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Abstract

Polypyrrole-coated polystyrene (PS@PPy) microspheres were synthesized by the soft template me-
thod, and the particle size of PS@PPy could be controlled by changing the dosage of sodium dodecyl
sulfate. Their morphologies, structures, and surface area were characterized by scanning electron mi-
croscope, transmission electron microscope, X-ray diffraction and N, adsorption-desorption anal-
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ysis. The rotation disk electrode was used to measure its Oxygen Reduction Reaction (ORR) under
alkaline electrolytes. To explore the effect of different particle sizes (50 nm, 80 nm, 160 nm, 200
nm, 400 nm) of PS@PPy derived Hollow Carbon Spheres (HCS) on ORR performance. The results
showed that the HCS with a diameter of 200 nm had the highest Langmuir surface area (732.9
m2-g-1) and pore volume (0.45 cm3-g-1), exhibited higher half-wave potential, and maintained a
cyclic stability of 92.1% of the initial current after 10,000s accelerated durability test.
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1. 518

PRSI YA e Y o R D 10 R ™, e R R T AR I Y R IR R PR SRR R T A AT B T )
PRkt 2 — PP RE E B AL BRI AN BRI 2 B . SR, BARRAE AL 7R P R X AN 35 B Y RE R L AL A
RAARKMRZm, Kk, flstEreth . etk m B ORR AL BA T EE M (1] [2]. W&
AR R R, AEE B AR TIRRE, BBt Hitiome —. ZFmR A
RAFHFHPE LR IR JEHFRE « ARSI 5, CEBACHT AL AR R SIS e B 1 36 L I T 5¢[3] [4]
[5]. ZEIBZMAEHE Faks R il A A e s 4 & B R 3 b = AR B A R, B TR B AR
JEF RS ZA 2, FERR T BURER T2 2R B 22 0 R o, SRk B 2R S5 M I A FR B 8D,
M BEAE R BB B AR B M. 7EUCERRE b, B FRURF R, B 45 Wb kLG 05 1 T
fE4ite 71161 [7].

Rk LA A . &S En RS20, Cap 2 A THl & IhaEmA kH8]-[13]. Zeng
S N[141%14 78 AL R - SR - SRR AT R B AR, @l I N R 2 S, EEMI
AL TEREAS 2R T . Li 25 A [15] & 1) PCN@PPyY-C-900 A4 KL 0.1 M KOH 7K iAW 26 1L H AR S 1)
FAEALTERE, AR FAG AV AR N IX R 2 ThRE B B DR 25 W BT H R it TR T, W ORISR A Tk 4 e
2545, ORR %54t . Shen &5 A [16]4l4 7 R/N ST SRS oK IR, 3K 8 TRk s g K BRAE vl A J T
BT BB RBAKER, fE—EHREE T, A RIFMAESE, R iEtEmizett. 4,
H A6 R S BRERRIAE ) ORR PERE O HTIE AR W ARIE . Rk, AR T PPy T IASARIAZR ) HCS, Xf
HA T FAEF ORR PRSI

A SCAAN R RLAR R SRR LM R SRR, 38 2R A e S SR s A0 78 78 ROk LR kR i, el
WAL & R R s ek . B e . B BT, X SFRATH . N RO B S5 IR 28 4 M x4k
ARSI R HRTIAAT 7 — RAIRAE, JRilid ik e 7 M B ORR MR, 45 REH,
200 nm #i1% PS@PPy ) ORR MEREHR 1T

2. SKEER S
2.1, i1\
7K L JFi(CgHg, >99.5%) ML (C4HsN, CP) it A R A (SDS, >99.0%) F1 N,N-— F & F i [t (DM,
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>99.8%) ) F Bl $ir T AL 22 A PR A 7], A6 A8 FH Rl O 20 X6 I g T 2475 PR A Al 7 AR S ) AR AR B . i R Y
(Na,COs, >98.0%). it i B #% ((NH,)2S,0g, >98.0%). i it R £ (K,S,0g, >99.0%). &AL (KOH, >95.0%)
F 2T (C,HsOH, 95%) ) [ [ 2544 i A BR 2 7 o

