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Abstracts

The quick increasing energy consumption arouses the interest in the
development of power storages. Electrochemical supercapacitor is one of
clean and sustainable candidates of energy storage system, and porous
carbons are the most potential candidate as electrode materials for
electrochemical supercapacitor because of their large surface areas, high
chemical and physical stability, good conductivity, as well as low cost. In
this work, we synthesized the mesoporous carbons by using ZnO
nanoparticles as sacrificing template via nano-casting synthetic process
and natural porous carbon materials. The synthesized porous carbon has
a mesoporous structure. Because the surface area and pore size of the
synthesized mesoporous carbon are larger than that of the coconuts fiber-
derived carbon, the CV plots show that the synthesized mesoporous
carbon has a good rectangular shape and a much better performance than
that of the coconuts fiber-derived carbon. We also develop an easy way
to discriminate how well a supercapacitor works. We applied these porous
carbon-based electrodes on both handmade as well as the commercial
capacitors and measured their electrical performances. The handmade
EDLC is less efficient than the commercial capacitor.
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1. Introduction
The quick increasing energy consumption grows the interest in the development of power

storages. Electrochemical supercapacitor is one of clean and sustainable candidate of energy
storage system, and porous carbons are the most potential candidates as electrode materials for
electrochemical supercapacitor because of their large surface areas, high chemical and physical
stability, good conductivity, as well as low cost. In this work, we synthesize of mesoporous carbon
by using ZnO nanoparticles as template via nano-casting synthetic process and natural porous
carbon materials. We applied these porous carbon-based electrodes on electrical double-layers

capacitors (EDLC) and measured their electrical performances.

2. Experimental Methods

2.1 Synthesis of mesoporous carbon via nanocasting synthetic process

In typical, phenyl formaldehyde (PF) polymer was dissolved in an alkaline aqueous solution at pH 13.
Nano-ZnO was added, followed by adjusting pH value to pH of around 7, and then light-pink precipitate was
observed. After washing by water and drying, the precipitate was carbonized at 800°C for 2 h. The porous
carbonated sample was obtained after removal of the ZnO template by HCI. The specific surface area and
pore size distribution were analyzed on the N> adsorption-desorption isotherm by Brunauer- Emmett-Teller
(BET) theoryand Barrett—Johner—Halen- dar (BJH) method, respectively.

2.2 Preparation of porous carbon from coconuts fibers
In typical, the coconuts fibers were washed by water, dried, and then were hydrothermally treated in
NaOH before carbonation. The carbonation condition is 2 h at 800°C.

2.2 Electrochemical measurements

The electrochemical properties and specific capacitance of the electrode materials were evaluated
through cyclic voltammetric (CV) experiments. The process of electrode preparation starts from well
dispersion of 0.5 g of the carbon materials in 10 mL of anhydrous alcohol on a separator membrane. Then,
the coating process was repeated to make another slice of electrode for a counter side. Then assemble two
electrodes by using filtering paper and zipper bag. 0.1 M of LiCIO4/PC was added to the zipper bag to make
electrodes immersed in the electrolyte solution. The handmade EDLC device was in use of measuring
charging and discharging of EDLC. The voltage and current data were recorded by Arduino system and
output datasheets of V-t plot and I-t plot while the capacitor was charging and discharging.

3. Results and Discussion
3.1 The investigation of synthesis of mesoporous carbon via n nano-casting synthetic process

The porous carbon was prepared in one-pot synthesis. 1.0 g of PF resin as carbon source were well
dissolved in 100 mL solution at pH 13, 5.0 g of ZnO nanoparticles were added into the solution, and ZnO-PF
coprecipitate were collected when pH value of solution was adjusted between 9 to 6 by adding appropriate
amount of HCI aqueous solution. After carbonation, the template ZnO can be removed easily by using HCI
aqueous solution. According to nitrogen sorption isotherms and transmission electron microscopy (TEM)
images (Figure 1) of the carbon sample, these carbons all exhibit mesoporous feature. The BJH pore size

distribution curve reveals pore size distributions centered at 16.0 nm, which are attributed to the mesopores.
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The surface area of the carbon sample calculated by BET method is 1003 m2g™'. ZnO nanoparticles act
the template of the mesoporous carbon, Table 1 shows that the surface areas of the resulted carbon
samples increasing with the increase of the ZnO/PF resin ratios. At ZnO/PF resin = 5.0, the material
economy value (i.e. surface area / weight of ZnO) is highest.

