Fa0E 1M
2025 42 H

FEBERE S B Vol. 40 No. 1

Journal of Tianjin University of Science and Technology Feb. 2025

DOI: 10.13364/.issn.1672-6510.20240032
MEEE B 2024-09-30; MLZE &ML http://link.cnki.net/urlid/12.1355.n.20240930.1313.007

ZSM-5 ghk F L EE—H & B R 32 BR

\

XIEE ", RO, A OARS, BEEEED, R, £ %!
(1. %ﬁﬂﬁjﬁ%ﬁﬂcTiﬁMﬂ%ﬁm, KHE 300457; 2. FEAMCZHALAE, 22 7306005
3. PSR M BEREH A BRI EA R, R 362000)

OB, LB —F ke R LB R — 4 3 280 A B R 5 Ko AFF R AR T AR AR eI 2 K IR ZSM-5 4
F i, IR TSR —F Ak A B WAL AR o SRR A L-SUBR RIS A R A, VAREAR L A 40 a9k A AR
ZSM-5 5~F i AMEAH], B 2h J& A B 5 5k 91% vk b AR i T iG], iZ 2 K K K ZSM-5 oF f 21k
S —F AR A 3B L P A REH A ZSM-5 R K o F 0% P F 5 0N ILR LB A 4L b sh4EM, T A M 1K
FUBR R AR ML P 49 B3R A, iR D SLBRAR IR 5 8 S 469 2 R

KHIA . RILMR; WACHR; ZSM-5 90K

RESES: TQ426 XHERFRE: A XERE: 1672-6510(2025) 01-0028-07

ZSM-5 Nanosheets Catalyzed One-Step Synthesis of
Lactide from Lactic Acid
LIU Zhaoxia', WU Di*, SUN Jie’, XI Zhixiang’, XU Renwei’, JIANG Tao'

(1. College of Chemical Engineering and Materials Science, Tianjin University of Science and Technology,
Tianjin 300457, China; 2. PetroChina Lanzhou Petrochemical Company, Lanzhou 730600, China;
3. Zhonghua Quanzhou Energy Technology Co., Ltd., Quanzhou 362000, China)

Abstract: The one-step synthesis of lactide from lactic acid is an energy-saving and efficient method for preparing lactide.
In our current research we studied the catalytic effect of ZSM-5 nanosheets with different Si/Al ratios on the one-step synthe-
sis of lactide from lactic acid. The results showed that using L-lactic acid aqueous solution as raw material and ZSM-5
nanosheets with Si/Al ratio of 40 as catalyst, the yield of lactide reached over 91% after two hours of reaction. Compared
with other molecular sieve catalysts, ZSM-5 nanosheets had significant advantages in catalyzing the one-step synthesis of
lactide from lactic acid. The rich mesoporous and unique short b-axis structure in ZSM-5 nanosheets can effectively decrease
the diffusion resistance of lactic acid and its oligomers in micropores, which can reduce the generation of by-products such as
lactic acid oligomers.
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Fig.1 Reaction pathway for one-step synthesis of lactide

PR — A A L-LD 73R T E T LA
BB L-LD BN R, SO AR R 0P
AL AR A = 1SR ZSM-5 Ax T AT U b il
R[] 4 38 18 (0.51 nm x 0.55 nm) FVE o Bl 9 1F
3338 (0.53 nm x 0.56 nm) ¥ RN PITEEAT T b
(Y T i 8y 1) RO AR T N ZSM-5 4y
TR b bR R BEAR BIRR ] A 5R

FEAH TR B RS 2R, PEANELES T % ML ZSM-5
4y F0f (NKF-ZSM-5-42.5, it ol 42.5, Kitpgfk
AL BRA R SRR A ZSM-5 49k i
(ZSM-5-40) AL PERE , -5 3CmkA H-p 40 T80
2D COFs itk 22841 Sn-Beta 431l 145 5
HEAFXTEE, S5 L3 1. BMEFEA Sn 54 @B
TEOUT , AT R AR R ZSM-5 43 i)
JRBLH R 91% [ LD j=3&, fbn] WL, i FHYK A
R ZSM-5 A Fifik LA —256145 LD kst
A i e T LAt AR

