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RER LMWK WEA, HEMMEREONT 0.99.
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Wasn, FHEEE TiO, BRI L wIas s Ny I R 4 =
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9 = % © IEE §
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’ 30-
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{11 A2 A BH 8 S P PR A B B A A S (1 8 5,
B “UARAE THO, JURE R T (19490 43 J ] 42k B it B
ZHm, JF BAE— €t N, RErEKiE
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3.4.1 FEEAE TiO, RIS SN ALEE

M9 i R] B N R Y B 3680 em™ (Vo)
FTRAE I R AL -OH Rk D, 2765 ecm™ kb
TIE 1) 580 S A S N ) G B B 1 i, 4R S5 A
10 min 2247 W& IR AR DA B AR AS, X FRR
T 40 5 1 388 g e A L e — 38, DA 4 0 R 1 A=
B R -OH AR KIS A&, 1fi 1550 ecm™ 4b
F6) Y M AR AE R T W D 1440 em™" Ak H 1 2 4R A
WS I — T R S K F) 90 min {5 AT BT, W
HWRK A, HERMIOI-OH F1 5 F I
{14 AR A W VA W (1 38 Kk 3 B A ), DR B BE K
FARWI-OH F1 480 AL TVEE, AR M 22 ) 5 o R I
AL W 0 AN PR N, TR AR R R I R 1 WA
VAT SR FF LI, R W] FHEAE TiO, 3R IR A2 BT 46
PRS2 S N R R PR, REE D AL Ok F R Eh RN
i &6

MR AR Tio, BN RECH 2 FoRES,
HHEFER T Tio, RIMWEFI FIRE: . 480 L
S AR TR 20 AR Ve, DL R 3 T R i U i 2 T Kk

1.0 ] s ® ® ¢ f2o
iy . A b
‘ e°® Y o
] A .
0.84 o OH
8 _'g N v m H,COO(ads)
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[0} L=}
N 5 &
] o
E 044 o
2 »
0.24
0.0+ T T T T
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Time (min)

B 9 HCHO 7£ TiO, | Jx ik F& v £ 21 4 Wi e T AR b
I TR A5 46 PR I — 4k 1 4. —OH B 3500~3740 cm™ [X. &) (AR /3
A, —OH VA5 AR T AR e A-1; 40 FH L EY
2880 cm ' ALK IR TR, FHERAREN 1500~1600 cm™' [X.
]ORN 3 AR PR 2R 1440 em™ ARWR IS AR 23 T AR
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TEE, HIWTFEELE TiO, KM H WL T K4 Cannizzaro
WA N . TR S N R Ay R FE O o 3 AR
FIPIR H 7 5 T Lewis BRYER (Ti*H45 &, B>
TR P AR, T RIS 1 ) R T 4 A B
BT T MR, RIS R T, A
SRR T AT —OH A (1) 48 5t 7 1 AR il — A T
JE, AW IR BRI B T T MR R, A C-H
R H A SR AT IR B A R, AR
—r BRI AL R Cannizzaro A4 52 .
DAL T FR S A TiO, R TG e NV i B v, Tio, K
Ti*" Lewis FRVEA7 MI—OH Lewis Btk A7 s i 3 7 # 32
IAE .
WL T A TiO, B s # nl AR (1)~
)k
HCHO,+S<«—>HCHO-S (1)
HCHO - S+28 - OH«—H,C00-S,+H,0, (2)
HCHO - S$+H,CO0 -8, «—>HCO0 -S,+CH,0-S (3)

PRI I BEAE. TiO, UKL T 5 26 2 s R e A

Wi 1.

