Hans Journal of Nanotechnology 43k$iR, 2017, 7(1), 1-10 Hans X
Published Online February 2017 in Hans. http://www.hanspub.org/journal/nat
https://doi.org/10.12677/nat.2017.71001

Preparation and Stored Energy
Performance of Spherical Carbon
Aerogels with Uniform Size

Yalei Deng’, Yong Deng, Yongwang Ma, Jie Wang, Yajun Ji#

Department of Chemistry, College of Science, University of Shanghai for Science and Technology, Shanghai
Email: *jiyajun@usst.edu.cn

Received: Jan. 27", 2017; accepted: Feb. 12", 2017; published: Feb. 15", 2017

Abstract

Different pH values of sodium carbonate solution were used as catalyst for condensation of resorci-
nol and formaldehyde to obtain organic gels. After high temperature carbonization, the organic gels
were transformed to carbon aerogels. The obtained materials were characterized by SEM, TEM and
N: adsorption desorption test. In addition, the electrochemical performance, such as cyclic voltam-
metry and galvanostatic charging and discharging tests, was also conducted. SEM results show that
the morphologies of carbon aerogels exhibit the transformation from sole macrosomia to sphere
and eventually to sole macrosomia via elevating the pH value of precursor solution. It can be noted
that different forms of carbon aerogels can be obtained via regulating the pH of the precursor solu-
tion. Especially, when the pH of sodium carbonate solution is 10.49, the prepared carbon aerogels
exhibit spherical structure with uniform particle size. N; adsorption and desorption tests show that
the specific surface area of the spherical carbon can up to 526.1 m2/g. Cyclic voltammetry and gal-
vanostatic charging and discharging tests show that the uniformly spherical carbon aerogels ex-
pressed more superior electrochemical performance than that of resulted monolithic based carbon
aerogels. The specific capacitance of the spherical carbon aerogels can reach 85.39 F/g. Meanwhile,
the specific capacitance of spherical carbon aerogels based supercapacitor can get 76.72 F/g.
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ALY FL 7R A e — R T r AN P S 2R 2 (R AT B Re R, FLAEAE e R LOA Bk g0, B
AR thEEE. IR, RBCEERM. HeEm. R, EHEGK. FHIREE Y. etk in
Mo ARG O Bk, B R SRR SR MEAR O R,
RE L 25 4 0 iR 2 L SR A RE BCR R B e MR VE . BT, RIS Ha 25 2% FEAR IO A4 BHEL 5 65 )8
A, SRSV, 5N R TR BB . R, BB A LR B R T A
(600~1000 m¥/g). AL RIEFHIFRIEREE KB AERESE 205, SR Wm A K5 5E12]
KPR 2R ([3], MG RER4], EAFEAS], WHahe], A HRML[7SEZ AMIRG RS2
N o Forp, S AL E M RERIR TR H AT AR s 2 — o DA W LI I & R 20t B SRR 1 254
BEATOEE, DA s AR R AR E . Li 5N LI, KA 1 LR THFA 8], Hao
S T A RALRBIR S ER[9], Zhao S5 & M= 4EA T 2 Lk MRAL IR B I B 22 PERE[ 10]. O
(RIRFF 0 45 SRAIE S Bk SR AR 1A T 300 485 R R L FRLAL 2 PR BB TROR S I, 3K 2% TR DR KR b 3 T AR A3 P FL
oy A R T RS T I08 BUS R (1], AT E B2, SR RE BRI Th R 2 . BRIk
Gb, T I SR B B IR S AR R AT B A DU SEIN He ekt , 1 Huang S5 7ERRUBEIR FE A =
wfse, MAAZE BRI A E S BA R IR e M AN 5 = 1 b A EUE [ 12].

Pekala i WI7E G A MBI T BT F A AL TR A BRBR DN, 5 SRAIF 78 A Tt d i e FH A fE Al 7).
AALER[13]. AN 14] THBRAA[ 1515, &t T A FTEAS RIS . &L J.A. Menendez %518 i il
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BB NI TS 2] T BRI RIS [16], (H IR AR ARH Ak P BEREA T 7T . Wang &5l i 7K #4
RIS B ERIEARA R, I B ELr A 2B R R AT TR T, RIUAE A 214 N 152 AIA4 L b rL 28 ] DAy
%260 F-g™' [17], RHHUH AL MR . R B SEER LB ORI (0 & S T — e Bk, (ExEF
E A — RSFERTE AR A AT 35 B 1l S AT B 2 H 23 38 vh I N B FOE A2

