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Abstract : Acetylene hydrochlorination is an important technology for the commercial production of coal-based vinyl

chloride , however it is plagued by the toxicity of mercury chloride catalyst. Therefore, extensive efforts have made to

develop alternative catalysts with various metals, including noble metals and base metals. Here a porous nitrogen-doped

carbons ( N @ BC) derived from the renewable bamboo leftovers is used to activate acetylene directly for

hydrochlorination in the absence of additional metal species.N@ BC catalyst delivers stable activity during a 50 hour test

with acetylene conversion reaching 90% —95% and vinyl chloride selectivity over 98% at 200°C . This study develops a

new nitrogen-doped catalyst and corresponding preparation technology, which provides a new idea for non-mercury

catalyst development in the vinyl chloride industry.

Key words :bamboo; acetylene; nitrogen-doped carbon; hydrochlorination; vinyl chloride

RALNE(PVC) SZ2ER 2 N R fa bk
FELERKH PVC A= E |, 2015 4E77 502 2 500 J7 t, 4
SRR 40% AR RE 10% " E LI
&(VCM) 7& PVC A= 7= 1y sk, A2 77 J5 kA Bk
MMk, TR E R KT, 80% LI VEM
BJLLZ B i i v (AC) R A iy S Ak R AL
I (HgCL/AC) ik il 15, (H SR 2 45 K&, 2 1™
e E AN A SR Rk, R R G R
HEALRE R A LRI AT S R R A

TERMEAFILHE 4 (Au) FIET (Ru) 55 5 4 @ A
PR AR P AR, R Pt R A

P ACESR o 53 A A S E WS (Cu) FHEE (Bi)
A B AR AR MR SR e et
ok Tl AR H . AR, T A 24 bt Rkt
RTINS R A N 3 S Y W g9 £ R s R
2 AR R T T PR 2B S A SO R
MEALERE B R A 5T & M G 0 fs MR 4l
EMABLEEWA R (SIC@ N=-C) , F THEL R
SALRE, 2534 0.8 mL/ (min-g) | i JE A 200°C
T, LHEEAL R LR 80% 3517 150 h A UL B I 2 3% ,
oA ek 2 T 5 L s SRR 208 Pl D R T P
MFR—FIEAROST " ZHNEZEHK

%5 HH#A.2019-01-24; & B H #:2019-09-08
E£ WA . P EPHABEE S BT H (ZDRW-CN-2016-1)

EZ BN R (1993-) , &, W WF 58 A, WS 180 o 4B 22 A AL 30U HE S 20 & BOT K T, m13167128261_1@ 163.com; 225 (1962-) , 5, 1
+ ST R RS O ) b Sk bt A RS P A L B R B AR AT 3B R R jiangb@ sari.ac.cn,



122 - 4K, AL L.

GEIR, R R R AT Mz — AR T 2
FEAEARZ R, H AT SRR AL B TR 2% Ay T B
U INE TG G, B AT TSR 5
JEORE, i — A TR BB I AL R, AL
E AN, N@ BC AL 77 2 B H e R0 A 0 1 A 2
Pk A ARG A Tl HIHT 5

1 #MHENE

1.1 ##

Yk (80 H ) s &ALEE, sriral, g2 fb2a
RS FI AR ™ NI eI e R R S48k 4, 43 P 2l
[ 24 A A 250 A BRA R AE 7= B (99.9%) |
RT(99.99%) , il 2x X SARA RS /A7 EAk
£0(99.998%) , IR SRS AR A F AT
1.2 {4=8

2 [H] Renishaw 2~ 778 Gi%4Y ; Bruker AXS D8
Advance X SFEATHHY ; Hitachi S—4800 ¥ B 3% &
SHAHE T 485 ( FE-SEM) ; Thermo Scientific K-
Alpha X ST CHL FHETE 1Y ; Vario Micro cube #IJT
ZHHL; AutoChem 11 2920 74 ¥ TH iR 1k 27 W Fff
1% ; ASAP2460 fLA2 53 M 4% ; H A JEM2010 Hi ¥ 2
fHBe .

