F225 %2
2008 4 4 H

G
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Apr. 2008

i fb Vol.22,No.2

XEHS: 1001-3555(2008)02-0166-06

M HHEIREX PUTIO, X EHLH =

= &', FamE, B8R, s, FRL
(1. mERE (LR, {17 A 330047,
2. HPERERE 22 N AL 2E W BRI 5 B
BRI SRR AMERE S LR E, Bl =M 730000)

@ OE: WP LUy R T TR PUTIO, BB A U S A5 R AR T AR 23 M 4R RO R AT L
I B A BRI PR ARGr. BT T OS] HlE AR | I pH L H BRI M e A ik
SR HIDC AR R 2 Yt 0 70 CO,, AR 7 HhmE | RIL O/ BRI LR . WRESE Pl ). 4R

T AT RERY BB ATLEE.
X 8 ROl HIE; Hls B
HRESES: 0643. 32 MERFRIRAD: A

PRI AN RE VR )RR 5 4 5 4% (]38 D) 75 2L i ok
AOPIRMEREL. PRIt , B ACRE TR o S8 PR S 0 i R
MIBETE A 52 RTE. FIHIE A G HE A7 A KR Ak e
REVR [P URAT RS A 5 1k 22—, RTT, ih Tof R
OB BRI O o 24 2 TR L S EOG AL S R
B &S SR IEN DTN SR Vo s
PR A LR ZS S A £, PTIACH F 45 AR
s SRR, DMRECER SR Bk £
AP KA 200K, ISR K AR B 0l i
Pl A Ak, nT [ S BEOK B AE il A BH g
PR

Tl ARG Y TR E 2y s, Tz
MTE RS Y ST A R, H AT
AL T IX A P AR A R K . [a] B ] 2 |
I R LA B A 0 S A 7= e AR ) R A R H
. WX SRR K R 2 AL B B HRI, A 5 ik K
(R E IR, FBUKIRBCR, B K R A KR
FET, HHEGE MUK IR BRI TR anAE LXK
HH IO BT A REIL T L, BRI B AR
EMHR, BETE R EA, XRELERIEG. Hit,
FAMTLL PUTIO A HEALTH), BFSE T LLH il 145
ARG A Al i 05 1 AR H il B B A — L i

Wfs HHA: 2007-07-31; f&[E] HH#A: 2007-10-26.

PLAE.
1 KWES

1.1 K7 R F Al &

ARNB B o Btk Tio, SEHEAL I DG
B & BRI 1,000 g (Y BE4kT AL TiO, ( i
FEPKBHE AR ), A 13.34 mL 1. 93 x
10 ~° mol/L G4 . 1 mL Jo/K ZB% . JInFEAR /K i B¢
£ 100 mL, HidE LA 250 W 5 R KT G 2 h,
FEIDURRAE TiO, 3R1H, B IF IRl I T 78 /K v ik
3, IR EARAE 393 K T4 10 h, fFEERITH0.5%
1) Pt/ TiO, 5K
1.2 St R

FEUE R 250 W s HOoRAT, Kb 7E % T 21T,
J A 190 mL EA IS ) pyrex S, Hl
JEIK WK 100 mL, fii A 0. 040 g 0. 5% 1) Pv/
TiO,. [ Hif 75 7 SO AR 5 min, I3 5 26 &
30 min, DUBRERMWAKRPISAE. RS ES, H
F RGP PR AR AR PR A% . 9 pH fHH pHS-3C
RUFR FE I 7. 435 H 0. 50 mol/L () H, SO, FI
NaOH 75 pH. COD {i i COD-571 Aifk ¢ A &
DEAGNAE , R ERIRAE , 45 D) mg/L 35

EE&UWH: ERELMRIIEMPTFRIE (973 71X] 2003CB214503) 5 [E 5 H AR 2E4 (No. 20763006)

TLVE A A4 IR & B B0 H (2007GZH1754) .
EEEN: 2 8, &, £ T 1980 4F, it
* AR N, e-mail; liyx@ ncu. edu. cn.



F2 4 AR MR K Py TiO, St f Al il 167

AR ST AR A5 20 (O B AT 13X F
it 2 Ny, Kl TCD).
1.3 WRPHSEIG

20 mL ¥ FF >l 1. 00 mmol/L, pH {H 43 7] 3.
710 B HAM B AW, Bl 0. 100 g #EALHH],
FEREAS T HERE 30 min. 250040 B AEALT], 000 B i
Ja & H ) COD fH.