Hohit, A R I -k ik AN 2R Iy AR S AR IR AR, BRSO AL T, DA% T AN
TESRAE M IR SR B REGHIE T T AR pH HIBRFRENE MO B BRI LR AL, LR B
P HALSPERERR, RIUEE—C K pH (ML T AT LIRS B 3 — RS BRI B A R
FLAL 2R 25 R L B T R A P ERE, MR L 2 B IR ) 85.39 Flg, DA RIFEZH
BT LA 2] 76.72 Fig.
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I (el RS Tl BRERAN( T ALY, EE K.
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Figure 1. SEM images of carbon aerogel catalyzed with different pH (a)
CR-1; (b) CR-2; (c) CR-3; (d) CR-4
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A CR-4 Fdh o AT LA Y BEE HEALTT pH AOIE K, B CREI A S5 M T 30 ¥ 56 R B R IR BUER T I A2 (b ka3
FF BATRHRAR R S — a3 . SR, AAEALRIA pH (BARSENE KT, AR HREIRIBURL I A2 [7] 4k
EARTEA . B —RIE, AR pH y 10.49 I, UKL FRLAR 73 A 2 2R R AE 2~3 fleK, HRiAR &
FEE— (U 1(0)FR) . IXRIIE—ERIBIERAT T, 8 AR EGER A B T3R5 B Y — R AR Ukt
JRRRL, P45 SR IR 2 AR 4R B A — 2181

£ SEM [ 2l -, I TEM X} CR-3 #f b 472 — B RIS (A 2 Fis) . M ar BUE HZA R
RiAEss— WA, A SEM M RAH 8. WS e i i BE I o] DR i R R 2 e i, I
WHRA KB ALIAAAAE . 8 A WHUIGE, LR S MR HER AR, A% AR T i
TR PHAE IR T[19], AT EE 4T ) DA 2 A A e |, AT IRAF R A LE R o B34k, A i& i fLIR R
AR AT UG T PR AR, T LE — A L L RE NS P A AR R BRI BEL T, T A itk —
AR AL R RE 201

3.2. N, FiRM B MR &R 54

K 3 B2 CR-3. CR-4 FEM I SUTRB I i 2. — 38 BT ERAEARRT K 70/ F 0.1 IRPRERIRK, 52
A RTALARSGE[21]o CR-3 FESR IR TR B - AEAR X B KT 0.1 I ARG RAR AN, BT A3 45 44 A
WALAE, X5 TEM 4R 8 RYE TUPAC 17338, XJ& T IR T SES5R B h £k[22]. CR-4
T sty OB RS A AR ARG KT 0.1 I 8 — AN a3 AR 77 0.4~0.7 3 Bl 9 A7 42 9]
AR [, XU AR pH D 10.94 I, P8 SELR Th A SLAAL R SEAEI, (HAEIR A o
RUWEERIRBLIE, XU ALEEIFA L (23], MR4E TUPAC 7038, K& T MR IV 550 Bt b
ih2k[24], 145 R [F Wang S5 JTHRIE K2 FLBRPDR IR B i 2 AH 2R 18125 -
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Figure 2. TEM images of CR-3. (a) is the brief view of CR-3 samples. (b) and (c) are the image of
CR-3 with different magnification
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Figure 3. Nitrogen adsorption and desorption
isotherms of CR-3 and CR-4

[& 3. CR-3 #1 CR-4 BUER SR A it b 2%

Kl 4(a)F ] 4(b) 532 CR-3. CR-4 FER I LA /A 26 . AN 4(b) T LA H, #E 2~4 nm
JOFE P, PRRRE S A 2R AR R B, BRSO FLILEE R B R R LV N o {H CR-3 77E SRLIGHRAE HL
b CR-4 #£ 50 FREMIEE A, R CR-3 MFLAE D AG R EAEHRLE 3 nm, HAoAm G &[23]. 7E 4~5 nm
JLFE P, PIRREE S 2R AT R, X RIARES T 4~5 nm RSFROFLE S PEIR/AN I ELG, %45 BRI R AR
it R IR s SR — 2. seAh, A 4(2) T LLE HTE 65~80 nm JuFEI N, CR-3 MIRESFAE—ERINIL, T
CR-4 Ff 5 I A B A& X FEI G MRFAE, 3% — 25 SRR G0 0 PR il ZRARp A AR 2 — S50 o E R B P i 2 52 56 25
2, KA BET Al BIH i THEAS B B SBE R 1 LR T AR A AL (A WAL 1.
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4.1. FEFRZMR 247
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AR IR, BB R, B3 AR R0 B, I SR () SO0 J2 B 2 [24] o B 131
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Figure 4. The corresponding BJH mesopore size distribution curves of CR-3 and CR-4: (a) is the overview
map; (b) is a magnified image focused on 2 - 15 nm
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Figure 5. The cyclic voltammetry curves of carbon aerogels with different scan
rates: (a) CR-1; (b) CR-2; (c) CR-3; (d) CR-4; (e) the cyclic voltammetry curves of
different materials at the scan rate of 10 mV/s; (f) the specific capacitance of differ-
ent materials at the scan rate of | mV/s

E 5. AEHEHETHRSERNBEHRMR LR ELB S HE: (a) CR-1;(b) CR-2;
(c) CR-3; (d) CR-4; (e)FRIFHRHE 10 mv/s IR THIERRLHZ; (DR
RE | mV/s FRTRILLER A

©



A &

Table 1. The specific surface area and pore volume value of CR-3 and CR-4

%% 1. CR-3 1 CR4 # Rt R MR B HE

Sample Catalyst pH Sger (M%/g) V (em*/g)
CR-3 10.49 526.1 0.28
CR+4 10.94 597.0 0.32

