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Abstract : Polyglycolic acid (PGA) is a biodegradable polymer material that exhibits excellent biocompatibility , mechanical
properties, gas barrier properties, and degradation performance. In order to prepare PGA from bio-based raw materials, methyl glyco-
late was prepared from bio-based raw material microcrystalline cellulose, and then was hydrolyzed to synthesize glycolic acid, at
last, the glycolide and PGA were prepared. The technological process for the preparation of methyl glycolate from cellulose was
presented. The types of catalysts, the amount of cellulose, the amount of catalyst, reaction temperature , reaction time, and initial reac-
tion pressure were examined, and the influence of the process conditions on the yield of methyl glycolate was determined. Under the
reaction conditions of 0.5 g cellulose, 0.15 g ammonium metatungstate catalyst, 50 mL methanol, reaction temperature of 250 °C,
reaction time of 2 h, and initial reaction pressure 2 MPa, the maximum yield of methyl glycolate is 33.0%. Hydrolysis reaction distil-
lation was employed to prepare glycolic acid using methyl glycolate as the raw material. The effects of hydrolysis catalysts, the
water-to-ester ratio (mole ratio of water to methyl ethanoate) in the reaction, and the reaction temperature on the conversion rate of
methyl glycolate were investigated. The results show that, when the hydrolysis catalyst of methyl glycolate is D0O05-1I, the water-to-
ester ratio is 7: 1 and the reaction temperature is 80—85 °C, the conversion rate of methyl glycolate is the highest and can reach
98.2%. Glycolic acid was used as raw material to synthesize and refine glycolide. The prepared glycolide can meet the performance
indexes requirements of Q/PJIM 004—2021 standard and can be used as polymerization grade glycolide. Finally, the ring opening
polymerization experiment of glycolide was conducted for preparing PGA. The melting point of PGA is 221.4 °C, glass transition
temperature is 37.2 °C, and the intrinsic viscosity is 0.45 dL/g. The preparation of PGA from bio-based raw material cellulose has
the advantages of green and low carbon.
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Tab.1 Effect of catalyst on conversion of methyl glycolate

Conversion of methyl Content of glycolic

Catalysts glycolate/% acid/(g-g ")
D001 97.4 0.430 5
DO005-1T 98.2 0.4300
DH-01 87.8 0.370 0
04 90.8 04335

222 R JIAKEHEE

5 52K g X 7K gt S L e 52, A T SR 2
1% TG ) e A AR ONIAR R oK B . YK R
eI IR, TR R 2 AR AR 5 27K g Ead =i i
S E5 G COBERR AR, I S b BROBRIST, (R 1 i
PEKEEIL R 5:1,7:1,10:1,15: 1 #E17%5¢. ZB5E1R
FH M K A A 790 2 DO0S-11, Bz 7 T A 80~85 °C,
JNE LA I S R T AN TR AL, i 28 i L2
J& 4 45~50 kPa, Ak 54 SO W ) B BT 1Y 4%,
J IS ] SRy TR R R 2 h L2 i 4 ho KR
FEXT TR R R G AL R A L6 2. A& 2 R
MOKER LR 5118, R BR LN 86.1% 11K
T90%. YKHEL4E 2] 7:1 S LA i, £ g
Pk Ak A R w8, T B 58 IR AR 3R v TR
TR, %R LRSS BT R AR
ORI PR ER EL ok 72 1, IUR, P=h &



2 TRIBE R

2025 4E, %5 53 4,45 3 1

R YR L3 0 98.2% , LIFTR 5 147 0.43 g/g.
2 OKEELL R Z BB REREHL RO

Tab.2 Effect of water-ester ratio on conversion of methyl glycolate

Conversion of methyl Content of glycolic

Water-ester ratio

glycolate/% acid/(g-g ")
5:1 86.1 0.445
7:1 98.2 0.430
10:1 97.9 0.337
15:1 98.2 0.266

