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Abstract

Here, polypyrrole (PPy) coatings were deposited on polystyrene (PS) nanospheres (PS@PPy), fol-
lowed by controlled pyrolysis to form the hollow carbon sphere (HCS) under, then platinum nano-
particles were deposited on the surface of HCS via wet-chemistry reduction, denoted as HCS-Pt. In
addition, protonated graphitic carbon nitride (P-g-C3Ns) was used as the precursor to prepare
amorphous carbon (AC) under controlled pyrolysis. Also, Pt was deposited on the surface of AC with
the same method, the products were denoted as AC-Pt. The structures of Pt nanoparticles were cha-
racterized by the transmission electron microscopy (TEM) and X-ray powder diffractometer (XRD),
and the effects of carbon supports with different types on the growth and distribution of Pt nanopar-
ticles were investigated. The oxygen reduction reaction (ORR) performances of the samples were
evaluated by electrochemical analysis in alkaline medium. Compared with AC-Pt, Pt nanoparticles
anchored on HCS presented a smaller size and a homogeneous dispersed state. At 0.1 M KOH elec-
trolyte, HCS-Pt showed more positive oxygen reduction peak and half-wave potential, a smaller Tafel
slope, and a larger response area of the voltammetry sweep curve than AC-Pt. The results show that
the ORR performance of HCS-Pt is better than that of AC-Pt in alkaline media.
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1. 518

TENZESCE) UK R S A B MR, AIBO T EF MR, RIS, — B
PSR, FRHE BT A RARRX AR, KLU, SRR T A SRR R . SR,
AW 0 P REDR 75 SRAE AT BT RAGA BEIR,  IX AN 2 3R PR % B EL, B SR, 5l
E—RIVAEE R . KBHAE. KEE. AP RRSE — R 5T i B T K BB A 283 il CO,. NOX 45l =
AARRIHEL] [2] [3] [4]. FF HA BT E R ReIRAE S E . H2&, EEERRIEIT KR d, fA7Est
TERAR . REVRAL I 2 M R B B S5, TEVRAR S TR AT RiE il Rk, $REMBER oI5 4L
(0 AT AR FH A R0 AT 4R () S 60 375 135 31 70 RE IR L4828 0% 108 I i JUR 2t R Je P L B2 SR 22— o

TRk Lt B A R RE B R . AR B T AR IR DA R WD 35 e HE L, B DA O R
K U FIBUR T S0 E5] [6]. Ak et il ik 76 BH AR AT AR 22 S Bk = AR e, FFTE
WHAT EOL SR B o BARR I IS B T 225 B F R T IR . O-O HRI LSS — Bl /., &
TEBN F125 T TR ART ZZAZ 1) FrbL, A 7 A8 b ik R e okl 7 BRAIG, AN R SRR S S N, T R LA
FRAR R A 1o PR A 5 PR R E T ORR PR Ak 771 LA DK RIS 7 FH 81 R ek LV B804 o 2 R Tt R 2 2 O L YY)
[7] [8] [9]. H HiF, LARR N ERAR I Pt AL TSR EAE AL ORR il F AN B A 28000 7 sl FL (AL 7 [10] [11] [12]
XAEWT PtOABRR b R R TR0 S e RS Z R (18], AR, BIARAR KB
Y Pt IR T AER, 2 fESREN ORR MR Bh /1%, XAt 15 B AR SRS RE MM AL 38R, Pt
MEDMR B INIRZ . BLAh, ERALERE T, Pt R IR A ARAI XS 5, (e s Ak 2 R A BT
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Ky TS S0 A M REE A B TUA R R [14] [15] [16]. JFH, BREALE Bt fE i 2 2 < Ak,
R AL BB MIREE, ff PtRUR AT E 7 BATREE, Ik 7 ik AR AR R [17] [18]. X
Sofs 2 S EUREE HLIMLAE SE PR IS AT I RE P Y BLU™ A AR R [19] [20] [21]. PRIBE, A BB A E AR K
ARG TE . SR HITER) Pt ORR QKA IR T HEM), H 7w 1 Phblitt.

