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Study on Surface Modification of Polyglycolic Acid and Optimization
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Abstract: Polyglycolic acid (PGA) was modified using a dopamine (DA) self-polymerization strategy, and the effects on
its mechanical, surface, dynamic mechanical, and degradation properties were systematically investigated. The results
showed that polydopamine (PDA) modification significantly enhanced the overall performance of PGA in a concentration-
dependent manner. In terms of mechanical properties, the PDA-2.0 with the mass concentration of DA buffer solution of
2.0 g/L exhibited a tensile strength of 74.3 MPa and an impact strength of 4.10 kJ/m’, which were increased by about 18%
and 32% compared with the control. Regarding surface characteristics, the water contact angle decreased from 82.5° to
61.2°, while the total surface free energy rose to 58.5 mlJ/m’ mainly due to the increase of the polar component.
Degradation experiments revealed that after 30 days in poly(butylene succinate) (PBS), the PDA-2.0 showed a mass loss
of only 21.3% and retained 62.1% of its initial number-average molecular weight, both much higher than the control.
Similar improvements were observed under enzymatic degradation. PDA coating provides a simple yet effective strategy
to achieve balanced improvements in mechanical reinforcement, surface optimization, and degradation control of PGA. It
provides an effective strategy for the performance optimization and application expansion of degradable polyester
materials.
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2EPERE, (HAEFE SR PGA W25 b T, 85 I NE =10 &
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BT , R LI T4k RE R RE NS 1%
PERELA LR T R T FEBR(PBS) /K B AR 55 1F T At
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P 5 T AR FRBILI , LU A mT SR AR VR ik
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1 SEIERS
1.1 FEEFER

PGA itk , 43 %0>99%, 1.5%10° g/mol , iR i1 45
FE B A PR 2 \) 5 2 R 2 48 (DA -HC), it & 47
$0>98% , 22 se AR PR ) 5 78 B 208 B 6 (Treis) L 9

il TR LB, sy prad, B 25 S AR A PR A 7 5 SRR
SRl REHER AR5 BBk, SEm = Atk &
%5(18.2 MQ-cm),
12 UE5E&

BZFFHF AL, SHI-20, $24F B 42 20 mm, KAz A
40, B BERDIAL T ER A R 2wl FAR R DL, XH-
406A, _FIFFEMIUR AR A R i T REMERAZRAL,
Instron 5967, 3& & 4 B 48 | 5 1) 372 32 b o i 5L,
XJU-22, 55— i e A A PR A | 5 = s X
e H.(BL £ Instron R4¢), 2 [E Instron 23 7 ; 2 il A1 14X,
OCA 20, %] Dataphysics 2% 7] ; 3175 J1 22 0 X (DMA),
Q800, 3£ [ TA &5 24 7 ; B i5 3 £4.1% (GPC), Waters
1515, i 22 /R P e £ i 2% , 3 1E] Waters 2 ®] 5 pH it
SevenCompact, 4 - FEFI 2R (L) AR A 0] B
T4, DZF-6050, b ifg—fHRb 2 ER AR 2 7] TR
- KEEE 0.1 mg, B AR D -HE R 2 0 W)

1.3 HFmil&

14 PGA LMK ERL T . PGA BURLAE 80 °CA&AF T
HAS T8 h, R HDBUSRFFBE BALCEHIEL 120~150 °C, 8 FF4%
100 r/min) K& 4L, BT 200 °C .8 MPa#UE 3 min, i,
R RAE o BT R R IRAEP R Te K S BE B 2585 7K
R PSS S min, 60 CHZA T2 h, &7 . LIRBEIT#
T AL R b A R B (CK) . H AR Sl it DA H 87
RIS R )2, RAAFEEK N DA R 7048 &
BEEEACI . EARTT75 0 Bl 10 mmol/L Tris ZZ M (pH (A
8.5, 1 i Ay Tris, W 50 25 85 17K, R A T 77 pHAH),
Ve RONEE R, A8 o Tris 22 Wi b 43 ST AR AS ] 2 60
DA-HCI, B /% 1.0.1.5.2.0.2.5 g/L ) DA 2Z P %5 W (LA
Tris ZZ AR ORI IR IR E) . % PGA BT
R DA 2w i (8, 80 r/min $25K), 12 5% 2 h JE B
R FKFE bR o B 37~60 °C H &S T4

%1 PGA R & & AT

Tab.1 Formula of PGA surface modification

FEbn M/ 8 V pmy/mL Vikem/mL V sgra/mL M8 V /ML Porizad (€L
CK 10 50 50 100 0.121 0.1 0.0
PDA-1.0 10 50 50 100 0.121 0.1 1.0
PDA-1.5 10 50 50 100 0.121 0.1 L.5
PDA-2.0 10 50 50 100 0.121 0.1 2.0
PDA-2.5 10 50 50 100 0.121 0.1 2.5

1.4 MEEEMIL S RIE BB 2 mm/min,

FIEAPEREIN I : PP RE R H B T T RETRERAIL , $ R
GB/T 1040.2—2022 B3, 05058 B 1 € o0 S mm/min,
HUS YCPATAE SR P YA . b o B R A 8y s St e ok
AL, $2 B8 GB/T 1043.1—2008 HEATIR, . 25 iy 5 B 44 B
GB/T 9341—2008 HE47 = s Wi, B5#E°4 64 mm, K