Table 1
ZnO/PF

(9/9)
Surface area
(m?g7)
Material economy X S
(m2g-'/g ZnO) - 156 175 200 164 134 G o,

Figure 1 The TEM image of
synthsized mesoporous carbon
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3.2 The electrical tests of porous carbon materials

The electrical conductivity of carbon-based material is related to the levels of graphitization. In Table 2,
higher carbonation temperature leads to higher conductivity of carbon-based material. However, when
carbonation is higher than 800°C, the yields of carbon-based material decreased quickly. The electrical
energy of EDLC is stored based on the separation of charged species such as ions in an electrolytic double-
layer across the interface of electrode/solution. The ion-transport efficiency is dependent on the pore size
and the diffusion distance. To investigate the charge storage capability, cyclic voltammetry (CV) was
performed for the synthesized mesoporous carbon and coconuts fiber-derived carbon. Figure 2 shows that
the synthesized mesoporous carbon showed a good symmetrically rectangular shape and a much better
performance than that of the coconuts fiber-derived carbon. The electric capacitance stored in the porous
carbons is proportional to the surface area and strongly dependent on the pore size. It results from the surface
area and pore size of the synthesized mesoporous carbon are larger than those of coconuts fiber-derived
carbon, 524 m?g' vs. 370 m?g ™ as well as 16 nm vs. 10 nm. The pseudo-capacitive nature was also observed
in coconuts-derived carbon.
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Figure 2 the CV plots of the synthesized mesoporous carbon (black) and coconuts fiber-derived carbon
(gray) at a scan rate of 10 mVs™.

Table 2 (PF/ZnO = 1/5, carbonation time 2 h.)
Carbonation temperature (°C) 600 700 800 900 Graphite
Electrical conductivity (mS/m) 61 76 82 95 142
Carbon yield (%) 34 26.7 251 10.3 -




3.3 The electrical performance of synthesized porous carbon as electrodes on handmade EDLC

device
The synthesized mesoporous carbon as electrode applied on the handmade EDLC device. Compare

to the commercial capacitor (Figure 3), handmade EDLC is less efficient than the commercial capacitor.
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Figure 3 (a) Electrical performances of the synthesized mesoporous carbon measured by handmade as well
as commercial capacitor. (b) Comparation of charge capacity from the integration of the closed area under

the I-t plot of charging or discharging within 400 sec.

4. Conclusions and Future Research
We successfully synthesized the mesoporous carbons by using ZnO nanoparticles as hard template via

nano-casting synthetic process and natural porous carbon martials. The synthesized mesoporous carbon
has a mesoporous structure and the ratio of ZnO/PF and carbonation temperature influence the surface area,
material economy as well as electrical conductivity. Because the surface area and pore size of the
synthesized mesoporous carbon are larger than that of the coconuts fiber-derived carbon, the CV plots show
that the synthesized mesoporous carbon has a good symmetrically rectangular shape and a much better
performance than that of the coconuts fiber-derived carbon. We also applied these porous carbon-based
electrodes on both handmade as well as the commercial capacitor and measured their electrical
performances. The handmade EDLC is less efficient than that of the commercial capacitor.

5. Future view
In future, we wish to develop a good preparation of mesoporous biocarbon materials from plant fibers,

and investigate the stability as well as improve the efficiency of the handmade EDLC.



RS

RETRIS AN AP RS E 2 H ATRI S SR A S ATt E S UEYHERT B[R SO R fe Ry R s s U
et > WHEFNEREEE R TICE - AW FEhR 7 RS AR E R ZRA A R - thBTTR =K
fat etk AR a2 -

&Gty ARDUINO il 1R 5 H SRR - HICDRERSE A s M= 22 - B DA H TR A s
AV AEYRER B A AR T LA > BRRE E Rl mi i BRI 73 Bl & S H R ~ B0 ifene e 3
AUHEET T EMEAREE BNt ERE 7 DOk S bEE RN ~ G H IR B B oK s
7Z(Nano-casting) & NS LUK - WEZTE pH {H A pHE~7 ~ EEEEL ZnO/PF=5~7 ~ (LI 800°C Ay
AT AR EREIERCR - BAFIRAREZE LI - LL 0.1 g AT EIEEpE A s B B AR in SR 400
MANEN - PHEESR © - R 2660 mC > filfEhx &y 3083 mC - RHHIEEE Ry 3233 mC - Ab5E
pRgE Z IR P

= ~ HiseEhs

ARG T > AR AR E T P Gy —(EE EAR - M LR ER - EAZRN
SULEBFERR - HIATREGE - NI RSO BRI RS - HLlETRFE RS - P AEEA
R e A A e L # order HYBREME - NBERK 7 AT REGEERVSEEEIEHE - (LRSS ARy
JEE A Es - YR R LS BT MBSV - (LRI © B
A SUBETE IR LR FLBRAE B R RIT T > BT AR SR F B BUSHI R R A ok & B
# o TRFURMERYERAS - R AR B (LR R GHNAE - R LA EAARR B -