AT 73 B E HCS 1 AC B 3% R FIRIE iR Pt 9Kk, 454 TEM. XRD K fiEfb it fg
RAEIMNGK, A T AN [ 2 28 (B A 0 2 T B 0 R SORE (9 A A e A DL AT LRAL, - BARKTIER] Pt 4
DRATUREAE 3 1A 2 T 19350 50 70 BORH AL TUE BE AT 6 i L (50

2. SCIGERSY
2.1. iR

K RIBIE - B30 - B 7 3115 2B /K (>18.2 MQ) (HBI, SR I 18 /K Ab 8 15 46 B A 7
R . MRS RN S 20 0 A4S 2 Bl 75 B il el IR 28 IRl Bz Ah, T AL 24 S AR B R 4 i —
S, IR 1R,

Table 1. Experimental reagents
e 1. I

7 12z afi i ESR

g C4HsN fh2Eal BT T A TR A
I CgHs 99.5% Rafhr T A5 BR A =]
T+ IR R AN SDS 99.0% Rifhr T A A PR A A
TR H,S0, 98% EZ b Tt A R A =

i CH4N,S 99.0% EZ b T A R A =
TRER AN Na,COj3 98.0% E 251k TRt A IR A W)
I T R (NH4)2S,04 98.0% IR IVE AR 2 7]
Tob 7 1 K,S,04 99.0% 2540 TRzt A PR
ANIKE TR H,PtClge6H,0 99.0% Rifhr T A A PR A A
=R A:] NaBH, 99.0% E 2540 TR A PR 7
i HNO; 99.0% HE 240 Tt A R A =

S AR T B IR R WL R 2.

Table 2. Experimental instruments
2. LIINER

& uies TR

YA s CJ78-1 WM T4t R E B s

LN AUY220 BaEE T

Bl OTF-1200X A HERHB AR AT B2 7
BT RAE DZF-6020 BRI TR A E B A AR A F
PYCEREER VAN CS2350H BB AR M A PR 2 ]
8 FE I IE VR JP-020 YT IR v & A PR A A
TG HE T HERS KEJR-3H FARBHRIE R A AR AR
S L TG16G W IUE R AR AR AR
KR ETR SHZ-D(lII) X T AR T AT
ABAK RS HBI RN 7 TR AL A BR A 7
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2.2. SEHIdRE

221 BEZIHWHIKAHIE

¥4, ¥ Na,CO; (0.102 g, 0.93 mmol)Fil SDS (0.2 g, 0.69 mmol)#f#T 300 mL @K, i N, 5%
30 min. PAJ5, FE LIRSS PIREIMASRZHEEB0 mL), 18 60°CoK M MEFE R 30 min. Ffm,
K2S,0g 7K (10 mL, 1 mmol)SZRIE N, T 75°C PRI 20 he R GRIHLAHEER, HEETK
L 12,000 rpm &0BEERER, 1321729 PS ANERTTIE . BT S =250 #T 90 mL 281K, B o il R 4F
(R VERARE PS 49K IRE TR

2.2.2. PS@PPy Bk

2 mL PS ZKRERBIF NS 200 mL L BTk, M G AW HEE PS PRER S % Hk. M
FEAR R PN 300 pb AR FRAA, 2 fE I E He U S ) B VR I N (NH,,),S205 (0.29 g, 50 mL), &
G AN, PR K A 25 G SONL LT (R, TR FH 25 88 T /KORI E7K B P b AT Bk vk % »
[ R = D TRAE 2 AR 60°C T4 12 h, )85 B[4 B[ )y PS@PPy .