2.2. SEHIdiE

2.2.1. BEZHBNIREHIZ

RR LIRHHERA % LA 80 nm BRI LAk ()i 25 1, 4 TGk B L £4(0.0068 g, 0.0640 mmoL)i#
fif 2] 20 mL ZZ1KH, SRS REL S 2 50 mL AR, BN N, 30 30 g . SRS R s T
TN e B ER 54(0.02345 g, 0.0805 mmoL)JEif# & 10 738l BELERE, FERPPUEMA 2 mL 2K
O, IFAE 60°C RRIZUHEHE 30 0B FJ5, B KyS,0g (0.062 g, 0.2300 mmoL )i T 2 mL Z&Hi /K 1 I3
N ER R R, SRR EE T 2 70°C, fREF 14 h, AH R, FZ8/KTE 11,000 rpm/min
(R N B O TS = EIR, BEIR 20 435 KBTS EA =) 0 BT 20 mL 281K, A N ERIR O BE
i (Polystyrene, PS BER). B S8+ T HEEEBRRREN I &, 4 R DR ROk 2R Tek, Hn 5
e 1 ps, ARSI KA .

Table 1. SDS dosage and particle size of PS microspheres
= 1. PS f¥kiy SDS FE. HifR

SDS A &/mmol 0.0920 0.0805 0.0550 0.0460 0.0230
KAz /nm 50 80 160 200 400

2.2.2. PS@PPy f{ERAIHI &

PS@PPy BRI £« H PS ¥W(2 mL) /- BRI AT HE A 4756 100 mL Z&1B/K B, —ididi
il m) FIRER NN 150 pL Ak EAAc, SRS A P 1R R R S ng 44 2 o n N B R # v (0.173 g,
40 mL)HTIERE . BERPIRAE 4 /MG, RPEA KB ZHIE . SR)5 8 2818 SRl
P AR WA = b AT BB, Wik I AR P~ BT 52 AR v 60°C BT 10 /N

2.2.3. FEBRIRAIHIE

TR JE AR E TR, ERHEER BL 5°C/min (THEE R M 20°CTHEE] 800°C, {RiR 2 /I
W JE HARR A=, TSR R R HCS. K i 50 nm PS@PPy k45 1) HCS #ric & HCS-50,
tH 80 nm PS@PPy fiak il 3 1] HCS #5124 HCS-80, HoAth = #14Kk X bric 9 HCS-160.HCS-200 Fi1 HCS-400.

3. B/R5WL
3.1 EWFIRRIER G ST

93t H 1 2 30485 (Scanning Electron Microscope, SEM) T 20 ke i i %2 M S A R T 4544 . 14 1 4351
#& HCS-50. HCS-80. HCS-160. HCS-200 il HCS-400 £ 5[] SEM I Fro &5 %W, HCS ZILH AU
TERIE LK, HBE%E PS BRI IR N, NERSRTH LUBORLRE, 1% 2 i T7EBL I R B PS J3 i fl PPy
W SR AE R, X PR TR 45 M BB IR AL & TSR i, S s b e RE . MGE B2 HCS /)
BRI AT LG 2 HCS B 5 M8 72.(29 20 nm), IXFi 3 HCS A R34 I 1 HEb R mifL . 75— J7 T, HCS
K8 5], X2 FAFLREE G A 2R PS /NI SI - BUEFLIR T, [ BEHAER, PPy S5 IHRTE PS
Kif, M ERAEIAI HCS,
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Figure 1. SEM of HCS-50 (a), HCS-80 (b), HCS-160 (c) (d), HCS-200 (e), HCS-400 (f)
[# 1. HCS-50 (a), HCS-80 (b), HCS-160 (c) (d), HCS-200 (e), HCS-400 (YA B E %