2 RIRAE

2.1 BEFHE

1L N@ BC Fl N@ AC DLIR it kil 4, 718
(TR ) A, AL R 16 AR ), TR s 0 e Sl 2R
P5 A R R BT RS 8OCHET 24 h FIYERRIE , FR
WA BRI R e i K, W 1R 1 T 31 4 14
R0 8 h J5 T 80°C T 12 h B TR JE A i 23l
7E 500~ 900°C 115 PE A N 4Bk 2 h, AR 2 mol/L
T ER R AN ZE IR /K e U LABR L @A BE R 24 5T, 80°C T
B 24 h R B A B AR, LRI BC -
Zn—xN-y, Horft BC SRR #ARM B}, Zn FRon T 1L
InCl, ,x FR A B I N EARN « £5,y RoRBR
2.2 fEAFHESR

PEAEFNTEME T AR 10 mm A9 47 3248 1] 28 TR
N (R A BRA WA ) A, AL
Jih 1 g, @ALEMOHRAEBIE A 1.2:1, 7Y H
AT (BB R F A ) #4708
AR RN, 38 O I S5 458 Lk e, AR
AT 1 h, 5 FEEA SR B, 7=

F39BH11H

SRV BRI B I SO I SR A BN VR R ik R Y
SRS A S OTESGHEAT 0T, R
FIPERERI I BRI ORI A S Bt
X Wi
ZIRFEARR = (1 - X,) x 100% (1)
HOBPPEE = [X,/(1-X,)] x 100%  (2)
K. X, HEARERE T 2P B & L X, A
kb A O AR

3 ZR5WE

3.1 fEHFIERETR
3.1.1 RIS ZAEAA ARG F R
ARFIABIE N@ BC 1) LR RINE 1 fr
o HE L RTLUE H TR AS G 0 280 mi 9K A4 L 42 e
AT EI Y BC-Zn—-800 FIE M AC FIW A [F] 1%
PE BT H BRI RN 50% , B2 E 40% ; J5
H IR AR T 40% , I & 25% , Ui B AT R
19 22 FLABUAR LU AREIE TG P T M S Ry, TR P AT 3
AIBAJE 5] AC-N-800 Fl BC-Zn-N-800, J5#&
AL R LR 5 20% ~ 25% , 3X 577 He bk 2T 4k
A B B BREE R K ) £ T 24 0% BAE MR 1 43
MHIS) A R, R IR 5 T A A
i AL RS R BEE R IB 42 M 0 Y
2 50% , LR FEAC R 55% 2 R3S 2 95% 3 A
B2t 50%38 2 100% , 36 AT T/ NG s B 2%
HIKF] 100% J5 , PR 0 A& 15 2% 206 M RO AR
DT T A B AL T R AL,
FLIEARAS | @I SN 7 A= 18 5 3 A A s I 1Y) Ji A
FLIA PR R B0 PSRk,

ZIREEACHE 1%

1 2 3 4 5 6 7 8 9 10
SR [l /h
1—AC;2—AC~1. ON-800;3—BC~Zn-800;
4—B(C~Zn-0. 25N-800;5—BC~Zn-0. 5N-800;
6—BC~Zn~-1. 0N-800;7—BC~Zn-2. ON-800;
8—BC~Zn-3. ON-800

M1 AEN#BEEHN@BC #1WL

LA R AR B
N 2% A TR 200°C , ZBRZS# 1. 0 mL/ (min-g)



2019 F 11 B

3.1.2  JRBEIR AR AR 09 R e

B L BE 23 5% e 2801 Ak 2 28 0T PR s 8K
i, BRI EE X 2L A B i AR P B B S e
K2 frs ., B2 WTLAE Y B RS T 7E 500 ~
700°C [B] T+ , LB AL 33K, BC~Zn—N-700 #]
LR AL Ry 98% H B A Fo i s (H 1B IR B KT
800°C , FifidBt il 22 T von e AL 3R AR AR T B, ik 7 A
A2 11 h JFH AR TR 80% . HEALFI KT
I SR A O TE PR AL A 3 R
TG0 < 1 VA s Bl S 0 R AT 2 2 T B A T AL
S 1 SN HEAT T A 0 o 8 5 T MR S
A R RR AR 5 ASIT AT b 3 R 7 A B
JONHEAT 8% B T, BRI R LA A 3 B AL
EARAE | Sy W S AR 2R W o B G, S B L P
LR,