= HFEES

1. BB E AR

2. B EEEERREINE

3. B EAHE AR B RAHY B R E R 2

4. DL —RAEYRER R 2 ik AUSEY) S B A S SR - R B A R B M s

5. #FEUAICFE BfLIEA ~ RIHE Rt i & B LR

6. DLEBIEERSHE HI AT FT 3R 2 et B8 (B0 0 B T B A T B A B M b

2 ~ RS EE T

— N T#T\Tl:'ﬁ‘j

i B2 278 24
i (CéH1005)x KEALEN NaOH
11| e - % HCl
HiEA - INERFT NaHCO;
ek - AKpEt -
HFIXK - i & R LiClO4




By B s AS i PF-4161 P ket lis C.HsO3

S ZnO RAET K H,0
= - ixtEEst

2% B2 g B2l

YRR Vi ciih KR BT
st TE 2 —HEE s

e PVE AR FrEK T

JEAR il ay [ JE\EE 5 ENEE

B HEET R Ees AL tdE ~ FHFFFE)
SEEIEAT AR RO EES i

ke~ R

FE (LB EE A AR T ] oy Ry B JE B A (clectric double-layers capacitor or EDLC)RIZAHI S5 B4 25 (pseudo-
capacitor) ° [ EE g B e iy LIFIEHI S AT A as IR AT - BB EE R B EER > F
R TE P T B A R T OB P B AG F A S R OE YR, - FE e R AT ERASR e
UiirRF 25 E TP B ER T ] > (5140 T A e e B el e g (B TR A 2 [ e JE R R ) [EE
J& Z SN AR R A G S | — RS BT e (B R A B AR ) » TSR 2R IR — %
SPATEEM ] DU R E R T s s el - R R ANEHATR » HS S g P ha i T A

INFORSEG  BUCRIBPIARY = AE x d (V: W3 - AE - %85 d - ) - TR H AN
TR - 15N ISR RS T EREERARC = ¢ x5 TAWBRERE

HRAR - REFEARESHFHV RIS -

BYE
. <HFK>ERERREHEEFLTERZT
- % - AR cIHS T ERES :
& C C
z R 7 jra== Gauss's law
T e
© Y D
O @@@Q 24-¢, AR =2E 1-,
B0 e ' ®
L{?‘(} @@I@ =Q—/=L=Soi
o0 © @ BT AR RS R V. AE-d d
gﬂ ( @ '® " Ea
D) %@ ® TEELE TR . CEBAE
9%1 0 @ .  ABREEE
o o © ~EERLZES GETEREE
- : RETBEFRI- e BRRZMEHRE




AR TRAE i T — FR AR R AV IR - R R B R AR AR Bt AT A IR a8 T B st b - a2k
AEET =] DLE e Eh 1R - A IRE N B R GRS ? E e T S P R MAIEEE A 1A
Y > BEZAERAR MR EMR T E L A EAE - HEEEA N R ER R EEER -

EUpaIi|

IR

3

BT i |

T b !

Pl |

ERMFMEL_| !
E_KI equilibrium

1

amTRE] |

[E-(A) AR EE AV ER AR R R R 5 (B e {4 A o A ol B g 2 P Rl S N Bl T oA R [
AR FLEBA RS2 - (B 1SR BRI T ROIGERET - — A B AR T (RIS 8
PR(E Ry BB AT R e B B A8 - IE 2 Y H sk TV ESE S P R A R E Y
=R IATR AR LR R 0 B o (BT R E g - AR st AT AR e Y B E fe i - FLIRIRY R
5T FyfiFL(< 2 nm) ~ H1FL(2~50 nm)FIEFL(> 50 nm) » FEFLEHABE TR 5 RS T IR - M
EFLAIEREE R RERERZEA & - HAiFTAI L FUREM il & R B g A as B e -

PFLTERRAT HI S R TS RERY 1986 27 - B RIS SA I A (template-based method) 2R FL
A > FTaR E RO A U A 2R AL, - TEMRATEEY ) (St S HERL 4 AR 73 fEl (A 0 (B4
MR ~ S8 EIER E 2 RETRIE > RREPRERE NEABRE T B ZERIPRAL
] > R TT AR B RS RE SRS FR AR Y RUT AR LIRRY RN - 5 38 (5 A RO S B 2]

Silica template Carbonization Removal of silica
Source TN i1t ®e, ZEEEY SR
(LR EARAEY S T O OSeva T Seva
— NS —— Ehyy > S50y
c [ = <2 <
Carbon source Mesoporous carbon
kAT AEY) oA R

