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Abstract: In order to achieve the commercialization of proton exchange membrane fuel cells (PEMFCs), it is
necessary to synthesize electrocatalyst with higher electrochemical activity. In this study, PtCo nano-alloy electrocatalyst
was prepared by liquid phase synthesis method with sodium borohydride as reducing agent, triethylamine as
complexing agent, and by sequential heat-treatment. The physical properties of the catalyst were characterized by
different analytical methods. We studied the effects of heat-treatment temperature, different amounts of sodium
borohydride and triethylamine on electrochemical performance. The results show that heat-treatment can greatly
improve the mass activity of the catalyst, and 500 °C is the optimal temperature for preparing the catalyst with the
highest catalytic performance towards oxygen reduction reaction(ORR). Compared with commercial TKK-PtCo alloy
catalyst under the same test system, the as-prepared catalysts exhibits advantages of more uniform particle size
distribution, smaller particle size and higher electrochemical performance. In particular, the mass activity (MA) of the
prepared catalyst is 133 mA/mgp,, which is 3 times of TKK-PtCo alloy catalyst.
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Fig. 1 XRD patterns of Pt,gCo/C, Pt;3Co/C-500 and
TKK-PtCo/C
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K2 Pt,5Co/C(a). Pt,sCo/C-500(b)F1 TKK-PtCo/C(c)f] TEM & F J Hi 42 4 i K
Fig. 2 TEM images and particle size distributions of Pt, Co/C(a), Pt, sCo/C-500(b) and TKK-PtCo/C(c)

B3 Pty3Co/C-500 ] EDS Kit
Fig. 3 EDS mappings of Pt, sCo/C-500
(a) TEM image; (b) PtCo alloy; (c) Co; (d) Pt
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EALFIG MA. JIIAZ= L8N 90~110 pL Ff,
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S3 P, M= REMWIMEN 100 pL B,

DTL-Pt, sCo/C AL TIP3 AL L TKK-PtCo/C
e RER, @B LSV ML HES T
DTL-Pt, sCo/C ] MA i£%| 54.2 mA/mgp, =11
TKK-PtCo/C(44.3 mA/mgp). NINE &K= ZEn]
DURTHEL I ORR BE 71, 55 Yang P B FL 416
MR G . =R SREEAT R, W5 &S HC)
GAR= BB TR, =05
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H 7K (b)

Fig. 4 ECSA histogram for DN-Pt,3Co/C with different
amounts of NaBH, (a); MA histogram for DTL-Pt, 3Co/C with
different amounts of triethylamine (b)
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TR Bt i B 1 L Py gCo/C 550 W3R 1 FoR, B4R
Pt, 3Co/C-500 ] ECSA Lt Pt,3Co/C 1k, {EAET
TKK-PtCo/C. 41l 5(b)fi7w, it LSV i xt k]
&, Pty sCo/C-500 [1)2F-3 HL AL B\ /& T Pty sCo/C FlI
TKK-PtCo/C. 4% 1 iz, H MA 24 133 mA/mgp,
J& TKK-PtCo/C 11 3 fi5, 454 XRD B (&l 1)F1 TEM
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Pt, sCo/C-500 ik s g PEMXRT S CV &
LSV i 5(c,d)fin. HIK 5(c)il 18, Zid 5000

@~ PiCo/lC-500 = Py, ColC. (b) ©
w=-TKK-PtCo/C 0 0.1+
R A N —02 [ " PtsCo/C /g
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0 02 04 06 08 10 12 02 04 06 08 10 0 02 04 06 08 10 12
E/(V vs. RHE) E/(V vs. RHE) E/(Vvs.RHE)
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El'5 Pt,4Co/C. Pt,sCo/C-500. TKK-PtCo/C f] CV (a)f1 LSV HiZk(b); Inidfa & M (ADT) AT )5
Pt, 3Co/C-500(c, d), TKK-PtCo/C(e, )] CV(c, &)1 LSV(d, f)Hi £k
Fig. 5 CV(a) and LSV (b) curves for Pt, 3Co/C, Pt; sCo/C-500 and TKK-PtCo/C; CV(c, ) and LSV(d, f)
curves of Pt; ¢Co/C-500 (c, d) and TKK-PtCo/C (e, f) before and after durability tests
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&1 PtCoAELRELNE ECSA f1 MA iR
Tablel ECSA and MA parameters of
platinum-cobalt alloy nano catalysts