2.2.3. BEZHIBBULIE - $AHCS-PO~HIRIHI&

¥ PS@PPy GUKERK A BEEIH I, FEFRIH Ny U s e gk AT # b . DL 5°C-min™ [ 7
HHFRINAE 800°CIHIRIR 2 h, FFAMERIR)G, BUHFEG I H U E A0 AR, #32] HCS.
HY 40 mg HCS 78T 100 mL 225 77K, #7 10 min (3080, A HoPtClg (50 mM, 0.82 mL), ¥
P 3 ho BEJG 1A Bk i 2 T ZR N NaBH, (40 mL, 80 mg) /KA #E4T 12 h (RIE IR [ S o Kt B4 7 Wb g
I 2B T ARMTEK LWL RGeSk, SRIGTE T0CE MR h TR I, A kE it N HCS-Pt.

2.2.4. RFHASELIKRP-9-CNHPKF BYHI&

¥ 5.0 g BROBREE A5 35 AW TR R, 78 N AR E AR U BL 2.3°C-minTt (3R TR & 550°C FE{4
T2 h DUHATHb 3, TEAENE, BUHRE S ORI ES , 13 8H0R g-CoNy BioK . FREX 200 mg ¥ g-C3N,
I A HIE A7 VR BR R R RS R AR HE A 1:3 (3L 40 mL) IR B T, M Ab 3 B VAW IS B .
Jei, TR A BN 400 mL 2555 7K T P-g-CaNy 992K F 143 Bidk, 2585 77K BA 10,000 rpm 550 %00K,
VAR TR P B A T, BI AT 1331 P-g-CaNy 40K o

2.25. RFHABRILBI/EEAI(P-g-CN,@PPy) S| &

[] 100 mL 7K F1 i1\ 100 mg 1 P-g-CaNy, 87 kb 3 /5 J Bt 50 43 ek . 205, BN 100 pl L 86
I I B RR 40 VA (20 mmol-L Y, 20 mL)FFIA TS, SRUSE 4 h BB V=4, T2 TR b TR,
AR 7= Hid N P-g-CsN,@PPy.

2.26. RFHAERLR-$HAC-PY~IREI &

¥ P-g-CsN,@PPy B EH R F, 7E No 40l (8 20 LA 5°C-min™ (3R T %5 800°C A 2 h i3t
ITHAEER, TEVR N, B AR SRS RIS 2 AR AC. [RIFEEX 40 mg #r AR ¥ AC 43 #8F 100 mL 2
Bk, A 10 min L EL BN HoPtClg (50 mM, 0.82 mL)#itHk 3 h, JE&8b B 525 5 &EF
W 2.2.3, BAAFEINFESidA AC-Pt.

2.3. MR MIERSRAE

% 5 L B A58 B % (Transmission electron microscope, TEM)SK A Tecnai G2 F20 7£ 200 kV 7 #13k
3, AT LGRSt R AT T35 W 88 95 X0 K i R JZ IO X I AT TC & 0. B R X ST 23 (X-ray  dif-
fraction, XRD)li& FH #%%2 Cu Ka 7E Philips X’pert PRO _E#E47, MR HE AT S 06 (A7 B 20 A S5t B v i, %o R
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PR A SR W& A R WA 2 DL R &5 R
2.4. BBALZEMEEMNR

2.4.1. BAFENRNKERBERHE

A7 F e &% [l 4% F # (Rotation disk electrode, RDE) i AR 45 & LA 7 AR B MR R4 AE 0.1 M KOH fiif:
LA AT = FL AR R T ORR M. Jorp, A r B Br IS 53R T (e Ak 58 1 B Bk P AR 1145, X el
PR PR, ZEBRPEFAEEF L Hg/HgO (1 mol-L ™ KOH) B A NS L s bl . eI R/, 76 H iy v il
O, /N ARV PO BB RIIRAS . AN, KA Bl 0.1~1.1 V (vs. RHE)[X 8] 4 LA 50 mV-s™
(R A2 34T 30 AN ARG AL B, (I it Bk BIRRE IRAS, S8 o0t AR R T RS A A

TAE AR & EBFRR M b — ik T e sk An, Bm VR AR, LD 487 FIETF
FRBORR FBAR R ST BE 10 min, FHZSTR/KR S BEHs B AR TS Be 4%, Wt R E = & iR R TG,
=l NEARKT R BG, BRI 0 4 mg EAFIIMA 2 & 0.50 mL 2851 7K. 0.50 mL 5 A B Al
40 pL Nafion ¥ I PE AR, 87 30 min DA R/ B 28 o B 8 w L i 30 35 ik FELA P o X 03, AR
AT 10 h AR AFI CAE H i .