PEERIE ML PAAEIE A FIHIBRATBEY) LAS A - SURAE SR 5 A SRS MR ~ & 707 A0S B
HRELEHTSEYIHY R DMe R B RIS & > SR Eabk(bA T - slER 2 a2 EREEES - 5L
P & B 2 — By e e E LR AT -



{h ~ BIFEERETTA

— ~ HBE— « BF ZnO-PF IR E R4
(—) DE

A B 1-1 £ 100 mL BPKEFAIA 1 g Bk IRE A

SER 1-2 1A E NaOH AR ERFEERE - $CHEMA—MESELH - pH (HAVE(LE

B 1-3 AIA Sg ZORA(LHEEAIA HCLIE pH [ FH1E] 7 » 423k sl T iy pH 22 (1

=]}

==X

BER 1-4 R (ERR R AR

(=) EPIELH

2 1y
T
= g Q%
: ®
0 100 200 300
» HCI drops
HEE 1-1. R 1-2 AR 1-3 R 1-4
FHkIRtE A [ErffEaIraCs: A ZnO F4%2 pH (H (Bl h 4

=~ HE T - BUFRIHRIERR/ATHUREE HhER
(—) DER

BB 2-1 FR5EA 1 sy iRaAE Ry BERS T in AL TR /K

DR 2-2 (A E(bREDERE - WECeErREII—Rimey pH (E2LE > WAgREHTER
AER 2-3 R&FE pH H 13 B - BiflEsc 205 - BREOEE BIERHVALE

AER 2-4 A HCLRFEER[E] pHT - SCskEF LA —R HCLHY pH ES(ER - I4EBHhaR

(Z) EPIELH

B 2-1 B 2-2 HBE 2-3 HBR 2-4
TR RE IMASRALIREARE 15 pHI3 B2 25k JIA HCI 58] pH7
15 15
=l 10 o o ¢ o ° ym 10 %0 o @00,
5 5 5 5 =
0 0
0 10 20 30 0 50 100
NaOH;# #< HCIE %L




1]

B - BES LSRR E R
(—) DE

A ER 3-1 42 100 mL fY7KFf0A S g BUFOR AL EE

B 3-2 5¢E pH at I pH AV (LU pH ER&7 % pHB)
8% 3-3 &0 1R HCL > pH FYE LB AGRIE R

AER 4-4 R 5{E pH ERFHY 20 mL RS H oA BEBEALE

(=) EPIELH

2 \-“‘\
‘f ~
EE 3-1 EE 3-2 HEE 3-3 HEE 3-4
£ 100 mL fY7KHRfn {EF pH sPHIEE &8k AS— HCl > pH HEZE A7 B
A S g (IR EALHE pH{E HHVE(LE pH7.5 ~ pH6.5 ~ pH6.0 ~

pHS5.0

g~ EERVU - EITEREREAE
(—) R
BER 4-1 {EREIR(ER ZBA YT - JIA 6M By HCI BLEFRbR A T HYZOR S B
BER 4-2 FEEIRE A R — Rk
ER 4-3 TEERIAR AR S IR R PR o i L AR
DER 4-4 ReEHHIEZ - RS
BER 4-5 SCRBLERIRFTEEYHVER

(Z) EPIERH

L 4-1 AR 4-2 A 4-3 A 4-5

RHREER B NRUBRIIA (BRI EDR R EAVREE LR RRe LAYERIEZ -
EEFFHY HCL aigs AU EEFEZFFEE

I~ BT - BIESIEREERE-R SRR E TSR - BRICBERM
(—) DER

AER 5-1 R B R AT S iATREYI(E R ~ AET-aaE - i s H BB I AV N 5
AER 5-2 (AR LR N EE
A BR 5-3 R EMR A/ INHEE A




BER 5-4 {5/ NHEREURTH S22 PR AN ARG LUIAB &

DER 5-5 (AR LR E E

BER 5-6 REASHEBAJBRE T - MRHEEER S E AT 800 &

DER 5-7 JBBE 2 /NKHR - BRIPANRBENE - AR ERUSEIRAV RIS 2R T - RRETED

=l

AR 5-8 iR A LR ARRRA B LH 0 1

BER 5-9 CRRICAIRAYEY EHEE

(=) EPIELH

R 5-2 A 5-3

AR 5-1 AR 5-4
R E A (ERERE s eH/ N EEE A FER /N Z ]
/N S NEREHE GRS AR

K

A% 5-6

HEE 5-5 TEE 5-7 THE 5-8
A SN A AT PrBa%s i
WAL EHE B SR BRI R
et
T TTY)- INERFTHEL TR TR E TR E

. el
H R M - | B/ INRFTR B ENEE A COL R » R | EEVIMEE A 1L -
A MREEILEE | FEB > SRBIIRTIAEG 2 bR 2R E O

N~ HEON - SHSEEIEHEE A

(—) DER

LR 6-1 FEHL0.05 el RS

AR 6-2 I AEESE(EN/CERFEEH pH {H(pH=11.6 ~ pH=13.0)

