT Tlk A=,

1.3.2 hZEFR A

b #idm iz R R (KOH. KoCOs. ZnClay HsPO, 25) 57 A BRAA TR
&, EEMERE DT EE AL (400-900 °C), RN TR, #HTR
fritflo
O wiE. WIS H AT AR 2 E A& KOH, WA M SCIikE T
NaOH J54L A KOH 3L X 51, X1 KOH &ALl Tl % B A m L% 1
LS T2 FLR R, R A ROs R

KOH—K,0+H,0 (1.11)
KOH+C—K,COs+ K,0+H, (1.12)
K,CO5+2C—2K+CO (1.13)
C+H,0—-1,+CO (1.14)
K,COs— K,0+CO, (1.15)
K,0+C — 2K+CO  (1.16)

MIEEENT 400 CREEZE LKA (1.11) BN, HiRE#E 600 T, K0,
KoCO; 5 % R N2 T R A 1 ¢, PoAE — B fL IR, 249 fh 5 A i 0 11 3 o5
762 CHI, F4 A8 e 2805, P Buk NRE, NS R T RESEZ BIIEE,
FHHF=HEZIMAER, (R LB TS &, eIl . i =4
CO, F1 H,O th2& R UFHEFLFA, ol — 08t m FLAR, MR APRE IR B 14 B4R R
75 A R L B A2 1) SR A AT A [ 5 AL, AF SR AR )3 A AN AT LA i M R T
A B RRAL, T AT BAES BT R AL A . ) 1-8 B, Xia M
A7 A KOH 737t PVP H1, REIAIJELE 800 CH Ho/Ar 5 Fikik 2 h
il &1 B —Hp 2 FALRMEL (APC) .
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.
- A
i )
% oY iy T ®
Carbonization 800 °C
a ‘

Mixed with KOH
o S
#
F b
§

¢ y _f'lll

2= | i

1.8 APC BRI HGL R, (@) R SR FURK b) APCUR AN R IBOR A5 40
Fig.1.8 Schematic diagram of the generation process of APC[44],(a) raw pine cone,(b)
APC (low and high magnification)

@ ZnChLifft. SAEERAEMMMAIER, —BEREREERETE 600-700 C
Z [B]. ZnCly 7 il FRESS AR IRk (19 Hy O JRF BAAK /7 1T 3000 25 ok,
2 A B AE SRk, 3 T RAMEHIORCR . MR A A, ZnClL AFHE
BEAER, JFH B TR a5 3 R A B LE R IR FLA RN . ZnCL AEHN
HEEE, LRI CHRT, RS ZnCL 58 & E—iL, BTk
KA TENER 52 4 Bk 2 Je, AT LA IR (R i F2 28 ok . R KA el
M52 8 5kE, KA ZnCly i i & Tl i tE R, H LRI &R AL 1995
m’g!, FLZN 1.048 cm ® gt 03 i T AR AE AL AR 7 A L R AR

@ H3PO, ifift. HiPO, MEAIEWTIRES BiK/E A BREIER . AERURIR LS
T, RAETRAR A RER /NS4, I CO. CO, 5t CH, 45, [ H3PO,
5-OH A ila s, FIEERAEA LIRSy, MARLEM, R
P-O-C R Wi, T8 R R E A 4e & S RL #4738 0, T FF i i
FLEFIFERER HaPO, 7 X B R AL T AE . BRI DL LT e N
HATIRR, T HyPO, i& ALl 5 (4T 4 R AL 3H M H LR T AR ATIA 1675 m*.g
SR L TR B, He A R AE BTARIE (K SCHR AL T o AP 2,

1.3.3 #24R0E

Bl 1-9 A BRI BE T 2 FL AR AR YOO, — Pl AR 55
TSI 22 FLEA AT TCATL ) R, 38 T oA UAS AR AL B A i — b B A BT 0 ik
AR FLBR M B o5 AR AE SRR B BCR T E RSB, R AR,
7 AR SRR R [F) I A AR T R AR 3, AT A A R TR S 2 LK
AR il 26 1) 22 FL IR AR AR A B B RFIR S5 1, T AL MRSl Ml v BA
FEBR I SIVE AN P
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Exotemplating

R

Endotemplating
A A A A
g e — —
. |
Pl 1.8 HEASLARO LR R AR 1) s 5 ]

Fig. 1.8 Schematic diagram of hard and soft templates

@©  AERRIE

£ 1982 S5 IR PURF S N LABRIBIE OMIRR, LR IR M, i 2 - Fhoir
(12 FL s R, FEFF I T BAREAE ARAR R it A 2 LR AR 6 . AT
1-9 Pz R AR B R LA, BRI 4 2 FURMBH D RO 1) JE 3] &
BURA, JEH LR T, 2) HEIERASIBRA N SLET, RER
€, 3) FIERBCHRER 2 AR «

| Postemoval of silica

Lo alifface arfea

B 1.9 1R GERIANIRATH & 5 HPCs Ji ik i) i HL 2
Fig.1.9. Schematic illustration of the comparison of the conventional

and our synthetic route developed here to HPCs
H R FLEELD MCM-48, MCM-41. SBA-15. KIT-6 25 A 545 P bk 45
i, FRoEtElr . S50 5 T B MRS, B L CLgs B BRG] &0 7 4L
BATEL, AL G0N 5 7R PR R BAUE 15 20 2 ALK 1 LE R T AR E AR IAAS BB AR (1045
Ho XFRFL R4 PTFE JRALIG 2 b 22 RERLR BT R0 57, A OUAT LA 3]
LR mAEE 2051 m’.g”, LA LGTEM LR T 20 %, TIH PTFE 7658
Wik AT LA =4 HE FrRAR> ¢ & RO IR, R -FREEGT — AT, HE
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BB T R M A A o B T RERRR AN — ST WL LAAE, — 8Nk
A4 CaCO3. MgO. AlLO; AR Sl 7K HE A1 tH ] LA AR 71 & 2 FL R 1 8l

R AR AR V2 1) 4 22 LR AT R A A 0] 2R 1y FR SR IR RN . B Tk
AR I . REEAE . THEn S —ERE R AR R AN TR, IR ISR IE SRR SR
R AWMR L, MR THRIBARE, BEZRKRR. THELE, A
WK HESMZ; XA CVD IR, ZHE /N o T RE LAY H %
AHIFA LA, 15 FIFPR ) F R AR W] 3L 3000 m?® g ' A2 AT, bR SRR BRI
Z R E G T HE R ERS, (AR AR S B s, b AEShr N
M, EEEmM RS-
@ BB

WERE, NHEN-ENEAERE, &5 RIEESIE AR, D
B AR S R e mi R AR, — 38 O S L B 0 2 [A)  FEL SR LR R 3T B 4,
1 2 T RS K SR A M L 5 ik AT IR AR 2[RI IL TG, 5 28 Ak B 5 T
BT 2 FLRM L 1Z TR RBAE T30 B O PR3 6. WK 1-10 ATLLR H,
R RE LR 4 A% ORATIRERA B HRERPUKEE RS ©
2R MILFRA, FERALEE PR 457 GFL-F 5 REMY 52 %= 44 i T
BB, IR R AL FR rp o MR R B s @DROR A7) e T 1 e FEAE BRI
EEPrtRl, IF B LERAL S 2 i fe R LR E5 4 o H R T BOREAR I BLAR 77
—MRE WK B ILEY), W F127 #1 P123; 5B —FRAKE AT 0 E) PS BR, %A
A ) 2 FLAR [ EL R AN AT IA 600 m g 7'

22 triblock copolymers
© carbon precursor

D B
organic solvent 6\2‘*

Porous carbons

carbonization
. .

B 110 BB A 2 FLR B R =

Fig. 1.10 Schematic of synthesizing porous carbon by soft template method

1.3.4 ik E B AEIHEZR (MOFs)

SIBANHMELE (MOFs) Z&J&EE T+ 5A NS LM /EH TR A
[ 7 T 4 I 25 (R ST AR G5 48, 7 & M R I b R AR b ok, AT Rz F 24
Jrifi. A[FF MOFs A RHAA ARSI B 1.1 42 Jiang @41
IR F RS MOFs 244k, 8 T AR MOFs #4K0 835 44 4 Kl
FLEE R ZBAEBE (R M, Horh MOF-5-1000 B A f i (1) HL 2 T A, 15 %) 2084 m®

£y
g
T
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g!, T PCN-224-700 i 7 A A BE0EMRE, HERHR N 1090 m? g',
HA R a1 .

%_) ¥ ;4:;.‘- MO
1 NaBH,
) - T \-ﬂx T
E#‘v"' + *"%’r} OH
MOF-5 (. b
{ i
Dy LT @ pymlien
- N, ={ = »{ P
5 A e -mmobain L) L L P4 @ pyidinic w
ﬁ-’? )[ - { pa —
= 2. matal f—a‘ { » -; * ¢p graphitic N
e remaval o, U g O, 8
ZIF-§ U
o -
:ﬁ ﬁ'- o H-deped perous carbon
T -::"\l‘— NH
& . i 1
oy ﬂ' ﬂ o
PCH-224 OH

B 1.11 AR MOFs #RE& %45 2 2 LR Fr s

Fig.1.11 Synthesizing nitrogen-doped porous carbon from different MOFs

Li i@ 41858 ZIF-67 MOFs #1815 2 (1) A4 KL LR TH AN 3456 m* g ',
N TR, {5 Bh ZIF-67 1 ZIF-8 XU 4 J@ b 47 HE4, Zhang i@ ZH i i 2%
WA B T BB 2 B 42 R Zn/Co AL, %2 FLR AR EL R AU £ 900 m* g
Jiang IR YE LS PCN-600 MOFs #1858 H A7 4 8805 — 4E454 1) Ni-Fe-P %
FEl, Shao 25 APSZE R GIL IR DL ZnO 9K FE51 g il 8% ¢ 0 i J5 A7 A% & 1
ZnO@ZIF-8 (W% 545k, SR i mik . JRAL TR & ZnO@C@ LDH (1]
WAL

