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MEHF X T FEKT HEE

CT5 R 5 BRI 7 [ R T R R, B AU RBE B, M AT, 210046)

W E CRAUOE-DIBEHE AR AR Pd QB RS S B (TEM)  X-SH4ATT 4 (XRD) Al
TR 5 A5 B TR A OGRS (ICP-AES) XA RLIEA T FRAE ; I LB R AR A A7 X = 5045 (TCS) By fLfin Z0B
U BLEAT THFSE. 4558, Pd/Tio, B AL F 76 TCS I S 5 B P B A B BRI, IO 6 M B % Pd
B2 e A e T . Y IR LA M B 0.016 mmol - L' pH {8 10, #4571 0.36%Pd/TiO, F 4 9 20 mg
i, TCS 7E 70 min A] ASE BB A0S AR, Bt ST, pH BTHEAA T OB AYEAT. A5 I B 7E 15—25 mg
Ak, bR I o A ) S 7 A0 A S A I A A, R B Ak B I 3 AR R 32 4% T BEL 7 s . 224 5 N 9 e vk
JEFE 0.009—0.02 mmol - L™ B, S J37 )8 1k B 9 32 Ay 44 v Sl 2388 0, AL agE— 25 B8 o 5 7 9 ) 3 ol ) T M 1R A
PR3, IR, TCS 78 Pd/TiO, AL _L B B 4T 45 A Langmuir-Hinshelwood #2328 TCS A& &%
e W BT L AR RN A R e AR A R R R PR, RN A B TR R 250 Tk

XEIE  PA/TIO,, =&AL, SN, VivE-TIRUE.

Catalytic hydrodechlorination of triclosan over Pd/TiO,

TAO Shangian WU Ke WAN Yuqiv™" ZHENG Shourong

(State Key Laboratory of Pollution Control and Resource Reuse,School of the Environment, Nanjing University, Nanjing, 210046, China)

Abstract; Supported palladium catalysts were prepared by the deposition-precipitation method, and
were characterized by TEM, XRD and ICP-AES. The liquid phase catalytic hydrodechlorination of
triclosan ( TCS) over the catalysts was investigated. Pd/TiO, catalysts showed good catalytic
performance in hydrodechlorination process, and the catalytic activity increased with Pd loading. At
initial TCS concentration of 0.016 mmol - L™', pH 10 and catalyst dosage of 50 mg, complete
hydrodechlorination of TCS was achieved within 70 min. Under alkaline conditions, increasing pH
hindered the reaction. The initial activity normalized by catalysts mass was found to be nearly
identical when the amount of catalyst used varied within 15—25 mg, indicative of the absence of
mass transport limitations. Finally, the initial activity was markedly enhanced with the initial
concentration of TCS when the concentration was in the range of 0.009—0.02 mmol - L™'. While it
remained constant with higher initial concentration, reflecting that the catalytic hydrodechlorination of
TCS over Pd /TiO, followed the Langmuir-Hinshelwood model, and the catalytic hydrodechlorination
was controlled by TCS adsorption. During the catalytic hydrodechlorination process of TCS, many

intermediate products were formed, and the final product was 2-phenoxyphenol.
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SHUE(2,4,4' - =52 R AE-TOREE TCS) 2 I N A I S5 B L& W VR ) iE v R iz
FAAET AN B0 (5B HUR AL SR iR ah) | BRI 22287 i (2R 4R S  pe FL i B
W) BEIT I CAFRIZEFERS B IR ) AT ) S5t R I A5 A R P o R BRT KT
ARYL B R LR 22 W K AR TURR ) v TCS #5471 RGN A5 R I, = SR 7R3 i
R K ARG R A e AR 1 23, K T PP i R BE IR B CET mg - L1, DUAR M) o i R B2 2 1) %K

+ ng-gfl.
TCS A ZRESE {22 25 R AR, 5 2 SRR IR Iy, 7 52 [ A O8)m) FBT EAR 1) B v Ao
TRESLS YR AT BESk B T =AU RIRE, — 34> TCS TEFE B E BT £ Ak IR Sk B ik o —

WESE T bAh, TCS ATk A i A TR B S S, nE U WEA S A A 2,4- T
AN 2 ,4,6- = F RS

FURiT TCS FYAIR 71 = BALHE - AL F R A 2B VIR AR SO . Son 517 A58 R B, #E UV-C (I

KAE 200—280nm 55MIL) 4514 138 I Fenton [ AT 52 BT = S0 A: KA , AR SBCR B0 (B [ 7 1)

