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Study on transesterification reactive distillation catalyzed by KF/y-Al,O,

ZHANG Xue-ling, TAO Ning, ZHANG Shao-feng” , TIAN Chao-yu
(Hebei University of Technology, Tianjin 300131, China)

Abstract:In order to overcome the defect that the separation between homogeneous catalyst and system is difficult
in the transesterification reactive distillation, KF/y-Al, O, solid base catalysts are prepared by using y-Al,O; as carrier
and potassium fluoride as active center under different calcination temperatures.The catalyst samples are characterized by
XRD and FTIP.The transesterification reactive distillation method is used to convert ethylene carbonate into dimethyl
carbonate over KF/Al, O, samples.Effects of reflux ratio,feed space velocity and the molar ratio of raw materials on the
conversion rate of ethylene carbonate in reactive distillation are studied.The results show that the optimum values of reflux
ratio, feed space velocity and the molar ratio of raw materials are 5,0.09 h™' and 5, respectively. Under these conditions,
the conversion rate of ethylene carbonate can reach 95. 44%.

Key words: reactive distillation; KF/y-Al,0;; dimethyl carbonate; ethylene carbonate; conversion rate

R — W B ( Dimethyl Carbonate, DMC) J& 5 3%
KM E iz, R SA ZFE R, ) Z T
BR2h A2 T Ak R R A A
RGP A K DMC T 22 488K, Btz )
&P EE A IRER AR FRACH A . MRSk
il % DMC T 2589 R S5 AT AN ELIFORE 7= ) % 3 58
K, T2 B %/, BRI L M1 (Ethylene
Carbonate , EC) 15 F i () iR 38 4 ) i A B DMC., Bk ™
LB M AR GEA A o B3 LG B, TTie
NZETE I RS A R, W S i A B AT R S
W T A A TIE T 20 e A
), T BRI A R R B o) B 0 AR A T A 2E AR )
RO AR IEAR AL TR T SRR G 3 2 ] B 3T AT 2
B BRTR £ A TR A T A2 488 S5 7 R FH A Xy A e Ak )
17 REWFIE, 45557 6 8] 8RR N7 #5% h R
MgO/NaY A0 5 BRI £ TR 0 T 52 4t , 45 SR 3%
W, KR I BE Ry 70°C  BERREE ZRK LE R 8 | S I ) Sy
3 h I, BRFR LR BRIE AL AN 94. 3% , Xu 5 BIFER
B, L CeO, MR CeO,—meso—400 X Bk iR £ 45 Bk

AR BT 76% . KF/ALO, &M,
LABSHRARMEAE A LA B BU I 2 AU %R 2E
B B EAT AL ERE , HLBEM 215, IL4ES |
AN 12 %80 0784 1k, KF/ AL O, fEfLERER 2,
K TG -5 Y R S J0 B g 1 B A 3

IS VBl A AT T SR [ st RS 18
EAE I R RO R R R 5 R U AR
FHTEL AR E, AT ek Sz 17 AR i S BE Ty, AR AL e
FeAk FR AT AR ATI A B B AR A R R
BRI BIAZ O, KE/AL O, [EARTE LASEDRHE 2K 8 & 18
Kt  BAwEZ . Bl ¥ KF/ALO, HI T
TR < T 55 PP B 1Y) T 5 4 S G T8 b, I 6 [l
Fb iERbas i RORHEE IR LSRG AT AL

1 RAF SN

1.1 X7

FH B, R LAk TR A FR A Wl A= 77 s ke £
Sl , LR A R HE ek T AR AT AR 7= 5 SR A8, R
A 2R R A FRA W A2 77 5 30k y - AL 05, i

s BHH#A.2019-01-17; /& E H A :2019-09-10

TEF B k38 (1994-) Lo WA A a8 O e Ak Tl Rk 5461k, 1539036530@ qq.com; Jk 2006 (1965-) , 55, i+, 82 , W 55 v I