223 RMIREHE

T 5% N U X 7K e S I S ], X T I A
N7, J52 IO it R 1) 4 v BB A% i s o7 () B AT, 2 o7
JEERARRI , S0y 2R 3 5008, 5 BEA I [R] A fiE 35 3]
R PR BARFEAL R . O IR o At 100 °C
I, CWERR 23 & HE 43 e, PR I B oy it B 4 531 2 60~
65 °C,70~75 °C,80~85 °C,90~95 °C, . i H i
IR AR AL R A DOOS-TT, K g e ok 721, S b B 25 3
Wit 52 17 (%) T A7 AN W8T R AR, 2 0 26 o L 25 B Ry 45~
50 kPa, {171 FH 8 A B 7 40 ok o o 1 4%, S 0L s
6] k5 e RO 2 h 25 R RN 4 ho SO i BE X
LR P ERFE AR e UL 32 3. AR 3 mI AT, M
N i B2 R 60~65 °CHYT, 2L BERR H 5 AL R AN 5 80%
Wil 2 I 3 B I T R, B TR R TR AL RO T 2
YR TR A F 80~85 °C L I, 2L WA F iR
BT 98% , L TH i85 25 90~95 °CHi}, ZL R H i

R3 REREX 2 E2EE R EERE L R R

Tab. 3 Effect of reaction temperature on conversion of methyl glycolate

Temperature/°C Conversion of methyl Conterhlt of gl}j::olic
glycolate/% acid/(g-g )
60~65 78.7 0.445
70~75 82.5 0.331
80~85 98.2 0.430
90~95 98.1 0.472
AL RIANAS

25 LTk, 2 PR B R K AR AR 7 S DOOS-IT
KB EE R 701 BN I Sk 80~85 °CH, £, TR Y i
AR IR, i85 98.2%.

2.3 T RESH & BATH

e £ £ 8B R, &0 4 WER 7853 46 3R
J&  TEMR R L 7R rh S A i SRR, AR i
TE1.3.4 Frid i AT, KL & A8 R M TR 0 €0 6 [
B, UK 73.2% , R 83.1%.

M O AEBE &1t R <6 3 IR 45 f e A5 2A
il 2 AR Kl R R 76.3% . X LA TR AT
FAE, R 4 ALK TS 2225 5 Q/PIIM 004—-2021
PRUEMERETR bR L. K £ 28R koK, 2l
4 98.8% , H PR W) & 11 0 0.04%, K o3 & i R
320 mg/kg, WEETIR % 5N 0.036 1%, LR LR
FRE RN 0.41%. 1l 0 £ A8 FRAF A Q/PIIM 004
2021 AREZER AT E N R AR AR .

R4 ZXREEMERERSIR

Tab.4 Glycolide performance indexes

Indexes Detection method Q/PJIM 004-2021 standard Glycolide product
Appearance Visually inspection White powder or white crystal White powder
Purity/% Gas chromatography 298.5 98.8
Insoluble substance content/% Weight measurement <0.5 0.04
Moisture content/(mg-kg ") Karl Fischer method <400 320
Contents of free acid/% Non-aqueous titration <0.038 0.036 1
Residual rate of solvents/% Gas chromatography <0.5 0.41

2.4 PGA#H%&
CAEBRAEF TR B AL RIVE T T R &
N il 2 PGA, I — Bt (8] )5, Bl 7= i
W, PR s B AR S [ELA . A [ A
RET, =il v i —25 % A o e K R, K
M5 2] 5 & PGA 72 i o X PGA 72 i #E 47 DSC 4>
Mr, N 8 Fi 7 , AT #5 PGA 45 15k 221.4 °C, 3 354k
BEASYELRE N 37.2 °C . [R5 PGA FE 5 B N

0.45 dL/g.
3 g

(1) AR F3AE B2 41 2 2= 0 Bt i 28 & iR P

B, X I T 5 A Ak e, R 2 i P TG iR
IKE 33.0% 5 $ £ BERR H B 7K MR TR , X 7K fift J
N Z& A HEA TR AR IS, o] il 2 R TP R A A ik #
98.2%

) LAl #8142 Rk IRk 1 2 28 B L A5 2 1Y)
Kt 2 A2 EAT 6 Q/PTIM 004—2021 FRif sk .

()AL AR A AR Gl 25 T PGA , HE sl
221.4 °C, WAL FL AR B 2 37.2 °C  FRPEZEE
0.45dL/g.

M 4ER 2 — RS il 4 PGA, SE8L T A=
WYISE IR 45 T AR PGA Y T 20 RE , AR
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(a) Melting curve
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(b) Crystallization curve

8 PGA il DSC £k
Fig. 8 DSC curves of PGA product
SRR, B T — ZR AR 2 R Y BRI EUR i
o SR, 21 4E 2R 1l 45 L B2 W g B 7= W) eI 2
T BEAR , e B RERE i, B AR S B T AR 7
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