1.3.5 RFEE Y223k

R AR Y 2 HAR R R A S R I 5T PVPL PVN. PVA S5m0 TR
7 T A P SR ] 2 9N oK BUAOR £F 4EMA L 1) 7 3%, JH: B AR o L A 0 S A R U AR -2
(V) o vy s P e, DR A o B8 ST 1) 477 22 1) TR RS AR, J8 e WA R
BRI, I AEBNOR T Rt ST AN R EF 4 . 1% 773 mT AR B4 4 B AR IE 9N
Kk, JFHHREREMERMZMART. B 112 2R By AR &2 LK
nEE, LR REARN SRR, ATRARLF4E7E 260 C& A F kT AL
AR, SRS LT 650 CrRiiR b 2 h, BREFENGIA SR, T ERE X
RATHFLIE, SRR & 4T 4RIR I 2 AL AR,
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for 10h

.qrzao-ﬁmhlﬁzwm-lh © Electrospinning
650° for 2 h

T-Nb20s/CNFs Precursor fibers Precursor fibers
Bl 1.12 #lg 236 E LR R B E

Fig. 1.12 Schematic illustration of synthesis procedures for porous carbon

+ PAN I
+ NbCls
-
.s =]}/
S Mized and sticred H”“Jl{’cf;l]

materials by electrospinning technology
1.4 RRHETES FRIBANNA

14,1 SEERMRHR SRR it SRR

1 E%[SS]

SRR ARG EA AL, TSRS, HEARESEZRIE
RIS, B RAERE, FHES A SREAR, st n] DA s .
JE R N E F =S40 REHSRE=Y . La. Gd)5FH B EER, B
REH;-f 888 &9, FIASEMMEMEEFILE, #aB0NHERAREZmitE, 1§
B 250 Pl 2 J5 R E AR FF 750 mA hog ', B RIAH O e Al i B 1 7 15 BA HaS Oy
F KMnO, AT, HINES Mn0;. 2875 A1 HpSOy 43l r=4 O, fil SO,, 7E
30 S Wi R B A 8, ARtEA S, StEa SRl T Lt ARy B, s
TR E 373 mA h g, BT BSAE , 765 410 5 A B R FF8 370 mA
hg', BAMLFMEEERE.
2) FRANKE

EHTHERIRN C-C LB AMEAH UL UK PR Z Z9 KRS
EHRAE, UL EARESRE., I, A SR, SRS R T
HA BB, H AR A282 mAh g, HIREN91.5%. HLEERR
A L BETRANK B S, WA EAE 460-1000 mA h g ' 2 (W], H1 AR
A 350m* g's FTUAE IR AT A = iA $) 1200 mAh g's RIEEAIE
IR B SCHEVAIR - BRI T34 B TIO/SACNT & &ttt A T8 5 T b
IEARAT R, e o R RIFIIIEAMERE, W LAE 60 C HIREE T

-17-



NHEEH TRl A it 18

EH 1000 Pl HAT, BRACKRE BT S5, FEAEELE T Hb A R
S
3) W4

BRETFHERIA S Z M2 A, DIy IRRRET 4E. PAN BREF4E. IR AH I
BT AESE . T RRET 4 FEAG. WIdELr, W UE R E &M EMER . B
CRYER R B T Rt N A R, RN B LT 4E 45 E 1000 CREBefS, L
HELR B2 450 mAh g, BoA B AES, RimbT SEIEM A K S350
AT & . T 2T LR TR BV TR 7 19 8, M mer 4 2 701k
W P 510 o AL B AT 4E (R AT W 25 ik 315 mALh g, 55— IR 78 T RIS 97 %
SRR L@ A . B 3D FTEHAR &k T LFP £F4EBA #% Fl LTO £7 4
FAME AR, T ZRtErEE R T4, 76 0.05A ¢! FHREE FE=IA
110 mAh g, 55 1 7] 3 2 R ] i 48 1 ) T A SR K J T 28 ) ol T N LA
RRHIED.
4) A

ARG EA SPPIRRE TIEM 2D gk, BENA 1 ANETE, BEITH
S SRIAUEORRE . ERMARE S ER TR, R EEEamA T
fils et 1O O, 7 B I Al R X 1100 mAh g, B A BRI =5 s
=, MmN AR TR TAA B85 2 W EA R R R R, BT
B DA B SR AR 10 2 S ORTE) L, 38 AT DAYE A SR I R TR AE PR, TR LiC,
M SR, T A RBESEZ N EENER, SE0RBESEZ
(25 5 R AEHE S, B LU A SRR T D Re b a0 4% 5735 44 2 3R TH A SR A A4 M A
AT 202, R S B RGR R I TR A R T BB A0 g-CaNy 2600 SR
gERy, FAEH 300 Bl 2 )5 R EIE A 2753 mAh g

142 ZEFERRBIEER TR ARMR

B. N. P. S %RIE T B AN R ELHAT R M DI RE AL OE b R i &
F. WiwE T, ATRLEINER SR BN S &, AR T RS, Amigm
AR, RERMEHE =M, fBEE. SR ma xR, wme
BT IRHE N AR, AT AR R R AT AR, MRS R S A I BT, Frid
BoHH5ERN, FEANYAEENRR, K BIRBA R KIE, Wi Rtk
B M BAL ISR R T BB R B 1) TiO, 250IRE K, /£ 1C T1E 200
Bl 79 165.1 mAh g, #£ 10 C PR EE 111.7 mAh g, &R T
fERPERE . BER T AT USRI, S e A mm, T LR s bt
A AR S, AT EIA 550 mAh g, B IRANERIA 83%. BRI ONE 1T fay H
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[FIHE RS PRI i & A 28 (RP/BP) MESY, BIRARAIE 2449 mA
h g, 63 100 G AEN 4991 mAh g R FERME 28 =/ C-s.
S-S FIERERES, EAIEE A EiEE, THREEHAYE LAKRT WEEANAELE
Zno76C0024S, SRAFIEII YT 22 H ARG H N S 45241 Zng76C0024S@C@CNF,
N. S BEMROEZRMETE 2RSS, MEEBN 1D SH K4t
TR E MR, %A EHE 0.1 A g 1535 250 85 8% =454 1113 mA h
gly 16 1A g 3 500 FE 5 75 AN R +F 672 mAh g '

143 REAMRIERE TR AR

FLTRE, A EMEM S, RAELG G T e IR AR, XL
BHEAE ™ BRI, FTUVE S46 —F A, BREEME. R EHME
Wi EEE 3 AMEA: 1) I—REME SR 2 REIMEMARREEK: 3)
[ L SR () [ SR AN IR o SR 2 3o ) R A X R AT HTUHE SR B AR 3
TRFI) OD/1D 5753 5 4 (1) B L8 BB R KR I R AW, %M RHHITE 0.5
C 1E¥ 200 BBl 54525 8513 mAh g, 7 4 C ITEH 1000 R G A B1RHEA
4847 mA h g', BEMFRZELERE. FUNEBH S K GO@p-Sn0,@C, %t
BHE 1.5 A g IITEHR 1000 G489 602 mAh g, 4REE06H 1800 kG 45 &%
FF N 418 mA h g, JER T RUFHIIEHMERE, . BIPHRBI4LEL S-C B 1 1EM
fi MoS, ZEKAE CNTs b, £ 0.1 Ag' FAEAN982mAh g, 7E 1A g FEHF 500
UGB N 005 mA h g, B s 6% R

1.5 REEBIKFBMARAR

1.5.1 AR ITIERR A IR

BAEME VRS RERTIE R R, B TRt IR SRiE iz, it
PERUAS E A B 1355 KR, BT AR 21 HH 2230 55 A A U5 AU 1) 34 s 0F 0% R

BT A AR T R i, SRS K S5, i LA 6 6
AR BHRUF R . A Fid ik il & 2 LR & H IR —, MiE ik 2
WEAFE AR EETT K, KoCOs 1 VBT A5 H AL, — 25 rEH KOH
{3/, ATRASR R ISCR s R RTRAF AR BRI LER AR, PrBAASCE R KyCO;s
Hl# 2R TRIEES . AR AR, &5 KARXE, mEhE
HIBAL SR, i iESr, AT U R OB R, WA 8 s S8R AR
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1.52 K XHRAR
(1) L R -G, SR KoCOs il 8 — Z 7 A i AR FE AN 5 ik 2 LR
VRN 58 | SRR S T X 2 fL R FLEE M TRz, S AT 20 A 2 A P e DAt
Q) RHBMAER FE, FIRBEIEREARCES, BlAEeEIE
BEMEL. VEEEE T 5 Ak i85 RN 678 B ont HLAE o 00 B 1 R 11 AT .
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2 LI Rk
A B [ P 2 O T 5986 A B s A A B g RACH AR F BL A {2
FAEMREA
2.1 SEIGIFIFI R R
2.1.1 SCIREh
Sue AT AR SR, DR AR, A%, kR 2.1,
F2.1 R ERAILRR. P A

Tab.2.1 Name, origin and standard of raw material and reagent

R X ! kS
WA A - A e /NF 200 H
T K,CO; REERTZACEE R A 7] AR, >99%
R HCI F Al A PR A ] AR
B 2 o (DU R A TR A =] AR
L CHO ] 2448 4k 2 3700 R A ) AR
FBFK H,0 RIEF T K% E
SIS C7Hs [ 24 5 Pk 2 0 IR A AR
WS Ar RIS 99.999%
1~ B - 2P 6 5 CsHoNO ] 24 8 AT 5 ) A B 24 ) AR
R VUG 2455 B3 (PTFE) (C,F)n EZ LR EAFERAT 60wt %
TR HE(SP) C Hiti - RE % = (TIMCAL), FEhZ
B AR LiPF/EC+EMC+DMC  ZRZERAZ B A R A R 7]
1158 g i RVE R VR R A PR A
PRI HNO, R T A R A AR
K H,0, R TAHRAR AR
A A KOH I 24 B Ak S A A PR A 5] AR
LA133 I RW T #EECA PAN T 3 o FL YRR PR A 15 %
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2.1.2 UEReE
LI R AT A A A RR . PRI AL S, LR 2.2,

%22 FWAAMLFR, P

Tab. 2.2 Name, origin and model of experimental instrument

HFR [ Liies]
IR T s 2E ] BS124S
&Y ER Y AR R i AIHT AR IR A F IKA RCT basic
EEE AR O RS VIO RALREEA R A KQ-100TDB
17 R EREENL P R AR QM-3SP04
H FAAE I 5 PR AR g —ERPE A PR A DHG-9075A
B RL JE Y G ) SK2-2-10
X AT fif £ AZNFL 2 ] Panalytical X Pert
T R HAHL A Hitachi S-4800
agilN TRIITT A HAT PR SZ7-50-12
AL KRBT RSB A RA A 769YP-24B
Ak 5 AR b RS A CHI660
PRI PR e E RN E A Tristar 3000
HEFEM KA T AL EF ARG R A A Super (1220/750)
R it & L BT B 5 s YRR PR ] SLK-2025
2 At IR A RN &R FARAH Land CT2001A
BOGRLE AL PIR AR PR A ] BT9300H