HEFR S8 JHEHBER N, shfzhang@ hebut.edu.cn,



- 150 - FAX AL L

TETE R AR AT BR S W) AR 7 5 280K RHE I TR
HABRAF ™,
1.2 SR Es

F AL 553 B i 43 BT A S A B = AR 7 1Y) SP -
3420 RV A TEASON JERE K= W RE i ik AT 3 A, 6
TEAT A  KB-Wax B FF O PR BE B AN M, N4
40.33 mm, KK 30 m FIEGIERE, @R R R
TR WA A 50°C 445 10 min, LA 8°/min T}
I, B LR 240°C R FE S ming SR E I E N
250°C ; Kl 2= 3 B 300°C 3 2R 30 mL/min;
HEREE N 0.2 pl,

F 1 E Bruker 22 ) 4 7= AXS D8 Focus % X
SIRAT PO TN RE 5 S5 4 247 0 #, A BB
UG, Je 4k SS/DS SN 1°,RS S 0. 15 mm, T/EHL
oM 100 mA | HLJE K 40 KV, 138 f N 10~80°, 41
AN 8°/min,

FIFAFEE Bruker 23 B4 75 Vector—22 %I FT-1P
JEREAORHEAR 7 9 R AR B B AT 2R 17 434, >R KBr
FE R ilRE AR BER R 4 em™ AL E 2 400 ~
4 000 cm™',

2 LIGEH

2.1 KF/y-AlLO, B H &

R SRR 6 45 KE/y—AL O, [ A6 .
FIH M RAFEFRBUE /1Y KF - 2H, 0, 5l T — 3 &
2288 ok BRI 0. 4 g/mL A FALEPIA I, 78
PEHERAS NI ACE &2 I EA y-ALO, ZRiA, gk st
PR IR AW TR 12 h )5, &
T 1OCHAE P T4 10 h, o B T Db b rp  7Ei%
EWRE TR 4 h,

2.2 RWKERRE
FOVAGRARE N 1 s . ORI I8 SR H 8%
2

I—HETEH ; 2— VR BEAE ; 3—AE IR IX s 4— SN X 5 5— 4R X
66— % T—HUMIAE | 8B 9—IERR

B1 REAERE

B39 EE 11 H

BEHE R, 5 A 29 mm, $ 408 BE 50K 1 BN 2 45
¢2 mmx2 mm 1Y 6 FREURL K2 BUH FE 480 mL fids
J 2~3 mm BRIE KF/AL O, 4k, BEEmACE
PR, FH R B T A4 28 8 00 B4 B 3 o —
JE JEE R LU 0 R B 55 kR A R B i MDA SO IX. |
Tk, BETUUR e T v R4S, V8 B Sk TC P 2k
13t Ll A2 AL, 2 B X 388 TOURe 488 43 A 7 (8335 43 o

3 #ER5Hm

3.1 EUFIRE

FE R VKGR R A AR 2 B TR Vv
TG4 T Wk, 3 BUR AL R 6 1 5 HLERRAE —
A O 22 [i] O A A 5 ) B 5 % i RE )
JEE BT e A A, 7 A R AT A B AR A A 1) 3 48 1 1
J ik 7 B ey o SR e Y S NP RN G A G I AN
RENZ TS BIRRE IO LS #0) 1G PE4L 2 5 R AR B AR T
o, PR S PURIGME E Ky B SR B, HE
e T B 3 v ST 2 e 2 T 21 4, BRI A T 12
WO BB B 15 (R e

y-ALO, 5 KF/y-ALO, f#4b5 1 XRD 1% & 4
K2 i, 2 Rl LAE R & B A KF
fihties  ULRH KF 78 AL O, " =5 B 438, T2 i 17 A
WA T AR RILE 20 9 29. 8° 4b Ky KL ALF,
R, 20 78 67.2°0 AL O, fii§f i 72K Bl B
300°C i}, AL, O, FT TN S , K, ALF 7 5 04 14 5, 150
B KF 5 ALO, TER &R T KRR N, K be i
gk2L b, K ALR, AT 59 i 20T B, 150 B 86 43
K AIF, ER BN, KF/y-ALO, B FTIP 3% &
WK 3 Frn, mE 3 ATRE L 7E 3 524 em™ B
Wl 01 KF/y - AL O, i AL 57 2618 7= 4= OH ™" il
AL, 3302 KF/y—AL O, Ak 55 1 Ay i i 41 4k 570 174 5
Z—. 16001 400 cm™' &b H BLEE 55 A9 XU 8 45
TRV Sl y=AL O, T2 b2 K | 8RR TE 1L
MRRER . 587 em ™ RGN KF 5 y-ALO, fk2F
SR S KL AIF . £ 300°C i), OH™' () FTIP Wi
P UL IR B R 36 1k KF/y - AL O, AL J5 2 1
REFERN OHT' B 2, & 5 F B B A s B 1 1
[Al-OH - F' ] W 5T, {f 41 1k 700 3% Pk 3 5, 7
500°C kR T OH™' A Wz WL AR 55 , BB 7E 500C
KF/y—AL O, AT R AE T WA, A e i S R
T[AI-OH---F' ] 458, F:30 KF/y-AL,0, #EALFH]5
. 2 FTAR | 300°C J R R IR BT