3.4.2 HEELE TiO, R G AL HLEEHEDN

TiO, /& n B2 S 4k, UKD 7Y (2505 55 % 0 3.2
eV, M HH BB KT B A 9 G U B TiO,
I, il L e g R KT R S L, SR
i B PR AN 2 W, e AR IR R 3 R
Bk 7RI, JeEF AR TR R, HE
AR IR A, AT 25 HY 5 A ORI W B 1 A7 AL
Wy B R R R L, A A S IR AL Y T T VA B
FLBA A 5, 38 I ) Bl s Ak A k. s
L BLAT AR S IR I S5, 752 SRR 1 7 32
PR A . AR S B B % LA K SCHR AR IE 1, k)
HIEEAE TiO, 3% I 1R %6 4 0 4 Ak S e ik 7 X (4)~
(12)%7R:

TiO, +hv — TiO, (e, ———h,) = €5, + I, 4)

B +>TiV -0 -TiV< > >Ti" -0" -Ti"< (5)

ec_ + OZ(ads) - O;;ads) (6)

h\jb + HZO(ads) - OHzads) + H;rads) (7)
TiO

HCHO,, —"% > HCHO,,, (8)
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HCHO,,,+ OH;

ay —2—>H,CO0

+
(ads) (ads) + H(ads) (9)

HCHO,,,,+ 0O, —2H,CO0

(ads) 2(ads)

+0u (10

(ads)

H,COO0,,,,+ HCHO,,,, —"% 5 HCOO

(ads)

+ CHSO(ads)
(11)
H,COO 4t O.ZZads) —1% HCOO,,4t OH 4, (12)

X, (ads) R MR, ()R T

FEPNFEAT RO B BOEI R, Tio, Bk &
T T S8 R Y H 7 A8 O, SR R AR A R
oA OH H i dk, R I 7 il 1, ARk
0, HiH. WHAFR) T OH AlkEio, A
T 266 A 2l ] 7 ) AR R R, T R
B 5 A BRI RN, SO A RN, AT
P 0 0 FR e 26

(ads)

4 iR

A SCH DRIFTS A& it 8l & RAF 5T T H Bk 7
TiO, MUK 4y e THI 1A AR Y AH S B, 32 22774 o R
ey AR HSE, HESLD KD R R, FiRih
SR A A R DR A . R
FH I L TiO, MIURLAS) 3 T 1) S N R A0 B0 2 %, W AE
TiO, I S NAEEUR HCh (0.5~5) x 107*([HCHO]:
1x10" ~ 2x10" molecule - cm™), ‘& & s IR 5 ) —
WRREL [RINHE I E T AR R AR EDR BT TiO, 1%
MG A RE. WF 9045 A 8 7R T il R R 5% A ok IR
AN FEEAE TiO, MR R TH ARS8 A S vy, PR
£ TiO, M (1S S N, TiO, 1 (1) Ti*' Lewis Bt
{7 F1—OH Lewis B PEAT 2T 2] T EEMIME; KoM

HUT, SEYEER OH H s 0, AL
SA A P 110 o e S R AR .
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Heterogeneous reaction of formaldehyde on the surface of
titanium dioxide particles

XU BingYe'?, ZHU Tong', TANG XiaoYan' & SHANG Jing'

1 State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Science and Engineering,
Peking University, Beijing 100871, China
2 Zhejiang Province Environmental Monitoring Center, Hangzhou 310012, China

Abstract: The heterogeneous reaction of formaldehyde (HCHO) on the surface of titanium dioxide (TiO,) was
investigated in situ using diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) combined with ion
chromatography (IC), X-ray diffraction (XRD), and transmission electron microscopy (TEM). Formate,
dioxymethylene, methoxy, and polyoxymethylene were observed in the infrared spectra of TiO, particles during the
reaction. On the surface of TiO,, the adsorbed HCHO was first oxidized to dioxymethylene and further oxidized to
formate. The effects of temperature and ultraviolet radiation (UV) on the reaction products and reactive uptake
coefficients were studied, and the results indicate that the reaction rate can be accelerated at increasing temperatures as
well as under UV. The heterogeneous reaction mechanisms of HCHO on the surface of TiO, in the dark and under UV
irradiation are proposed. Kinetic measurements show that formate formation on TiO, is second order in HCHO
concentration and the initial reactive uptake coefficients at room temperature calculated with the Brunauer-Emmett-
Teller specific surface area are (0.5-5)x 10 ((HCHO]: 1 x 10"°-2 x 10" mol/cm®). A linear function relationship exists
between the uptake coefficient and the concentration. The apparent activation energy of the reaction was also
determined.

Keywords: formaldehyde, TiO,, DRIFTS, heterogeneous reaction, reactive uptake coefficient
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