2.2 MEHIFRIMEZAR

22.1 BHBEZEME (TEM)

7 5 L AU (TEM) /& —F DL s e i O BRI, I8 e B B0 7 I
BB (EHET) BERBMETRENES, FER T WS MR
YHEER oS24 Tecnai G*20S-Twini! i 5 B 1 58S, i i 200
KV WUART 7R AT AL FERIET OB, 5B 0% R .
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2.2.2 FPRIESHE FREMIE (SEM)

F 3 B AU (SEM) A2 45 BB A5 170 fE 1R e 1 d e b, BT B ST
W] D AH ELAE F = A 5 b AR, 3 B R F vk H 15 5 A R W2 R L I Aol
TSR AN B 2 g5 4, Szd v B 9 42 Hitachi S-48007 493 Fe S5tk e, Inodi e [ 2
20 kV.,

2.23 X G184

X BT (XRD) [ TAE R 3 52 ki 7 B = A2 A T U 2 kA Tk 1
F, {8 X SR e s em e iy, A EAE T 72 A ) B B S B SR 5 B
M es T A . segs b B ) 2 D/Max-2400 & X SekfiTat{, A H#ERZ Cu Ka,
T e 2 45 kV, T 40 mA.

224 RASHIEFIRWE

BB P 2 R AEA B LR AL FLA FLE A M S B 2 ik
2o SEEG v S ASAP 2020 i Tristar 3000 BU4)BEIR B4, IR R 77
K (-253 C) , LB ANERWFR . KA BET ¥:1E P/Py £E 0.05-0.35 Z [ THE
B Spers P/Pg=0.99 B 0.98 &1t 5 L View> IRHE t-plot 115 8 fFL EL 3R TH
FE(S micro) FIIAL AR TNV micro); K DFT 50 52 A1 RH FLAE 20 16 (PSD) .

225 TESH

TCE A TAE B R mR T, WS A E R, R S 2
AR COxy o0\ No Sd/INTF, ARG R ISR SR 22 ARG RN
. LI R 2 CHN JTE 70 #T{¢ (Vario EL 111, Elementar), O Jo& & &ill
it EAEEE .

2.2.6 IREHKRE
5 S8 HE AR FRE e 21 N A A 14 R 22 3R 52 5 BT A5 17 B A 25 R 17 )i
B, LR ET SRS R BT301 #U5, R 200 HZ, K% 3000 K.

2.3 B L5

2.3.1 B ARSI FIEIE

1) R A A AR BRI RS Sk kAP E ISR PR T4, FH% 8:1
i LS 5 R IR S T 5, FEINA SR ATFR R I 60wt % [ 5 MU i 7% FLI
AREEOTIE, SRR ISEGRIERAE S0 CHERE R T 1 h, U JEAE NMP [I/EHT T,
S AT, AR WL AR AT R AR, SRS AE 100 CRIE T
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FE T 12 he KRR R F e R LA 12 mm RRARIE 3T
(1 B HIAE 2-3 mg, FFAE 10 MPa HIE ) FHEARKRER L, HI7ET/EmK.

2) PRE M A LR S AREEAE, SRR SP Skh4S
A LA133 #z i a btk 8:1:1 [ELAIFR &, 2R E A 2R /MR HE 12 h IR G35,
EFAYL LR ERE L, BEAL 100 CELETHRMAFTE 12 h, REEDHHL
FUIA 12 mm BB, BERE. K4E7E 100 CHIE S TERMA P TE 4h, T
HE R B FE R

2.3.2 EEARMR R R

1) FXH 6 M KOH HfEH, £ EME = EHAE R R ATE & 5 T RS
AR PR AR IR 12 he DASJBAH PR AR bR, DAGR/ZZEUL R AR AE N
Z LA, DA AR L] 4 1 PR 1 A FLAR

2D A e TR SR M F B OKETER /DT 1 ppm),
LI A2t HA,  Celgard 2400 SR Rg B2 25 sl Fn =0 e it . i AR 1) 0 W A HE
fiEmi, HA4Y R 1 mol L Y LiFPs, b EC. DMC Ml EMC HYEREL A 1:1:1.
WA S, JTERERE 120 DLE, (R T AR i Sk Rl
2.3.3 EHRLMIR

R (R 2 4 A 2% L P BT PR Y T 47 2% 2 R ) — A T 5.
R 1 TR T L7 5 R IS TSR 6 T e LS L 4 2
T A0 07 2% AR T WS BT DA B I L2 7,
85 BRI 6

C__zﬁfdv 21)
T mulc '
CVc?
E= (2.2)
2
E
P= ? (2.3)

Kep, C-HEWMERILES, Fg'y m-BEPEEYROTE, g
v-IEER, VS MEMR SRR T &, A,
2.3.4 [EHRFT RN
15 VAT 70 BRIt ) v, X TR A el S, BRARF)E B 7R
M 2R TR N AT A B = AR, SEbrde, BT ARSEm, SFERBFHI. &K
S H AR A R A A SRR T AR B g A ORI,
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Cs=—Ii (2.4)
mv

A, Cs-BAANHBKAERBAERS, Fg's m-BRIPEEMRNRE, g
t —NMEAR NIRRT, S v R E REHEIER I, V;
T B A R k5, ] DAARYEIE B IR 70 0 il 2645 HE AR ) R 2R P BE L 7
WHERE RS R, MRS AV E MR
2.3.5 BRI

A L FELTT AL FAL P I R AR 4 B B ORI R v o R DA/ NIRITR (1 T
SEBCNAIRINE 5, R RGP A LA 1 G FR i B, I Pl R G AE AR W A
6 B PP, AR R RN AL MR K4 WIRXEY 0.01
Hz-100 KHz, Z2HifE 5 MREN 5 myv, HEA 0.1V,
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3 AHERESFLRAHIEREBRE R RFEEMR

3.1 BIS

A AEAT e R b ARl R v B B W] AR B B FURRE, — ELRARAY
SAEHRRHE T, AU RCRAR, w1 BB R T/ f 5%, bR
MV ARAE FA A, S8 A ity £ A 0 A A o A SR it v B USRI T 28, AT 92
m L A BRI, AR A R R AR TR REA R R T N . ATl R
BRI SR G 80%LL b, HEMAS. &, & mAiEEos, AmkEd T
BAREN A SR N, 1m0 E T A KA B FLER 54

A E A LA AR R AT SR AE,  KoCOs 1R iEALTT, A R AL- i 4L — b ik
# T R AMEEL R, EREHRRFMNER L, IROURR TiE
(6] TR AN A AL E R LB EE M 52, R e R Tk S R A4 .

3.2 SLREERSY

B A AR ER ML BRI N B BREE G v, BREE, SRS HCIR B Uf HRE i B
HEATIEAG . BERE S B & S, TR ACEE S, Di— e T S R TR
MR AT IS
(1) ARSI E it fl2: 1, iEIRES00 Cy TE LIS R 1.5 h, 2 h,

2.5h GELEEEmERM 5 AMmAER ) w8 API-PC-X-Y-Z, X{\HKE

e, YAREREWET ), ZAARIEEE
(2) EABTHEEE. EEinetef2: 1, a2 h, SR80 T THEE

%3 C min', 5 C min', 10 'C min', @4 API-PC-X-Y-Z-W, XIUEH

iR E, YEREWR ), ZAARIEEE, WRRTHEEZE;

(3) AR IE AT IR T TRAL L : afE 2 AR 350 CAPEL h, b2 7EL M HNO;
FFIEIR2 h, cfEAE20 wt HyO,% P HIR2 h, SRIGZEIEILEL2:1, JE4LI )2 h,
ELIL 800 C R ATIE L, dr & NPI-PC-X-Y-Z-W, XAREIELEE, Y
RETEET ], ZARENEE, WRETAL: .

WS G, AAANEKEFIUETE 0.3 M MMERER HERYE 24 h, BEJE/K
TEIEHR R, 5 80 C Ry KBRS ik 1 T4

3.3 ERiTie

3.3.1 JEILRSE)XS FLEGH B B L S M RE Y RN
REAS IR 8] 36 A 13 219 2 LR EAT VIR BN AR, BT A et MR st B
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R TR R

2R AN FLAE 2 A a0 3.1 o, W] BUE =3 F BN IV 28, AT 77 PrPe>0.4
I AR SR I a3, Wi 2 LR N FLES AT AE « AHXT R 77 0.9<P/Po<1 B
MtEAABETE, TReA HWRILMAEE, LEAMIMIEA T —, =& HilEs
it 4E 1.5 nm 1 37 nm.