2019 F 11 B

< K AIF,
+ALO,
IR

C
Wu&_‘
M

. e 1 .

10 20 30 40 350 60 70 80
26/(°)

SR PF /a.u.

1—Al1,0, ;2—KF/y-Al, 05 ;3—300°C 555 KF/y-Al, 0, ;
4—>5 YK I81 3 5—500°C K548 KF/y—-Al, 0,
K2 ALO, KF/y-Al,0, # XRD

60

1

50 >

® 40 3

¥ 301

ﬁ 20F

10

0

4

4000 3500 3000 2500 ?0001 1500 1000 500
1—KF/y-Al, 0, ;2—5 W [al ] ;
3—300°C J%548 KF/y-Al, 05 ;4—500°C #58 KF/y-Al, 0,
K3 KF/y-AlO, t FTIP #

3.2 fEAFEMGS

TEH RS TR R C AR BE JR Ll 8.5 | SN it J3E
h 65°C MM BT 73 ECN 2% NI A 3 h 4%
T 8RR £ T 55 P I A T S 8 S I 4 R B3k 1
iR, B 1 ATLUE N, 46 KF VR RO 5
300°C J5HE 1Y KE/y— AL O, 1 H, B 3% PR A%, 5%
TR3h 48. 7% BTy 17. 1% , A0 50 3 M 4
JE TR R IR S S A 2 5 IS, B
MR i B (500°C ) K be , T B AL AR I 1 AE X
%, X2 TRrbed B P A R R R N K 5 F
FEI T T BEAR T Ak R0 B, Ando 45 58 8 i 437
ANHUFD F™ B AR EEAN s E 2 R HERR A
AR S 5 IE A 3 TR, 500°C B
WA 55 300°C HH ELBA i RIS

x1 AEELFNEEBEBE _PESZ BN

HEALF EC #ALF/ % DMC LM/ %
KF 48.7 20.3
KF/y-AlL 05 (AK%EH%) 80. 4 75.9
KF/y-Al,05(300°C ) 83.8 78.2
KF/y-Al,05(500°C ) 35.9 15. 4

3.3 fEAFIE
KF/y—AlL O, fiAb 50 S i J5 ] 3l 5k 2.0 0 B 4

WEISE . KF/y-Al 0, HEILEER IR R N AETBHVAR - 151 -

3| KF/y-AL O, 467, H % T KF/y-Al, 0, L7
BT D g5 R ange 2 Wi, R 2 iTLUEH 7E
5 WAL FR P BR R £ 0 A0 G A SRR iR — H
ik ()35 6 1 e A W B R B, [RDliC 300°C 5 4% T 1Y
KF/y-ALO, #LF], 7£55 5 iz f7)5 (R-5) XRD
TEE (AN 2 FrR) i FT-1R 3 & (WK 3 s ) 5
LA AL AR LT A I 22 S | SR IH A AL 7 A R
A N B R R R A, e, KE/y -
AL O, HALFITEHELL A Sk
R 2 KF/y-AlL0, 478 E Wi
KF/y-ALO; fEHIREL  EC #16%/%

