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Study on the Hydrolysis of Dimethyl Carbonate on Activated Carbon
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Abstract: The hydrolysis conditions of DMC and the hydrolytic active sites on activated carbon were
investigated. The results showed that raising the temperature or increasing water content could promote the
hydrolysis of DMC, but increasing the pressure or carbon dioxide atmosphere inhibited the reaction, and no
significant effect of methanol content or CO, O, N, atmosphere on the hydrolysis of DMC was observed. The
kinds and numbers of surface groups on activated carbon had great changes after different acid and alkali
treatment. HNOj; treatment could decrease the surface alkaline groups and increase acidic oxygen functional
group, and total acidity could reach 1.88 mmol-g™', while the surface content of alkaline groups could reach 1.69
mmol -g ' after acid-base treatment. Futhermore, the acidic functional groups did not have DMC hydrolytic
activity, while the alkaline groups were the main hydrolytic active sites on the activated carbon. When the
content of basic groups increased from 0.16 to 1.69 mmol-g™, the hydrolysis degree of DMC increased from 2.5%
to 31.7%. Acid treatment could reduce the content of alkaline groups and inhibit the hydrolysis performance of

DMC on activated carbon.
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Fig.1 Hydrolysis of DMC catalyzed by HAC at different temperatures (a) or pressures (b)
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Fig.2  Hydrolysis of DMC catalyzed by HAC under different methanol or water content
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LA TRME T SAUE BE A R A B L P OR i o
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[ BN 3 P ke % Tl s AT 5 i DU i o T A 3B A
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SR BN B S R A | HL R T R R R PN T L
ARG AN B | 5 2 B A O A B VA B A T T I
(0.37~0.08 mmol - g™), B 1 VU] Fifi 2 Bl b B 32 1)
H R 326 0 1 J1(0.63~0.73 mmol - g™"), SETR 5 B4k B
BT P A, JEL A TR o A T P 0 A A 3L 19 9 P e
Z 0] A 7 £ D0 R B R R AC-10M Y R
Bl B I5 F) 1.69 mmol g™, /& SAC [ 2.8 £, X 156
T 1 o = T B 1 1 39 i R DL AR B B U RE M R
FERN Y B 2 W R EUE R AR AE SRR &
P R P 5 A e DA v R 3 M e R TP A )
BRAE R, T3 oh AR Z A0 b 3 3% P o 1 L R T
HAREAE £ 119 AN R PE 2R bE 2R TR i A/ |
2.5.2  PRBEAL 5 1% P ok i 3R T2 A
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Table 1 Changes of AC surface acidity and alkali content with different treatment

Samples Content of carboxyl / Content of lactonic / Content of phenol / Total acidity / Total basicity / Sger /
(ol ) (ol ) (ol ) (mmol- ) (mmol-) (i)

AC-10N 0.94 0.33 0.61 1.88 0.16 1 400
AC-6N 0.74 0.30 0.56 1.60 0.19 1409
AC-2N 0.57 0.40 0.28 1.25 0.24 1417
SAC 0.22 0.03 0.08 0.33 0.60 1428
AC-2S 0 0 0.37 0.37 0.63 1521
AC-6S 0 0 0.20 0.20 0.66 1494
AC-10S 0 0 0.08 0.08 0.73 1494
AC-2M 0 0 0.37 0.37 0.93 1398
AC-6M 0 0.04 0.48 0.52 1.14 1384
AC-10M 0 0.09 0.45 0.54 1.69 1278
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Table 2 Relative contents of C and O in the surface

of activated carbon samples

Content of Content of
Sample
carbon / % oxygen / %
SAC 91.9 8.1
AC-10N 84.6 15.4
AC-10M 85.5 14.5

Kl 5 ATE S Cls A1 Ol1s /9 XPS 35 &l X XPS
Tk P 3 — 20 43 WE LA ARAT TG M e 3% T A R A
BOEILZ 3), MR Cls 19 XPS i Bl 45 & e e
284.6 eV = A1 Bk 1Y FEAE U T 45 G B 286.1
287.4.288.9.290.6.291.5 eV Ab 11 W 43 5 X I F DA