- OHAY BB AR, HIHL 5 5 OB Z A7 (A LTS Je A AT 22 1 7= ). Kim 551 BF9E & 90, W94
BT PH-07 Rl =G4 R A Bk W 2 RN, L= 9 8 P A = G 45 TR AIK. Behera 55 7547
IR TS 2 3 18 W AR IR T 5 v e 3, TR R i e Ry AR M B, EL = S A Y W R 52 pHL SR 45
KBl S F T, BT 52 =S8R B B A T B e, 5 35000 P e o R o 25 £ ) W T .

HEAR i U FE( Hydrodechlorination , HDC) R A 2R A SR v i) — B J2 4 A i AR 7 ) SR &R
AR AT M A, LT P T B S v v SR, D S U L 2 R S e A
FUB JFUE UTC B A 25 E RS, TS B £ BR 15 G W sl ST I A A H Y.

ARG il 2 AN R AR Y Pd B R AL, X TCS #5477 AL & I & W58, B 98 T AS TRl 3844
Pd gl pH B LS e B8 25 2 1 M AR T 1 A 52 00 5 DT HEDN Y TCS A AL S0l S B A28

1 #E5S 77 ( Materials and methods)

L1 AR 5 RAE

FHUTTE-DUR i ) 45 T4 & (R 2 BT ) 4 0.36% Pd/Ti0, . 0.36% Pd/Al, 0, . 0.36% Pd/Si0,
0.23%Pd/Ti0, ,0.49%Pd/Ti0,. EAAT 15K  FREL—E A A PACL W P45 7F T % iTNa, CO,
KT (1 mol-L™") , LAWK pH=10.5. %1 FARLLHHE | h BT 2R 6 W L8 FoKkueE i,
105 C 4L 6 h Bt J5 AR EHE S 360 300 CH5HE 4 h RIS TE 300 °C il A H, i85 2 h(FHEH R
5 Cemin™'  H, ik 30 mL-min™") , BIFS B AT T AL, BT AR 400 H i, (HHK#E <37 pum.

AL 114 375 S Fi B SR AE 8 5 F 7S JEOL /A W) JEM-200CX Hi, 375 5 i 13058 52 1 s X -5 26 5 56 ( XRD)
ST H AR BE2% RigaKu /A Al D/max-RA B X GFERATHY (CuKal ,A =0.154 nm , FHFHHE 6 ~min™") ,
FBAEZRAF 40 kV 30 mA, FHFSE R . 10°—80° A AL v Pd 114 7 ft 3 b Hl Sl A 45 8 T4 & SR
(ICP-AES, 3 Jarrell-Ash 23 7], J-A1100) I 5E.
1.2 TCS A E M A 5

W] 250 mL P9 FJR H o A — %€ & TCS fiff #5 W, I & 8 K B: = Ir % Wk B2 (0. 0088—
0.025 mmol - L") ( PY F13H o Sz W I AR FR 224 150 mL) |, JH 0.1 mol - L™ NaOH ¥ 31835 5 W K pH i K4
10—12. 7ERIZUGERE B R A N, 15 min(FEEE 50 mL-min™") SRJEIIA— & & B AL ] (10—25 mg) |
kLB A N, 15 min, B J5FERL H, (R 250 mL-min™") 38 A H, BRI FFG TR, 5O IG5 76 R
FY B 1 1] P IBORE , IFFH 0.45 o B3 .

UV T BT R R RO €433 ( HPLC ) 2 fE A I ( Aglient1200, DAD A5 #5% ) , C18 SUAH (43
FE(ZORBAX SB-C18,4.6 mmx150 mm, Agilent) , &4 281 nm, i8I S 7K =70:30 ((RFHLL) | Uit
B 1 mLemin™ AR 40 WL 5 BRI 48 0F Ot A€ BUS R B A0M 6033500 1% 156 A ( GC-MS ) 5 1 4
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(Trace 1310-TSQ 8000) , %4+ 1524 TR-5MS (30 mXx0.25 mmx0.25 pm, Thermo Fisher) , 2% A & 4l
He,Jii# N 1 mL-min™").