DMC &£/ %

1 83.35 77.83
2 83.12 77.59
3 82.84 77.18
4 82.46 76.79
5 82.29 76.58

3.4 RNEBESESH
3.4.1 ®#kkk

FEJURHEE R EE o S B REAS 3 0.09 B,
FEAN[R) 190 EL T B PR 2075 R A A 3R i AR AR 1 O, 5
BRI 4 iR, K 4 0T LUE H BRIR 2 6 iR 1k
B e O [ e O £ 93 S
5 — R IE B 0 ) S TOCR | B 2 [l 3 L
B 3E N B TR RE N, B AR AR B IR
AF A, [T 384 I TOUR: H A R — HH IR ot 23 4,
A A FR RN ) 1E J7 [ AT BRTR £ 0 TR e AR
K, MR R T 5 B, B S R IR 204 B s 2
ST P Aly , B8 TR TR — P R R i A BN TR A, [
B AN A R EUE TUR 1 &b, (il
155 Z2 110 FP -5 i e — P T e 2 9 ] 1) s N B
AFIFIE RN A HEAT o DN T RE A BE S Br, 10030 b
KGRI, BEFE R, R, 285 5 I A A ol
WA S,

g

o
W

130
/:\' 2

g
- &
5
I 7 —ISE
2 0g

1 L
2 3

BRI 1%
5 8

<
(=)
)

SRR
1—H AL 3 2—DMC it 3B

E 4 [EH A EC # R B Ao
DMC it & 2% 19 % ¥



152 - A AL T

3.4.2 #HEik

XFF 1 R AR R B — o 2 3 R B, I N 4
VPR B2 35 ARG PE AT OC, [RI), ifF )2
TRE ) Z A RN B A5 B B i) 25 0 5 450 B B ) ik
PEHURICR  SERE 2 S8R K, S 1 5% B A i) ) 2
B, PREFII LA 5 JFRMEC L R 5 I 5E AN ) 2 3
TRIR O TR AL S5 R 5 R, IS AT
DAFE Y W2 £ 05 TR % A 238 B et 2 3k 1% 33 iy 9
o BT EERRAS O A5 R I IA) T S BRI O J T
A BE M s 5 H e ol i o7 sk Il B 5z vp R A
RS R AW 52 4 B ROR AN FI T IE O
AT, P, BOE B RS 3 0.09 h'

g

BRLARALA /%
2 3

S sl \

70 C 1 1 1 1
01 02 03 04 05 06
izt

WS #pRdExt EC#E#EENEH

3.4.3 RAFERK

a0 7 FH B R BR AR AT, T
JEJFRHEE IR HE XTI IR A TR e e 52 ], 7 RT3 L
5 BERES N 0.09 h AT, JFURHEE IR He i
WRIR LM TR EL AR RS an &l 6 s, HiEl 6 mT LA
F i, Bl JORHEE IR EL IS N Bk R O R BR L LR
REIJE N, JRORHEE IR LE N 1 35 3] S, BRIR £ 0 TR
() 5% Ak R 1R B AL K, M 83.34% $i =
95. 449 , W EEL 25 77 AR T 2 (i H AU T A o0,
AT IE RN KA 5 (A B FORHEE IR LAk S hn , ik
PR IR TRV BE T [, AR F RN R AT, DS A
SYHIT, AT 3 SO E— i B R R LU L B8 s
Py BB L 451 25 B8 85 00 — RO ik TR & s g A Ak
R BT A 7= £ B 43 A, SRl v R e i,
P& B P R o K i U AR B AT v, 3 i g
JRIR TR, SR MrE BB R EEN 5,

—_
(=1
=]

\
|

\

BRIR IR %
8

g
o

BRI
6 JFRHIE R WAt EC 4 # % B

B39 EE 11 H

4 it

(1) R A AR BUR B 1 % KF/y -ALO, fiEfk
), 5 AT M, 45 5300, 300°C K548 T 1Y KF/
y-ALO, A R HEIL R

(2) W18 S 96 1 5 ik T2 £ 97 TR A A %6 i [
i b JEURHEE IR HE (038 I S s v ) | Bl R A
SIGIEINAEN, B A RARVES By MR 5, i
Bz 3R 0.09 h™' JFRHEE R Ly 5, 7R T 20 5%
T B IR IR TR A 3855 95. 44%

&% 3k

[1] Wang S J, Yu C C, Huang H P.Plant-wide design and control of
DMC synthesis process via reactive distillation and thermally
coupled extractive distillation[ J].Computers & Chemical Engineer-
ing,2010,34(3) :361-373.

[2] Bruno T J,Wolka,Naydich A et al.Composition-explicit distillation
curves for mixtures of diesel fuel with dimethyl carbonate and
diethyl carbonate[ J].Energy & Fuels,2009,23(8) :3989-3997.