oy T2 R Tk 235 ) A7 70 R 0, LAk 5 TR 66 17 7 1 Bk
DR JE TR FEATAE O, - PR BN L0 58+
PRBOTIR G L e 231y XPS Y Cls (940 BT 45
AT LAE H AC-10N 1A 8555k & 5 i SAC 1Y 73.8%
FEAR N 70.5% , T Gy ~C oy FEH I Bk 5 5 35 Fir s n
VLA AC-10N 3R 1H & FUE AB A & 3, HRIE
P 21 B B AT 9 R A O i i — 25 Wl Ak B DU A AC-
1OM I A7 BB 05 DA S i e RN S b 3 &2 | By 28 SR
B BRHRHRA FTREAR, TEWE M Ols 19 XPS 1
G5B REN 531.1.532.3.533.3.534.2 eV A4
ST IR F i P 48 (>C=0), N TR B R IF R ) 4L (-C=
0), Bk B | P B B2 I 9 46 (>C-0), R FE i A
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8.9%IIMEN T 18.1%, it — LHkb N AC-10M
F Oy O 2R8I B EIE N, 534h,AC-10M [
BRI SN 16.3%, X B TER AL B0 FE
#B43-COOH ¥4 7% 25-COONa, PN TR 5 Bk 52 1oz i A
A3 M2 L COO~45 It B s B 1 2 ] I 2 5 3
Boehm 1 72 4% ¢ 1 #2 5L 1 g Jik BE A F5 46 0 A 21 11
J AL
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@ 284.6
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., 15323
(b) S3LL A
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K5 &S Cls (Z5)F Ols (£5) XPS i &l
Fig.5 XPS spectra of Cls (Left) and Ols (Right) of activated carbon samples
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Table 3 XPS analysis of activated carbon with different treatment different
Peak label Peak position / eV Groups Percentage / %
SAC AC-10N AC-10M
Cy 284.6 Graphitized carbon 73.8 70.5 74.5
Cy 286.1 Carbon in phenoli, alcohol, ether 10.2 12.4 10.7
Cu 287.4 Carbonyl or quinone groups 43 4.7 6.2
Cy 288.9 Carbon in carboxyl or ester groups 3.6 5.6 5.2
Cy 290.6 - shake-up satellite peak 39 2.5 1.9
Cvwi 291.5 Plasmon 42 43 1.5
0 531.1 Oxygen in quinone 40.9 33.7 41.1
Oy 5323 Oxygen in lactone anhydride 30.7 29.5 26.2
Oy 533.3 Oxygen in esters, phenol, lactone or anhydrides 19.5 18.7 16.4
Oy 534.2 Oxygen in carboxyl groups 8.9 18.1 16.3

454 ANTR) 5 A Kb BTG 4 i ) DMC 7K g 3 2 mT
U, P R B A i 0.16~1.69 mmol gt
et FErh DMC K 2 N 2.5% 8 2 1 31.7%
1M 7R 14 3 A1 % i i 0.33~1.88 mmol g™ 28 {1k i &
T DMC 7K fff B B RIS | 0 DMC 7K A 6 7
A BRI M e i e R AT R T R 3 14
A UL DMC 7K A SRR AT TR) s E R k4
BT AT 3 M e % T TR A e A R R AT T 3 2 DU
FR A T 1 R AT O R R R S BT M e B
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2.5.3 T M e R T PR A AT 1 A
B A5 2 1T TR R A 22 AR AL R (0 S 3R
TR EUERRA Y AC-10N, FIH & X
HREM I AC-10M Lh KA AR BRI SAC), X
i 1 P e % T ) TR B R AT R A 7 40 B, 45 SR L3R 4,
SiACh R 1 ATLUE W RN — WS 41 MR 2 T
P Bl 5 AT A A R R ) T | R B P e %
AT 1 P ol e 5 S B T A K I T 5 S B gt
23 R AR N [ R BE I D6 7%, DT B3 AR 7 0 M e
TR P T A i e e AT S T 0 2 S o2 S I
5 P e 3% T P 35 VAT s — 20 sl /(R /D AR R
K, UL R R SE A V5 I, A 10 & AUCE RE L AE

=1
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]
/é\
Vi

S o HAT B AR E T

P 6 J2 2 AN [R] KA 396 1R 7 B DMC K fige
REIET, Wi R AT LR | B S O 36 0, 4% 1%
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Reaction conditions: m.=3 g; N.=0.1 MPa; =120 °C; =24 h; R=

500 r-min™; the x of catalyst-x represent the recycle times
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Fig.6  DMC hydrolysis performance of activated carbon

with different recycle times
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Table 4 Change of surface acidity and alkali content AC with different recycle times

Recycle 1 Recycle 2
Samples
Total acidity / (mmol-g™ ) Total basicity / (mmol - g™) Total acidity / (mmol-g™) Total basicity / (mmol - g™)
AC-10N 0.98 0.09 0.83 0.09
SAC 0.20 0.31 0.19 0.28
AC-10M 0.22 0.94 0.20 0.85
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