27 % 551
201342 H

a0 T
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Feb. 2013

Vol.27,No. 1

XEHS: 1001-3555(2013)01-0055-08

MrEERENMEREETFENESHEXFANHESNHA

FRA, #R?,

RAE, AR

(1. R RS S B IS BTIR S HEA R BT AR B i L8 2, TR Vg1 570228
2. BT RS WAAEA BT B R A 5 2k (A2 T 2B R S8, WAL I 430074)

E RIS MR Ak T3 20% HNO; 4 fkab B, Boehm Ji¥ 5 2 W T ¢ 35 THI K24 &5 7% 0. 376 mmol/g.
Z IR B A (Me0) 5 Si( CH, ) ;NH, FI(MeO);Si(CH,);Cl, H R Al 1 PIARA R 2B 35 SO0 AT e (A FH R S 5
BT, LLFT-IR, XPS| "H NMR , 1CP Je N, WS Bif-JBE B 55 T-BERAL 1 i A0 il 46 1 Bt el 1) 25 i e AR, 78 i
34 P LU B S S SO 5 58 1 T AL R A EAL PR RE. 25238, £ 100 °C, 7.0 MPa % p(CO)/p(0,)=
10/1°F, ZSHEE N, DLFRR —ERCIRRC & iR B T AT, R A 3 K™ Wk iR — KT ( DPC) b1k
Grh 11.91% | 86. 82% , X T WUR A HE AR BL & M9 HEAL AR, 2% M B Ak 3R K™ ) DPC i #4051 0 6. 22%

J%281.02%.

SR SRR TS S A R A PLEE A5 LSO s B — 2R

HESHES: 0643.32 XERIRERS: A

G BT A YL S DI EA B i A 4%
THEEMMEM, b FX M SO0 H R 2 A
MEALIR AR, XA MV T I ok ™ o, [ A 5
PR, REUEEIRARE, IR S8 575
e ZAMEACAOAT LA A AL K, i ELAE
WFNE T oy B S A, R, PARHEAL R 15 3%
FAAEC SO AL IR ZE Y 2 TR

18 28 <2 J A MILIE 5 W AT ) A% G a8UAC w5 70
TSI et EA R B Ly
T A RIS Ay T AR R G M2, HLAR
JEAR, praafbtingss, HEZ MTAAH, WaRm
/I S0, | EARHR R — B A ) B B 1 5 X
EEeE A SY), WA SR LadR
AP BT f TR A, B AR AT
Lo T R A B R R LR et
SE PEARAZ E PRI 32 )2 9 5. SR 2010 /Y
FHUE— B E R R, SRR T
S, Lo 2 R B L BR A ILBARGH], K
RO S BURA &, S EEERAE A B
AR H AR AR, fATEECA. Wi, S
£ i = A e R S VNV 7 4 il D RPN VAR
TR AR, PR A T R R 7 v

Wim B HA: 2012-12-14; {&[E] HHF: 2013-01-22.

e ZHBbE, JCik R B RO IE 5 <5 Js 7 1 19 A BILIEE
k. MG R, Moeiltk AR 515, %
JCRE, M HBA KB SLBR A LB R LR
L, BB B L MR, G ARORDIR &5 4 i A
AU P TSR SN A T ELAE I S8 PR SN i v
HARFRAM AR S7. SR04 AT 48 1 LA
P DA 2 A [ A A1) 3 R ) B B 5 0
il AL S AL B A A T 1R
FT, AR S AR AR AN A, I AL B i
K. PHICR ST 16 Pk o A= 2L A1 ] 384 Js A LI
BT b B

FATRAPRLAR BB 7 i ML BARE AR, 38 12
PR _E A5 AT FLAR UL LI, BN 1A HLIC
BYHEAGITERRTEIE T bR AL 880, 7
1 L SO 8 PP B T A RIE SR P SE AR AL B
DPC I HEILIERE.

1 LIRERSY

1.1 EZEiLH

MRFENS PSR SCRRL 9 GBI 7 i 455 (3-
RN = H S ERERE(97% , Sigma-Aldrich) 5 PR
IR (98% , TrR TARBHECLEARA A ;

BEEUE: [ ARPEEE (21063006) 5 [F 5 HF HRANE Z N H 22 0 24 (RF528).

EE R WU (1988-) , B3, Wil L-AFF0 4.
« JHIHEE R A, E-mail; bearcr_82@ hotmail. com.