900
(a) (b)
750+
K PJPC-2-2.5-800
S PC-2-25- PJ-PC-2-2.5-800
g
s
wn :_ﬁ;__q:r“: =
m"mu_,;*‘” PJ-PC-2-1.5-800
2 PJ_PC-2-2.0-800
- s
150 )
! "ﬁ...»:,‘\, PJ-PC-Z-},S-@DQ J— i
. CEpEaNBELRERRT |
T T ! ! 5
0.0 0.2 04 0.6 0.8 10 1 D/nniu 0

PJ’P0
B 3.1 ¥ PI-PC-2-1.5-800 PI-PC-2-2.0-800 F1 PJ-PC-2-2.5-800 ) N W fift B £ 35 28 (a)
R HFLAE A4 Af(b); PI-PC-2-2.0-800 Fil PJ-PC-2-2.5-800 F&E iR 28 B 4% 50 1 150 cm® g
Fig.3.1 N, adsorption isotherm (a) and pore diameter distribution (b) of samples
PJ-PC-2-1.5-800, PJ-PC-2-2.0-800 and PJ-PC-2-2.5-800; PJ-PC-2-2.0-800 and PJ-PC-2-2.5-800
are vertically offset by 50 and 150 cm’ g’1 (STP)

M 3.1 TTLAEH, =M RMLERTRS 5N 1480 m* ¢ '\ 1518 m* g’
1424 m* gt BALED BN 1.056 cm® ¢! 1.151 em’ ¢!y 0.761 cm® ¢!, iHfL
TR, AR T4 mA R LR A S LA, AT 2 h i B A R AL 1)

22 3.1 AN FRE A [A] R #F il (2R 24

Tab. 3.1 Texture parameters of samples with different activation time

sample S T r
PJ-PC-2-1.5-800 1480 1384 1.052 0.585 55.6
PJ-PC-2-2.0-800 1518 1413 1.151 0.606 52.6
PJ-PC -2-2.5-800 1424 1356 0.761 0.547 71.9

3.3.2 FHmIR RIS LE A F IR FH 4 ERIFZ A

S EAN ) B 18] T S A 15 B IR 22 FLR BEAT VDB MR B AR AL, AT S5 R IR At B
AL 32 Frac, WULE W =& EEAINV L, EHENED
0.4<P/Py<0.9 It L T #iif Jm 24, W] 2 FLR A N FLESHIAFHE - AR IR 7T 0.9<P/Po<]
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WM A BT TR EBILIOAEAE, M 3.2 AT LA, FHRIEH A S O
min! I 93 JFFF R, STHRIES Y 10 C min BERTIRA, 39 FHRE A
B, SEURBIOA TURIRETL, 3. 20)MTL G5 HAER T — A

800
a
0] @ (b)
= 6004 i i
A PJ-PC-2-2.0-800-10
“= 500
E_ PJ-PC-2-2.0-800-
7] A
oy 300 “PJ-PC-2-2.0-800-10 PI-PC-2-2.0-800-5
=] ¢ PJ-PC-2-2.0-800-3
= 2004
-
1004 B,
- PJ-PC-2-2.0-800-3 1
0 i FOETPREE n&&wﬁe’““%@gwﬁ ™
00 02 04 06 08 101 10 50

Pu’Pn D/nm
& 3.2 # il PJ-PC-2-2.0-800-3. PJ-PC-2-2.0-800-5 #l PJ-PC-2-2.0-800-10 [1¥) Ny ¢ fiit Ff 55
i 2 (a) L HALER I i (b)
Fig.3.2 N, adsorption isotherm (a) and pore diameter distribution (b) of samples

PJ-PC-2-2.0-800-3, PI-PC-2-2.0-800-5and PJ-PC-2-2.0-800-10

ML 32 T UEH, =FE A% MRS B 1256 m® ¢! 1518 m® g
11369 m* ¢!, EBALEHA 0.698 cm® ¢!y 1.151 em® g'\ 0.733 em® g, WA
MTHEEZFESRE S C min' WA B RO LR AR R = AL, FTLS C min!
[ T A R LR A G 1

% 3.2 ARFHEEE T RS S5

Tab. 3.2 Texture parameters of samples with different heating rate

e T A e
PJ-PC-2-2.0-3 1256 1198 0.698 0.499 71.5
PI-PC-2-2.0-5 1518 1413 1.151 0.606 52.6

PJ-PC -2-2.0-10 1369 1310 0.733 0.543 74.1

3.3.3 TS ITEE RN B AE RO R

XA AR AT AR T AL B S, TR 2 10 22 FLR AT 1) BRI B R AL
BT SRR B i AL A A ] 3.3 B, MK 33()RT 1, £id ST
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R TR R

AR PRI 1 B P A5 i 2R 7E 0.4<P/Py<0.9 IARRS [ 7R AT il Ji [ A7 42, T4
AR AL E AL A R A WS PR L, BN FL A B, A 33m)tHaE]
A S B LT NI, 2 i ER A H AR A B S A 3 nm BLR /N
LA 25 nm A1 37 nm 1 KA FL.

1050
(a) b
900 - (5]
'sp
L 7504 ,
= il PI.PC-2-2.0-800-20w1% H,,0, PJ-PC-2-2.0- 800 20w(% H505
<. 600
-
2 4504 ]
= t PJ-PC-2-2.0-800-1 M TINO3
g 300 |
150 !;“ "t.:::=i>¢\-q~.:_;~_,"ft PJ—PC-2-2.0-SOD-§§% .
p L —
0 T T T T T - ¥ i
0.0 0.2 0.4 0.6 0.8 10 1 o 10 30
P/P m

0
& 3.3 ¥4 PI-PC-2-2.0-800-7%%,. PJ-PC-2-2.0-800-1M HNO; #ll PJ-PC-2-2.0-800-20

wt %H,0, [ N, W it 45 i 2 (a) A HALAZ 75 41 (b)
Fig.3.3 N, adsorption isotherm (a) and pore diameter distribution (b) of samples

PJ-PC-2-2.0-800-%% ", PJ-PC-2-2.0-800-1M HNOsand PJ-PC-2-2.0-800-20wt%H;0,

ME 33 LA, ZFMEZARMEETA 5 1100 m* ¢! 1711 m* g
11886 m” g, EALE A 0.864 cm® ¢!y 1.251 em® g'\ 1477 em® g, %t
ML 5 BN K B, i 20 R R A S AL S AL T S A i b 2 TR AR A,
Al e AR A AT AL R, 36N T T 2 TSR AL A

3.3 AFTEM KA TR RS

Tab. 3.3 Texture parameters of samples with different preoxidation

|

Sample T N
PJ-PC-2-2.0-800- 7%, 1100 1006 0.840 0.445 53.0
PJ-PC-2-2.0-800-1M HNO; 1711 1559 1.251 0.701 56.0
PJ-PC -2-2.0-800- 20wt%H,0, 1886 1719 1.477 0.793 53.7

3.3.4 KAZBRBLBE I[N
(1) A [A) A R TR 2 270 5 i FD R A 2 00k
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—
wn

0.0

T (b) 0.54g"

Tbn o / = PJ-PC-2-1.5-800
s -0.24 f —— PJIPC-2-2.0-800
= / ——PJ-PC-2-2.5-800
=00 /

2 Z 041 /

o -0.5 =2 /)

E -
=404 S 0.6
W =}

t 154 Smvsl =W
=" ———PJ-PC-2-1.5-800 -0.84
© a0 —— PI-PC-2-2.0-800
——PJ-PC-2-2.5800
2.5 T — T T T -1.0 T T T r T
-1.0 0.8 -0.6 -0.4 -0.2 0.0 0 150 300 450 600 750 900
Potential/V i
240 i Time/Sec
== PJ-PC-2-1.5-800 e PJ-PC-2-1.5-800
(c) —a— PJ-PC-2-2.0-800 (d) — ;w.;.pc.z.z.;sm
o~ —d— PJ-PC-2-2.5-800 = PJ-PC-2-2.5-800
‘sp
= o
3 £
v 2
S N
-O 1
2 o
= 604
<
7
& /
0 ' ' i . ' 0 : — T . T
T T ) L s L
Current density/(A g) onm

P 3.4 #£f PJ-PC-2-1.5-800. PJ-PC-2-2.0-800 F1 PI-PC-2-2.5-800 HFE L2 HEREMR
(@5 mvs' T CV iz (6)0.5A g" T GC L (o)A [ Wi % B F I8 (d)
AZ R E
Fig. 3.4 The electrochemical performance test of PJ-PC-2-1.5-800, PJ-PC-2-2.0-800 and
PJ-PC-2-2.5-800;(a) 5 mv s' mv CV curve (b)0.5A g'] GC curves (c) the ratio of performance

with different current density (d) alternating current impedance diagram

P A FEE AL EE ) R 5 =R AL L, 6 M KOH HE A i 34T = FE Bz H A0 S04
MAREE R 3.4 fror, M CV #hZE E 3.4()f1 GC M £E K 3.4(b) ] H1, =Fitkl
HHARIFNEBZETN, B 340~ F B %L T MEREERE, a4
PR TR 2 b B B R R 7 5 R, AABELBTI 3.4 (d) 2 h T (25 20 L AR /1
SRIGARAE T SR F FE IR % P A E % 3.4 Fion, AT RT LI, 4
WMEENO0S5A g I, ZMRAMBHE A BN 232F g '\ 227F g '\ 195F ¢!,
AREEIE R, HEBATRET TS, Yl Eas 50 Ag' i, =f
WML 9N 140F g ', 168F ¢!, 116 Fg', AEE#E(50A g'/0.5A
g VAN 60.3%. 74.0%. 59.5%.
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%34 RFERESE T ABET )

Table 3.4 Specific capacitance with different current densities(F g'l)

HITR /A g

S 1
R 0.5 1 2 5 10 20 50
PJ-PC-2-1.5-800 232 192 179 165 156 145 140
PI-PC-2-2.0-800 227 199 186 180 171 170 168
PI-PC-2-2.5-800 195 171 159 148 142 138 116
(2) AR THIR H 2 5 50 R ) R At
1.5 0.0
(a) (b) /d 0.54g"
1.0 AN ~——PJ-PC-2-2.0-800-3
7 0.24 ‘e —— PJ-PC-2-2.0-800-5
80 (.54 —— PJ-PC-2-2.0-800-10
-«
I 007 Z 0.4 \
= =
Z 0.5 = /i
§ 1.0 £-064 / \
5 S mv s‘l = / &\\
= 151 PLPC.22.08003 0.84 // N\,
5 2.0 —— PJ-PC-2-2.0-800-5 / b
—— PI-PC-2-2.0-800-10 / o<
25+ T T r : T 1.0 T r T r —
10 08 06 -04 02 00 0 150 300 450 600 750 900
" Potential/V Time/Sec
¥ (c) = PJ.PC-2-2.0-800-3 @ —PLPC-2-2.0-800-3
—e—PLPC-2.2.0-800-5 —— PIPC-22.0800-5
150 _L —— PLPC-2-2.0-800-10 | —— PJ-PC-2-2.0-800-10
— 4
£ g "
£120- :’S ;
604
0 T T T T T 0 T T T T T T
0 10 20 30 40 50 0 1 2 3 4 5 6 7
Z'/ohm Z'/ohm

Bl 3.5 Ffdl PI-PC-2-2.0-800-3, PJ-PC-2-2.0-800-5 il PJ-PC-2-2.0-800-10 ] Ha{b. 5 PERE
W (2)5 mvs™ T CV HIZk (6)0.5 A g Fit) 6C M4 (o)A R it % T IO R PEfE (d)
AR BT
Fig. 3.5 The electrochemical performance test of PJ-PC-2-2.0-800-3, PJ-PC-2-2.0-800-5 and

PJ-PC-2-2.0-800-10;(a) 5 mv s' mv CV curve ()05 A g'l GC curves (c) the ratio of

performance with different current density (d) alternating current impedance diagram
AETHEHEZ R 5 ZFhw AR DL 6 M KOH LR WA T = FEAlk LAk 2R
MAREE R 3.5 frar, M CV #HZE ] 3.5(a)f1 GC Hi£5 1 3.5(b) ] &1, =Fibtkl
HREARAF AR EAT N, 10 °C min' I CV BIZR M4, B Hfh 2k
RE MBI KA A PT-PC-2-2.0-800-10<PJ-PC-2-2.0-800-3< PJ-PC-2-2.0-800-5, i
FMEREE 3.5(c)th ik T PI-PC-2-2.0-800-5 B A f I (1945 R Ak, MBEHTIA 3.5 (d)
AT H PI-PC-2-2.0-800-5 25 2 i PH izt 3z /N T & B R Kk o S8 J A4 - B AS )
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HLE 2 B N S E 02 3.5 Fis, M TRAE H, MHREERN 0.5 A g I,
SRR LA ST N 231 Fe'y 227F g, 189F g, #kEE K MR 2,
HEHATFET S, MHEREEAR S0 A g i, =R RIG 55
NI130Fg'. 168F g’y 130F g, #HEMRFFEGOA g'/0.5A g )4 H1A 56.3%.
74.0%- 68.8%.

