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Abstract
Owing to the advantages of high conductivity, high hardness and high stability, the transition met-
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al borides have attracted much attention in photocatalytic hydrogen production. A nickel-boride
modified titanium dioxide photocatalyst was prepared by a simple method in this work. X-ray dif-
fraction showed that nickel boride was amorphous phase. Compared with pure P25, the photoca-
talyst after introducing nickel boride exhibited a significantly enhanced hydrogen production ac-
tivity, and the total hydrogen production rate of the NB-3 sample reached 4651 pmol g1 h! in 4
hours, which is about 110 times than that of pure P25 (24 pmol g1 h'1). The result of 24 hours con-
tinuous photocatalytic hydrogen production test showed that the material has good stability. The
photoelectric performance test results indicated that nickel boride could suppress the recombina-
tion of electrons and holes, improve separation efficiency and migration ability of the carrier, and
reduce the hydrogen production overpotential, thereby enhancing the photocatalytic hydrogen
production activity of the material.
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1. 5|8

SN NRE BRG] IR R IIREIRZ —, WL R R REIRE FRETT5 Y DA oAt 5 < (AR
AR 1], H 1972 4F Honda Al Fujishima [2]5 AIL TiO, £ R AMEHESS T AT LASEEUK M iR a
M = EHAE T W T3] FE R E IR [4]H, T ARBDCHEA AR TG T, &5,
AR H 22 45]. TiO, A WAL AENE . smebiERAE )] BRI R AR SR i, 2 N T
JeE = EIR[6]. BT TR BT - R AR R A 80 = S A SR A
A5 TiO, SERRRGHEAL ™~ SRR IEA T . $em TiO, RIHFGA B AL AL #0642 H A8 X
TE TiO, R I A PRE I A DL KA = BT 1R R0OR FH 262 3 T o A0 AR I S 7]

FE AR T 51 N B A 7 Ay 2 — oG R ARG A R T B8 Jl I ak B A 75 ]
DUMEEERIR T FEE BRI o 55, A R e A R N AR VR A7 2 [9]. 8, SR &8 B AL 7],
Bil4n Pt [10]s Ru [11]F0 Au [12]%, AIA R GAE BT, RS0l Eh, BRI st
P E . SR, 5 Bh AR AR 1 ARG AR S R T B SR T RS . B, SRR
AHEEFEENBRIEN T EE 245Nk, SRR S8 My s B[ 13] [14] [15]
[16] C A IESZ AT DA N RE e AL = S A B AL AR . SR, B H AT AL, A& i B0t I 4 @ itk
(TMB) MR 2 FITE A = A Bh L7 . B AT, 28 SCHRIE T E & @M1k Y (MoB [17], FeB, [18],
NiFeB [19], Ni;B 20)EAMJHMEL AR, FEZHT TMB o LA 155, [FR)
A T B T T BB A% A 5 v 4 B AT A S 2 E AR [2 1] 491 1 Cao 25 ATE g-C3Ny _E 31\ NipB 4K Biki[22],
Ni,B A% Z R RGBS kg in 7 e R TR, b TR0 ERE, I BB BN S bkl — 4
THE S M. FR, ZAGEKS NiLB 8 (¥ F R R A BT a4 0 B B R AR B a1
R, BRI T B AR A S

AR, IBHETA AU TMBs HE AL =S M Bh AL RI[23] [24] [25]. 40 Li %6 AR T f 52 )6 F0
CdS GKpr 1 DL 4 SR AL 0 4 R i) — oo A AR &, bR A E & B AL #)(NiB 5 NiCoB)
VE R, Hodsm al WAL P S0 PEIA B T 144.8 mmol h'g ™', 24 CdS 1) 36 f%[26]. SRT, H
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T CdS Hy e MEAMREE & 1, X 28 TMB 1K) CdS E &7 R IR 2 N H T 52 bR e fEde = & R,
ASCFINAEF SR AR BI AL, B IRIA AU ) — AR, IFXTATRERE AL ™ Ak Re
ATRETT,  [RI S5 5 BYREAL I SINHT S ARG Bt REAR AL, IR B AL ST TS TS THRIME T

2. SCIEERS
2.1. SERERAF

PO /K & BE R L(Ni(CH3C00),-4H,0), Z.F#(C,HsOH), HEE(CH;0H), FiEHI(Na,S0,), & ALH(KCI)
Yoo e 24 42 B R . BREUL B (KS[Fe(CN)6]) TR B AR (KU[Fe(CN)s]) KM [ bl 47 T i85 . Nafion
FEE B b PR R . A ER(P25) I B AR E 28 . I AL BI(NaBH,) W B g iR, BL R
AR A4l ToZdk AT Hoft AL BE B AT B4 H .