Sample ECSA/(m>gp ")  MA/(mA-mgp, ")
Pt, sCo/C 51.6 54.2
Pt, sCo/C-500 435 133.0
TKK-PtCo/C 28.1 443
ADT-Pt, 3Co/C-500 24.6 71.0
ADT-TKK-PtCo/C 15.7 27.2

Wl 1) CV IR 345 5 , Pty.sCo/C-500 Fr) M BT X T A7
/IS, I AR SR TR 9 PR AT D, T eV
£kt 575 i,  PtygCo/C-500 [ ECSA(# 1)H
43.5 m’/gp B F 24.6 m*/gp, PR 39.4%. & 5(d)
AT, ik 5000 Bl CV R HAHE, Pt,gCo/C-500
()23 FELAL B B8, SfimFs 34 mV, WK 1 PR,
MA i 133 mA/mgp, FEIKE] 71 mA/mgp, FEIEA
46%. TKK-PtCo/C iz e il Cv & LSV
2k 5(e,HFTs, 43t 5000 F& CV JEH 6 G,
TKK-PtCo/C ff] ECSA Fil MA #EH] & F4M%, H ECSA
H1 28.1 m%/gp, [ 3 15.7 m¥/gp (F 1), FEIEH 27.5%.
Wl sOFR, Gtz E S, TKK-PtCo/C
FR 29 B A W 2 23 mV, MA i1 44.3 mA/mgp, Jik /s
F| 27.2 mA/mgp (K 1), FRIEAN 38.6%. X it
Pt,3Co/C-500 FIH)4G FLAL 25 M g AR Iy, (AR
5E 14 b TKK-PtCo/C 55 . 1% & FH FIEER 2614 T, i
RIS R e R G, HemRmm RGeS
PR IR, 4> 4 a8 o B 7 2728 S Bt 70 e
T VERE K. W S5 Fow, s A e Ml A,
Pty sCo/C-500 H {4k 711 4 & Jokr o I B B [ 5%,
SR8k R F 3,85 nm 1IN F 5.35 nm, A A EE
i 0.223 nm ¥ 0% 0.233 nm, XSIF 7 H R IAS5H
PR 2 SRR E MR IR EE R —.
Gb, BRI ARG R B AL R v s, e R
I N Y VAR AN %Y A= A L

3 #it

AT B SE AL S B %N 100 mg Bl
14 K 100 pL = ZJEAE 500 °C iiin #A b 3 454
Nl 4 1) PtygCo/C-500 442K A 4 Hi M Ab 71 1 HL Ak 2%
PERE B . 5 A TKK-PtCo/C H {1k 75 #H LL
Pt sCo/C-500 & 44K H M AT 2 U I« A &0
oL R ST B /N HL H A 2 P T AR R O, A R s
B % Pt sCo/C-500 [¥] ECSA ik %] 43.5 m*/gp, i#
7 H TKK-PtCo/C HLEAL ) 28.1 m*/gpy; 45 HILE
OB JE RN RS b, Pt Co/C-500 F 5T &3 1tk ik £

133 mA/mgp, 720 ] TKK-PtCo/C HLMEAL T 3 %,
A H IR ORR fE)1. 43t 5000 B CV )5,
TKK-PtCo/C [IFa e M, PtysCo/C-500 I e M
T E—20 sk . AHFF A KT Pty sCo/C-500 7T LA$E
F+ Pt ORI 26, FC B s 1 R BV M RO i A A
FH &, BRI A e JEERR) H it (1) AR

FhFERE

ASCHIEANFTER L AT B B https://doi.org/10.15541/
jim20200253 &% .
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