% 3.5 ARMRREE R EAFE

Table 3.5 Specific capacitance with different current densities(F g'l)
HLE B (A g7

Sample
0.5 1 2 5 10 20 50
PJ-PC-2-1.5-800-3 231 183 149 145 141 133 130
PJ-PC-2-2.0-800-5 227 199 186 180 171 170 168
PJ-PC-2-2.5-800-10 189 177 149 145 140 135 130
(3)  ANFITHEAAL R B R b LA 22 0
0.0 —
154 (a) (b) s pJ-P('-ff -;éngu-‘f;f'i

1.0 024 =—=PJ-PC-2-2.0-800-1 M HNO;

;_ﬁ ) PJ-PC-2-2.0-800-wi20% H, 0,

< 0s .

Z 00 =041

g £

g s £ 064 \

5 -1.04 Smvs! R 3

CR " e T

204 ¥ —— PJ-PC-2-2.0-800-wt20% H,0
' : : 2 : ' L0 : : . . .
10 08 06 04 02 00 0 150 300 45 600 750 900
Potential/'V Time/Sec

~———PJ-PC-2-2.0-800- 5
——PJ-PC-2-2.0-800-1 MHNO,

— PJ-PC-2-2.0-800-wt20% H O,

g

(C) - PJ-PC-2-2.0-800- 5
—+—PJ-PC-2-2.0-800-1 MHNO,

—— PJLPC-2-2.0-800-w120% H.0,

g 2
-Z"/(ohm)

Specific density/(F g")
2

20 30, 40, S0 1 2 3 4
Current density/(A g ") Z'/(ohm)

& 3.6 F£hh PI-PC-2-2.0-800-%% "1, PJ-PC-2-2.0-800-1 MHNO; I
PJ-PC-2-2.0-800-wt20%H, 0, HI FEAL F PEE I ()5 mv s’ FHICV HiZk (b)0.5 A g FHIGC
B (o) AN [F) L 0 BE T IO Rk e (d) TR

Fig. 3.6 The electrochemical performance test of PJ-PC-2-2.0-800-7%F, PI-PC-2-2.0-800-1
M HNO3 and PJ-PC-2-2.0-800-20 wt %H,0; ;(a) 5 mv s mv CV curve (b)0S A g'] GC curves

(c) the ratio of performance with different current density (d) alternating current impedance

0 10

diagram
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A FETFEAAL AL B 2 51 = Fhor o R AL 22 RS R A 3.6 s, A CV
2K 3.6()fll GC HiZk 3.6(b), ESRAMELT HAI, ZFePeHZE X
HURAT 9, R BRI Z AR K, SRJEARYE TH A Al LR L 1 e (e o
3.6 firs, HACEEMEREMZE AR, ER5EAad At esate, hatkiz
SRR BCHLPHARAE — N EeE g b, AL PR AL B EAR W] DU tE R AN, {2
AMRESI AN SR RER], SER RIS N, AR AR E .

# 3.6 NAHMERE FRLERF
Table 3.6 Specific capacitance with different current densities(F g'])

I REAA g

Sample

0.5 1 2 5 10 20 50

PJ-PC-2-1.5-800- 7, 206 173 162 150 149 148 137
PI-PC-2-2.0-800-1M HNO; 206 177 163 154 150 148 145
PJ-PC-2-2.5-800- 20 w t %H,0, 178 168 157 149 145 143 141

3.4 KEIE

A B JE I IR B A AR A A i AR A 2 FLk, e U AR A
WA, AR, HEHM N 2 FLRM LM RIREm, SRIG T T 8%
HIZY 88 7K &R AR, /NSt -

(1) B A mEFER T AR, nTeREmAM R R E R, M4
20wt% ) HyO, TREAELI 15 2] FAT R EL R AR K, TIik 1886 m° g, HEFL%
1477 em’ g

(2) EIEL LR 2:1. EALIREE 800°C . JHALIFIA] 2 hy THEMZE 5 C min’

NI EERE R, TR 05 A g N, LREHAE N 227 F g, HHREFAR S0A g
78N 168 F g, {REFERATIA 74.0%.
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4 IEhEE BRI FEREBRR R FZEEMR
4.1 AIG

PRH T A A ZR TR BORAR TR 2 (I 2Eim . Peil. FEIm Ay m A 51k
WY, BWMEAARE, PPREAR, —BAN 50%-60%, N A R
A, A EEES, 285 T3k, BERN 1.20-1.35 gem 7, HEHF Z—
Fl 22 e A LRI EY), HARGR S 230 B TT 18 S SLAT A B A2 A e
gt B4 TEAE 2000-3000 206, C/H KR T-HZ1H 1.7-1.8, BEGES 2L
N 91%-94%, BILEEEL N 3.5%4.5%, HAAN. O, S. HHHFREESE.
Tra s SRS AL, B &5 20 R A R S bR 5, R B AR e 4
HIZ 2% 2 FLR AR 3R AT 9k AR U™, i % 2 FL s AR TIEIR 2, ik 24iE bk
YR ARG, B EB A VAERE. fmgieik. IR % . KOH
AL TS i B . V5 Y KB LA KoCOs U, KoCOs 5 KOH b2 14 i #
o, {HAHXSIE A, HA4RE 5 e,

REENT LA R BT, K.COs 1E NTEFA, R mAL-iE A — 25 i
HT—RIEIELZIR, HHTERBEER. B8 TELs. EhiRnE.
TR ) RN 1 5 B T = b 22 FLR L5 R I

4.2 LIWERSY

K BUREE T AT LR, S5 AL R 77+ - C(93.41%) . H(4.603% )
N (1.229%). HE (0.758%). RNAKRE EIR G, T LER 12 LR R 5l
LIgrN
KR MR AN B R RE R, 3R, SRS USRI ke U, BT
Wtk KRER MBI GRS, TP E R, BLS°C min! (TR ER A
P S A AT .
() HASFE ). [ E FIR E800 °C, 1HLA A2 hy iHALELFIR1:1, 1.5:1,
2:1 CBRERHR 51 & D
) ARTRICIESE: SRfkLbI2:1, FELR(RlE2h; wEALEREE A£700 °C, 800 °C,
900 °C;
(3) HAFERARE: EE2:1, FHEIEEZAS00 °C; iEKEIEZE1.5h, 2h,
2.5h.
@ ARG SEIER A B ER12:1, FEALIR S AE800 °C, JEALS A2 h;
PTG L 2100%, 50%, 75% CHRIE NI Ay R b gD
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WA, BRANEREEEUHAE 0.3 M MM ERER T ER L 24 h, BEJEK
Ve IR R, 5 80 °C M KU Pl TR, Hl/REZ AR AN
CTP-X-Y-Z, Hw X AAERIEHEF], Y ACRIER A h), Z AARFELIEECC)

4.3 HERITi8

4.3.1 FECELHBIXT R A F0 I B4 BE RIS i

PNCERRERYEE T 8 SR KT e S Ny AN TEASUR R f =Y & Bl
=4 T RERFLIR, H HALG 22 RSl Am, i BH RRER S0 A3 5 1l
ER A TS, WAREROTESSERINE 42 Fia, BHH R
CTP-2-2.0-800 B & &5 5l A4 wt93.41%F1 wt83.77%, it W14l it fb 2 Jo A o
kBN Ed s FER M %, TS RERD . EHETEM R SR A
TR S EAALECN, T HE TR0 f )P HERE L, §iiE S &N wt0.76%,
ML EE S E KRR wtll.09%, "RERLmBRMIEMHEINTE LR, T
A& B SUR 1 KB,

&l 4.1 F£4h CTP #l CTP-2-2.0-800 [¥] SEM Hi % 5]
Figure 4.1 SEM electron micrograph of the sample of the CTP and CTP-2-2.0-800
# 4.1 CTP Hl CTP-2-2.0-800 [AIJGH & 4 &

Tab 4.1 The elemental composition (wt.% of C, H and N with remainder as O and S) of CTP
and CTP-2-2.0-800

Sample C H N o)
CTP 93.41 4.60 1.23 0.76
CTP-2-2.0-800 83.77 2.98 2.16 11.09

XHEA A LEB T iS22 fLRBEAT V) BRI B R AL, e T F S5 WAt PR
it ZE AN FLAR A G 4.2 Firais, R LA W =3 208 1 A ih 28, A% 5 77 PrPe<0.2
Fif W B 8 T B, AR R PR F7 0.2<P/Po<0.9 IR B B 50 L7, HE BT T4,
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P 2 FLR F BRMILE M . MR F7 0.9<P/Py<1 IR KA ANFETF, BT REA HE
AL A, LB AMIEN TiX— &, =EWEESHMASEH, LEY 5
B4 L.4nm #1 2.0nm. 2.0nm. 2.0nm, &EFHLEFRNIL, XA T HEBRIF
fitie BUARTEAL EEXS 2 FLR IS LR AR AL MR EmAN K, K 4.2 nTLLEH,
SR E LR LRI 1795 m ¢ 'L 1762 m” g ' Al 1886 m” g, BFLESS
51259 0.809 cm® g 0.845 em® ¢!\ 0.900 cm® g, IHALELEIGE AN, AR TR SR
FLZ, TUFLEEHRLE 90% /A5

