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BE SRk TIN SR RTRIER MY, RABE-AFEEHET n(Ir):a(Ti) R 1:6.5 # 10,-Ti0, K
R G R BRI, @i XPS, XRD, TEM ARkl & Sl FBo AR 450 . RS AERE#TT T
EE. Z5REW, 7350 CHMMBEE T, 90Kk TiN 34L& 404 Ti0,, N ABMNSEE, 5 Tio,
R TE A E R, FEARBEBEREAAEEE I WER, PSR EANR T nm. #4500 CiB Kk
AEEERY 10, -Ti0, BHASE FHTE IR AEILF, 76 SPE K i s RA W, HAAHE B tE,
FESKHRAN 1.2 mg/em’, (MR 80 C, TIEBRBHEE 1 A/em” £4T, MENL.6 V. LARATRERE
#, TiN BI- AR LR SRR, BELERAKEBRELTINEERE.

X2 TiN; Ir; TiO, ; /KEfH; T
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I Beer" ) S st F &t Ti 3 RuO, WZ KL, £RELY FRRL S BELEEC 22
BIAMRKRIER. CARTHIBI R AR R, MR KB AL A OUR T RuO,, TZEAT
AR P AR E RO, RMFISET RuO, AAE 20 45", AR BT A PR 1 B A4
feprkl. (HEKLET S5, N TREIRERA, REHE, EFXFIAFEHIT. 110,-Ru0,-5n0,, I10,-Ti0,,
I0,-Ce0, Fl It0,-Sb,0,-Sn0, %" ZILAMY MR, 7 —EBE b TTHEKN AR, HR %K o,
M, F A BRI . Marshall 2 45 T #2140 Ir, Ru, Ta,0, BH&""), 304 300 FI 5
SPE(Solid polymer electrolyte) KEJHLA#, SLUREEREY], ZM ARG R M B ESE, 7280 C,
B 1.57 V(4 I0, 5 1.60 V) &M, mIEERE 1 Aom’, B HBTHERE HAMEB TR AL
.

BEE &R AT T LMARBGHE, HELT Sol-gel 3™ | 2 HITIRIE | £ & HRIIR
BB R R M SR SR i HX TR A RA R, TR, A
RTAACEHRE. BTE> M Tl b AR wEk, —REHERWITEER, £5RT
(400 ~500 C) Lesitlfs. miRnT SRR R, B VALY, AR PERBRSHELEE, B
BEREE, aa ZEARAAHRRAERE, BT, FEMBY /Y R R A H &
FeEt" . BT A E AT SPE KR, B SBURLERMRBRZ BIRLE 2, FLEE AR
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No.5 ‘ M=% TN 2 5k-4 O Bk 41 4 10, -TiO, $rk M40 A & 3 R AE 905

1 LBy
1.1 E4AHHE

WA (H,ICL, - 6H,0, LA S BMIIE, A0T4l, 4KEEE 35%) . IET B2, WMk —
FHEREESHSY. B—EERNESKER TIN 4k Bk (SIRIFRBABER LK BERAE, ¥
B 14 nm, SIEEKTF 97% ), F 120 CHEHHT 45 min, 7£ 350 CRIZSKSH HHES 15 min, B
FEFESPRA. BEEERLE, Ea(l):n(Ti) R 1:6.5, B&JF—IKFE 350 CHEKIS HEES
1 h, BSHEAEREES A, BEES A 72 500 CHRIZSSFATRALE 1 b, FIHB LA B.

1.2 X SeBTFaEE. X H&675% TEM R4

7£3£H PE /5] PHIS300 BUAEIY F e X STERO6H FREIE (XPS), Al Ka KT (1486.6 eV,
12.5kV, 250 W), {Y38 K 2 x10 * Pa, THEEM 7 x107" ~9x 107" Pa, Pl C, IYZE5HE(284.6 eV)
Az 1F o HL AL

Sk F7#E Bruker /3 &] D8 ADVANCE # X HHRATH{(XRD) #47 X SHERATH 447, Cu Ka K5t
P8, Ni e, FH§#EBEE 2°/min.

BE T B (TEM) fi7E H &< JEOL JEM-2000EX R &t B 1T, A BEAAER T
FToK Z. B, FEFE A EUE RSN, R RERR R
1.3 R4t A F0 SPE 7k BB AERLE

WAL FITEH BA = 14K 0. 5 mol/L H,S0, Wik R FITE SPE s Atk 8 vy f i ch e A7 AE (L 14
RETEHT.