100
90 2 N
80 —~
701
60 5
50
40
300

ZIRHEALR %

46 8 12
BUBE B[]/

1—BC~Zn~1. ON=500;2—BC~Zn~1. ON~600;
3—BC~Zn—1. ON~-700;4—BC~Zn~1. ON-800;
5—BC~Zn—1. 0N-900
I8 K b i B9 N@ BC 4 1
LA AR R
FR 2% TR R 200°C , K23 3R 1.0 mL/ (min-g) .
3.1.3  BROSIR AR AR 69 %R
NS Bl 327 i B2 I i v e L il B T L) 4
e B A AEL SO it B 3t e, AN BERE i 5 1 A
TR AR AR A A 590 25 i, IS 07 i 32 XoF e 1 7)1 B 114 52
Wl 4N iEl 3 firs . HE 3 FT LA Y B A SO i Y
Thi, CHEAL RN 70% 32 5 & 95% , Ui B N@ BC
AR X SO0 i B8 R, T v T, T SR Ak i | SR AL A

K2

X555 : EDEAT R SMEL S RESUE R NBVAR <123 -

SFHEALIR , BONEH BE T R #R 5 THAE

100

90 1

80+ 2

701

60 /\\\‘_3»‘
501

401
30F
201
10F

0

ZHFALHR %

5 4 6 8 10

SR At ] /h

1—200°C ;2—180°C ;3—160°C
M3 FFE R AR E BC-Zn-N-500 & ft
LA AR R

FLE 4 A TR 160~200°C , ZHRZE TN 1.0 mL/ (min-g) ,
3.1.4 N@ BC A 1EAL Tk AL B A2 2

PEFE BC-Zn—N-700 #E47 50 h 4K, 256 2%
K 4 s, mE 4 LA, SRR R
WIlh 98% T~ B 2 90% , M4k 301>k F AT A B2, #r

REAR B, B — 7 Tl AR RS

100 100
90 1 =90
s 802 180 &
S 170
¥ eof 60 §
= sof 150 3
£ 40l {20 &
% 30t 130 N
20t 20 ®
10f 110
0 1 1 1 1 0
10 20 30 40 50

S ]/
| — LA R 2— Sl LA PR

B 4 BC-Zn-N-700 Hy #4 % P
JN S5 R 200°C , 225 1.0 mL/ (min-g) .

3.2 {EHFIRA

N@ BC [ICRHrans 1 fin, hmE 1 arLd
F i, BC-Zn—-800 1) &L i 4 B4 WHE ¢ 5, Jr LA
TGP LR I BB AR J5 19 BC—-Zn—-N-800 A 1Y
[t A4 B i, U BB AR AU TR L LR
B2 AE XA 25 R — 2, B2 A U AT
RUT B A AR T M, T R L R P
WAL I BG4 B A Ts P

* 1 N@BC BUFIHARRS B

C(D H® N® Ca@) K@ Mg@‘ Zn® Al@ Fe@ Na@
B
% (pgg™)
BC 65. 15 0.03 6. 14 5.43 33.76 4.91 1. 60 0.79 1.32 2.83
BC-Zn-800 75. 14 0.74 2.88 1.55 0.45 0.23 25.13 0.43 0.73 2.97
BC-Zn-N-800 61. 82 0.90 4. 19 1.09 0.51 1.17 51.70 2.07 0.47 0.68
BC-Zn-2N-800 — — — 16. 4 1.83 9.98 198.92 2.56 3.73 2.75

Ok A EA JTERT; QBdER A ICP-MS,



124 - A, A T

N@ BC AL N, 5 I 0% B — 1t B pily 26 FinfL A%
SRR S s, ANF N 3245 1) N@ BC 1L 7
BRI LR R 2 2 pros, I S Al LA
b A SR T ES A AU LA, FR 2 19
BET BT LLE ), B A B A2 m K, th R
[, BB KT 100% )5, He 2 i B R etk 5
FLA R, O R R R il AR i AR bk 2, B
IR e i 2, S5 SR 5IE N 85 R — 3,

,\800
& 7001
2 600
m.“’ 500
5400-
=~ 300
& 200

= 100}
0

00 02 04 06 08 10
MXHEII(p/p,)

(a) N, S5 W B~ i £

25
£20
w15
Eo
Zos| s
—
= 0.0f WA
0 1 2 3 4 5 6 7 8 9 10
L& /nm
(b) fLEEAM

1—BC-0. 25N-800;2—BC-0. 5SN-800;3—BC-N-800;
4—BC-2N-800;5—BC-3N-800

K5 N@BC A7 8 N, %98 % M-t M d &

RAAZ A

®2 AENIBZEN N@BC ELFM L REREE

B R (m? 7' FLA/ (em®-57")
BC~Zn-800 1812 1. 68
BC-Zn-0. 25N-800 1175 1.09
BC~Zn-N-800 964 0. 84
BC-Zn-2N-800 597 0.02
BC~Zn—-3N-800 166 0.01