56 n T

itk #5027 %

(3-SANHE) = WA LA e (98% ) X H A i 1 5
(AR) | MEBECAR) | IEPIE(99% ) . = Z KA VU9
MR . AL (60%) . K s (AR) . Z B¢ BH
(96% ) . N —J5 (99% ) . HiAL#I (AR) | 3A 731
i BEFR B (AR) | XA (AR) Je U T B R Ak £
(AR) #9035 L3 2100 A FR 2 ).

—on
(MeO);Si(CH,);NH, E N
E N

————————— =
Toluene,80°C,6 h = —O0—Si

o

AN
NH,

(MeO);3Si(CH,);NH, silanized
coconut shell AC

20%HNO; 85°C4h £

Coconut shell AC

(Me0);Si(CH,);Cl1
e

Toluene,80°C,6 h

(MeO);Si(CH,);Cl silanized
coconut shell AC

1.2 EAFIBH &

Kift 0.45 ~0.28 mm [ HBFE G Mk A Ok SE IS
g A BERLL . BRSBTS F RS
H IR BE e B U 3 WU 2R A T 4 B AR 7
AL ANE 1 .

OFt / = =
O P ¢ 1. N
o PAPRCNY,Cl,  Z|—oO. P
H N 2% E ~. PAAS
— Ef-o—si N N ——— =} o N NH
p o ~ @ CHCLRTA8h ) o T ®
RT, ovemight =| =
Cycloheptyl diamine ligand Cycloheptyl diamine ligand plexed

J i)
grafted coconut shell AC palladium catalyst

o H—on
NaCHON); Nat - S =N PAPRCN),Cly E —o_
E AW =N____ - = C=N a
a . El—o—sicy)ci__ g ' i
DME90°CASh 5 (CH)SCHC= N Bengenc, 60°C,48h = o sicnal Pral,
o =
g o

Bisnitrile ligand grafted

coconut shell AC Bisnitrile ligand-complexed

palladium catalyst

P 1 AL Y ] 25

Fig. 1 Preparation process of catalysts
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Fig. 2 Preparation of diphenyl carbonate by oxidation

carbonylation
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Fig.3 FT-IR spectra of samples
(1) Raw coconut shell AC, (2) Oxidized coconut shell AC
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Fig.4 XPS-C 1s spectra of samples
a Raw coconut shell AC, b Oxidized coconut shell AC
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Fig.5 FT-IR spectra of samples
(1) (MeO),Si(CH, ) ;NH, silanized coconut shell AC,
(2) Cycloheptyl diamine ligand grafted coconut shell AC
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Fig. 6 FT-IR spectra of samples
(1) (Me0O),Si(CH,),Cl silanized coconut shell AC,

(2) Bisnitrile ligand grafted coconut shell AC
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Table 1 Effect of solvents on the catalytic activity

Phenol conversion of cycloheptyl diamine

Phenol conversion of bisnitrile ligand-

Solvent
ligand-complexed palladium catalyst/ % complexed palladium catalyst/ %
— 9.07 5.86
C H, 10.92 6.03
CH,CL, 11.91 6.22
THF 11.96 6.29
DMF 11.99 6.34
0.16 0.16
0.14F o @ 014l (b)
_oazt _oaz}
£ £
= 010 S 010}
= 0.08 o~
5 O = 0.08F
< 0.06| N
N < 0.06}
S S bue
S 0.041 \ > 0.041 .
< a0 < \
0-02- ’i . 0.02 Il \
0.00}¢ - — . . o of 0.00 ¢ L- ®%%¢ ¢ 0o o oo . .
_0'0- 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 —0.02 s
0 2 4 6 8 10 12 14 16 18 20 22 24
Pore diameter/nm Pore diameter/nm
0.14 0.12
(c) (d)
0.121 010
0.101 0.08 X
E .08 E I
: < 0.06f |
2 006 N *
T 4 E !
S 5 o004 |5
< 0.04- oo 5 S
5 5 [ 5\
s O'OZ_T‘ \ S 002 fe -~
> ] e = TR B —
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Fig.7 Pore distributions of samples

(a) Raw coconut shell AC; (b) Oxidized coconut shell AC; (c¢) Cycloheptyl diamine ligand-complexed palladium catalyst;

(d) Bisnitrile ligand-complexed palladium catalyst
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Table 2 BET surface area and average pore diameter of samples

Samples BET surface area/(m*/g)  Average pore diameter/nm
Raw coconut shell AC 788.9 3.39
Oxidized coconut shell AC 767.6 3.43
Cycloheptyl diamine ligand-complexed palladium catalyst 479.9 2.03
Bisnitrile ligand-complexed palladium catalyst 437.9 1.99