2.2, EHFIRIHIZ

T JEFREL 0.0249 g (0.1 mM)EFRELIA AR S 40 mL ()25 /KA, RREEMERE. FREL0.0113 g (0.3 mM)
WIEALES, IMAZE] 10 ZTFUKoK T . K NaBH, VAR 2512 5% hn S EE R AR rh, g hnad R vh VWO € 3
AW, HASWAWE L, RSP RFKKE . B E 104 R, HEBE TN E5%R
JE B, 1F 30°C FEA TR RIFES NiB. NiB/P25 [ & 75 E 1 e B MBS FR A AW R I 0.5 g P25,
HAbR e BB E b, BRI RORE S IC A NB-1, NiB/P25 £ 5 B & B 1 Bros. o3 in s
FRER T AN &, BRI RARC A NB-3. NB-5. NB-7, HAKSH W 1 fic. wk P25 14 A
SALENEEAT FIRE RO AL EE, ARFERIFEUNR: 0.5 g P25 ML 40 mL B8 K, RREEBERE IR FROKOKIS o
FREL 0.0113 g MHEALEAE T 10 =ZTHukok . KLY NaBH, iR 120 nEl P25 VR &, s
FE TR OB S,  B OB T 15 B A B AT HORE &

Ni(CH,C00), P25 X  NaBH,
‘ — — =
\
o= e -
{_Ice water \_Ice water | Ice water {
Stirring Stirring Stirring

Figure 1. Schematic diagram of the preparation process of NiB/P25 samples
B 1. NiB/P25 #FmB)Hl &3 2R EE

Table 1. The raw material components of NiB/P25
# 1. NiB/P25 Hl & dF2 PRI RIE 7

i m s Ni(CH;C0O0),-4H,0 (g) NaBH;, (g) P25 (g)
P25 0 0.0113 0.5
NiB 0.0249 0.0113 0

NB-1 0.0249 0.0113 0.5
NB-3 0.0747 0.0340 0.5
NB-5 0.1245 0.0567 0.5
NB-7 0.1742 0.0794 0.5
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2.3. fEALFIRRIE

FEM R K X 3T 26 AT5T (XRD) S %76 Cu Ko 58557 1 Bruker axs D8 Discover B A X 5 2R A7 5
A (HE R A7 v ) @A T K. {38 F Hitachi UH4150 B[] 458 48 A (H A8 H L)X ) UV-vis 18 K5
FEEREAT MR (5 FH GeminiSEM 300 437 Ak S 47141 o B (4 [E R R 200 )W R S IR S8k 47 20 A, RIS T
£ I RE B AR TS (EDS) X AE il 1 43 HEAT I E o 4 A Hitachi F4600 247 5 43 66 v (H 4 H 57) i
BRI R B RE(PL) o

2.4. FmECEAESEER

e AT IS 7 5 % B A AR RGP AR, Jba, CEL-SPH2N)ME A _F 1R xUs
BRI AETEAT . DL 300 W A il U T 1R N IR (BE B G HEAG S RE 4% 1 JEK), K fiAds71(0.01 g)fm
ANEIZEA 100 mL HEEKIE (20 vol%) HI R Ak o, TESGHRT 2 A, B 28 500 I S A A B, DABR
2 RGP R R 1) S DA SR R R AR A TR G S N AR R, I IR B (9 ED KK S R )
BERFFE 10 C. M ELSAM AR BEIE, Jba, GC7920) KM = E A&, BT
HA PR (TCDYM 5 A 47k, A& SE RS

2.5, SeERMEEEMIR

FE G AL S AG 72 CHI 760 AL HLAGZE TAR (i R4) kT, AR =M ARG T, ¥
Pt 22 FHAEXT B, H R B P /E 2 b B o B 80 uL 10 mg/mL AL B B IF (| mL BN 0.01 mL
Nafion )R IERE] 1 x 1 em > #BAALYI(ATO) T L BEEIEMR VRN TAE R, HARXT. BL 0.2 mol/L
(R BRAMVE A E N AR T, 50 W A i GAT /AU, (A1 R [ e I TR)gE A7 RS, R4S L i el 2 28
LRI R 22 HZR(LSV) A2 LA Ag/AgCl HUARAE NS LBl IRFEM E 1TO S B b 1 8 T sk,
RN 0~—1.0 V, FARGERE A 50 mV-S™ B N7 . B Ak 22FLPTEEIS) MK 8 ul A 5B iF
T R BB AR EAE N TAE R, LA 25 mmol/L 8k FALE Bk S LR A A v i, g
JIANT 0.1 mol/L G ALET, MRSRTLE A 1~10 KHz.