700

(b)

CTP-2-2.0-800

1004 “
L i
0 v T - T r T r T T . —
0.0 0.2 0.4 0.6 0.8 1.0 1 10 50
p/P D/nm

0
Kl 4.2 #£5h CTP-1-2.0-800. CTP-1.5-2.0-800 A1 CTP-2-2.0-800 H N W i fft &85 2% (a) f2
HALIZESAi(b). CTP-1-2.0-800 Al CTP-1.5-2.0-800 fI&5i £k E1_F 2 30 #1 50 cm® g (STP)
Fig.4.2 N, adsorption isotherm (a) and pore size distribution (b) of the sample
CTP-1-2.0-800, CTP-1.5-2.0-800 and CTP-2-2.0-800. The isotherm of CTP-1-2.0-800 and
CTP-1.5-2.0-800 are vertically offset by 30 and 50 cm® g (STP)
K 4.2 ARTELILE N RS LI 24

Tab. 4.2 Texture parameters of samples with different activation ratio

Semple wley e N
CTP-1-2.0-800 1795 1721 0.809 0.725 89.6
CTP-1.5-2.0-800 1762 1750 0.845 0.758 89.7
CTP-2-2.0-800 1886 1841 0.900 0.798 88.9

4.3.2 JEILIRE XS EEH RN IR Mt BEAY R AR

ST EAS N NS 18 200 2 FL A AT Py BRI B 2R 10, B A1TT ) S5 i MR e B el
KAFL DA 4.3 Fras. MWE 43@0T BLEH, 700 CiE AL 2 FL5R 1YW b
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EARR, ZJTEE 800 T2 LR RN B SURINE N, T =4 I 4K 2T = 2
900 C 2 £l I RN M & S M FRAR, JF ELW T sl £ /N 30 B, B %
ZAREH NN, FER ROV & 51 2 LR E > FLEH I, i AR B
B WALt 0T DU Y, B IELEE M THE S 900 °C, FLARIEWIN K,
HT L5 nm §7 K% 2.7 nm, FERMFEEL S, Bl B8, 7R
FLIHRE— BRI A AL, BT BAFLAR AR B

700 -
(a) (b)
i CTP-2-2.0-800 __» \
ep 500- N
'”E' S0 CTP-2-2.0-900
5 4004
=1
; 300+ CTP-2-2.0-700 T
- - : g -2-2,0-800
= 2004 :
>
1004
CTP-2-2.0-700
0 — ——————————r — it —r
0.0 0.2 0.4 0.6 0.8 1.0 1 10 50

Pt’PD D/nm

4.3 ¥£5h CTP-2-2.0-700 CTP-2-2.0-800 Al CTP-2-2.0-900 [) N W i b 5 i 28 (a) J2 3L
fLI2 3 Afi(b). CTP-2-2.0-900 &R L E R 550 80 cm’ g (STP)
Fig.4.3 N, adsorption isotherm (a) and pore diameter distribution (b) of samples
CTP-2-2.0-700, CTP-2-2.0-800 and CTP-2-2.0-900. The isotherm of CTP-2-2.0-900 is vertically
down by 30 and 50 cm® ¢! (STP)

M 43 AT LR A, AR IR B M R LA M O R I . TR
BN 700 CHE, ZSLRMLLERTA N 974 m* ¢!, BALENA 0.392 cm’ g,
HRIEAE 800 CHE, ZALRA BRI FLAER K, 4510 1886 m* g Ml
0.900 cm® g, FLE L 88.7%, WRJEALETHEE] 900 CHY, ARHI L AR A
1715 m* ¢!, BALZE N 0.846 cm® g, BIFLE Y 89.1%, BfLF Mgk, FE
AT K,COs fEF IR =4 CO fil CO, Tk Ak, =4 T # s, Frik
MR LR K. 22 A PR LR A A FLER R, 800 “Ct izt ki i 1k
.
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%43 REWACEE T RG0S 24

Table 4.3 texture parameters of samples with different activation temperatures

P @'F)  @ie) e ey
CTP-2-2.0-700 974 972 0.392 0.385 98.2
CTP-2-2.0-800 1886 1841 0.900 0.798 88.7
CTP-2-2.0-900 1715 1649 0.846 0.754 89.1

4.3.3 SECATE)XS L5 4 A0 IR FH 14 BERYSZ T

it 7 6 7 R 6 90 4 2 L3R A7 WD O I AT, A S5 B 1 2
LA AN 4.4 B, SCRTEALR 8] 5 AR 1S B AL M S B L. 15 B
BN 1.5 h BN 2 h B, 2 FLR AR N, W B 2RI 0, Lb R R 1215 m?
g HnE) 1886 m? g, BMFLZA M 0.467 cm® gt 1 INE] 0.900 em® g7, LI FEAIL;

FLEE H 88.7% M INE 95.7% . XK ATE 800 “CHIE G I, P& 45 B i ] i) ZE
K, KoCOs 5T L E RN, SEMRRERE A ™E, fLESEHTHE, il
B EE R AR AL B . S &S BnT DL, JH4BITE] 2 h 2 2 FLR Al
A (]

700

() (b)

z “g CTP-2-2.5-800

600+ CTP-2-2.0-800 r

- 5004
004 CTP-2-2.5-800

UL 2 1

5 B - -
T T e S S

CTP-2-2.0-800

CTP-2-1.5-800

R G LR s .15

101 10 S0

06 08

PP

0
Kl 4.4 FEhh CTP-2-1.5-800. CTP-2-2.0-800 Fl CTP-2-2.5-800 ) N, Wit Jid b 25 2k (a) A
HALFZSAi(b); CTP-2-1.5-800 [H145 1048 T 1 T #% 30 cm® g™ (STP)

Fig.4.4 N, adsorption isotherm (a) and pore diameter distribution (b) of samples

00 0.2 0.4

CTP-2-1.5-800, CTP-2-2.0-800 and CTP-2-2.5-800; The isotherm of CTP-2-1.5-800
is down 30 cm’ g™ (STP)
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2 4.4 A R T RE S 504 2 5

Table 4.4 texture parameters of samples with different activation time

S BET S mic Vtotal Vmic Vmic/Vtotﬂl
Sample 2 2 1 3 1 3 -
(m”g) (m”g) (em”g") (em” g ) (%)
CTP-2-1.5-8300 1215 1200 0.467 0.460 98.5
CTP-2-2.0-8300 1886 1841 0.900 0.798 88.7
CTP-2-2.5-300 1314 1309 0.540 0.517 95.7

43.4 TRURTE SBEIR b fIxs A IRMHE GO R0

AR SR RN 21 AL, TP REURABIF RO SR B B8 LI,
LIS ROTRSI 5 SR P B RO B ML . A48 5
(RO 15 R AL 4 P3R5 S5 P AT SAE EE B LA
AL SR I BRI RS RIIR) J5 R LR SRR B 5 55

R 4.5 AFEIEDT ECH RS AR S

Table 4.5 Tap density of samples with different coal tar pitch ratios

Sample PR SB[ (g em”)
CTP-2-2.0-800-50% 0.099
CTP-2-2.0-800-75% 0.090
CTP-2-2.0-800-100% 0.088
(002)
1
' (100)

ICTP-2-2.0-800-100%

CTP-2-2.0-800-75%

I
I
|
1
- 1 1
e — 1 CTP-2-2.0-800-50%

R e

0 20 30 40 50 60
200°)
B 4.5 A E B TR ) XRD #E &

Fig.4.5 XRD spectrogram of samples with different coal tar pitch ratios

AR, TREA BB R ) RN, P LRCR AR . T R RO,
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0] DA% FEAE R B 2P Bl N GRS, BERT DASE S RS % 1, tnT LRG3
L

X =R RREAT XRD RAE, W 4.5 i, Brf R EHE 20 23° fil 44°
AP AN B IE HORT S, XSS T A SBK 002) A1 (1000 DY, N
TEHR, HHSEHTRE S 75%0, WRERN, WAL P UREERE. A
Fao LA, SRR EBRE D AN 85.90%. 92.43%F1 83.77%, 15 AN
AN EER R T LA SR B S 2, AR T IR S 15 B R B S 2RI .

F 4.6 CTP-2-2.0-800-67%  CTP-2-2.0-800-75%F1 CTP-2-2.0-800-100% ) 70 & & B A%,
Tab 4.6 The elemental composition (wt.% of C, H and N with remainder as O and S) of
CTP-2-2.0-800-50% . CTP-2-2.0-800-75% and CTP-2-2.0-800-100%

Sample C H N e (0. 8)
CTP-2-2.0-800-50% 85.90 1.33 1.10 11. 67
CTP-2-2.0-800-75% 92.43 0.19 0.98 6.40
CTP-2-2.0-800-100% 83.77 2.98 2.16 11.09

S| QTR 2-20800%75% _ (b)
‘ X <48

i 4.6 CTP-2-2.0-800-67%(a)~ CTP-2-2.0-800-75%(b)#! CTP-2-2.0-800-100%(c) '] SEM
4, CTP-2-2.0-800-67%(d) ] TEM Hi4 5]
Fig. 4.6 SEM electron micrograph CTP-2-2.0-800-67%(a), CTP-2-2.0-800-75%(b) and CTP-

2-2.0-800-100%(c);TEM electron micrograph CTP-2-2.0-800-67%(d)

M 4.6 ATRAE Y, FEREGTT s sy EER iR, MR A3 A S R 2 0,
NN BRI AT 30 S B IR A BT AR S A, T AR RN B R REIE B g e A
¥, WTRERE T A R EER AR TR N T A A 2, AR SR T AR E AR,
T CATE S5 R Fr AR e BDIR 254 o AT o 75% I 8 7 TEM HLUEE IR AE , B 4.6(d)
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ATEVEH, MEEE RERMALE e R4 .