2.4.2. SR ENEENR

1) ZEMEAEIRR 2275 (Cyclic voltammetry, CV):  HHHE 2 F45 8 26 )\ 1 HL A7 BRI FEAL S5 S [R] 21 i 91 1
AL, TR B— A B - B DG E A 2k . HARMIHATE 0.1~1.1 V (vs. RHE)HLF X [H] LA 50
mV-st R AT . MRABIEIR 22 SR ORI A MRS A B, T AATID PR (A7) ) 20 TR i

2) LR MEFHIR 22 (Linear sweep voltammetry, LSV): 7ESUEJR M idFEH, O, J A (A A 7E sl
T EE AL WP RN B PR AT I R, X — RV RNl , SO 5 TAE Ak
A PR AR SR B A A 4 7 R T P S ARG o DR s A T o vy T e 2 [ 48 P, [ RV R AR AR
FFREAS . 78 RDE MAH, SRA LSV MIAHR 7T ORR J M3l /23 il R, B R 533 [l >y 225~2025 rpm,
FIHEEZ A 10 mVes ™, AL E H 9 0.1~1.1 V (vs. RHE) . 4SBT 7T LA 1600 rpm IS LSV BHZRAE J9 % —xf b,
FHFIL 0.5 mA-om 2 A B (1 B A AL E R AR FELAT, BAT 3 ZEAR I AR 46 i 17 (Eonset) 2 5 FLAL (EL/2) AR/
FVTAL 4k 77 ORR V& M.
2.4.3. LGN

FE SO 43, FRATIASE PR AN [ PRy 4 e D i 4 17 e 57 3 114 A6 77 HCS-Pt A AC-Pt. SEBR I A2
A R R, AR TN

1) 7ELL PS GUKERNIENR, Hil#& ATIkIA PS@PPyY I, N 743215080550, BHEEH KBRS, &
B PS AT . 4k, TEMIHI(NH,),S,08 1E NG K FIRAMEIERS, 1T (NH,),S,08 2 A 35 Ak
P, — B BRI 7 RS (ARG R AR B ), XA BELRIE PS 9UKERIMLZE )
mEng 582 SR Y —IE L, TRV AN G4 s AR, AN A R T Pt R BURLTE B e R TR 3

2) {EH520 PS@PPY A8 4250 PS@PPyY (i F2rf, FRATIZH T Ml A @ vdols kAT T itk . S T HE
FUAR IR BORLAE B AR R T A A L, AT P-g-CsN,@PPy [RIFEREAT T sk Ak, 8 AR
WL T Tk, BPIXAN I FEHIE T s AR ik

3. ZBR5TR
3.1 EUFIEHRRERRIE
539 F HCS A AC 1 Pt 9K BRI DURR O E A4, il % T HCS-Pt Al AC-Pt B ARl . N T IR AAH
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PRE &%