2 5 51718 (Results and discussion)

2.1 ARG RAE
0.36%Pd/TiO, AL 1) TEM EI Q] 1 Firzs AR SCHTft 4 00 il 25 5 1k RE A% L D bt Pd 2k
FNBUA (1 BB R MO R A TG MEZH 5 Pd) . N TEM B 5 ml UE H Pd BURLTE AR KNS
—  SEBURHUIN IR, AL b P R ) AR - TR SR AR (AR AR ) R s AT
d’
d = l (1)
Z n; di2
Kb, d NI Pd BSEYPRIAR  nmyn, ARIAE KN d, BOBURIEL; d, R Pd B0RL A B AZ , nm. 11
S E AL R T Pd OB A S XRAE ILER 1 ARYE TEM KIVEH Pd FURL AR AR 43 A1 B an 1 2. A&t SRk
F ,Pd Bk (RAEE A 3—10 nm ,SFERIAE A 4.7 nm.

B 1 0.36%Pd /TiO,Hy TEM [&
Fig.1 TEM images of 0.36%Pd /TiO,

HEALRI A XRD B UL 3, & i B0 S AR AT 0 322 Tio, WA 9, v LA ) P25 Y Tio, %
A KT (20 T 25.28° 48.18° .62.86°) FI4L1A7 (20 H 27.44° 36.2° 54.24° 55.22° 70.42°) ¥ pg *!
EIh A B Pd () AT 406 (20 = 40.9°) , AT REJR R . Pd 1Y T2k 3RAIK, AR 0.36% , H Pd 7E4 KSR
T (43 B8 50 RAR SN /T XRD ik MR R ) R B Pd S AH AT S i

50 4000 o
v ik Anatase
44147 Rutile

40 3000 |- M
N 5
> 30 S
2 z
g 'z 2000 |-
g 2
220 K|

v
10 1000 Tlg . *
Y o
0 0
20 30 40 50 60 70 80
Particle size/nm 20/(°)

2 Pd AR A 3 ) fA XRD it &l
Fig.2 Histograms of Pd particle size distribution Fig.3 XRD patterns of Pd /TiO,



1622 B2 5% 1k 2 358

AL A FEAPE B UL 1.t 1 Al AR SO ] 45 75 1 T 0, Ph B S B 0 4800 5 BER fE AR 22
AR

R EAIEAE

Table 1 Properties of catalysts

, Pd B f1 Pd SEPR AR Pd F-EpKiA%
AL Catalyst . .

Pd theory content (wt.%) Pd actual content (wt.% ) Pd particle sizes/nm
0.23%Pd/ TiO, 0.25 0.23 —
0.36%Pd/ TiO, 0.4 0.36 4.7
0.49%Pd/ TiO, 0.5 0.49 —

VE : Pd S S At H R 2 B TR G (ICP-AES) M55 5 ; Pd T RIS i o) 7 51 FhL s ( TEM) 2505
Notes: Pd actual content is determined by ICP-AES; Pd particle size is calculated from TEM.

2.2 JIRPEAERT TCS AR NS A A 5

2.2.1  AS[RIZE A A A R0 S0 S50 I A 5 )

PRI S pH =10, TCS WA HE 214 0.016 mmol - L™, 3% 0.36%Pd/Ti0, .0.36% Pd/AL 0, .
0.36% Pd/SiO, AHEAFIHES T EM A S50 (AL FI A 20 mg) . 25 ANE 4 Fos , B 525 25 ] A,
24 0.36%Pb/TiO, #EALF FHHE A 20 mg I}, TCS 7E 70 min 7] DL5E 4 i 58.0.36%Pd/TiO, % TCS BN
ARG R B T 0.36%Pd/ Al 0, ,0.36%Pd/Si0, A A L TG k.

0.018 -
~ 0015 e — —
:_] .
s 4 0.36%Pd/SiO,
g o012
£ * 0.36%Pd/Al,05
£ 0009 ® 0.36%Pd/TiO,
g
8 0.006 -
i~
(=]
@]
0.003 |
0
0 30 60 90 120

t/min

B4 ARZEARAMFIT TCS BNt EU 0

Fig.4 Hydrodechlorination of TCS over catalysts with different supports

2.2.2  Pd FuggE XU &N A R

TE TCS IR EE ] 0.016 mmol - L™ pH =10, AL FH &~ 20 mg AU , AR Pd F128 & 10
A AT AR N EUBE SR 0, 45 RN 5 s, HSEuG 2 S nT i, B A Pd gl s, B2 i 2R 15
FHE .
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¢ 0.49%Pd/TiO,