BRI BA R TR A H & B 20 mg KIS MMMAR, MABHO. 1 mL FFESHN 10% K
NafionZ¥ ¥ ( IR K B AL TR A PR 7] CHFL110) F1 1 mL /K Z B4 KBS HEBH, B 08
30 min, JERLEBACK, PTG RS RN 110 L 3R W, WHANTE 1 em® MEFLA B L, F 70 CHIBHE
T 1 h, B8 TAERRCGLPRKMSERERN 0.6 mg/em’).

SPE LR M & H RIS M Pt R E IR B B0 40% M a4k Fn PrC B kARl (X H
E-TEK A7), 43 3IER Pt BHRR AL, #4E1070) 5 DI BEAI IR & 53 30k 5% i) Nafion 43 BOB (k38
AR EB—ENHARE, 2385 8Y, HZ208395, EBBKR, RG45HMEERLE Nafion
115 BEAIBEN, Bk mErHEie 2R E TS, T 125 CAEZIFBETHT 30 min, HI5EH
%, BEHRAREER TAEERR 4 cm® , Hoh A ERRKHERE N 1.2 mg/om’, ARAINHERE
3 0.5 mg/cm’.

WAL R R AE PAR 273 A fH B A BT, SRASHRKR, TAERBRER 1 om’, SBEES
BHAR, MIAIH R ER (SCE)EAS ik, BT AN A 0.5 mol/L H,50, ¥, TIERERNE
. BRI ERAINRTERE R 1.1 ~2 V, FfEER 1 mV/min. R T HBREEWH IR K, RAE
BB i LA T 0 AL 2 BB (RS AR 0. 1 ~ 100 kHz, RN S mV IEsXHEARBIES, B&
SI1260 ZEAHBOK RS, 1 ZSimpWin AR FHHTIE BB HEATILE ) SRAS T Bl , X3 E A iR 1kl
LMAAT TRIE, BRI IR . SPE 7K o 30 i 4 B o AR 2 T 38 32 L op 32647 Ha /K P RE
R, WX Bh A RSN A BENESWASHmRAR, MEKELS —FBHRHAA, EXE
O AR B KR
2 #ZR5itie
2.1 XPS &4

B 1 2 &P ARELR A F1 B i XPS 5B, B 1 %R o TLIRED)] C1 WHE, XEH
EEAYY—EHREH C BTRRTEE FHMEE, 4500 TR LG, C17HEK, HERE

KRBT SIREM TSR, AR TRANREHORE. MERMEETU#ETE T T M
RAEE™, W TIN EZEIAER Ti0,. L& C AR RERH TSP Co, RANBMTIAFH
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B, B2 BHEISMARE AR A fl B /) I, XPS = 3
W, K25 o Bl b HINTEIE P, X5 . . S
FI 4, M4, HETEREHETLE | &F £
(Ir°4f,,, =60.8 eV), BT X Ir, i B 43 BT 1R i 3 3
WX, i F 10, PREMNSHUFERES | E -
i, BAWRERIEIES %, Fik Rt
B e oz st o o o7 T
2 ’ d d x Binding energy/eV
AELUE, I EREF ENSRER Fig.1 Typical XPS survey spectra of samples A(a)
7', A SCH It ALY RR R I0,. and B(b)

B AL RIRE ROTRLUR, % XPS BURHEAT T 807 SREWIHS A fI B i n(Ir):n(Ti) 53
FR1: 1L SH1: 1.6, EHTERERIRBAEYBH I KEE.
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Fig.2 Ir, region of samples A(a) and B(b) Fig.3 XRD patterns of samples A(a) and B(b)

2.2 XRD #1 TEM 5347

B3 RAUKBHARESD A Fl B (%) XRD jEE. WK 3 iU BIG LA MK TiO, ¥R 4R ki, {H
AIEEE 0, My, T XPS IIALE REVIFERN BN SEAY, MEHT I AT HWETER
M, H IO, M TiO, /B fd®, —HZE ol LIHET AR B, BT #HE 10,-Tio, &L
BEHERIE AL 75, 10, 5 TiO, ZIaIBB A4 AR E MM E A, XE N X St iE it
%[22].

1 45 140 TiO, (&40 BY) FIKE S A F1 B (4 20 Fl d {i, "I 20 F1 d HIFFEE—E IIREE,
MTE—BUE T BB K E. BT D0, RILH K ME B Sk, T TO, H2k Sk, Xkfm
Ir0,-Ti0, A WASMHE. FNHRHIE XRD 11818 2R 2188 A4 B A A KR £L0AH IO, -
Ti0, fpRifEN 12 nm, &R Ir MPRFEA 7 nm. HE5 B RE5T 500 TR KA FURBA, WE 3 1L
b ] AR B BEA AR SR BE e A2 A8 AL, HAFTEIEWE A BB, UEH] S00 CiR A Ab3E, (MR R AT
—EREMNSE . B I KSRGS, TRER TR AR