SBY 6-3 Mg B L

LR 6-4 IREIERHEAERME N EFIIERCE

10




(=) EIPIELH

A 6-1 AR 6-2 AR 6-3 R 6-4
HETE A 7K Jiltig 2= A [F] pH {E JEYSY ek s frtetlE pH 295 13

t - Bt - S-S ESEESE
(—) DE

AER 7-1 FPEL 1.0 Sefp HERRES (28 CIRM)

BER7-2 JOA 4 M AYRE(EHY 3 mL (ZALEVEFAR)

BER 7-3 TIAEERE PR BRI EREER)

AR 7-4 RS EERENL{HE A pH meter 4% pH (H(pH>11 KA RBELE)
AER 7-5 (£ ] HCl Ja87A KRk (H 2 & pH {H(pH<8 KAk R L)
AER 7-6 FI R FUKEE LU g2 0 R TR - WERIEEI R
BER 7-7 R AR

AR 7-8 ZEA 30 mL Al A A TR (B

(Z) EPIELH

BER 7-1 SER 7-2 AR 7-3 AR 7-4

HeEE K LRI eS D7 A ST IREE AR B % pH

. e il £l !

adly 3 3]

\
t 4

<

AER T-5 AR 7-6 AERT-7 B 7-8

A% pH £ E (H WEETRE ~ TR B EFHERZ PR B
A pH {E TR DUtttz CEHFHETTRIL)
N~ BB/ - WEERESHER pH E
(—) DER

A E% 8-1 FEEL 1.0 e fy RS AS T

ZER 1-2 JIA 4 M EVESE(EHIEY 3 mL AAH7KE] 100 mL #7K
BER 1-3 A S e VRoR S bsrEURIRR

AER 1-4 ZRErEREAE L E A pH meter E54% pH (H

11




AB% 1-5 (] HCI SRR RBR e (H = pH5.6.7.8.9

AR 1-6 FIFUKER ARG ZR B DB TR WERIRR RER
BB 1-7 ’eEet a2

AER 1-8 FE A 30 mL Bl B A ThiR (b

(=) IR

AR 1-1 R 1-2 AR 1-3 R 1-4
FEE K JILA NaOH {#fafig5e  JOA S 5eZoRek ZnO A%k pH 5HEHIHE pH {H

oA 1g féths é\@ﬁ@bﬁk@ 100 mL

R 1-5 AR 1-6 BER 1-7 A 1-8
IIAHCLRHFEZE el pH EAVE B HERZ B A BRI A (iR (b
pH9-0 R

U~ BB - MBS bR SRR A
(—) DER

WER 1-1 FEEL 1.0 e B

WEE 12 A 4 M BYESEEER4Y 3 mL iif/KE 100 mL #Y/K

WEE 1-3 IIAST A By 1.3.5.7 SEIZREALFEUR AR

WEE 1-4 ZEsEa R EEE WA pH meter BE1% pH {H

B 1-5 i HCL SRR AR E = pH 7

WEE 1-6 FIFR/KE PG R DB Tl - IR SRR
BB 1-7 FrEs RSz

B 1-8 25 A 30 mL 5 SR R R HEET TR b

(=) EPIELH

AR 1-1 AR 1-2 B 1-3 B 1-4
i /K MAGEALAERIETE  ohIIIA 13575 2832 pH &0 pH

12



BoA 1g faths Z53f ZnO '

LR 1-5 AR 1-6 AR 1-7 AR 1-8

AIA HCLREHEE 2 TSR I EHIEZ e N Ramfn A fbik
pH7 1k
+  Bha T - WESEREUKE

AER 1-1 FPEL 1.0 5y FRERRRTES - s3BlhnA 50 ~ 100 ~ 200 ~ 400 mL Hy7/K&E
BB 1-2 A 4 M EYEEAERNEY 3 mL
BER 1-3 J0A 5.0 g BYZOoR S BFHEUA TR
BER 1-4 LG PR BN A pH meter B % pH {H
AER 1-5 (] HCI Fa587A R R i (H % pH7
AER 1-6 R R FUKEE LU g2 ) R TR - WERIE R R
BER 1-7 R e RS
AR 1-8 ZEA 30 mL ARl e A TR b
+— BR+— - EERFIEESE

