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Study on Hydrogen Evolution and Overall Water Splitting Performance of
Phosphorus—doped and Ni-OH Co-modified Surface—etched Stainless Steel

LI Yuping®, WEI Jingjing, XIONG Tuzhi, Balogun Muhammad-Sadeeq’
(College of Materials Science and Engineering , Hunan University, Changsha 410082, China)

Abstract: To rationally design the best bifunctional water decomposition electrocatalyst with low cost and high
activity is significant for achieving efficient conversion and storage of sustainable energy. An improved self—supporting
stainless steel mesh electrocatalyst is obtained by the steps of corrosion, immersion and phosphating. The electro—
chemically modified stainless steel electrocatalyst exhibited excellent electrocatalytic performance for both hydrogen
evolution reaction (HER) and oxygen evolution reaction (OER) in alkaline medium,displaying Tafel slope of 87.41
mV -dec™ and 90.1 mV - dec™ ,respectively. At current density of 10 mA -cm™, the electrochemically modified stainless
steel mesh electrocatalyst exhibited low overpotential of 164 mV and 240 mV , allowing it to be used as bifunctional
electrocatalyst for overall water splitting with enhanced overall voltage of 1.66 V at10 mA -cm™.
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FLRE A AR AR, 3R AE RS FH b 75 A 1Y
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GV RO RE AR, AT Im APk K.
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s, PEE BRI T Ao K B R, B R
B SRR ELR T RSN FH 0 AN XA R S A
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ASCHE TR 5] AT B LR
T AL AR, 752 OER PEREAY 1L
T, WA S HER PEBE, JFIEAT T e N 4
KRGS, 2ol KL 1.66 V52T 1.74 V
4 Ak H R AR 2 100 mV. 87T 2 B T Hifi
FEPEREIISETE , S N SR LT 22 i TE A 8, fE st I
I AT TR A A5 BT O AN B M R B A
W 1) HER 35 PER L BOPEA N 53 37 HER(165
mV)HI OER(240 mV) (33 T H24E 10 mA -+ em™ (1)

FL I 285 . MR, et FH AR kg A AR BH AR e A £ 751
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AT SR A — R 2 TS iR 1.
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NiCl,*6H,0(99% , s3#rali, g sa A fb B
HBRZAT]) s NaNOs(99% , 43 B4l , [ 24 4 A1 fb 2 145
FFRA ) AISI-304 (13 wm, B ILHT T EARFHNA
BN 7)) s HCL(36%~38% , 18 24 45 14k 220 A PR A
A]); NaH,PO,-H,0(99% , 73Ar4li, 1122 sa il ALE)
HAWRAA); #HaiKk(>18.2 MQ-cm).
1.2 KIETTE

B/, BaEEHAEHM (Stainless Steel Mesh,
SSM )3l FH PR £ T RIAR 40 7K R4 768 75 0 v ok s e
YH 3 mL 8 HCL 7E 70 °CF JE il 2s ARG ) 25
min, BB MGG (Etched Stainless Steel
Mesh, ESSM)BA 60 CHIBLARIEATHET s 3, Im#k
1 mol+ L™ ) NiCl,+6H,0 F1 NaNO; iAW , 1A IR
IR IR TR AR B AR NI (2x3) em?) IR A
W, 120 s JE U E TR TR, SBRRE
B AE & (ESSM/Ni-OH); 5, FRi 300 mg A9
NaH,PO, H,0 B H 52000 B b BRERE 543 B
B IR X AR, RSN 100 mL/min A&
SASUE, BL 5 Clmin B FHRHZETHF] 400 C, R
1 h, HSRIRAS 2B L ALBE S B9 AN S HNER 5 (ESSM/
Ni-OH/P) , F il & T2 anEl 1(a) Bk,
1.3 RfE

H D8 ADVANCE X #4455 (XRD) 43 #Hr T #£
anIAH , F Quanta 400F 4514 FL 7 g 15 (SEM ) Wi
TREMBIES. 8 FHRERE (EDX) /04T ESSM/Ni—OH/P
FERI LA

TE CHI 760K Hi k2703 A AR IE R — F
ARG AT AL (CH YRS Inc., L), B LS
B ASEE ] W (ESSM/Ni—OH/P |, (1x1) em?)1EH T4k
FLH , 7E 1 mol - L™ KOH I H 1 Ag/AgCl FEARAE A
S LU HA , BAZZAE A A . (i FHZR PR AR 22 A
2 mV/s A ERAF AL T ZE (LSV). (AL
WAl G-v) HEA7Aa e M. L b2 BT 3% (EIS) 7
0.1 ~ 1 MHz F#EAT,#RIEH 5 mV.



5 8 ]

AT BB Ni-OH SR BB 2 S 4 5K PR 135

2 HREHR

JH XRD #F5% T #E5h SSM . ESSM . ESSM/Ni—OH .
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Fig.2 Comparison of HER electrocatalytic performance

of stainless steel mesh with different treatment methods
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Fig.4 Comparison of OER electrocatalytic performance

of stainless steel mesh with different treatment methods
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em? BUHLTL . 2B/ DT 2T PU/Ir0,—CC B9 HE i
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20 mA *em 1 30 mA cem? YRR LR 5(h)), Ui
B ESSM/Ni—OH/P AR 423 fif 7K P BE FH S L A L
Wl FATLA 1.66 V HITEE AL, F538 A 900 r/min
AT 24 h FE MR (E 5(e)) ettt
T R, A RS TS A G PR B ek 7
—EFERE PR T % RE S AR T . X H AR
MET A B LSV (E 5(d)), EMEAE A, 7E 10
mA *em™ 45K LR 1.66 V, U IS P
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10 mA-em? 75 1.66 V HLH , FLAABK AR Y 1.84 V %
fiGiE 200 mV. 74b, 5EGEAFRIEAEHE R T
REFLAEAL A T2 i K EREAH HL (3 1), BB
TE 10 mA + em ™ B4 AL PEBE L T SS//SS NESSP/
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AKX AR K I SR LR T — Rl iR AR,
HIr vk fai o VeI 08, RIS AN A% 18 v, A 1
IR T .
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Fig.5 Electrocatalytic performance of overall water splitting device
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Tab.l The comparison of performance among

several overall water splitting devices

) . 10 mA -em™ Ab .

P EHRHALV T — Sk
ESSMNOHP//ESSMNOHP 1.55 1.66 AL
SS//SS 1.82 1.96 [16]
NESSP//NESS 1.60 1.74 [16]

SS scrubber//SS scrubber — 1.98 [27]
SSFS//SSFS 1.55 1.64 [28]
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