g

wn

<
T

0.012
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Fig.5 (a) Hydrodechlorination of TCS and (b) variation of initial activity over catalysts with different Pd loadings
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2.2.3 AR X o U SR R R i)
£ TCS WIHHE B 0.016 mmol - L™, pH = 10 Y5514 F 22 0.36% Pd/TiO, A6 i FH 1 247 i 20U
SR, AR 6 . o SC a2l S vl 0, B fh A0 B0 &2 i 388 o, B R 1R A5 B 5. TCS )
AIHAEHRIE DL TCS WIS RAE 25% LAF 35 HE— G o0 1 100 545 31 10 5 107 78 S5 8 . g o o ol 6
BRI DA AL 708 FH S A3 3 1 TCS WA THFE DR UL 6 (b) , LI BT 20—k J5 19 TCS 101 4R 7
FETUR AN A0 750 A B0 AR, R B AR LA B SIS E T, A AR RN AN 32 A Ak R A% T RH 7 Y

?ﬁu@“ﬁ'm .

0.018 (a) 081 (b)
¢ 15mg o
~— 0.015 m 17.5mg :c.%
= e 20 mg To 0.6
g 0.012 A 25mg = . & *
£ = *
5 0009 T 04}t
g g
£ 0.006 z
2 z
£ £ 02 L
© 0.003 ‘_(:
0 E 0 1 1 1 I
0 30 60 90 120 10 15 20 25 30
f/min Amounts of catalysts/mg

6 AR BT TCS M EM &N (a) MATTH T (b)

Fig.6 Hydrodechlorination of TCS (a) and variationof initial activity (b) under various amounts of catalysts

2.2.4 SN AR BE XTI AU R N ) 5 k)

A YA b T B 7 118 4 S 2 oy ) A A ) S T 4 A4 MR B AT IHG S 7 0400 T e A Aot A 25 7 A=
BB A2 . S AL FH BN 20 mg, pH =10 B, 204 TCS AORILAHRBE , A7 4 Ak i &0 S0 0, 5 R
K 7(a) iz, 18 7(b) 2y TCS AS[RI0) e B AR i S L w036 1, B TCS WAV B BN, SO
IEMESEH R, Z SR HAFEAAS X5 Langmuir-Hinshelwood 57 Fiil] fR 48 S — 5

003 (a) A 0.025 mmol-L™! ~ 05 (b 20r (©)
~ m 0.02 mmol-L™! =
Q X 0.014 mmol-L™! S oak L6k
g @ 0.009 mmol-L™! ‘_?0
5 i 031 12F
= ) N
=] f=) ~
£ £ = 74
E s 02 08
] = y=0.012x+0.44
S 201 04 R*=0.9823
=
E 0 | | 1 0 i 1 |
0 30 60 90 120 0.008 0.014 0.02 0.026 0 50 100 150
{/min Concentration/(mmol-L™") 1/C

7 SEHIRIIR RN TCS T Ut 58S L B 5 il
(a: NPT TCS MIBAINE; b WIIRMBEN RAITEER N o2 1/r 5 1/C MEMERR)
Fig.7 Influence of initial TCS concentration on the hydrodechlorination of TCS
(a: curve of hydrodechlorination of TCS under different initial concentrations

b influence of initial concentration on initial activity; c: linear plot of 1/r versus 1/C)

% JEF S8 R F Y H WAt (250 mL-min™") | PHERE LR AR S AR 28 b 1, R BE S 1y T4%
SN A T b BT T 0 S, SO A VR TR R A A R B T LU D BE AR AR I Langmuir-
Hinshelwood %4 A] DL {6 A .

dC KC
BT Y (2)
K r WG SN A C AR R TCS WU L, k A SO 3R 385 40, K R TCS A A 1 771 25 T 1
B Al K, 0, S TCS TEAiEAL R R A A e 4. X (2) ATLAE .