WAL 7 8 KSR 6 Frs . s 6 i LIE
i, AC A1 BC HIBA4RIJE, 76 1 340 em™ F1 1 595
em™ A 2 AN A3 R TG RE R R AR Ak g R, &
JH4A AC-800 1 BC-800 Y 1,/1, {E4r 514 1. 17 Al
0.99,AC-N-800 I BC-N-800 () 1,/1, {54354
1.07 F1 1. 02, AAB A4 Hi J5 A4 RE R T BB A2 LA K
Ui B R D i 4B A A5 ) % 1 1 A0 AR b 4,

E39055E 11 H

UL LK 7ol T 58 B AN S 52 WL A PR BE 0 O B
FREIR I S T8 A% I X B 4R L T A5 388 B ) Y
Az,

SRAE /a.u
\i

w
r

500 1000 1500 2000 2500
PN /em™!
1—AC-800;2—AC-N-800;3—BC-800;

4—BC-N-800;5—BC-N-500

K6 N@BCEMA I E HEH

ALY XRD EER 7 frc, HE 7 ATLLE
H RMIA 24.6°(002) 1 43.3° (100) f T 77 5
W, LA SRy AR, 158 B 2045 2% % 2 T A7 55 5 )
T, S Hr I A A 4 R —

002

00

f

20 30 40 50 60 70 80 90
20/(°)
1—AC-800;2—AC-N-800;3—BC-800;

4—BC-N-500;5—BC~N-800

K7 N@BC {17 # XRD # A

AL R 2 E A E 8 (a) Fin, H
& 8(a) AT LI 111,284 400 eV Fl 531 eV Ab gy
SN R TN C 1s N 1s M O 1s TE, B
BC-Zn-800 #h, HAHERAAAE N 1s, U] N@ BC B
PR NI 4%, E 8(b) iR, 14 BC-Zn-N-
500 #47 C 1s FI N 1s 3G, 25 R 20 i 8
(¢) H8()Fim, HIE 8(c)ATPAFEH,C 1s 091k
AR C—C(284.5 eV) .C—N(285.2 V) .C—O
(286.3 eV) Fil C=0(288.3 eV) ,C—N HYFFEAEFE—
HVEIH AR5 242 A BC BB 48R T ¢—O0 Fl
C=0 MFETE UL I AFTE & B ], S ik S AR
T, M 4(d) " LA, N@ BC 1 N 1s 1k
EAH 4B, S R I E A (398.6 eV) | ML A
(400.2 V) ATH%E(401.2 eV) FIMLIE - - 1LY
(402.5 eV)



2019 F 11 B

X555 : EDEAT R SMEL S RESUE R NBVAR - 125 -

SR B /a.u.

6
5
4
3
2
1

e ol
AN YR 7o J

0 200 400 600 800 1000 1200 1400
ZiARB/eV

1—BC~Zn-800;2—BC~Zn-0. 25N-800;

3—BC~Zn-0. 5N-800;4—BC~Zn—1. ON-800;

5—BC~Zn—2. 0N-800;6—BC~Zn—3. ON-800
(a) N@ BC {9 XPS 4%

SREF/a.u.

280 284 288 202 296
4B /eV

1—C-C;2—C-N;3—C-0;4—C =0
(¢)BC-Zn—-N-500 1L C 1s TEEAEE

REE /a.u.

