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ik E LHE K H
(KRBT ¥EGFOAEHNSHEAHERESALRE, X 300072)

i E: ERTZESHEEES KR MBI CuCl, - PACL — NaOH/AC #E4L 5
KRN, KC R RIFABIMELN, ZREHILRIXE 30% L L, it XRD LK XPS 43
B, MIA KCLBYRE, ARG B 7 - Cw(OH);CLER AR Cu(OH)CL, 7% Cu-PdZ
B FRBEMAS, MRS T AR RIE .

X Rl Akt BARHE Cu(OH)C

e 3
1 =

BER — Z B ( Diethyl Carbonate, f&F% DEC) RMEE T W EEY R, AE ZHHE,
DEC HERRBIBR S Rt , W] AR A #h K i o — R AR 2 BE R FP G E 7= 5

DEC M FEMTEAZE. AR, HBEMKZERE, AMb¥REREE, TS
BE. By, B, MRS BYRE, REEMNAILARFEE, REREN LN HAM{E. DEC
AAEER, ATESEHREEED, AMEREEEA MR g%, B
DEC F] FI{ER 1 BIRE MBI, AR B8 40.6% B & S MEm & T 24 T 2 ik (MTBE)
(18.2%), AT AYE IPim A S iAo BB & AV, BEIIMERBERE, W5 Rl
HE . 7EEE 5PIRKC ZF BRI MTBE #f# H, 78 AT aBR L5 5 DEC #ith /7K 73 Bt REK
HERER TR PEsMZER, Filk, DEC¥/EXN MTBE MR SZ—, bR~ F
H5ZEEAERRFRE, BB AENERRE.

CuCl, — PACL, - NaOH/AC R FIHEALH B BiaE 45 . A i35 M4 B2 it L
FEH BN ERUR R 58 (MRCS - 8004B) i 1T . R I SAE(CO. 0) AREBSR N, =4 R
BB (Brooks) ¥ i o RN Y L BEH I EME R (Millipore) AMEE R BIHE AR S ZH#M,
HORE RS —EUBRURERATRAE . RN —HNE 8mm K E E KR 2%,
I 3ml LN, FFEMARRZR ETHEEARPUSIESE MY, BRI ES
BIBAEREARIRZEN L mdr, DISEBUEHREN R SEH . NIRESS0ES N KE
JEEWREEN B, ERPERBONH 5o S BRE Y1 559153 5 B FID/GC(4890D, Agi-
lent) LA & TCD/GC(GC — 8A, Shimadzu) &,

WERM K R B.25 % W LHEUE, FENFRE LSS — B TR,

UBE, 5364, 88, 231, TENFLEMAFEE5 —BRILTHT. Tel: 022 - 27406498, Email: xbma@ tju.edu.cn
k8, &,25 8 B ITRA, FENBEGELENR,
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K D/Max — 2500 B X ST ST (H A 32 SHEAL AR R E AT 4087, Cu K, RRIET 5t
A, ABBEIENGH, BsE SS/DS 1°, RS0.15mm, T/EHLJE 40kV, HLJE 100mA, iH508%
SC, P 5~ 80°, KA PHI - 1600 BIYGE FHEHE (32 PE 24 A]) il & fiEfL F K oo R
SRS E, R AIK, #(1486.6eV) X X GIE, Zh3E 300W, JHEER T 0.8mm?, MiUEE
293K, HELZ5H 6.67 x 10" "Pa, WAEN 187.85 F129.35eV, LA C,,(284.6eV) HNF5.

3 #R54%

T AR LA UK R — LB I SR8 G HSOH, CO K O, MLt Ry 201
0.5, FATKGA KRR R E 4scem $EFHF] 10scem, BIAS X ZBEMEE/R i 108 125 5
1:4, ZEERFAL R UL RIRIR — CRRECR B R, R CRER SR TR K, 768 iR —
ZEEBUA W SCERARGE O b, ZBEM LR R 18% . A G BYHI R REIL T, Z
FelbRIKF) 30% L)L, WA 1R, EATHRSKPFRRT 50%L0 B BXFFhn A A
BRI A AR LA B AR I AT AR BRI AT, FESRTH R SRR R LG, SRR RAUE %
SRIRT o X UCHIASIN KCI B G HEACRIA B TS AR LASR &, A RAULH TR & B4R
G BEE RS EARS, EARIEERRIHE IR,