1600
(@) )
< 1200+
so
P
E I
o‘ _ g
o 8004  CTP-2-20-800-50% _ gioies™
= i
% cesseee CTP-2-2.0-800-75%
= W o i diemlidiredirdirdididii “-‘e\
-] r %
S 400 CTP-2-2.0-800-100%  CTP-2-2.0-800-73%
M . CTP-2-2.0-800-100%
0 . i . A

00 02 04 06 08 1.0 1 10 100
P;’Pn D/nm

P 4.7 £E4h CTP-2-2.0-800-50%. CTP-2-2.0-800-75% Fll CTP-2-2.0-800-100% 1) N, W& Jlii
Pl A 2 () R L LA 40 A (b):  CTP-2-2.0-800-50% (1) 555 £k 1 B R 50 cm® ¢! (STP)
Fig.4.7 N; adsorption isotherm (a) and pore diameter distribution (b) of samples
CTP-2-2.0-800-50%,CTP-2-2.0-800-75% and CTP-2-2.0-800-100%;The isotherm of
CTP-2-2.0-800-50% is down 50 cm” g ' (STP)

W FIARTRE, 15 2T RS B TSR . AR R TE IR SR AR R
W ) BB i 15 22 FLAR A BHEAT S0 B B R Ak, S5 I R i P ot 2R A0 AL A2 20
AN 4.7 Frx, BRI SEINE 4.7 Fin. WE 47@FTLAFH, 2480
(PR B AR, S B0R R b it 2o T B2k, Romizd Bl E 2RSS
K 4T T5%0), FHXT R 77 0.5<P/Po<0.9 INF, W i B it 25 47 AN /IN (H 3 i B8,
LA [ 7T PIPo>0.9 B, WY B A AN BH B 1 B T34, 10 B HE R AL R AL A
LRI S B, SIEIE S S0%N, XL PP>0.6 I, W&
BESR EFt, WRBRTER IR T RIEE ISR, ULEZA R RALGEAE, B 4.6(b) 1L
oy A HENIE 71X — 4.

AT ASFEREIT HE) TR R 2

Table 4.7 texture parameters of samples with different coal tar pitch ratios

Sample @) @ e el
CTP-2-2.0-800-50% 2269 1917 2.479 0.852 344
CTP-2-2.0-800-75% 2163 2072 1.255 0.882 70.3
CTP-2-2.0-800-100% 1886 1841 0.900 0.798 88.7

ME AT LA, BT &, AR S R, R

41-



NHEEH TRl A it 18

b2 AN 1886 m” g BN E] 2269 m? ¢!, MALZH 0.900 cm® g BN F] 2.479

em® g!, SRTTFLER ) B 88.7%FMEF] 34.4 %, T

o H
HE A&

B2 5 I A 1 1

i, A SR A S BN, UG SRR A R T AR E R TR RS *,
4.3.5 KA ZBIRBLBEAFMEREMN
(1) AR A L ] 28 2045 i 1 R A 2 0

1.5

/ 05ag"
~ 1.0 @ (b) \ — CTP-1-20-800
"o 024 \ ——CTP-1.5-2.0-800
4:' 0.5 \ ——CTP-2.0-2.0-800
= \
£ 0.1 = 044 \
= =" A\
£ 0.3 = \
= -1.04 == \
= Smvs' B X
— -1.54 \
= e CTP-1-2.0-800 0.8 ‘\

(@] 5 = CTP-1.5-2.0-800 * N

-L.04 ——CTP-2.0-2.0-800 L%

=25 T T T T T T -1.0 T T T T ha T

-0 08 06 04 02 00 150 300 450 600 750 900
24 T 1 v

250 Potential/V § Time/Sec
— (c) s CTP-1-2.0-800 ——CTP-1-2.0-800
“op —e—CTP-1.5-2.0-800 ——CTP-152.0-800
L:"2[)0-[ =i CTP-2-2.0-800 ¢ ——CTP-2.0-2.0-800
S
et —
= 1504 =
—t =44
o (=
= =
=100 ~
= 1
- 2
—
5 501
-*]
=5
w2 n

0 T T T T T v 0 i 3' _" F
p b
0 10 20 30 4 50 Z'fohm

Current density/(A.g")
&l 4.8 # 5 CTP-1-2.0-800. CTP-1.5-2.0-800 1 CTP-2-2.0-800 ) FEL 4L 2= BEMIA (2)5 mv s™
THICV HiZE (5)0.5 A g-1 FH) GC HhEl (o) AR LIRS B TR AR MG ()3 BT
Fig. 4.8 The electrochemical performance test of CTP-1-2.0-800,CTP-1.5-2.0-800 and
CTP-2-2.0-800 ;(a) 5 mv s' mv CV curve (b)0.5 A g'] GC curves (c) the ratio of performance

with different current density (d) alternating current impedance diagram

B AN FE A LU R P =Fh AR LL 6 M KOH HE il i#E4T = Al e Ak 22 R,
WAL H P 4.8 B, MIE 4.8(a) CV I LIF H, =FAEE 5 my s (14
T, #BEIHRERER, B 4.80b)GC sk L R IFHSE= AL, &
B R IR EAT N, 4 GC Mkt B LA E, B ARE MK
YA CTP-2-2.0-800>CTP-1.5-2.0-800>CTP-1-2.0-800 . KL% 8] 4.8(c) it S AN Al B it
HE T RAENER 4.8 Fin, ATMHRATLLE N, YmiEEN1A g W, =
TR AR 2R 50 N 174 F g's 198 F gy 185 F g, 4kt K %, H
LR TR T P2, MBS EET 50 A g i, =MRME LR 5A
141 Fg' 160 F g' 141 F ¢!, HEEFFHE(S0A g0.5A g3 9N 69.5%.69.7%
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57.8%. EHR CTP-2-2.0-800 [ILLRTH A A, E/NHRHEE 0.5 A g') PRI
YERE S I, (FRAEE AU MG R, H A FRER, X0l e AR s 1%
AR N NBIFLIE N, TSR, JRAEHEE, (AR 1507 LR A BR
RNTHEHA, BRI ZE, A F R A EER 4.8 Fias.

% 4.8 ARBREE FHLLERFE

Table 4.8 Specific capacitance with different current densities(F g’l)

HL = E /A g

Sample

0.5 l 2 5 10 20 50
CTP-1-2.0-800 203 174 161 152 148 145 141
CTP-1.5-2.0-800 229 198 183 173 167 lo4 160
CTP-2-2.0-800 244 185 164 154 148 143 141

FIHAZ i PHPTI G, i 90L& Rl LA s AR B T BE T, AT a] BAR
192 LR R AE AL A TR TR R AR R RS R . M 4.8(d)RT LA, = F
TR i B0 X AFAE — 2 B, 31X 2 R BOE R T B 7 5 R IGR T B Re T K AR
BRI FRBE, BP AL RS FREH, fEAIRMIX, NyquistthZ&ih T — R HE,
KO BT TERILIE NP B ™, PR BN, =R AR,
CTP-1.5-2.0-800 2% %4 55 B B FEL(ESR)fR /1N, X tHiF B T CTP-1.5-2.0-800 [ fi5 %
PERRB T 1 S5 A
(2) ANEFEAGIRIE F 50 b At

A FEARIR BE R 5 = A4 ) = A AR A Ak A D, 04 SR o ] 4.8 BT
ME 4.9@)CV HHZEFTE 4.9(0)GC 28 = bkl a8 200 H 200 B i X0 247
He RIEE 4.9c)THE AR RS E N HAEIE 49 Fiox, TMNF@ LLE
H, R E RN 0.5 A gl i, ZFORARI LLH A 514 243F gL 244 F gt
202F g, ZkEEI K B, ,\tI:EEﬁ-FE%LFﬂL% éEEJ‘E EILFS0A g
I, SRR E A A 152F g, 141F g’ 140F g, HEREFFEG0A
20.5A g5 IR 62.6%. 57.8% 69.3%. ME 3.8(d)I LAE H, CTP-2-2.0-800
1) S 20 R IR R
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K 4.9 ¥4, CTP-2-2.0-700. CTP-2-2.0-800 Fl CTP-2-2.0-900 FJ L4k 2EMEREM (a)5 mv
sT TR CV £ (0)0.5 A g-1 THY GC BhEL (o) AR ML % B T BOfE R ERE (d)22 i L ]
Fig. 4.9 The electrochemical performance test of CTP-2-2.0-700,CTP-2-2.0-800 and
CTP-2-2.0-900 ;(a) 5 mv s' mv CV curve (b)0.5 A g’] GC curves (c) the ratio of performance

with different current density (d) alternating current impedance diagram

£ 49 RFEHEBREE FHLEEF

Table 4.9 Specific capacitance with different current densities(F g'])

HI 35 /(A g7

Sample

0.5 1 2 5 10 20 50
CTP-2-2.0-700 243 201 184 171 164 161 152
CTP-2-2.0-800 244 185 164 154 148 143 141
CTP-2-2.0-900 202 174 163 154 149 146 140

() AEEAL Y TE] 2 B0 FF i R FEAE 27

A A A ] 28 0 R = R A RHET = r B LAk 0, IR Es SR an &l 4.10
B, M 4.10(a) CV HIZEANE 4.10(b)GC £ AT LI, =M RHERD 7R
FIXEEAT N, £ 05 A ¢! MR EER, HILERSHN 198 F gy
(CTP-2-1.5-800), 244 F g (CTP-2-2.0-800)#1 184 F g'(CTP-2-2.5-800). Fi4 ]
4.10(c) T A A IR 2 B T I ZAE IR 410 Fw, aTAMWFRATELREH, A
LB, LEREERN05A g I, =MRMEHLEZES M AN 198 F g, 244

-44-



NHEEH TRl A it 18

Fg's 184F g, ke K, HEHE TR TS, SHiREEAR
50 A g, ZREBRF A BN 120 F g’ 141Fg'. 110F g, #HE#
R (50A 7054 ¢ iR 60.6%. 57.8%. 59.8%. MK 3.8(d)r LAFE H,
CTP-2-1.5-800 WJSERUH eI, W REZFUNIZM B A S AN FLEEM, HfRME
BT RN FLIES, BSTARESZI, BT LASERCH B BH A
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sTFRICV #ZE (5)0.5 A g-1 FiGC #igk (o)A TEEE IO PERE (d) ST P
Fig. 4.10 The electrochemical performance test of CTP-2-1.5-800,CTP-2-2.0-800 and
CTP-2-2.5-800 ;(a) 5 mv s' mv CV curve (b)0.5A g’l GC curves (c) the ratio of performance

with different current density (d) alternating current impedance diagram

410 RFEHFSE T BT g
Table 4.10 Specific capacitance with different current densities (F g'l)
HL B IA g ™)

Sample 0.5 1 2 5 10 20 50
CTP-2-1.5-800 198 174 159 147 141 140 120
CTP-2-2.0-800 244 185 164 154 148 143 141
CTP-2-2.5-800 184 162 153 142 134 126 110