1 1 1 1
390 395 400 405 410
ZiafElev

1—F B 2— MRS 2 3— e 4 4— AL A
(d) BC-Zn-N-500 LI N 1s JTCEA

K8 &1kl 1y XPS i B 447

AT A B B A& 9 FroR, I 9(a)
ATLUE H, Prb R A X, BC St BB A4n , &
T HA R 2R K T R AR, X ARk
SRR BRI S A5 53 A, U3 R B I ) A A Ak )
H PR ] R AR, NIEL 9 (d) AT LLE
th,N@BC E i LA o & Mk h £, il k£ T A%
b, X 5H02 M XRD - Hrah R — 2, i i B 7
T SIAEFER LI N@ BC 2 i & JC & B A A 26 b3t

IR,

4

(¢)BC-Zn—N-600 [ SEM &l

B9 {74 SEM % HRTEM &

(d) BC—Zn-N-600 ) HRTEM [&]

BC-Zn-N-700 F1 AC-N-800 [ C,H,-TPD i}
SIHTEE AR AN 10 frzn, BB 10 BT LUE Y 0 B
AR AR VAL A5 XoF Js2 Iy ) 1% W o i 555 , W T AR
K/MRRTEE AL 5 WK B B2 . N@ BC W Fff £ ey
FJa I TE 150°C | 1fif N@ AC 7E 120°C, i N@
BC R HE PR SR 2 B W B 5 T N@ AC;
N@ BC Xf hj (14 BRI BT e AR i KT N@ AC, Ui
B N@ BC 2 [ (199 A0 I B & ity 8 B R 3k Bk
5 N@ BC RGO STE VR A O, d 5 HR 2
R B F 3% M7 570 A A K, TPD RAEA 1
T N@ BC g t

2

TCDfE SR BE /a.u.

1

=
Ve Wy s
0 100 200 300 400 500 600
FEBHREE /C

1—AC-N-800;2—BC-Zn—-N-700
B 10 BC-Zn-N-700 f1 AC-N-800 #y
C,H,-TPD

4 g

FAACARA BE H™HE {5 YA, BRI T 3 [ S
TR R, ENSM TR T IREAR R
BT St e )m e s fAR R AR . BBk
R AHE P — o 2o (LA DR 1) A < AL, 3l JLAF



- 126 -

TE LS FE A N P I IE B G B . DATR R D
B R AR T — R A A 2 AL AR A
HI(N@ BC) , NS IMEf] 4 )8 TR, M Ak &
A E AR, AR R, ROV B 200°C | 24k
ZZH A 1.0 mL/ (min-g) IEMET , SR A
95% , R LIGEBEE KT 98% , I 1 50 h AL AT,
TH51E 90% L L,

(1]

(2]

(3]

[4]

(5]

(6]

[11]

[12]

[14]

[15]

[16]

[17]

S 3k

MIHT.2014 4 @R A 2% 500 AT SRR L) ] PR A
AL T2 555307, 2015, (8) :55-57.

Shen Z B,Zhao H,Liu Y, et al.Mercury-free nitrogen-doped activa-
ted carbon catalyst: An efficient catalyst for the catalytic coupling
reaction of acetylene and ethylene dichloride to synthesize the vinyl
chloride monomer[ J ].Reaction Chemistry & Engineering,2018,3
(1) :34-40.

Chao S,Zou F,Wan F,et al.Nitrogen-doped carbon derived from
ZIF-8 as a high-performance metal-free catalyst for acetylene hydro-
chlorination[ J].Scientific Reports,2017,7:39789-39795.

Li G,Li W,Zhang J.Non-mercury catalytic acetylene hydrochlorina-
tion over activated carbon-supported Au catalysts promoted by
Ce0, [ J].Catal Sci Technol,2016,6(6) :1821-1828.

Huang C,Zhu M, Kang L, et al. A novel high-stability Au( I )/
Schiff-based catalyst for acetylene hydrochlorination reaction [ J].
Catalysis Communications,2014,54.61-65.

Huang C, Zhu M, Kang L, et al. Active carbon supported TiO,-

(L#% 120 ®)

Zhao Y, Jin B, Vasileff A, et al.Interfacial nickel nitride/sulfide as
a bifunctional electrode for highly efficient overall water/seawater
electrolysis[ J . Journal of Materials Chemistry A,2019,7(14) .
8117-8121.

Gong M, Dai H.A mini review of NiFe-based materials as highly ac-
tive oxygen evolution reaction electrocatalysts[ J ].Nano Research,
2015,8(1) :23-39.

Zhang R, Zhang C, Chen W.FeP embedded in N, P dual-doped
porous carbon nanosheets; An efficient and durable bifunctional cat-
alyst for oxygen reduction and evolution reactions [ J]. Journal of
Materials Chemistry A,2016,4(48) :18723-18729.

Huang J,Su Y, Zhang Y, et al.FeO_/FeP hybrid nanorods neutral
hydrogen evolution electrocatalysis; Insight into interface [ J ].
Journal of Materials Chemistry A,2018,6(20) :9467-9472.