Weight Percent
3 & 8 &

(541

None KAc KCTM KSor KCl KCI*
Catalyst

72 Acetaldehyde Ethyl Acetatt E== 1,1-diethoxyethane [illll Dichy! carbonate

B EHER A BE CuCl, - PACL ~ NaOH AEALTR] b AN R R} Bh 770 3o 7= M SO R 9 B 1)
Conditions: 2g catalyst, 0. 1ml/min ethanol (s liquid), 4 sccm O,,
40 scem CO, 20 scem Ny, 413K, 0.64 MPa (KCl * : 10 scem Oy, 40 scem CO, 14 scem N,)

H T HREEBAREEASRIERE T4, RA X S5 (XRD) 247 T BFpE#
WAL S (R IA KCL B A WIS A MEEH . B 2 & CuCl, - PACL, - NaOH/AC ##
5 CuCl, - PACL, — KCI - NaOH/AC #EALRITE PR 2079 XRD Bk, 78 I Fb 4 Ak 300 i 19 5 1
TR B R B B AL R o A S 0, BT X R AT ST O TE AR RS XRD BT, B
BIR AR [R) SR AR R B E AL . RIE JICPDS S ERA R, KB MM E/LEY ¥ -
Cup(OH)3Cl ( paratacamite, JCPDS # 25 - 1427), #tH/NHEER; 54— Ff &AL~ Cu
(OH)CI (JCPDS #23-1063), A /SEERE, 8T B ek % K 5 JCPDS S 8E K it
AC, #3th LR R CuCl, - PACYL, ~ NaOH/AC B, HIGEMHA S FEH v - Cu,(OH);Cl; 24
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EFA CuCl, ~ PACL, - KCI — NaOH/AC B, i&MEH N ¥ - Cuy (OH);C1 LR Cu(OH)Cl, Cu
(OH)Cl 7™ A= AT RE R B T KCL BIFIEIIMA , 18 ¥ — Cuy(OH);Cl B4 T 0T R SR R4 4E
7—Cuy (OH)5Cl + C1~—>Cu(OH) C1

Intensity[cps]

10.15.20‘25.30 35.4.0‘45.50 55l60.65
2Theta[deg.]
B2 &SRS XRD EE
(a) impregnates CuCl, - PdCl,, NaOH trated,
(b)impregnates CuCl, ~ PdCl, — KCl, NaOH trated, Cu:K=1:1, Cu:OH=1:1
A y- Cuy(OH):C A: Cu(OH)Cl

TR AE AL, SAMAREE b, RATA NI 2B LS & kM —
ZEEHE RS, Cu(OH)Cl ML NTEERE B . I THIE XRD Wi SR, KA1 —5t
HACHIBETT T XPS RAE, 34 Cu2ps i ATB BT, BT PdCL, W& BET XRD B R,
FrLAEIS B B8R PACL, AT ST B0,

Fleet ' iAW, BRIREMH ¥ - Cup(OH);Cl B G AL f1 Cu(OH),Cl, 55 Cu(OH ) FIF
L. HrP Cu(OH),CL 5 Cu(OH)g FILLBIRLL 3:1 R, AT Litaka 'A%, Cu(OH)
Cl2H1 Cu(OH);Cl, —FF &5 MM AR Cu(OH)4ClL,. Cu(OH)g LA Cu(OH),Cly BIZ5 1 R 850
HEH\ERLER, Kb Cl- Cu~Cl AKX OH - Cu- OH i Cu(OH),ClL 5 Cu(OH), B4 1F
%, WA ¥ - Cu(OH)3C HIESE, .

BN Culps ,RETE IR , BA LA KCL B CuCl, — PACL, — NaOH/AC 44k B i
A, N 3(a) FiiRe SB— (D) RINLETE 932.2 eV, T8 AN () BN BTE 934.6 eV, fiT
932.2 eV HYIE(D)JAJE T OH ~ Cu - OH 8, i, F 934.6 eV B (DB F Cl - Cu— CL 48, XIS
FANA KCl BIFHIA CuCl, - PACL, - NaOH/AC EALFIZEBRH 7 — Cup (OH),Cl BOMIRIHE , {ER LIS
(D5EEAD AIHFSREE LF/REY Cl - Cu- Cl 5 OH - Cu ~ OH IR N 2:1, X SRS | 7 -
Cup (OH);C1 5 Cu(OH)4CL, H Cu(OH)s K7 3:1 HASE AR, XFASE AR AT SER th LS
VEH I TEBIATR > RIE_E #9531 SRR S IR A o

Xt FIA AL B CuCl, - PACl, — NaOH/AC B4R Cu2ps/, XPS i B AT & 51,
FEALTF 932.2 eV, 934.6 eV LUK 936.5 eV I B E R = %, W0 3(b)FiRo £ 936.5 eV
ML E EAB— D HE (D), XAH AN SBIETE FHE Cu(0H) Cl S FH Cu
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(OH);Cl, N EHAMER 8, RIS LIEH, SE A BRmA B e R b, B
1) ¥ = Cuy(OH)3Cl S IREALIE T Ca(OH) CL fh1E, £ 1 X T CuCl, - PACL, — NaOH/AC #EAL
4 CuCl, ~ PdCl, - KCI - NaOH/AC AL & M4 7 9 AN TR 256 BB A B 7 & B SO
HLHE XPS B &R IS 1E 5 XRD i B4 ie a8l TIRGMv &,

Intensity (a.w.)
Intensity (a.u.)