1.4 & & B =R E

SN B Lo o B TR P AR RO S il
F HPLC-MS 13 Ak 276 PR AR 22 v 23 A v 6] 7 4.
FSE 3 H B I 2 T PR R A

SRR €385 R ] Hypersil-ODS-C s 4 (4. 6
mm x 100 mm, 5 pum), =5 LRV pH K 2.2,
NG +KIBGW (1.6 +98.4) YRR BN AH, sy
0.4 mL/min, ZEHMEGINES (K Ky 210 nm) ML R
TSR B IR WSS T, B H oS R R
2.8 kV, BUFEHESLHL R 30.00 V, ZEHUESLIE
93.00 V, HESIEIRE O 120 °C, KRR EE A
350 C , EHFAmE N 250 L/h HETEH: m/z
50 ~120.

HL A2 PR e 3R T 64T, W fb2il
=R A=, AR AR R HL AR S
e, Z L HARCR AR AT SR HL AR, 05 i F A 2
FOKEAEDE 10 min, E5EHHEHCET 0.50 mol/L
() NaOH ¥ it A4 4 , 15 28] — 47 a2 0K
gk, WO I, B 20 mL SRR, A
20 mL 1.00 mol/L ) NaOH & ¥k, BB WIS, B
HUCE T, TR RET 0 25 7F T e AT 14
132 Fe e R ERR 2 i k.

2 R 5iTik

2.1 B E) SN

P L al g, ARnH iy, SO S hs, Jhch
R B S A2 i 2 H B 0. 75 mmol/L i,
BORES b AL, SO A R R I T B P 5%
Z. ATRUA H A A7 7R B S 4R s T ) S R AL
AR A LT T AR, S
Br T 2300, M TOBE R TR R E A LU E A
SO, et TS A

M 2 TR, ERSFRAET, DUH oy
TLRURIE, BEE RV AT, Y COD (A B i
/N, COD ) EBRHER K 498.8 mg / L/ h. ARl
PRR A G THE SEEYI T, R Al 2 Sl

KFAEAHDRIFXT & 5 h 5, Hl R KRR
1) COD LERARATTK 46.48% , X ULWDEHEALIE

1000 [f /‘

6

Hydrogen production (10 mol)

= (=) -
=3 (=3 (=3
=) > =)
T

~
=3
=)

T

=)

| | | | | | |
0 1 2 3 4 5
Time (h)

B 1 S A A B S A - BB (] B 56 R
Fig. 1 Amount of photocatalytic H, generation

as a function of reaction time

(solution 100 mL, C, =0.75 mmol/L, natural pH)
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Fig.2 The COD value of solution as a
function of reaction time

(solution 100 mL., C, =0.75 mmol/L, natural pH)
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Fig. 3 Initial rate of photocatalytic H,
generation as a function of C,( glycerol)
(solution 100 mL, natural pH)
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Fig.4 Amount of photocatalytic H, generation

as a function of pH-value of the solution
(solution 100 mL C, =0.75 mmol/L reaction time 0.5 h)
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Table 1 Effect of coexisting substances in the glycerol wastewater on initial rate of photocatalytic H, generation

Reaction substance Time ( h ) rH,( 10 mol / h )
0.5 mmol/L glycerol 0.5 141.42
0.5 mmol/L glycerol +0.5 mmol/L. CH,OH 0.5 184.99
0.5 mmol/L glycerol +0.5 mmol/L C,,H;; COONa 0.5 105.37
0.5 mmol/L glycerol +0.5 mmol/L CuSO, 0.5 84.19
0.5 mmol/L glycerol +0. 25 mmol/L Fe, (S0, ), 0.5 208. 41
0.5 mmol/L glycerol +0.5 mmol/L FeSO, 0.5 194.10

solution 100 mL, natural pH
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Fig. 5 Cyclic voltammograms of reaction solution

on Pt electrodes
THFEH MR R, Az BT H i A2 2 A i 72 )
I HIZ = WA 6 18 300 min J5 -t 76 A W 1 8% fi 4k
ok fie.

J T IR R A A, AT
DI T AL AT, Sr AT 0. 10 mol/L
() H M W AE H, 0, FeSO, /E R )M 30 min (4,
A H ) 1, MBS AT b AL
AR A2 E A I E A R N — A, X
AR R A o H . e a R S
L. ROQUET %1y SCRRMIZF &2, UESE T e fi Ak
A H B[R] s A i T H I, O L 7 AR O
300 min J5 L 7EAN W B S AL A

il ik HPLC-MS 234, A&l 6 7] & 3 75 1% & 1Y

1
0 3 6
T (min)

6 HulBEILRERE 3 h (i) HPLC [&]3%
Fig. 6 HPLC chromatograms of after 3 h of glycerol
photocatalysis degradation

R F, 78 HPLC &3 b B 2 A4 i, {5 58 it
[6]43 ] 4 4. 35 min, 5. 04 min. 33X 4 i 75 i 3%
(MS-) ES3r, W 1 e B RS 3 B b (m/2 )



170 7 A (1

F22 %

R TS5 Sy T, 02 P BTRE EOULER B A L
(m/z )N 59 W15 1. X 5L QR
LRIy F B (M-H) " MAF, Al & A
MR EHRIECEMFZIL LR, 78 HPLC K3 I
WA I H g, X AT BB R X (L S AR T
THITEE (1) 73 5.