r =
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i

1k 35 %

g3

1 1 1

r - M " k (3)
A/ 5 1/C ZIFEEH LR /r 5 1/C RRWE 7(c) R, U/r 5 1/C Z [ KA 2
PEXR (R*=0.9823) , BB AEALTIXT TCS AN S 505 0 i S 07 e Ak 700 2 18T 1% W A Fr 2 il
2.2.5  pH XU SR N 15 0
£ TCS W R EE A 0.016 mmol - L™ AL HI 4 20 mg B, ] 0.1 mol - L™' NaOH #5475 pH
T E AN, 45 R a1 8 FroR. FEBME S F T, B pH I35 0, 44 Ak 700 9 0 305 M AR, 3 % 7
TiO, B4 LA 6.0—7.00%) FERRPESAE T, AL S i 4 7 i fnr. B 25 VAT pH (B RO 3E I, fiAL 51
FIAY TR AT B WG 22 TCS B BS54 4b 700 2% 18 1% i Pl HE e 1 RS o, AR A 70T TCS IS IL R B
WAL

0018 (a) A pH=12 =067 )
= 0015 Mo Sosk
:o] pH=10 e
£ 0.012 Lo04r
< e
E 0.009 g 03k
8 =
= 2
5 0.006 |- E 02
5 g
© 0003+ = 01
.‘—é
0 ] = Y 'y 0 1 | 1 |
0 30 60 90 120 9 10 11 12 13
t/min pH

B8 A pH A1 T TCS BB U (a) KATIEFEAEAL (D)
Fig.8 Hydrodechlorination of TCS (a) and variation of initial activity (b) under different pH conditions

2.3 TCS a8l 1 “# ke
2.3.1  TCS fnEUmiE i) 7= ) B 4 7= W i it o2

TE TCS HIEHE M 0.016 mmol - L' L5 FH &k 20 mg I, pH =10 B, 76 [R) B[R] HORE | SR FH =L
T L% (HPLC) 43 S [ Bs [] BEAGRE S, 4558 UL P 9. ey | of oo o 49 T B 1 A BB, B G A Ol 2-5%
BETOREE E O TCS. 38T UM (35 - BBk AL (GC-MS) Xf B .C.\D i — 25 73 4. B 6 min 9 52
IECREAE UG HEFT 4307, 255 WLIEL 10.

301 0 min
2 20k A B CD E
0| /M
0 | 1 1 1 1 J
0 1 2 3 4 5 6 7
30 - 6 min
220k
E 10}
0 1 I i L 1 /N ]
0 1 2 3 4 5 6 7
30 r 30 min
220
Elof /\L
0 1 1 | 1 1 1
0 1 2 3 4 5 6 7
30 70 min
22}
El0L /\L
0 ! I I ! I ]
0 1 2 3 4 5 6 7
t/min

B9 TCS &HmMEWE "W/ Fa =95 HPLC 24T

Fig.9 HPLC chromatographs of TCS and its products/intermediate products during the catalytic hydrogenation reaction
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140

o
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13.40 Cl = OH
cl Cl
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O,
60 Clﬁ;f O
1 H
5550,
20 17.67 !
LISASE_%LL

I Y al ™ T ™ T 1 T

t/min

B 10 TCS KIS ™Y/ Tl =HHy GC-MS 534t
Fig.10 GC-MS chromatographs of TCS and its products/intermediate products during the catalytic hydrogenation reaction

R GC-MS 455 8K , B T8 2 221, 8 TCS Wi EFADE =Y C D B4 T2 255, 5 TCS

i 22— AN P AR YE TCS BYZE R HEWT B . 2-3-2/ -3 3 — Kl C D My .2, 4 - -2 - —
IREE 2, 4- G- - I IR EE, IR TCS AR AR I &8 S0 B SR INT

3 %518 ( Conclusion)

(1) FHUTEE-DIRRIE S5 PA/TiO, X TCS HAEAR I U8 50 N 33 B I 5 T Pd/ AL O, , Pd/SiO, A<
A EALIE P s AL 0 S BTG VERE S Pd 74808 (1 £ R ITT 4G 5.

(2) BPEAES  pH B THEAR T SO AT, AT T B TE 15—25 mg I, SV 1% P4 35 A
B, R SO A R A 52 A% J5 B 5200

(3) YR NIV FEAE 0.009—0.02 mmol - L™ B 5 Jo7 9 37 4 B e J32 170 44 v S & 38, (H gk — 20 34
TSz W W e B B ) U PRI B B dE i, AL, TCS 7F Pd/TiO, 1AL B AT NS Langmuir-
Hinshelwood #i5  F B TCS 4 0 &0 5852 2 T W o6 J 42 ol
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