Table 1 Parameter comparison of the standard TiO, and IrO,-TiO,

TiO, Sample A Sample B
Peak (h,k,1) . . .
26/(°) d spacing/nm 20/(°) d spacing/nm 26/(°) d spacing/nm
(1,1,0) 27.436 0. 32482 27. 180 0. 32781 27.242 0. 32708
(1,0,1) 36. 111 0.24853 35. 661 0.25156 35.599 0.25198
(2,1,1) 54,328 0. 16872 54. 045 0. 16954 54.107 0. 16936

Bl 4 RGURBHAAE L A F1 B ) TEM RBER T, B 4(A)WTRIES], KACRKAER L5553
FiERAEA S ~ 10 nm [/NEURL, G546 AL R4 E R0 XPS 434745 A4 R 4Kk iy XRD SM47 45
R, B B9/ MEURAR AT BE Dy SRS, TORBURI B F &40 A M 10, -Ti0, MEME. 4Kk A it
500 CiHAk4L# G, WE4(B) FHTLIES], MIRFFE—ERARIAR, REEERNKE R B 25
2, MR T & R AKA XRD A7 5 55 BE 5


http://www.cqvip.com

£ 00O http://www.cqvip.com|

No.s FMo L. TN 32 -2 5 #5541 4 1O, -TiO0, Bk AL H & 2 A 42 907

®

Fig.4 TEM images of IrO,-TiO, samples A(A) and B(B)
2.3 iR ehLEF0 SPE /K BRANK
B 5 BYKBHAMALR A 1B 7£0.5 mol/L H,S0, AP MR LHIZR. W5 ATLIE R, PI&K
fhh 2k b A FHARAT BN X AHEAT, RHIR AALBE A W E L. HERB X485, Htih
AW, HrEMEHTE, XTREFERH TRALAHEREFERESE, ERELRNTEE
BEA LR SRR A . FIB, ERIEHETEIR/D. Lodi 22 d38 MR B K E L0 S i AE R
FRR R BERS K, T2 A AL BEREAR. (HISIE K IR 2 R B B R MR B 1.
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Fig.5 Anodic polarization curves of samples A (a) Fig.6 Voltage of PEM water electrolysis cell at vari-
and B(5) in 0. 5 mol/L H,SO, solution ous temperatures

a. 15 C; 4. 30 C;¢c. 50 C; 4. 80 C.

& 6 X7 Ir0, -Ti0, BrAfEtb| (F:ih B) AT E s AEALIE L7 SPE /K i il h i LSS R, K 6
ATEAR Y, BERAHRE TR, MAITERER R, IR B DR R A A T4 R R SR A BE A
SR FAE LA RS o A . R SCHR (7 14658, £ 90 CHIBRBEE R 1 A/em” M4 T, HERE
1.61 V, £BI4 0, AL AA R AE 6 RTLIE B, I10,-Tio, AL (&
fh B)TERGJE Ir WREN 1.2 mg/em’, 7E80 C, MMHER | A/em” KT, MEH1.6 V, FEHL
#yok TIN BHAON BT IR E) SN ), SR AR BP0 ik R SRR . SR HERE Ak s AL i 2
B
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Syntheses of IrQ, -TiO, Nano-powers from TiN via Impregnation-
thermal Decomposition Method and Its Characterization

SUN Ren-Xing', XU Hai-Bo'*, WAN Nian-Fang®, WANG Jia'
(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education,
College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China,
2. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract Nano IrO,-TiO, catalyst with a n(Ir): n(Ti) ratio of 1: 6. 5 was synthesized from the TiN nano-par-
ticle precursors via the impregnation-thermal decomposition method. XPS, XRD, TEM and anodic polarization
curve techniques were used to characterize the composition, size, distribution and morphology of the catalyst.
The results indicate that TiN were converted to TiO, rutile-type phase at 350 C and Ir presented as multi-value
oxides. TiO, and IrO, formed a binary solid solution in a rutile phase. A great number of Ir particles with an
average crystal size of about 5—10 nm were rich on the surface of the solid solution. After annealing at 500 °C
for 1 h, a partly sintering of the oxides could be observed and part of Ir was separated from the solid solution.
The polarization curves measured in 0. 5 mol/L H,SO, also proved the high-temperature treatment would re-
duce the activity but beneficial to stability. The catalyst samples annealed at 500 °C were achieved. The elec-
trolytic voltage was 1.6 V at 1 A/cm” and 80 °C, with Ir loading of only 1.2 mg/cm’. These results suggest
that this new method is an efficient way to synthesize noble metal oxides catalyst with a high activity and low
cost for water electrolysis.

Keywords TiN; Ir; TiO,; Water electrolysis; Oxygen evolution reaction
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