T8N, Tk DA TR 2 A T i s W T
FH .
2.6 MR

MRS IR AE R, ROV AL AT HE 40T

N TiO, P HE L FIZS X, 25 /R R T A
sk, LR AR E

Tio,—oh* + - e, " (1)

h* + HLO—— - OH + H" (2)

JeA T PR, HTAE Pt BAS IR T
ast

H" + -e, —1/2H,T /onPt (3)

W B P A R0 B T ) T I R R R 1 el AT
CH,0HCHOHCH,O0H + - OH ——
CH,0OHCHOHCHOH - +H,0  (4)
CH,OHCHOHCHOH - 57K T 42 /% F 4 i CH,
OHCHOHCH(OH), LK H -, H - #k— 564k 4
%[22] .
CH,0OHCHOHCHOH - +H,0 ——>
CH,0HCHOHCH(OH), +H - (5)
CH,OHCHOHCH ( OH ), AFa s, ik % 1k i,
[
CH,OHCHOHCH(OH) ,——
CH,0OHCHOHCHO + H,0  (6)
- OH SPESREARLE S -
CH,OHCHOHCHO + - OH ——
CH,OHCHOHCO - +H,0 (7)
CH,OHCHOHCO - +H,0 —
CH,OHCHOHCOOH +H - (8)
CH,OHCHOHCOOH B 5 h™ fE & A iR [
AR
CH,0OHCHOHCOOH + h*——CH, OHCHOH -
+CO, +H” (9)
Ay CH, OHCHOH - T (5) (6) (7) (8)
(9) e Ja A AR KR — A ALk
CH,0HCHOH - ——CH, OHCH ( OH),——CH,
OHCHO) ——>CH, OHCO + ——CH, OHCOOH ——

CH,OH - ——>HCH(OH), (HCHO) ——HCO + ——
HCOOH ——CO, + H,0.

34 1’

3.1 H M 77 75 Bl B2 M R B A AL Sk
R, I FL B O S P AR, e T b
(pH 290 6.4 7c47) B AAL I SR BT .

3.2 (AR Y B L B T v X R R
), W 74 Langmuir-Hinshelwood 3¢ & K.

3.3 HlBE K AR R I, SR A
ORI AR R, HIEE, Fe'* | Fed* XS
AR, BENSTAMN . Cu® X 0 A 1 i 1
FH.

3.4 HF IR 2 o AL R E I, TR
TR, W, % SAL TR IR A L CO, A
H,OH).

Sk

[1] a Li Yue-xiang, Lu Gong-xuan, Li Shu-ben. Chemo-
sphere[J] , 2006, 63( 8 ) . 1312 ~1 318
b Wu Ying (%  #%), Chen Hong (Bf £I), Fan
Chong-zheng (JE42 ). J. Mol. Catal. (China) (43F
ALY (1], 2007, 21(2) ; 144 ~ 148
¢ Zhang Tian-yong( 3¢ K7k ), Hu Juan(J& #H), Chai
Yi(%¢ X)), etal J. Mol. Catal. (China) (431
) [J], 2007, 21(2): 149 ~154
d Liu Yu-zhang ( XI] & %), Cai Bing-xin ( Z£ N #1),
Zhen Yong-gong ( AP 4L). J. Mol. Catal. ( China)
(7 FiEfe) [1], 2007, 21(6) : 539 ~544
e Liu Yin(#] B5), Kong Ling-li (L4 7F), Zhong
Shun-he (g JIiiF1). J. Mol. Catal. ( China) (43 F1{#
f£)[J], 2007, 21(6) : 545 ~549
f Zhang Jian-hong ( 7k @ %), Guo Nan (FS f#), Xi
Hai-ling( 2 ¥). J. Mol. Catal. ( China) (431
f£)[J], 2007, 21(6) : 585 ~589

[2] Li Yue-xiang (Z=#H) , Lu Gong-xuan ( BIJ4E) , Li
Shu-ben (ZEWAS) |, et al. J. Mol. Catal. (China) (43
TAEL) [J], 2002, 16(4) : 241 ~246

[3] Yin Zhong-huan ( 5 £ ) |, Li Yue-xiang ( Z=#iH]) ,
Peng Shao-qin( 2ZHEE) |, et al. J. M ol. Catal. ( Chi-
na) (4 FAEAL) [J], 2007, 21(2) : 154 ~ 161