3. FR511R
3.1. EWFIBIRIE

Kl 2(a)y NiB FEM IR R X SHERATHN G ], B ANEIE SR B 45 g, R BH %15 2 A0 7 45
e LRSI AR AT . o, 20 = 45° kb ST 8 TSGR, 20 = 22°fHE R/ s = 8 T
eSS EATN, B SCIRIRE, ZEAI R AR KR P R AT 3 R S SN TR BRI [27] (28] Kl 25 R b 2
NiB FEATE Ny L 250°C FHEATHRALEE 3 /N8, 5] 2(b) AFAKEELJS FIRE S IR R X SR AT IE L, K
HH L A SR B 4l A U, R FRAEAS NiB AR R I AE SRR T, JF HOXEERT AR S5 NisB A5
R A A — 3, RIS il % . 14 3 SR ATl 45 1) NiB £ #: ) SEM-EDX K%, SEM 3
NiB B fONFEMEREIR, 456 X SRR 2 T (EDX) X FE S A oot 22 A A AT 430, Ni fl B 6 R
S AREMRL b, IX 5 XRD B4 R —5L.

] 4 5 P25 J NiB/P25 FE A R X WAl il &, B pra AT ae s P25 s iiFeAs A &h 2L
TAEARER, BPPY T S R B BY(ICSD 00-004-0477)F14 41 A BL(ICSD 01-076-0318) - SE AL ER AR HER A
XIN b, RIAH SRR IE AR P25 M ERAH S5 M . 3 TR BR TiO, 2 AN 2 RIIATHE, SFE 50
Kl B ) 2 5, X AR T 51N NiB & SRS, & % . i i s DL e i
L X SR (EDX) X BE S AL RGEAT 20, 14 5 v NB-3 BRI i - B R L R e R A, &5
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WERFEMEA Tiv O. Niv. Bt&k, H Ti. O T &2 0% EHE T Niv B 0%, IESE T RN NiB
BT P25 HEMEL.
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Figure 2. XRD pattern of NiB before (a) and after calcination (b)
[ 2. NiB(a)F#A AL /EHY NiB(b)#Y XRD EliE

Figure 3. The FESEM image (a), selected area EDX elemental mappings of Ni, B (b-¢) of NB-3
[ 3. NiB # M7 & 53R F MR E R @), EDX(b-e)
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Figure 4. XRD pattern of P25 and NiB/P25
B 4. P25 71 NiB/P25 #9 XRD EliZ

Figure 5. The STEM image (a) and selected area EDX elemental mappings of Ti, O, Ni, B (b-f) of NB-3
5.NB-3 # A3 E % (a) & EDX TR 5% E(b-1)

K 6(a)’y NiB. P25 Fl1 NiB/P25 £ 1) UV-Vis 18 U6, NiB BRI T — /M s i, B NiB
Z AN, FABFE R AE 400 nm A AR T AR R, I BREE SINE) NiB #1912, g
BHTINER(E 6(b)), NiB/P25 FF it G AR R B2 B I, B R RE W OB W 40 7%« X R NiB B 51
PETt T RS B G R L 3G OR T MR GRS, A RE T AR 2 (06, AT AR T 2 AR
T - 2700
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Figure 6. UV-Vis diffuse reflectanse spectra (DRS) (a) and image of samples (b)
6. HEMAYERID - A B R G (a)FAE R (b)

3.2. IR CHEERE

PL 20 vol% FEEAE A4, 754 YGRS T I A it e A = SRR (14 7). ] 7(a), 14 7(b)
FiR, FEilsestat RR Ll P25 e P= S B D, 4 /N REFAEIRFUN 24 pmol g h™' . NiB &4
JE IR R B T B BT A S S, BEE NiB SRR I, B G SIS T R0 e
TG FRERH . Hod NB-3 [P 0m MR, 4 /N LS E0EF N 2651.6 pmol g7 b, LRI 4
T4t P25 1 110 £ . EMFEMRRALE T, MR T 48 NiB DL NaBH, AbF 5 1) P25 B S G = A A,
il 7(c), B 7(d)fR, KINAE NIB FE ARG = AR 71, X R NiB 5INJEAUE A BIfEA]
RAEAE - NaBH, K035 1) P25 RILH T AEH RIS A= E0E M, 76 4 /NI A 72 20E 340N 17 pmol g™
h™', X RSN AT S 1 P25 BARMIZAR L IE AR S e P S A B R, B SR B A o
T T NiB (951N . MIEAEE MR, B NB-3 BELE Ny L, 250°C N THAEEE 3 /N s, 3
FEAEAL = I T I PR, X RS AS 1 NiB A A TEik P25 KGR = A MERERIIRTT