(—) R

AER 1-1 BEHUEER AT RE Z AR A s 5

BER 1-2 @shEt K

BER 1-3 BUIEE NS

DR 1-4 BEHEUIRIVAIES £E

DER 1-5 Dlay BERDR IR AR IR

AER 1-6 BRI R H Y — I B U G &

AER 1-7 IS (8 S AT R & A A B Y A R A
BER 1-8 SERGEBARE A A TR B E

(=) EPIERH

\

1509 505

\ \
3544

( 6525
EY)

L l
IRG

SR 1-1 AR 1-2 HER1-3 WER 1-4
BEFEH BT R s BERE

13



AR 1-5 AR 1-6 AR 1-7 AR 1-8

IVEE S 3 BT A A T (s s IB AR = SERK
fReR BIMAEE ISR RS Y B 1E S R TR A

+ 0 BB RUFEASER
(—) DE

B 1-1 FEEL 0.050 g BAF 6 0B E 9 mL HYERS T - BUERI( » 16 LUBE B -
BER 1-2 AR RIE 2 (Rl R A B MRt X Pl A i B e R g O

BER 1-3 RS HYIS o BRI A SeE Ty 3x3 BEvd SRR - RF PGS el -
DER 1-4 BIEHHRBIEA T - AR EEZ - BEERA SRS S -

AER 1-5 {8 RS~/ CoRe R Uy LB A PRl A ST -

BER 1-6 FRIEREEHT - BT ZER SRS R R L -

AER 1-7 EELL PR HEIEE— R AR > EiREAAENERS

ZER 1-8 i 11 mm JERBIN KGR > BB MAILE - FIF AEAREEE -
BER 1-9 1 0 SeAiIBIRE - JPREEIELS - RHSF VBT EALRT -

AER 1-10 AERJeET ey 66 BRI R W F - AIRIEER S » WEEHAAKEE -

(Z) EPIELH

AR 1-2 AR 1-3 AR 1-4
EREES T YA SEA 3X3 A =

AR 1-5 AR 1-6 HER1-7 AR 1-8
EHERIHI EHE FHEES—R BETER

14



AR 1-9 R 1-9 EE 1-10 A 1-10

DABNBARR 2 HE AT LS AR A B[ E
0 SRACHHLSHY AN B I A

+= B t= - Do AEREENERE TR RSN ERNEF
(—) DE

BER 1-1 B HRERAE B UERERR

GA%: - LED JE/RILIEEUERIE - s B E BRI AV

BE - EZIIA—=EIHET A RS LED) - S EIH2 80 1Q - 10Q - 1002 ~ 10000
BER 1-2 T H BRS¢ 5 AUERERRS

RS - BHIREAH- R A R 7 ws (pseudo-capacitor) #E{ TR BRI » R BE R

MR ¢ FEEGHTEEE I > SEEEE2ES 1Q - 10Q ~ 100Q ~ 1000Q
BER 1-3 B HBERAS 5B = UERER

B - A MERHE A SRR - B st B - W R B E LT A

EHVERB( LT EREEA RSB RER s R A R ERE -

DER 1-4 DIps A s T e R 2 SR U A B I ad

(Z) EPIELH

AR 1-1 AR 1-2 A5 1-3
H— R HAUER F=AUER
FERFRER FAERTRER FAERTRER

15



+ - iR - DI A EREES ST TR

(—) Bk

DR 1-1 REEER | (KLEREER) ~ BHR 2 (RAREER) BIRFHIEER A8 1 - AfivEpz

R 1-2 R 3 (RLEREER) ~ BHR 4 (RAREER) BRI R A8 1 - AfiuEpz

BER 1-3 DUBE e iR S AR B B A s TR B S

BER -4 fE =R LA R E

BER 1-5 B 3V IR E N a7 o E

AER 1-6 fHUEZ /1 TR TR A S b BRI A R R

B 1-7 BHEF 3V IR B R e T

AER 1-8 #HHUZ 1 TR B A S b BRI A R R

(=) EPIELH

R 1-1 AR 1-2 AR 1-3 AR 1-4

PR B BTFEMESER  DFBREEAE  (oREtesst 1
T BRI HEEEASNY S SELRE R EE

AR 1-5 AR 1-6 AER 1-7 AR 1-8
2 1Bk ik BT ik

SRR A BB EE R

B

1.
2.
3.

i /r B R R R B R G B S PR B AN R A (LT K 3V

TR ER RN ERERMIAECET T2/ V8 TEE 3V FEBEAN 1.6V FEEEL -

A B ERE RN ESER - EEA N 2R RED THEAEE R T ENES S AT T
£)