()938 937 936 935 934 933 932 931 930 939 (b)938 937 936 935 934 933 932 931 930 939
Binding Energy(eV) Binding Energy(eV)

.

& 3 CuCl, - PdCl, - NaOH/AC 5 CuCl, — PdCl, — KCI - NaOH/AC
HEAL A Cu 2py, XPS AL TIAY Cu 2ps, XPS &
1 CuCh - PdCL - NaOH/AC 4L HIH) Cu 2p, ,XPS TR

Sample Binding Energy/eV Atom/ % Sample Binding Energy/eV Atom/ %
(a) 932.2 35.65 (b) 932.2 30.25
934.6 58.66

9346 64.35 936.5 11.08

(a) A MAEMEIA; (b) A KCI B3

Leel "2 4538 1 X Waker BUEAL R BT VLS BBFEE AR Cup(OH);CL 1 CuCl, B ELTE M B
P2 Cu(OH);Cl AF|F Pd - Cu ZIHIH FHRE ., 5 Waker RIGEILFI ALY, EBRER —
LBEA AR, Cu(OH)CL EE ¥ — Cup (OH),Cl A5 P B4l PE , RIRPEE Cu?* B
Cu* 13151, Cu(OH)CI H 7 - Cup(OH);CL % Pd 98 FREB R AR B 2 Cu(OH)C 5 Pd JE
FREA B FHEBYNE, LEHAERICEREESE T ¥ - Cu(OH),CL,

4 %%

i

ZEA R BRI CuCl, - PACL, - NaOH/AC #EALFIR R A0, KCl 7 B AR 60 Bh i
AR, BAHIEYE R BRI LIRS, R LR — R B AR AR T, #
Rl 16%EHEEH 30% L F, @it XRD, XPS HRIETFEREL, IMAZABBRE#
EHNEEL ST B 7 - Cu,(OH)3C 5450 Cu(OH)Cl; MBIMEAS, 1540 - 2 KB F1&
BEMAS, 8T AL R B G

2 £ X ®

I SHE. 5K R AEE% IR LB AU . LR ,2003,8:528 - 535

2 Michael A Pacheco, Christopher L Marshall. Review of dimethyl carbonate (DMC) Manufacture and its characteristics
as a fuel additive, Energy & Fuels, 1997, 11: 2~29
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Effect of Crystal Structure of Copper Species on
the Rate and Selectivity in Oxidative Carbonylation
of Ethanol for Diethyl Carbonate Synthesis

Zhen Zhang Xinbin Ma*  Jing Zhang

Key Laboratory for Green Chemical Technology, School of
Chemical Engineering & Technology, Tianjin University, Tianjin 300072, P.R. China

Abstract: The oxidative carbonylation of ethanol for diethyl carbonate synthesis offers prospects for a “green
chemisty” replacement of phosgene used for polymer production and other process. Effects of potassium promoter on
the CuCl, ~ PdCl, ~ NaOH/AC catalyst for diethyl carbonate synthesis were evaluated. The catalytic activity was im-
proved significantly when KCl was added in the catalyst while other promoters only had little influence on the catalytic
performance. Morphological analysis by X — ray diffraction and XPS showed that copper chloride hydroxides (Cu
(OH)Q) formed when K(I is added in the catalyst and is benefit for the catalytic activity to the oxidative carbonyla-
tion of ethanol. The great improvement on the catalytic performance of the catalyst CuCl, — PdCl, — KCl — NaOH/AC
is attributed to the efficient electronic transform between PdCl, and Cu(OH)Cl crystal.

KEY WORDS: diethyl carbonate (DEC); oxidative carbonylation of ethanol; copper chloride hydroxides
(Cu(OH)(Ql); paratacamite
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1,5 - =& dmd5=(=874)
W% R AR R
WM s A
LT K6 T4 85, K 300130)

W OE: IR TAS(ZE PR KERES(BIC) M 1, 5- “ERELEHRE (NDA i) &/
1, 5- E_REHME(NDDH RN . iHe T FAEN . RIVRE . AT E R NDA $hE £k R Bk
BEX NDICHEENT, 76 90°C, n(NDA #h#8%:) : n(BTC) = 6:5, NDA hReth R & WA 50.0 g-L!
TR B 5 h, NDURERIE 84.9%; HEM T R,

KEAE: 1, S-F_RARE _(ZRPEWBEE 1, 5- _EREBHmY RIER

1 & ‘

7l

nul.