TS BRI FLAR T Pt R BURL ) A S 7 A I DL, I 9 B AL RUREAT TR ALE

50'nm . 20'nm

Figure 1. (a) (b): TEM image of HCS-Pt; (c) (d): TEM diagram of AC-Pt
1. (a) (b): HCS-Pt#J TEM [El; (c) (d): AC-PtHI TEM &

i% 5t #7348 (Transmission Electron Microscope, TEM) ] T3 4E HCS-Pt (KO JE SR AN 45 8 Je e R
g3Ai. 18 1(a)2& HCS-PLFEaL T TEM BHR, ME B &E R G 1) PS@PPY 272 0IRAS, B £ I M)
EREAN, RO % T HCS ALFIEAA. Foh, PtACKIRIY 214> BL{E HCS K1, “FIIRifE1E 3~5
nm. K 1(b)2&H Kl 1(a)BOR RSB, Re s i i A5 2 Pt QKR FE R 7SR 1 2 U 5], AEHEHIE
X TR A F) Pt R BT A AL R ANERS , 185 S ViR FE R R EE B T HCS #iAk 43K,
FH LT R e 1 o . 1 1(c) AT 1(d)/2 AC-Pt L7 TEM B, P-g-CaN,@PPy ik f5 IS B Aotk
AR PTG SE TR, HLARTH 1) Pt PR AR R A —, r Btz . 45 R3EW], 5 AC AHLL, f£ HCS K,
Pt 20K BIURL R 88 T CBE /N IRPRLAR B B s &) .

NT R P GURIBRL ) SR S5 R, AT HCS-Pt Al AC-Pt #E4T X-5F AT 4 (X-ray diffractometer,
XRD)RAE T M 2 AT LLEH, IXFRRRHE 25° 4 — MR e 16, 16 44° 400 — AR g, i
4 5% LT AC 17(002) F1(100) [l » BRULLASE, B IEAFES J LA LR BEAT 5406, 2367 T 39.8°. 46.3°
A1 67.5° 5 JCPDS No0.04-0802  F iz Pt S 441 (111) (200)A01(220) V- T A XT8N, A R4 I v] LAAS:
SRR T RO 2 R AR . R R, AC-P BERRTHTIE 0B B T HCS-Pt, UEAZE AC %
THI T Pt 4K BURL 25 it 55 22 1 T HCS SR THI ) Pt MK URL 45 i, X AT A2 F T AC-Pt A i HH I SIS 2R 1E
Wi 2238 TH, X Pt YRR TR L 3 7 BRAE
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Figure 2. X-ray diffraction patterns of HCS-Pt and AC-Pt
[ 2. HCS-Pt #1 AC-Pt B X-5F4& 751

3.2. EUFIERMIAEDRE ORR 148

1

o
1

Current density (mA cm™)

— AC-Pt
—— HCS-Pt

0.2 0.4 0.6 0.8 1.0
Potential (V vs. RHE)

Figure 3. CV curves of HCS-Pt and AC-Pt in oxygen-saturated 0.1 M KOH electrolyte
[ 3. HCS-Pt f1 AC-Pt ZEE SifIFIAY 0.1 M KOH BFRFRHHY CV #hk

T VPG AL ORR PERE, AT M REEEAT 1 408 JF A A& 1 K. 1] 3 878 T HCS-Pt #1 AC-Pt
AR 0.1 M KOH LR AL TEE . MR ERATAT LA Y, HCS-Pt [ Bk 2236 R T ARG KT
AC-Pt, JfH HCS-Pt [f) CV Hh4kAE 0.87 V HLAL N RoR ok R FAA A 0, 17 AC-Pt FTxf Rif¥) CV 2k
s FEE R 5, R B HCS-Pt ARl Pt (111)67 25t AC-Pt HLA i i

Wil 4(a)F ] A(b) B, FRATTFEBRIE Ay BT BRI v 43 7% HCS-Pt #it AC-Pt i#£4T 225~2025 rpm T ) LSV
MR, 2t WERIRATRI, Bl G F AN WG I, 1 P i (A0 70 0 T A PR 1) SE A Pl 9 25 P8t T B 2
$erm, JFHAE 2025 rpm I HRE S W ARIA B oK, BW] HCS-Pt Fl AC-P /RN AL AR KL, ERAAT I
SRR, R UL R R N, I H AT DU o B E R
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a ,
g
3]
< 2
E 2
z
‘@
=
W
T 41
=
2
; = 1225rpm
“ = 1600rpmy
-6 —2025rpn)
0.2 0.4 0.6 0.8 1.0

Potential (V vs. RHE)

o

=
2

Current density (mA cm™?)