2R NKF-ZSM-5-42.5 23 T Ak It , 1
MALFLEREK, 7EMEE LA SR FIt S S3L i
BOAIRA B ST, X AT REJE LD PR AKT 1% MY 2
JEA o FEDERTRR Ap, WA 280 LA ORI 430 PN
TRRIERYE s, HARAL T G2 8] BRI XA BN T
LD mfE VR FMELL 78 5 1R 21

1 FEBEAELIBRARAXENER

Tab.1 Results of catalytic synthesis of lactide from lactic
acid using different catalysts

ALFIgS LA $6%/% LD P25/% LD SEARSEEEME%
H-p) 100 79.00 >98
COFs!""! — 80.00 99.00
Sn-Betal'?! 99.61 87.85 99.54
NKF-ZSM-5-42.4 93.34 10.61 —
ZSM-5-40 99.16 91.29 99.32
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Tab.2 Product distribution and stereoselectivity of one-
step synthesis of lactide from lactic acid catalyzed
by ZSM-5 nanosheets with different Si/Al ratios
ALl LA%E PR % L IASEPEE%
el %% LD L,A LA L,A L-LD meso-LD
ZSM-5-20 99.61 84.67 0.41 0.59 14.33 98.47 1.53
ZSM-5-40 99.16 91.28 0.34 1.43 695 99.32 0.68
ZSM-5-60 99.58 88.90 0.40 0.61 10.09 99.26 0.74
ZSM-5-80 99.57 85.22 0.54 0.80 13.44 98.51 1.49
ZSM-5-100  93.58 79.48 0.38 0.40 19.74 99.14 0.86
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Fig.2 Product distribution at different reaction times
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Fig. 4 TEM images of different samples

(c) ZSM-5-80

% NKF-ZSM-5-42.5 . ZSM-5-20 . ZSM-5-40 .
ZSM-5-80 Vi b BT RIS, b S
PR/ 9 K 328.94,23.06.21.96.25.51 nm., ZSM-
5 YRR b HEEEAUE Bl T 22 200
PEO B, T ELARHE T RO SRR | Hh ] A0 7= 4 g Pk
P, DA 8 2 4 B T AR TS PR LS R R
222 ZSM-5 WK R 64 LEM T

ZSM-5 4K & NKF-ZSM-5-42.5 B/t
IR SRR A sl 5 B/ . NKF-ZSM-5-42.5 3 T B N,
W BB SR 2, IMASTRIRERR LY ZSM-5 4Kk 1
SRR IV T N 8 5 58 B A5 o bl L A )



+ 32

YER, B AEAR R X35 (p/po << 0.01) 114 W Bt i il |
FEIFRFNAL, BLAL, ZSM-5 G0K R 1 Ny W BF ARG B
MR IR He TRl ER R DAL S N ER AR A
FLEGHG o X LEA LA T F FEARFLER 20 7 A9 97 HL
B3, s et 1R a1 CANFLIRAR SR Y)) i 4% g™
I, DA o A SE IR AR 7 48

NKF-ZSM-5-42.5
~ 5. A
e
5 [zSM-5-40 A
5 i
Esm.s.so A
0 0.2 0.4 0.6 0.8 1.0
AT (plpy)

5 ZSM-5 4k K NKF-ZSM-5-42.5 HI& SRR
M &R Lk
Fig. 5 N, adsorption-desorption isotherms of ZSM-5
nanosheets and NKF-ZSM-5-42.5

ANTRVRE b () FE R T AR FLIAR R R fLAE S 50 L 3%
3. 5 NKF-ZSM-5-42.5 Mt , ZSM-5 4k i HAT
150 119 B2 T BRI S R A FLAARRR, Xk T R i
FEYIRYT L, SN T BRE L AT B
#3 FRAXIMOLEER LERRAZSH

Tab.3 Specific surface area, pore volume and pore size
parameters of different samples

He R MR (m*g ™) fLE/ (em®g™)
fef e & k4
e BET tb t-plot #%:f t-plot 340 ffl & i

Finf LR R LA AR

NKF-ZSM-

383 266 117 0.11 0.22 42.50

5-42.5

ZSM-5-20 480 341 139 0.14 033 24.87
ZSM-5-40 438 313 125 0.13 0.37 43.27
ZSM-5-60 424 240 184 0.11 0.35 59.94
ZSM-5-80 455 225 230 0.09 034 83.52
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