[3] Phdhl. iR —H B S 5k b SO B 5T [ D] BT« L
K2E,2004.

[4] Pezgvi, FRWIGm , 25 57, 45, & WA 7 FORG 1 B2 R W 9 3t e
[J] AL T3, 2013,32(9) :2006-2014.

[5] Yue H,Zhao Y,Ma X, et al.Ethylene glycol ; Properties , synthesis,
and applications [ J ]. Chemical Society Reviews,2012,41(11):
4218-4244.

[6] KHZFR, T Rt FHEAK. 5 = L HERIR A 5 1Y & i L 2058
[J] A2 ,2015,37(12) < 1131-1134.

[7] 6%, VFAS UK, 55 . MgO/NaY #Efk Y % 5 2 £ 05 Tk i 28 460
B HRTR — R[] AL T3ER% ,2012,31(5) :1061-1064.

[8] Xu J, Long K Z, Wu F, et al. Efficient synthesis of dimethyl
carbonate via transesterification of ethylene carbonate over a new
mesoporous ceria catalyst[ J].Applied Catalysis A:General,2014,
484.1-7.

[9] Gorecki A,Skupinski W.Reaction of nitroalkane in the presence of
solid bases prepared under various conditions| J].Reaction Kinetics
& Catalysis Letters,2003,78( 1) :135-138.

[10] weds, BOBd, 2Rt 46 S A 10 i R R R AL B AR Rl 55 i
WESERITL )] AL T 2447 ,2018,69(1) :218-238.

[11] Metkar P S,Till E J,Corbin D R, et al.Reactive distillation process
for the production of furfural using solid acid catalysts[ J ]. Green
Chemistry,2015,17(3) : 1453-1466.

[12] Ao Y,Lv L,Shen W, et al.Optimal design and effective control of
TAME production process using integrated reactive dividing wall
and pressure swing columns[ J].Industrial & Engineering Chemistry
Research ,2017,56(49) ; acs.iecr.7b03459.

(F#5% 157 W)



2019 F 11 B

(5]

(6]

(7]

(8]

(9]

[10]

[12]

[13]

vulinic acid to y-valerolactone over carbon-supported noble metal
catalysts[ J].Journal of Industrial & Engineering Chemistry,2011,
17(2) :287-292.

Li W,Xie J H,Lin H,et al.Highly efficient hydrogenation of bio-
mass-derived levulinic acid to y-valerolactone catalyzed by iridium
pincer complexes[ J].Green Chemistry,2012,14(9) :2388-2390.

Luo W, Deka U, Beale A M, et al. Ruthenium-catalyzed
hydrogenation of levulinic acid: Influence of the support and solvent
on catalyst selectivity and stability[ J ].Journal of Catalysis,2013,
301(5) :175-186.

Touchy A S,Siddiki S M A H,Kon K, et al.Heterogeneous Pt Cata-
lysts for Reductive Amination of Levulinic Acid to Pyrrolidones[ J].
ACS Catalysis,2014,2014(9) :3045-3050.

Tan J,Cui J,Ding G, et al.Efficient aqueous hydrogenation of levu-
linic acid to y-valerolactone over a highly active and stable rutheni-
um catalyst [ J ]. Catalysis Science & Technology, 2016, 6 (5):
1469-1475.

Mamun O, Walker E, Faheem M, et al.Theoretical investigation of
the hydrodeoxygenation of levulinic acid to y-valerolactone over Ru
(0001) [J].ACS Catalysis,2017,7(1) :215-228.

Kai Y, Lafleur T,Wu G,et al.Highly selective production of value-
added 7y-valerolactone from biomass-derived levulinic acid using the
robust Pd nanoparticles [ J]. Applied Catalysis A General , 2013,
468:52-58.

Huacong Z, Jinliang S, Honglei F, et al.Cobalt catalysts: Very effi-
cient for hydrogenation of biomass-derived ethyl levulinate to gam-
mavalerolactone under mild conditions[ J].Green Chemistry,2014,
16(8) :3870-3875.