M 1,5 - B REREE(NDD A TBA S B EMRIYE, FiHE NI SRNEE
BRI (PUE)V I B E &, BAEELFIERE, RARENRDY, NDI 3 PUE 95 Ak
GUER T HJFR NDI A PR L. BRT Tk B4 7 NDI RADES 3, BEREEY, AEE
B, AR T ATHFEE R R AREE I SCHE, IR R ES, A (S4B E) M
(BIOHE NS E 1,5 - ZHBEZE(NDA) BB NDI, R &R, BENELZS, Bt
BUER, XRBTORMK, TiEH, BERAESMLAC-9, BIC 5 NDA WM FH 1,5 - —
BRI A AL, HAZERIRREA R NDISO) | A SCIIRE 1,5 - &L EREL 55 BTC 19
BRI BT IR ST o

2.1 FEFERSEHA

1,5 - Z8IRE, BIIHATERS ", (8P R BMREE, REHERRRMLSE T %
HRAF (U EX R TER, KHEH); WEE, REHAERNE, g, Sk,
Kb Flm =T, sl WE, REdERn=), s,
22 XHRRBRBESR

BB SRR AN B AL TIRE, BA NDA WREBRS, AHaTE
PR RRRDTRENR L, FICBTIE PR T, 158 1,5 - “E B E R (NDA-2HCD), Ik
£99.7%, HHEY,

FERABRIE G BERS . IR RS OB P DA NDA 5884k . BTC RIEHN, MiAE
PUERE TR, BRSABBRY . Ry —EAEGEEERE, SRARREDTE, BR

fEEMM: B M, 26 %, Bit, NEROMELEIGIRS TR,

MAEERS, 348, LHIT, NIBBIRETE LA,

AU, 65 %, U, FEMBERB AL RN G ML T EH,

+ 860 -



WM, BA6RRE R NDI, R EIK,
2.3 SHAE

PR R A SR ML AN T, A A E RN AL RIS AR ARl X - 6 BHUE
HPEM, BETHREE 0.1C(RKIE ). LHMGI%S 4 Fi 5 E Bruker {283 A Vector — 22
RS A B 2T SIS, KBr JER, /3 PE% 4em™', FAHYEE 400 ~ 4000cm !

3 #R544

3.1 REFEHHFMm

SHANEEE T IRRECEL . ROBIIR . B R A (B A1 NDA £ R £R B & Uk BE X R L R B
RILE 1~ H 4,

o]

704 501
65 40
< «
p [a)
g 60 Z 30
B h]
554
3 3 204
= 50- >
104
45+
v ¥ T T 0 — v T ——
3:2 6:5 3:3 3:5 20 30 40 50 60 70 80 90
mNDA hydrochlorate):n(BTC) Reaction temperature/C
A1 RS EEXT NDI R AR B2 AR EXT NDI WA W
80
80
704 754
*®
¥ 604 370
: :
5 50 45 654
2 404 2
= £ 60
201
30J 55
101 v . . - T v r v
1 2 3 4 5 66 7 8 9

10 20 30 40 50 60 70

Reaction time/h Mass percent of NDA hydrochlorate/(g/L)

B3 B E] S NDI YR R B4 NDA $hARLh BBV BEX NDI MR B R

7E NDA 3 RREL R BWRE 25.0 - L', ROBEE 90°C. KAHE S h &G T, EETHE
R LRI, 2R E 1, NDA $hE8ih 5 BTC MIHLFIfR A, M NDA Rk Mt Bk,
HBIREOHLR AT BRI R/, TTREEABIRM K4, 75 n(NDA $68h) : n(BIC) =
6:5 &1 F RN A -

7E NDA EhFREEFR B YRIF 25.0 g- L', n(NDA £hB8£E) : n(BTC) = 6:5. KM AT[E] 3h 5
HT, ZFETRNRERENR, RN 2 FiR, 90CH NDIREE. m? NDA #h B8 £E
R EREY HCLRE, ES 5T RME HCL, SR M358, (BHER A BRIR 19 BI 5 R
H AT 23— el

£ NDA B3R B E 25.0 gL', n(NDA £B5): n(BTC) = 6:5. KN B 90CHK
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