[4] Zhang Xiao-jie (5K BE7% ), Chu Guo-hai (fif [E ), Li
Shu-ben( Z=#7A%) |, et al. J. Mol. Catal. (Chia) (43F
fEAk) [J], 2007, 21(4) : 362 ~364

[5] Mao Li-ping( BEN# ), Hu Xun(#] ), Lu Gong-xu-



F2 4

AR MR K Py TiO, St f Al il

171

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

an( BIj4E). J. Mol. Catal.
[J], 2007, 12(5): 385 ~390
Li Qiu-ye(Z=FkM), Lu Gong-xuan( B I4&). J. Mol
Catal. (China) (43¥#E46) [J], 2007, 21(6) : 590 ~
598

Zhuge Fu-yu (iF = #5%7) , Jin Zhi-liang (#7168 R), Lu
Gong-xuan( B IJ4E). J. Mol. Catal. (China) (431
1) [J1, 2007, 21(3) : 233 ~238

Zhang Xiao-jie ( 5k 7% ), Chu Guo-hai ( fif [E ), Li
Shu-ben( Z=#A<) | et al. J. Mol. Catal. (China) (4}
FAAk) [T, 2007, 21(3) ; 239 ~244

Satoshi H, Natsuko W, Hisao H, et al. New. J. Chem.
[ J],2001, 25999 ~1 005

Zheng Yong-zhang ( #7K ), Qin Rong-da( &5 K).
Handbook of Healthy Tested Technique ( T9.A4= 6 4 J5 1=
FH) [M ], Beijing (b &) : Beijing University Press
(JEm R L), 1990. 3 941 ~3 941

Lu Li-hong ( /5377, ), Tao Jiang-wei ( F§ Z4F), Lu
Qing-ning(fHERT) , et al. Physical Testing And Chemi-
cal Analysis Part B: Chemical Analysis ( BRALKS 56 -1 27
WL T ], 2006, 42(8) ; 644 ~ 648

Klare M, Scheen J, Vogelsang K, et al. Chemosphere[ ]
1, 2000 , 41 : 353 ~362

Pichat P. New J. Chem. [ J 1, 1987, 11 : 135 ~ 140

(China) (7> 7 HEfL)

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Kormann C, Bahnemann D W, Hoffmam M R. Environ.
Seci. Technol. [ J ], 1991, 25 (3) : 494 ~500

Liu Shou-xin ( X 5F #7 ), Sun Cheng-lin ( #) 7 #f ).
Chemistry(fb2Fl4R) [ J 1, 2004 , 12 ; 898 ~903
Bideau M, Claudel B, Faure L, et al. Photochem. Pho
tobiol. A; Chem. [ J ], 1994, 84. 57 ~64

Maria Bobu, Steven Wilson , Tyge Greibrokk , et al.
Chemosphere[ J ], 2006, 63 : 1718 ~1 727
Bamwenda G R, Kazuhiro Sayama, Hironori Arakawa .
J. Photochem. Photobiol. A; Chem. [ J ], 1999 | 122
. 175 ~183

Xing Qi-yi (JAHF). Basical Organic Chemistry (J:fll
BHHALE) [M ], Bejing (4t 50) : Higher Education-
al Press (&% 0H HIMAL) , 2001. 455 ~455
Roquetl, Belgsir E M, Lbger J] M, et al. Electrochimica
Acta. [ J ], 1994, 39(16) . 2 387 ~2 394

Hoffmann Michael R, Martin Scot T, Chot Wangyong, et
al J. Chem. Rev.[J], 1995, 95. 69 ~96

Chemseddine A, Boehm H P. J. Mol. Catal. [ J], 1990,
60 295 ~304

Wang Ji-tao( £ ), Hu Qing-mei($1JH) , Zhang
Bao-zhong (3 H). Organic Chem. (ML) [ M],
Tianjin( Kt) : Nankai University Press( 7 ¥ K2 H it
Ab), 1993. 344 ~344

Photocatalytic Hydrogen Generation Using Glycerol
Wastewater over Pt/TiO,

LI Min ', LI Yue-xiang ', PENG Shao-gin ', LU Gong-xuan >, LI Shu-ben *
(1. Department of Chemistry, Nanchang University, Nanchang 330047, China;

2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract ; Using glycerol as electron donor, the photocatalytic hydrogen generation over Pt/TiO,has been investiga-

ted. The results show that glycerol can not only improve the efficiency of photocatalytic hydrogen generation but also

be decomposed effectively. The factors which affect photocatalytic hydrogen generation, such as irradiation time,

initial concentrations of the glycerol solution, pH-value of the suspensions and the coexisting substances were stu-

died. The final products of glycerol oxidation were H,0 and CO,. Glycoladehyde, glycolic acid, formaldehyde were

identified as the intermediate products. A possible reaction mechanism was discussed.

Key words: Photocatalysis; Hydrogen generation; Glycerol; Degradation