NiB/P25 JGHEA T 1 (A e it 24 /NESD AL = SRR AT M. BA NB-3 /NS5 4R,
PA 20 vol% FHEEAE AR, i i OUIRESS T RREOGHE 24 /N, SOSTRERR sp AN IR A% 7). I t4s SR an
Kl 7(e)FT7R, NB-3 £ i (1 1 A 7= S 2 B ' BT IR ) S (PR, X R B AR B BT Pk
R, B 7O, FERRIFEEUEERIE 0~5 /NI PRSI, 5L PRI HTA B RR, IXATREE T
FEHEATRITE BT T LA /NI N RO R AR R o DU 2 &, ESAEMPRER T s i = AR A 25, it
JE I G A DA RS 2 R BB A BT, PSRRI AR, 1T S R I e PR T R E T VAR
R 70 20T RN W . 24 /NIHE SR P= A S50 45 TR B NiB/P25 MEHE G (b = S d F2 v A

A RIFHIRENE .
(a) 12000 (b) 3000
10000 = P25 2651.6
] NB-1 ~ 2500+
" so00] HENINBS3 e 2288.9 22115
k4 I NB-5 < _ 2000
o 6000{ I NB-7 8
© (=]
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2 2000 I I g
o) ' _ L = 1000- 889.4
6003 T ~~ 7241 —E3
i I |
04 0-
0 4
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Figure 7. The plots of H, production versus time and total H, evolution rate of samples (a - f)

E 7. #EHES~E5HER LD~ SER@ - )

=
3.3. SEHFSHLE

T8 I AR i ) 9% G (PL) Y A it PR 0 AR AT 4 7 BS AR 3R AT 0. 151 8 2 P25 A NiB/P25 7E
250 nm PWORIE T IZOEGIEIE, FTLUREL, ABMETE FRE S I T AR R 20 R A, X ROk H
T P25 ZWOR G W - B E AW AR . 51N NiB 5 IR R 58 Y68 B2 B R R AIK, XK B NiB
FINIG, TR LA TiO, ##2 2| NiB b, #lifi 1 o+ - FXEH, MK 7RG, X%
FINiB _ERI TR DU T e g0t =2 b, X2 NiB 51N G Hig eI i EZHE R . (HREEE

HEIE, NB-7 B9 AR, X506 S Mg N7 3k — 80, RHER T B R IR &
JCAEACTE PR ME— R 2R .
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Figure 8. Photoluminescence spectra (PL) (excition wavelength is 250 nm) of sample
8. HEMBITAAIE
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JE I AR ) B A4S D' HL JAE P ISR F A 2 BTG SR ik — 2B A 8 NiB 1) 51 AR T~ 505 A4 ) L Af 23 525 1
LRSI . 4] 9(a)>hy P25 J NB-3 FF il (£S5 8] (8] g T I 245 0% rifime S 28, P25 J2 NB-3 7EG R R
FEAE T RERDCHRRE S . 540 P25 ML, B RAPRHE G B EE B R . XU B NiB BhfE b
(I NAT DU R i B+ 150 5, SR PR, X 55O R —2. Kl 9(b)~ P25 [ NB-3
(AL BT, 5 P25 AL, NB-3 APEME gy 5 7% FHBE B R B/, X 0 e 3 f i AR I BN
AR AR LRI/, I 5 T AT RS I, Ul WIS N5 AT DUIE I (2 2F s e B8 R B Tl M
r= G . MR S AR R 22 (LSV) I 2SRk 70 Hr NiB B AL FIZE AL S S PR . 1] 9(c)
4 P25 FINB-3 £ 51 A 0 F)-1.0 VAT T Ag/AgCOREAT S 43S A ih 28, 45 R EoRm#  Hal T
BRI BA A R, R IIAT AR M (HER) K A2 o 1210 5 1 NB-3 1) IR F i 2 FE B 2, IX = NiB B))
AL LR RS R f IR . RN, NB-3 Bt P25 BRI T HE /UG AL, X ERE NiB 1] LA
FEE I BT, AR 5T SR B R R A
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Figure 9. Photocurrent responses (a), electrochemical impedance spectroscopy (EIS) (b), and linear sweep voltammograms
(LSV) (c) of sample

B 9. #EmELRIRNI L (), BRUFREITIED), LMEERBARE«C)

T LRSS R, R T NiB/P25 H AR AT RERDG SN, WlEl 10 Fros. fEelE T, P25
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TP R &R VO, DT R Y HIZ S5IEREMEN R, FEA P25 KDL EiE
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Figure 10. Schematic diagram of carrier migration in the photocatalytic hydrogen production process of P25 and NiB/P25
samples
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