BT 430 (Transmission Electron Microscope, TEM) TR 4E HCS MO TS50 AN 4544 K 76 247
fio K 2(a)n 7 HAHEZF RN HCS-200, BR7EHEREAE 20 £ 2 nm HARTHMHEE, 5 SEM 15—
o XFPEEREA HCS A mtb R M, ke ORR LA UL AT REME . REHLIA 2(b) ) HCS-200 fk
HATICER ML, FTRUE HE 2(c)fIE 2(d)R TR B3I 0 BE RS R s iRER R . &t 7 Hr FRATTAT
DI H 4518, HCS-200 fiEk 280 HH T A BDIRES, IRERR I M A B BR8] T RE S . SR,
R LR AT O 2@ BRI I, S5 ) T 4808 IR SRR AE

|

Figure 2. (a) (b) TEM of HCS-200; (c) (d) Element mapping repre-
sentation of HCS-200

2. (a) (b) HCS-200 HyiE SR SEEIS; (c) (d) HCS-200 K 7T AR
SE%

AT — 8 X SR ATE I (X-Ray Diffractometer, XRD)HEE & IO 45 /) 3E T R AE 0. 18] 3 &
HCS-50, HCS-80. HCS-160. HCS-200 11 HCS-400 fJ XRD 1 FE, {F 20 = 25.1° i n] A H — AN oK)
FT5T B, IXJRAE R 200 i B i A I A SRR 1) (002) f TR IR IS, HCS-50 7E 20 = 44°Fffic 5 — 4
RGN, X6 T BAT — % 45 fb B 1 J0 58 T 19 (100) i T, HCS-160. HCS-200 il HCS-400 7£ 20 = 25.1°
BT @A S AR 2T HCS-50 A1 HCS-80 FRIBE IR, 38 B = AN il B8 IR ) G 58 Tk »
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Figure 3. XRD image of HCS with different sizes
3. FRIKIZH HCS B X SH&T5IE

HCS-50. HCS-80. HCS-160. HCS-200 Al HCS-400 ) N, Wi} - Bt b &R £k in 4 4 fizr, BET b3

. Langmuir HERTEAASLAAF WL 2. B 4 aTRUR H, FrA MO SR8 0 S84 (1) TUPAC 24 11

A, BET Wi 53 H3 &Y, REJEAG A —FLEM, fEE R ALRIL[L17] [18]. bL## 2 i %#E , HCS-160

H1 HCS-200 %4 7T LA Hi HCS-160 /) BET R Lk HCS-200 /& i ¥ %, {H /& HCS-160 [ Langmuir

Fb R AR R A5 HCS-200 f—2F 1 H AL L HCS-200 /N TR %, X Uil HCS-200 [BRIGE 2, BIfE
PROLTE Z RN A, X BRI R T e e

E wt’x%
)

g HCS-80

T

= HCS-160 U Y 4
5 HLS-160

=

<

iy
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Figure 4. N, adsorption-desorption isotherms of HCS
with different sizes

4. R[ERIfR HCS B N, IR BT - BRMEE Rk

Table 2. BET surface area, Langmuir surface area and pore volume of HCS with different sizes
& 2. NEHI{E HCS By BET EERMER. Langmuir EEREFARFNFLIATR

FE BET EL& A (m%g) Langmuir L& H AR (m?/g) FLIER (cm¥/g)
HCS-50 44,4148 344.3188 0.224328
HCS-80 36.2989 325.8922 0.230262
HCS-160 213.3578 466.3214 0.128118
HCS-200 97.0208 732.9081 0.447644
HCS-400 63.0808 391.8410 0.222747
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3.2. MREyER L ERE

NTVEAFERAE HCS R AEILTE Y, A A2 TARS/E = AR RN, KRR ARAE A
S, PR A A DA R i B M R A B T FR AR VRN TAE s B, 76 0.1 mol-L™ f) KOH i f:
HLMF A, TR IXTE 0.1V F 1.2 V (vs. RHE) EX 4R ORR HL AL BEIEAT AR . 76 DU iyl 42 )
INET, RIS ARV PN SR