MBS TRCA A S 1S P b Pd 3d5/2 2 N 1s 1Y

BT BFRLBTRIRLIR LAY N 1s ol 725 4 RE 4 2 5
L TAE R 3 TR, XPS SMHP4E fi

T HFRRE AR B N 1s S G RE R R

B, A B PSR N EUARLS S, B ROk
A TR T, Pd 3d5/2 L F45 G RER
PACL BJREAR 1. X FERBE R RCIR, S8 T T
ZEEREREICE MR, DRI P RO IACA B 5 1 45
HPRES). N Is i FEESREM AL 17X —
ML BAEE e, mT N ERSETHRBA SR

WIZ. PO, 3 e B4R & [ e A,
XoF 5 B BE N E A B T AR, R R I
1.53% , T35 XSUTRA PIC 1A ) 35 1 L g [ il
9 0.82% , AL B 1A P b R
RIRZ, (EFRBE RERCIR BA SR A0 45 v T-RE ) AT
AE T O o [ 2 ) — D E A

®3 EBETEABIEFRE XPS HiE
Table 3 XPS data of samples before and after complexation with Pd** ions

Cycloheptyl diamine ligand

Bisnitrile ligand

Samples PdCl,

Before complexation

with Pd*" ions

After complexation

with Pd*" ions

Before complexation

with Pd* ions

After complexation

with Pd** ions

Pd 3d5/2/(eV)  337.8 — 337.0 — 337.2
N 1s/(eV) — 339.8 400.3 399.9 400. 1
RESEHEA R B AR e M, DL U e R ) 14

F£ 100 °C, 7.0 Mpa [ p(CO)/p(0,)=10/1 &4
T, EARITREIME T S UC, X T 1 4 18] 2 35 B
TEBCARBC A AR, R RN 8a
s, I 8a uI AL, R AL ARG I AU
Wmgene MR, FEPEIMER S R KM LR TR
H10.97% , FFET 0.94% , DPC BEFEILARE AR,
YEFFAE 86% LA L5 T MU HE 1A IE & A9 SR HE AL A,
TEFERME T S YR AL R T 5.96% , T
1 0.26% , DPC BEFEIEFEAT L, HEfifE 81% /&
A FRBFAL AR BT [l RE R D i AT ki ) B
MR B PR RS IR0 JIT 8, TR g I 6 A 500 408 B8 U K Py 30
e AL AR R el AR S /N . AT,
P2 961 80 ) B PR M E PR TS5 ) R P70 XL
E AR 5 11 A 5 P T S AR TR A 5
DPC HAT By (AR 2 k.

12 | I\.\.\-_‘.
1)

-
=
T

oL
T

|

Conversion rate/ %

Recycle number
Kl 8 fiEfb Rl o AsE v
Fig. 8 Stability of catalysts
(1) Cycloheptyl diamine ligand-complexed palladium catalyst ;
(2) Bisnitrile ligand-complexed palladium catalyst
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Preparation and Application of Coconut Shell Activated Carbon
Covalently Immobilized Palladium Complexes

XIANG Shuang-long' , YANG Xiao-jun®, ZHANG Yu-lian', XIONG Chun-rong'*
(1. Key Lab of Ministry of Education for Advanced Materials of Tropical Island Resources, Hainan University,
Haikou 570228 , Hainan, China;
2. Hubei key Lab of Novel Reactor & Green Chemical Technology, Wuhan Institute of Technology, Wuhan 430074,
Hubei, China)

Abstract: Coconut shell activated carbon (AC) was used as carrier to covalently immobilize Pd*" complexes. Boe-
hm titration showed that hydroxyl content of the carbon surface reached 0. 376 mmol/g after 20% HNO, oxidation
treatment. Two types of nitrogen-containing bidentate ligands were subsequently synthesized by grafting the oxidized
AC with (MeO),Si(CH,),NH, or (MeO),Si(CH,),Cl. The samples were characterized by FT-IR, XPS, 'H
NMR, ICP and N, adsorption-desorption. CH,Cl, was used as solvent, oxidation carbonylation of phenol was inves-
tigated in a high pressure reaction vessel at 100 °C, 7.0 MPa and p(CO)/p(0,) = 10/1 over the immobilized
Pd* complexes. The results show that the conversion of phenol was 11.91% , and the diphenyl carbonate (DPC)
selectivity was 86.82% for the cycloheptyl diamine ligand-complexed palladium ions. Comparatively, the bisnitrile
ligand-complexed ones displayed a phenol conversion of 6.22% and a DPC selectivity of 81.02% .

Key words: coconut shell activated carbon; covalently immobilize; palladium ions complex; oxidation carboxyla-

tion; diphenyl carbonate
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