=——1600rpm

= 225rpm
===400rpm
== 625rpm
==900rpm
—1225rpm

2025rpm

0.2 0.4 0.6 0.8
Potential (V vs. RHE)

1.0

Figure 4. (a) LSV curves of HCS-Pt under different rotational speeds in alkaline medium; (b) LSV curve of

AC-Pt at different speeds in alkaline medium

4. (a) HCS-Pt FER M/ FR A R EAEIE T AY LSV HhiZk; (b) AC-Pt FERIE N R R R EI4E R TRY LSV Hhzk

d o

24

4

Current density (mA cm?)

-6

0.2 0.4 0.6 0.8 1.0
Potential (V vs. RHE)

b

Potential (V vs. RHE)

@ AC-Pt
@ HCS-Pt
0.90 4
78mV dec”! 0\
82mV dec”! o
0.85 \
-0.2 0.0 0.2

Log,, [J,(mA ecm?)|

Figure 5. (a) LSV curves of HCS-Pt and AC-Pt at 1600 rpm in oxygen-saturated 0.1 M KOH electrolyte; (b)

Tafel curve drawn by (a)

[& 5. (a) HCS-Pt 1 AC-Pt £ SIHAAIAY 0.1 M KOH FE 2B 1600 rpm I LSV #a%k; (b) @it (a)iahl

H i Tafel gz

A, W S5@)FTN, AT SIS R FE LTI ORR TERE, FRATHE HCS-Pt 1 AC-Pt 7E4S,
PR 0.1 M KOH HLAR T 1 1600 rpm R LSV Bl £k gt 4T Luisk, T LA B HCS-Pt (IR R B 2 B
4.96 mA-cm 2, AC-Pt HIHZFR B 25 % 4 5.03 mA-cm 2, BEAREATTHIMLER B it 2 B A 22 5L/, (B HCS-Pt
(0.85 V)i R 7t AC-Pt (0.80 V)5 1E i) (23 HiLAy, IXFEIL T Pt (111)7F HCS-Pt #4 kb Bor L H [ A 1
LTS R, AR A BRRE vt B AR AR 6 F B, T e R B H TE K Th R B . Pl 5(b) /AR YE
5(a)H 1 LSV £k 40515 21 HCS-Pt il AC-Pt AR I FE/R 2k, DACRIPAL AL 3 ) Sl K
55 AC-Pt (82 mV-dec ")#Htt, HCS-Pt (78 mV-dec ') A HHXT /NS SE /R BHR, R B M 3h g2k

3.3. AENGE

S5 % HCS-Pt F1 AC-Pt X P AR B EAEMR . FoA 1R I HCS ZEM A Pt 48K Wik 88 /8 3 B4
TR BOIRAS , HE AC B 3E A i 25 44 DA 61 2K Pt 49 K 5806L . [RIIHIERA T HCS-Pt A4 6 i Pt B EE AC-Pt

R AL A AT, HCS-Pt FoA FREHIL MY B KA Ty 2 5 AN BEAIE St A 80 ) 22 T 4 (TS e

£k L pnid,
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F HCS #k EUIRIG Pt g KSRt AC 3k F 1T Pt 98K BT EL A 4k 519 ORR AL IR .
4, EitERE

SR VRIS IR 323 WIAE HCS #4KF1 AC 3R F1#k Pt 9Kk . S X Pt 4544 B RAE S bR

ORR PEREM, 45 REW] HCS-Pt #iX T AC-Pt BAT LAY ORR fiEALIEYE . FRATEZ Jm B SEie TAE

witt

— XA IR AR, JFE S RHERR Y F AR P R UL JR PR RESE, A LU Ry, AW

HOBLAIERSE PIERELCHI MR IR R, Sl 4 AL 711 PIERELLHI.
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