4 AFEE T EE R B AL
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Fig. 4.11 The electrochemical performance test of CTP-2-2.0-800-50%,CTP-2-2.0-800-75%

(AP BT

and CTP-2-2.0-800-100% ;(a) 5 mv s' CV curve (b)0S A g'l GC curves (c) the ratio of

performance with different current density (d) alternating current impedance diagram

# 411 AFAHWEE

SRR R ZR(F g )

Table 4.11 Specific capacitance with different current densities(F g’l)

FIR /A g)
Sample
0.5 1 2 5 10 20 50
CTP-2-2.0-800-50% 200 165 151 141 137 136 134
CTP-2-2.0-800-75% 299 215 190 174 167 162 157
CTP-2-2.0-800-100% 244 185 164 154 148 143 141
O T SRR L AT A I, IS R 3.1 B, M

4.11(a) AT LLAEH,

BB AR 5T b g 3:1 I,

ZRARE 5 my s IHEE,
HAEHE IR, B 4.11(b) GC 2k R30I 1) S5 I8 = MR IE, 323 L R I W
HLEAT A, P FRH A 22 i il SR — 3
CTP-2-2.0-800-75%>CTP-2-2.0-800-100%>CTP-2-2.0-800>75%, Rl 475 5 iy
MR AE . IRIEME 4.11(c)iHHEAFHRE
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WM 4.11 s, AT WAHAT IR H, JHEBEE NS A g i, HEEMEH 5
9200F ¢!, 298 F g ' #M200F g'. B 4.10(c) AFESLLEAS B Y IR ZF FE RS2
PERE, MRl LA, MHEREEIAS 1 A g I, SRR R EE R A B
174F g's 185F g'\ 162F g, #k&f Keifias B, LR TR T FE, X
HI 2 FEIA R S0 A g ' I, R MR A 51 157 F g’ 141F g, 134
F g', HEMAHFEG0A g'/0.5A gy BN 52.5%. 57.8% 67.0%. ME 4.8(d)
A LAE Y, =R R ARARX 1 Nyquist #2850 T4 B 28, #U AT Bz .
B4R CTP-2-2.0-800-75% 1 EL 2 HA1(2163 m* g% A CTP-2-2.0-800-50%(2269
m® g ) EEREAK, B CTP-2-2.0-800-75% K L& & 70.3%, @it KT
CTP-2-2.0-800-100% 1] T FL2E (34.4%), 7G40 #T CTP-2-2.0-800-75%' 7L % (O Hl
St & EmAk, FTUEN eSS B, BB e mdr .

FHEG T H B 75 B k), A SR AR RIS AL KoCOs T A6 1 75 (165
TR I AL 2 A SIRE SRR A EL, AT b EEKCE, EgE R .

411 BT HERAT ROV R L

Tab.4.11 The comparison of the properties of coal tar pitch based materials

" ) Template and CTP content SBET C, Current density
ample
? Activating agent (wt%) (m2 g']) (F g']) (A g'])
CTP-PP61%! KOH 85.7 2967 132 3
FHPC1:2'® MgO +KOH 100 1455 290 1
MC9-12-6'*"1 MgO +KOH 100 1003 224 0.05
CP-A5-1.5"%! KOH 100 2575 284 0.05
HPCya.1686c !  Nano-Fe,O3+KOH 100 1330 194 0.1
HPGBSyp.s MgO +KOH 100 1768 321 0.05
This work K,CO; 75 2163 299 0.5

4.4 KB

A B BRI AN 75 ) R AL 2 ALK, i AL L L A
i VEA R AT SRR T LB, 5 S SRR 2 LR MRS T Y
W, SRS AT TR RARK R =AM, NS

(1) IR AT AR TR A4 R LR L O TE R A BE R . B & (iR
JEFtE, MR R AR S K, HEE RS R, BEEteT e kA, S
C R AL S, BERRAIL, GRREREAR T, R, K.COs
FE IR I =4 CO AT COp SRR MM, 7oA BBl P ARERHI L 3 1
K REETR EE N, RN, LA, TR e akaegin, MEE
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AR P3G, fESE T KoCOs 5o B A8 BE S B, S0 Rl T e 2k
FLEREE YR, T LAMRH bR T AR FL 28
(2) LA PG 75 7 ARRIR, 783540 EL ] 2:1(KoCO5:CTP) . 1% 1L i FE 800°C
AL A 2 h AR EL R R, N 1886 m® ¢!, HifkAMERERAE, £ 0.5
Ag'F, thHAE AN 244F s
() EA T I R G, SRETE R Fisth, T iR
et 75% » FORHEEL R TR AN 2163 m* gty L IERERAL, £ 05 A g!
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HABMYEREAE, AT ot 5800 1 B 385 AN B il 157 25 N g i
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VERERCZE M BEIR IR, R T 2 5 L A 2 R,

Ty RE TR 4 2 18] B A 88 K, ASIURT RLE 1R 12 - R A A e fAE VA
AT RRERE 10 HAT D SRR R R, BA LU LS. 29 KT
FREBA R B R, R R A A SR AR A B VR SRR
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AR, URERGIREFE, —BoRU, IRESKERTE, HILESHA
eIl =6, o B e H AT E BRI = MOk MR R AR
MUTRE A , L E 1S 1 i 2 M e DU AR AR B A i (7 sk AT e e 1Y
WAL, —BHE 700-1000 CREAT; 2B Rl AU EE L B =2 BMEEE.
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5.2 SEEERSY

SO BAERSRE FiEAT R A BB I B RS, G
B SIS PR, BT A AR, RS0 R AT R — s
Wf5, BRZHREHR, s TEET TR, REEERPRM 2L, BEHS
@IEIHTTF AL
(1) A RAIRE: BEE 5% RAEE 1000 T, 900°C. 800°C
) WAAEE: RIFEIE 900 C; BEE 8%, 5%. 3%
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-49-



NHEEH TRl A it 18

5.3 HRITR

53.1 FRIRUERETAZE@ENHEHEHFTRI

J
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3 10 pm

b’ 5
B 5.1 i sE SEM
Fig.5.1 SEM images of the Graphite

M 5.1 1) SEM ERTLAE Y, A 2EUAEE R A 5 HEB 450, B
KREIA S pm, FOF RN R EEHE « 97 UE B R A4 I B X B8 R R 2
HATE L E S B HEAT T B RORE 4l A o A, B 5.2 AARIRAGIRE T
R .

L E-1000°C (]\};“

20 nm £ 50 nm

|6 B @REIHE-900T

-800C (6]

| 505
Bl 5.2 #edias, ARe@ENE-1000 C. Ae@EHE-900 CTHI
AR @EITT-800 CHIEST AEE
Fig. 5.2 TEM of the Graphite, Graphite@CTP-1000 'C, Graphite@CTP-900 C
and Graphite@CTP-800 C
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ME 52 ATE N, BhERROEEARNEZ, HERZEINHITEE
gty B 52(c)nf LA, @ilxy i, w] BAfe B A SR 8 e T
WELN T om JE, T RGP REIR S A R 28R, XA
R RAE TR, RIZAN T DR S B S, FR TS, A
TEA—ZHRP S, BT EIGH R A BRI B, pE R T &
1000 C, W& 5.2(a)nf LA BIM R & A HEE T H B T B (1) Sk 2R 40

/\ Fika - 800 C

j\ fie - 900 C

A frife fis-1000 C

I\
f\
f -
)\ =
22 24 ZQ 28 30
2007 )

Bl 5.3 R, fE@BIE-1000 T, fige@tiiiE-900 CHI
fi5 @i #-800 Ci XRD HE ]
Fig. 5.3 The XRD spectra of the Graphite,Graphite@CTP-1000 C,Graphite@CTP-900 C
and Graphite@CTP-800 C

AN AR T B ] £ 1 A 2 @ JEE B A R XRD A an & 5.3 B G
—EETERZ )G, FRHE 20=26(") I 5% L A4 55 FUBHE 20=26(°) I 50 %55, 1l H
RO E A S R - — B0 e R, BE M 800 CTts®l 1000 C, WEHE
FEAR R, AR AR A RO, ARG R A ER A .

5.3.2 FRIRNZE TAZHFBMLFEEE

R BAL IR FE R RO i B TR B P 5.4 F0 5.5 Fiors. B 5.4 2 JLRAHRIE
HiE 0.1 mV ST FHURAE CV Lk, ATUFEHAE £ 0.2V A4 H B —X R
(AL 50, Ui B AR AR e N> 0L, B i X F R FE TR R R Y PR 0.01
V-2.5V, £ 0.1 C R T iEEa =,
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Fig. 5.4 CV curves of the Graphite,Graphite@CTP-1000 C,Graphite@CTP-900 C
and Graphite@CTP-800 TC
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Fig. 5.5 Electrochemical properties of the Graphite, Graphite@CTP-1000 ‘C, Graphite
@CTP-900 Cand Graphite@CTP-800 “C (a) Initial charge-discharge curves at 0.5 C ;(b)
Capacity performance of the samples for 34 cycles at different rates (c¢) Capacity of the samples

for 100 cycles at 0.5 C (d) AC impedance spectra
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Fig. 5.6 The XRD spectra of the Graphite,Graphite@CTP-8%,Graphite@CTP-5% and
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Graphite@CTP-3%
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Fig. 5.7 TEM of the Graphite, Graphite@CTP-8%, Graphite@CTP-5% and
Graphite@CTP-3%
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Fig. 5.8 CV curves of the Graphite@CTP-5%
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Fig. 4.9 Electrochemical properties of the Graphite, Graphite@CTP-8%, Graphite @ CTP-5%

and Graphite@CTP-3% (a) Initial charge-discharge curves at 0.5 C ;(b)
Capacity performance of the samples for 34 cycles at different rates (c¢) Capacity of the samples

for 100 cycles at 0.5 C (d) AC impedance spectra
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