HCS-50. HCS-80. HCS-160. HCS-200 A1 HCS-400 £ f £ 9455 %4 50 mV-s * (I7EFRMA % B £k (CV)
R 5@) s M AT IR B 2 0 452 B S Ak I8 R UG, S BA FLRNEE Tl A — € /) ORR & 1. {HZ L
2R, HCS-200 B ¥R U6 H jat 5 FE & TAMRE il TR K, B3 IR kPl DA, HCS-200 RIH

B Uf ) ORR fEALYERE o
(a) 2 (b)
& 14 ‘T'f\
g 5
5 3
< E
E 0- -
z z
A -14 A
+— =]
—in |
55 — - =]
O 21 —— HCS-160 ©
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Figure 5. (a) CV curves of HCS with different sizes at the scanning rate of 50 mV-s %; (b) LSV curves of HCS with different
sizes at 1600 rpm; (C) LSV curves of HCS-200 at different rotating speeds; (d) I-T curve ofHCS-200

5. (2) RRPAL{Z HCS7E 50 mV-s $HHIR A THI CV #iZk ; (b) FREIHLE HCS #E 1600 rpm I LSV #i%k ; (c) HCS-200
FERESEE THI LSV BAZk; (d) HCS-200 #9 I-T #i%k

DNt R T LUERE i 1K) ORR V& 1, FRA I A Jie % [ P AR D0 38 4 4 o £ 1600 rpm %38 T 1) LSV
iih 2540 P4 5(b) B » 76 HLJ %5 1 9—0.1 mA-cm * I}, HCS-200 (#3245 #1.£57.(1.0587 V)t HCS-50 (0.8777 V).
HCS-80 (0.7589 V). HCS-160 (0.8215 V). HCS-400 (0.8007 V)ZRILAIH IE, SIt[HKS, HCS-200 [
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B LA RE R iR IER . BIRA S A, HCS-200 AEHL 34 0.4 V (vs. RHE) BB oL 97T 25 15 (3.799
mA-cm )% 5 F HCS-50 (3.476 mA-cm ). HCS-160 (3.003 mA-cm %), HCS-400 (2.711 mA-cm ). HCS-80
(2.290 mA-cm?), XHEHIIESE T HCS-200 (¥ ORR 1 i BAL T H B ki2 HCS. HCS-200 7 AN [ 5 3% K f)
AR 22 i Z(LSV) W& 5(c) o, EIFATLAE H, HCS-200 i B L i 5 i e ik 42 5 4 PR s 19
R HCS-200 7ERIME 264 T HA MBI B THERE ), AERBUELF Y ORR i F2.

K H 10,000 s {5 HAZINR, #3E—53F 4 HCS-200 [ H LR E e RE, 1-T BhZR W 5(d)frn. HEF
A[ LA H, HCS-200 7£ 10,000 s J5 (A XS HLIAL % FE REIS 3] 92.1%, LT WL, AOEHE AT e PR IR
Wil HCS-200 FRIE PR s AE BRI 251 R LR

4, 4Eip

ARSCSLHL T TR %A B A SRR G PR AR T, A SR ML h T 58 T B BRRAR A N A FEIR IO 9K E5 7
Rk A SR E S, BRI R s, B, HCS RILH RAFH ORR TEAEMAEE M, T
FLEASFRREAR ) HCS, A5 H1, HCS-200 MLk PERE ML 75 . BAIEZ Ja fseie TR, ik —BR
FRAESLE S AR I b & Jm s AR G R AR kLT, Rl % BN 57 (1 ORR fiEAL 7).

e HE

R TAR 52T 548 ve 541 B SRR 7T T 1350 H (20KIB430046) Al 3 K 2 R4 I 51142 (03083030)
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