B AT R RIE AR E T R /)N BRI FUR IR TS (R RERR) M REREE T AT AR
P (BB A A SV R [ RN B SR - [N aRIA & T HF SR T EE B T2
HEAFFLEZ S FrLlE i R AR B AR BE -

EEBSTEEIENE - ERRE A AU LR - AR R G R > ERR AR THIe B L UR > BB
FEBCEE IR - A ST R TR R AR - RHEES RS S EE -

TR - ERRYEETECR - EERYR AR o RIS S P VRS - B EAE K -

B Aes I A S W R B TR e e T 5 N Tl R R (SR R o T R AR R EE A A
ERAIRRE MRS R RS I TTERCR -

M

16



+h -~ B+ - ERERMEVEERE
(—) Bk
BER 1-1 53 RUI0A 2 SeRYPRHIERE - K 5 7eRy/KBRL 2:5 BRI R {AIZE R
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2 - FHIREEEET SR

SVER— ~ $RaY PFHTHIELE Zn0 JIBIE AR SPHRHVREE pH B

fi& PF-ZnO JEERRER ~ A [E pH NIUER)SMELLR
HIREYIEENEES % 8 - BRI EESE L
PR AR pH Ky 7
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Fetu A NVEEFEE RS HCL S R4 BT 6 /2
A AEiEEz pH B > ANRE SR EY) - B85 pHT
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JE ¢ ANEEE pHo AUZHFRIRFZ S EFHRE
AR R > ATREIE AR PF-ZnO W EMRHAIKL £
ot > (EFLIRE YR D B RS H ) -
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B 5y 13~10 5 » pH {EPRER T - EARCH T f
Ry sy (> BT /R A At B M b LI B 7
JFEAR AT /KR ZnO -

& pH {5 9~8 i » &K pH [EE(LZM-F4E - /&
RER O Ry ot HORM > BRI T IR g hiia
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& pH {E 5 8~6 I > pH (HEM LI 4R 18 > BREIT4E
PRFFALE® - & pH {EF 6~5 I > [ERFAR T ZnO
FAEA 7K PR OH > 7R pH B & s
N SCRAEETT - O UERYIBR B A Rk A € -
& pH{E Ry 5~0 I > 28FEd ZnO JAfE(E pH EHIL T
Fe 3BT & ZnO SEE /KRS pH (HE 2 T
Il - JUBPIB . SRR - 3 HD ORIV AR
BV > RERFLUFBEIE VIR ML - DB &
SRR LM RIS -

[[E ] PF-ZnO ;& & ¥ (53 & pH (& etk &

(%] EA 5 % ZnO M PUR[E pH RS REY
EVESR

JRt b Bk Bk HER
pH PF Al % 3 TR
(€] (€] (@ (€] (€]

1.00 074 028 0.17 1.00

1.o0 072 021 025 1.00

1.00 0.6 024 023 1.00

1.000 088 026 020 1.00

1.00 088 035 022 1.00

1.00  5.41 320 024 1.00

1.00 570 342 029 1.00

1.00  6.41 350  0.25 1.00

1.00 648 362 029 1.00
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JFRE 1 g BURTHE & CREY A RES- 2 3 leAhAt - Bl HE

FERFy 30% © okl R B Bt BeXE  Eim
ZnO  PF A % ® ER

® (©® (8 (2 (2 (2

1.00 1.00 1.08 0.81 0.26 1.00
3.00 1.00 3.84 274 029 1.00
5.00 1.00 6.41 350  0.25 1.00
7.00 1.00 12.14 636 0.28 1.00
9.00 1.00 22.89 825 0.30 1.00

HRE(EFEEATOKM: » RIILEKSERFT ZnO 2
LA RIS EIRVEY) » Bz - h2Ag bR ARYR
BHEE s LRV EIRRIIRIE RS » RN F7KIy
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PR AR R AR - AE Rt T IR - RlE2ieA
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SR ER SRR (UK ) - 45 TR BB A A S i
ik > SEE A EEIE /AT ERA R -
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g R E LA S E S ORI EE R R > B
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iz i R)
_ 1500 250 §
:'DJJ °® ° ® e 200 N znospp  Surface o
é 1000 ° ) o | 150 2’3 : (9/9) (:‘rze/ag) i 1203 m;;_{':
& L4 T e T 9:1 1203 7 1145 mg”
! 500 [« - 100 2 & 1004 7:1 1145 I
- 2 55 1003 { e
*—E o - 50 § 5 3:1 524 [ 1003 m’g
3 1:1 156
0 0 x % 0:1 14
0 3 6 9 & § ! 524 m?g!
ZnO/PF §
§ 156 m2g!
[[&] “R[E ZnO/PF &RHTERM EERER K ZnO $t
BRI R ERRAIA RO 00 02 04 06 08 10