Mai E F, Machado M A, Davies T E, et al. Molybdenum carbide
nanoparticles within carbon nanotubes as superior catalysts for y-
valerolactone production via levulinic acid hydrogenation[ J].Green
Chemistry,2014,16(9) :4092-4097.

Mohan V, Venkateshwarlu V, Pramod C V, et al. Vapour phase

ZIEF . AREARABIEE R EL ZBRERIISHIE v-KNAEEEIHE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

- 157 -

hydrocyclisation of levulinic acid to 7y-valerolactone over supported
Ni catalysts [ J ]. Catalysis Science & Technology, 2014,4 (5):
1253-1259.

Gustavo M, Burtoloso A C B. Conversion of levulinic acid into y-
valerolactone using Fe;( CO) |, : Mimicking a biorefinery setting by
exploiting crude liquors from biomass acid hydrolysis[ J |.Chemical
Communications,2015,51(75) :14199-14202.

Jones D R, Igbal S, Ishikawa S, et al.The conversion of levulinic
acid into y-valerolactone using Cu-ZrO, catalysts[ J].Catalysis Sci-
ence & Technology,2016,6(15) :6022-6030.

Xu Q,Li X L,Pan T, et al.Supported copper catalysts for highly ef-
ficient hydrogenation of biomass-derived levulinic acid and 7y-
valerolactone[ J].Green Chemistry,2016,18(5) ;1287-1294.
Kondeboina M, Enumula S S, Gurram V R B, et al.Selective hydro-
genation of biomass-derived ethyl levulinate to y-valerolactone over
supported Co catalysts in continuous process at atmospheric
pressure [ J ]. Journal of Industrial and Engineering Chemistry,
2018,61.227-235.

Ishikawa S, Jones D R, Igbal S, et al. Identification of the
catalytically active component of Cu-Zr-O catalyst for the hydrogen-
ation of levulinic acid to 7y-valerolactone [ J ]. Green Chemistry,
2017,19( 1) :225-236.

Kumar V 'V, Naresh G, Sudhakar M, et al. Role of Brgnsted and
Lewis acid sites on Ni/TiO, catalyst for vapour phase hydrogenation
of levulinic acid ; Kinetic and mechanistic study[ J].Applied Catal-
ysis A;General ,2015,505.217-223.

Putrakumar B, Nagaraju N, Kumar V P, et al.Hydrogenation of le-
vulinic acid to y-valerolactone over copper catalysts supported on y-
Al,04[ J].Catalysis Today,2015,250:209-217.

Mohan V, Raghavendra C, Pramod C V, et al. Ni/H-ZSM-5 as a
promising catalyst for vapour phase hydrogenation of levulinic acid
at atmospheric pressure[ J ].RSC Advances,2014,4(19) ;9660 -
9663. 1

[13]

[14]

[16]

(3% 152 )

Gao X, Wang F, Li H, et al. Heat-integrated reactive distillation
process for TAME synthesis|[ J ].Separation and Purification Tech-
nology,2014,132.468-478.

Hu S,Zhang B J,Hou X Q,et al.Design and simulation of an en-
trainer-enhanced ethyl acetate reactive distillation process [ J].
Chemical Engineering & Processing Process Intensification, 2011,
50(11-12) :1252-1265.

Huang Z X, Lin Y X, et al.Optimization and control of a reactive
distillation process for the synthesis of dimethyl carbonate[ J].Chi-
nese Journal of Chemical Engineering,2017,25(8) :1079-1090.

Lv B,Liu G,Dong X,et al.Novel reactive distillation-pervaporation

[17]

[18]

[19]

coupled process for ethyl acetate production with water removal
from reboiler and acetic acid recycle[ J].Industrial & Engineering
Chemistry Research,2012,51(23) :8079-8086.

Ando T, Clark J H, Cork D G, et al.Surface analysis of MF-aluminas
and related supported reagents by scanning electron microscopy
[J].Bull Chem Soc Jpn,1986,59( 10) :3281-3282.

A e DA KE G 5 SR IR B 5T [ 0] 23R,
1997,55(5) :474-479.

Ando T,Brown S J,Clark J H,et al.ChemInform abstract: Alumina-
supported fluoride reagents for organic synthesis ; Optimisation of re-
agent preparation and elucidation of the active species| J |.Chemis-

cher Informationsdienst,1986,17(48) :1133-1139. 1