Miao R,Dutta B, Sahoo S, er al. Mesoporous iron sulfide for highly
efficient electrocatalytic hydrogen evolution [ J]. Journal of the A-
merican Chemical Society,2017,139(39) :13604-13607.

Xiong D, Wang X, Li W, et al.Facile synthesis of iron phosphide
nanorods for efficient and durable electrochemical oxygen evolution
[J].Chemical Communications,2016,52(56) :8711-8714.

Feng Y,Xu C,Hu E, et al.Construction of hierarchical FeP/Ni, P

hollow nanospindles for efficient oxygen evolution [ J]. Journal of

LA 4L T

[10]

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

E39055E 11 H

AuCl;/AC catalyst with excellent stability for acetylene hydrochlo-
rination reaction[ J].Chemical Engineering Journal ,2014,242 ;69—
75.

Zhang H Y, Dai B, et al. Hydrochlorination of acetylene to vinyl
chloride monomer over bimetallic Au-La/SAC catalysts[ J ].Journal
of Industrial and Engineering Chemistry,2012,18( 1) :49-54.
Hutchings G J, Haruta M. A golden age of catalysis: A perspective
[J].Applied Catalysis A General ,2005,291(1) ;2-5.

Qi H,Li Q,Mo Z, et al. MCl, (M = Hg, Cd, Zn, Mn ) catalysed
hydrochlorination of acetylene-A density functional theory study
[ J].Molecular Simulation,2017,43(1) :28-33.

Hu D, Wang F, Wang J. Bi/AC modified with phosphoric acid as
catalyst in the hydrochlorination of acetylene[ J].RSC Adv,2017,7
(13) :7567-7575.

Zhao W L,Zhu M Y, Dai B.The preparation of Cu-g-C;N,/AC cat-
alyst for acetylene hydrochlorination [ J]. Catalysts, 2016,6(12) .
193-202.

Zhang T,Zhao J,Xu J,et al.Oxygen and nitrogen-doped metal-free
carbon catalysts for hydrochlorination of acetylene [ J ]. Chinese
Journal of Chemical Engineering,2016,24(4) :484-490.

Zhang C,Kang L,Zhu M, et al.Nitrogen-doped active carbon as a
metal-free catalyst for acetylene hydrochlorination [ J ]. RSC Ad-
vances,2015,5(10) :7461-7468.

Li X,Pan X, Yu L,et al.Silicon carbide-derived carbon nanocom-
posite as a substitute for mercury in the catalytic hydrochlorination
of acetylene[ J].Nature Communications,2014,5;3688—-3688.

Li X,Wang Y,Kang L,et al.A novel ,non-metallic graphitic carbon
nitride catalyst for acetylene hydrochlorination[ J].Journal of Catal-

ysis,2014,311.:288-294. 1

Materials Chemistry A,2018,6(29) :14103-14111.

Liu R,Gu S,Du H, et al.Controlled synthesis of FeP nanorod arrays
as highly efficient hydrogen evolution cathode[ J].Journal of Materi-
als Chemistry A,2014,2(41) :17263-17267.

Yan Y,Zhao B,Yi S, et al. Assembling pore-rich FeP nanorods on
the CNT backbone as an advanced electrocatalyst for oxygen evolu-
tion[ J . Journal of Materials Chemistry A,2016,4(33) :13005-
13010.

ZEMT SC LA BT R G L B AL PR RER ST [ D], B &
BR2,2017.

FEAH B R )R fb 5 W B A A 2 i K ) R A R AL BF T
[D].&KH  FMR#,2016.

Masud J, Umapathi S, Ashokaan N, et al.Iron phosphide nanoparti-
cles as an efficient electrocatalyst for the OER in alkaline solution
[J].Journal of Materials Chemistry A,2016,4(25) :9750-9754.
Niu Z,Qiu C, Jiang J,et al.Hierarchical CoP-FeP branched hetero-
structures for highly efficient electrocatalytic water splitting [ J].
ACS Sustainable Chemistry & Engineering, 2019, 7 (2) : 2335-
2342.

Li D, Baydoun H, Kulikowski B, et al.Boosting the catalytic per-
formance of iron phosphide nanorods for the oxygen evolution reac-
tion by incorporation of manganese [ J ]. Chemistry of Materials,

2017,29:3048-3054.H