(] = ZnO/PF SpHIBsA LERER
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SIS - BRI AR RS

FEERE ELL 100 mL /K R 1EE - (%] EA 55 ZnO ~ I pH=7 REET -

e — DUAEKEERNEYEER
[EAKE SOmL Fiapea i LIRS PIRIEEIRN. o me mEe ®e  BE

REEEE RS AT EROR o o @ m  m  am
%) 7K REEE 400 mL B €T HUAESRATYIE 1% - 40
B BRI EH K R AR R I
BT R -

(€9) (€9) (€9) (€9) (€] (€]
50 1.00 436 28 0.29 1.00
100 1.00 6.41 350 0.25 1.00

EHE o KBS IS KRR SIS 200 100 544 32 026 1.00
(RS T 59L pH MEFTI0E: » BT HH A [ B A D 4 B A E 400 1.00 422 16 0.09 1.00
REHVEEIF » AR FEELIA - e —

&R » AR EIZK & B BB 48 F R 2R = L
IR (SRR B AL 2 R K IS R
M—pasaf8ny—k « EYRIFUREE XERE Zno
HYELBIRSE - HIEL > FEME SN EARERKES  [H]) 5 55 Zn0 ~ I pH=7 &4
B AERKREREMET T BE 0 B UFREABESRINEY(HAETL B

[2:] FEEHK R EE LR 50~ 200 ~ 400 mL)FYARBHLATHIIHE

(L RE G & EVETS)
EEUKE EERER —e— 400 mL
L2 (i) 5 ] 100mL
50 936 o T eom
100 1003 S
200 994 £
400 985 g
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HN SRR E e 2 E S F#onfLIEMEE 2% S
6] - S AL R REUHEE > 494F 1000 m/g
BT > HhEREAEE RS 0.8 T A =B B It R 3
A2 RERE: » AP EA LR nm~50 nm)i7E 7o pe 04 0e 08 10

(] REKE A BT SR e B
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BRI ALSE R % Bl AR A LapR 4 20 (8
nm LB ARHTETE R S A1 - B R A
HF%/NFUR > B NFURLLBR AL - B |

i AT e NFLSF R A ki e

[E) %= > FUEBM ; 4 > Sq6e% -
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BT B R EIR RS SRR

e oRLRE S - iR EE AR R - (] £/ 5 5 ZnO ~ Jik pH=7 5RIET -

\ . . - ‘ 100 mL /K& &ERINEYEAR EDR R
WD HEH AT BE 2R B S a MR PREE R N iE A (HEEYER

S EAERNRECALEER FIRERT  mp me m B0 BE E58
BURGE MBI ? BARITIRRA 5 ae  ow & @ EE
RGBT SHCZn) - st -
(SR PR, FUCEEREER 00 eas 4894 034 100
NS 00 635 4894 034 1.
Lt KEAT 700 1.00 5.54 3.800 0.267 1.00

200 + Cey = Zny + Ot 800 1.00 527 3352 0251 1.00

900 1.00 574 3450 0.193 1.00

Al AR EDRAVAEEIREE (415 C EARED) - TRREEEE 1000 1.00 5.01 3.392 0.051 1.00
e RALAYHEE(<907°C # 9 D)

© @ @ (® (® (®

Zng) © Zng) < Zng)

5 L A B - SR I B A 5
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SR 7n0 % BB S R L T R LR BEAE 1 em FERE
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[ NS iy iy
E BB ARG > SERRI(DARERS > B R B BE BEK
TR BT - et it A A SR 4E R LARE & () ((9)) /)  (S/m)
B ErER Ot B SR E(F IR A sS R R EHE 0 R 600 | 1635
MEEREEBET A > NILE B gl - 1701 | 1624 | 0.00061 0.061
1536
700 | 1302
13 R, 1241 | 1310 | 0.00076 0.076
25 20% %% © 1387
L 800 | 1193
% T p—— 1239 | 1205 | 0.00082 0.082
1184

DRI ERG FURBHOEERETOE  o00 T
B AR R S R LR R T o 1oio | 000095 0,095
- (R A T R TR LR

‘ ik 976

A AT P TR T

GERASE > (AR R EMEAE -

ARRSH - A MR B | 675 | 700 | 000142 0.142
731
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0.29 2.35 2.27 0.2
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20 1.2 2 0.5
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0.14 2.31 2.2 0.7
100208 TSR | CIRER | ORER | WRER
0 0 0 0
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[ @ ] 0.06 0 0 0
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Q| UHEER CORER UMAER  AIRER 02 TR GRER eER  KIRER
(G129 15SmA  002mA  6.8mA 0 mA 83 0 19 0
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