AR B4 pH A 10.49 BF, BRETAF M4BT s B 3 — i, RIS et i e b 2 e e . mlRE A 5 I

& CR-3 A FLIMAZAERE K T B8 7 H3EiE, AR T BRI RS 7 109 BORIAE BT, 475 T A FLANGREL IR 1 15 4

PEES, WA OB T R BHAT[27] 0 [F) B 45 84 Hh RS AL AT LA R 2 F 25 I T AR AR & 1)

fit. Bk, CR-3 FEMRIHRMT IR, REHLRMBMARREKN, Zhao %2 Hith g ) ALLT)
MAR[10]. fRHEA(D) [28]:

I, +|1.

¢~ 2 (dv/dr)

(1)

THEAR RS AR LR WA S(OFTR. Co NHHZR(F/g), 1, A 1 3 5 1 1) 5 R A 264 1)
FHAR AN IR FBIRL(A), m MBI BUR (), dv/dr iAiiEZ . FrfSas RAIAE 1 mV/s BJ433E T CR-3 1Y
b H 2R T iA#) 85.39 F/g, iX[A] Yan [23]FTRIEH) 101 F/g AR .

4.2. {ERFEBERMREGER I

N TAERH CR-3 HA LR A B 2 A, AN SR at s R F AR I8 70 i ri 2 8 0k B0k gk A7 a3k — 25 il
i3 R~ 6 Bk

M 6(a) R 6(b) T LAF HETEAS [F] ) R BRI 264 BT A3 I e s i R R B T =/ T8, R
CR-3 AE M7 BOE R AR 2 25, B 2 RNFEBAEAR 2 )G, EURE R ED
P, XYL CR-3 A RIF B FaE . S ool UM SR BI7EBCRTF GRS, AR F R B2 AR5 /N,
KRR HTRAN27] [29], ATIAE —EREE_EXG KA R EE B2

M 6(a)ib i LRI, BEE 7C A B R G K, CR-3 BCHLIN a) KR 4E e, X Ui W% R Th 385 i
BN, ATREARE APET RN A . BAMNE 2 LR, E 1 VFHRER DR, B 7SR R
R, CR-3 MILLHABUELER/DN . X R B BRI R, 2B BTt E 2 384 R GX W] BA
41 6(a) A RHCR K LU B HE[27] [30]), AT BLL CR-3 ik 2 ) HU 78 45 PU A 2R 30 PR AR (E AT 6(D)
ATLAEH, CR-3 M i R MR LURE] 1.5V, HFE#E 70 il A TH &, FHSEIC 7080 B TR 76 38
MBI LG A B F R & 3 R RO R A sy, Sm LA LA S| 76.72 F/g, XKW CR-3 AH
BRI AR B . X W] REE OAMR R B RFL AR SR A A T Re R I AE i, HARERIN LA R T/
MRS TIPS B 13]. 46, fE 1.0 V. 1.2V, 1.5V K O RAF CR-3 Frky 2 1) s A 2% 00 Bl BEAT
T2 RMFECRN, BB H 2 B AR OB R I i AR A 2R 14 6(o) BT, RILZST 200 IR 7
A G, 358 0 A B EE AR E, X UM R B BON L R G AR e 1
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Figure 6. (a) The charge/discharge curves of CR-3 with different current; (b) The charge/discharge
curves of CR-3 with different voltage windows; (c) The stability test of CR-3at 1.5V, 1.2V, 1.0V
voltage window

& 6. (a) FEFEMEBEMT CR-3 BIFEHERLZ; (b) AEBEETOT CR-3 KIFEMERLZ; (o)
BEFOMMA 10V, 1.2VH 1.5VE, CR-3HBHFEREMENR

5. Zit5RE

AR S8R R A R - i A TR — By AR DN S B JER ), DAANTR] pHL (B I BRIR BAVA VLT R AL, &
GERTT T ANIE pH AL R TSGR I o 30X AR 4R AL 22 VEBEEAT 1 PRARAIHR
TCo WEAUL R R, AR pH (B 10.49 I, AT BASRAG RT3 — I BRIE AR CREUEAM RL . RS E
AR, BB R E LRGN L. AR SE BRI It APEge, OB LA e
HIEE] 85.39 Flg, VUMLK R A AR L i w] LUA R 76.72 F/g. BEAh, P B aR TRER LR iR
HIES FoE AL PERE . BORII R IIAL L R ik 0 FLIE 45 M S5 0 vl A8 5 J BB S AR A Jak

Table 2. The specific capacitance of supercapacitor based CR-3 with differ-
ent current charge/discharge and voltage

2. £T CRIMERFENERMERBMEET O THLLREHE

Sample CR-3
Current (mA) 1 2 5
Specific capacitance 4772 3131 13.48
at 1V (F/g)
Voltage (V) 1 1.2 1.5
Specific capacitance 4772 51.06 76.7

at 1 mA (F/g)
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