R THT R BE I T3 SR FH 2 ik A 000 S0 R e /K e e
i, DA BT B e A A, R R IE I A2
DMK S A AL BCEEE, R EREN I E Z:HE Owens-
Wendt J5i% , HH /KR R ek f 3 HSR0S AR TRTRE L (A8
BHRES R,
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ST PEREINIA : SR Bh A 124 BT, FE AR RS
FEATT BT, ARS8 35 mm> 10 mmx2 mm, i
T BB 25~120 °C, FHEE AR 3 °C/min, JREIHAR 1 Hz, 1%
FIHRERL R (E") AR (E") S AFER (tan 9),

Fef i 1k RE DK 5 A IR 9 T PBS ¥ I (pH 1B 7.4,
37 °C) ¥ Be e I ie) iB) R (0,7, 14 21,30 d) B, & T
IKIMYE SRR T, 7E 60 °C&MF T HA TR E , 115
Btk B T2 M,) R BEGSE ARSI E , i
BAH M 7S F S N E(HFIP) , $EFE TR T 2 /L, IR H O
PR TR HR IR vl i e ST T B A 26, 1158 M, B M,
PR R, PR pH AR pH i HIE , &K H 1% PBS BRI
B IS ER , F7 fis FEE Ceie 2 100 10 2 e fof 22 A [ B i) B
FE,#% GB/T 1040.2—2022 BEF TR A , Ffiion B frbp 2
FRARGREE S AG R R LR . AR PR b ) Bl
TRAEH B4 RS E B A K IA(10 U/mL, PBS 220,
37 °C, % 1 mmol/L CaCl, 2 & BHE) H AT, K3 544
55 PBS HHIH], 45K 48 h SR BT EEREA . T AR SCI Y
W5E 3 4 PR

FEARIK 2T (EWF) I RE < R £ Sk 1 h Ay,
I K2R o 5 2 0 T P ) ARl A 5 B A AE B R S
IRPERERI

W KA B R B I A€ < 4 TE 37 °C PBS i Ef TR
IKSELR , FARYE Fick B K 2 5 1 1) 5 R ) 5% R itk
PRI A TR BUREL

2 #ER5iTie
2.1 SRS
22 M VERELE R . R 2T LLIE Y, PDA KK

PEEE R A B T3 PGA R s 5N, 28T 5
PR HARSKE, PDA-2.0 BT 12280 (B i |
SRR R | b o i AN S 9 ) IR B e AH L CK 4y
AIFETF27 18% . 9% . 32% Fll 13%; 1] PDA-1.5 MFE R 2K
R RIEAE AL CKAETH2 37%, R8T s ik .
TERMI2.5 g/L DA-HCLI , 8 F8 bR i BUBS B el 3% , 6 HH
IR % 1Y) PDA VR 2 W] BE S SR B A2 H, Dy 1
59 9 J P BN R IR B . M BAX — R IR R E T
PDA IR)Zi81d B ST 1 & AR Iy M R SR S5 )
PERIF S )2, TR T R S n-n M EAE ], R
2t 1 Michael NIBEER Schiff T B 5 BEpH 5B & A 3L /4E
LR G, DT BH S22 5 S T 45 B g far AR s>, HY
URIZ I IS, ACHREE AR i B A B I m] REFR 5 By B Y
1z, 5k R AL B S FE T, A, PDA IR IZ IR
JEBSOHURE 252k B2 | INFT) | pH A 5 T B Y2 2 520 5 B T
FRR I, U2 S S, BORLRE , 2SR o i, ) o St L (1
AT RE S INFR AT 7 5L A 6 i, DN AE e v i
g A AR L R el B T PR BLE, AREY
H,PDA-2.5 MBI Il i5 Sk —50, R, J15AtERE 45 2R

Bi1,2.0 /L MZE AR RE M S T Bk B, 1 1.5 /L B
MTFHERAIERN S5

%2 HFHELER
Tab.2 Mechanical property results

Fedh D555/ MPa AR/ GPa PRI/ % PSR e/ (kJ-m™) 35/ MPa

CK 62.843.1 6.25+0.28 15.0+1.2 3.10£0.40 96.5:4.8
PDA-1.0 68.442.7 6.52+0.24 18.0+1.4 3.70+0.50 102.745.1
PDA-1.5 72.142.4 6.74+0.21 20.6£1.5 4.00+0.50 107.9+4.4
PDA-2.0 743430 6.79+0.26 19.8+1.6 4.10£0.60 109.144.9
PDA-2.5 70.243.5 6.60£0.31 16.8+1.3 3.50£0.50 103.5+5.2

2.2 EWF4#R HBL—ERE R [l %, 4R nTHE 512 IS B8R Y 4k

Syt — 45 7R PDA U X PGA #)HEAT A 520, 7%
WFFE 51N EWF J7 0 e S Wi LB E TR AE . B3 A
EWF 45508, M3 0T LUE Y, CK BARAEWT 24 ch R vE 46
B 439024 1.05 kI/m> 10,42 kI/m®, 34k 2 B AR i) e
ZURE R MDAl PGA FRHAESR S I4E H R AR 5 2k A e
PEIBI R, 22 PDA KRS G, ANE W7 4o F S P RE L)
¥R, Hob PDA-2.0 BYZARTE K 24 s A P RE B2 43
135 5] 1.68 kI/m* F1 0.63 kI/m’, AH%E CK 35 7+ 44 60% F
50% , LG AT T RS B AL g R e ¥
P SRIE RO, X 45 R S H R R AR R A4
Fhiash—, B RAE T PDA IRJETE R 24t T4
HEAN m-n VR AL, T B 4 e RHL ) A RE S AR RIRE
J1o TR NI, PDA-2.5 AAEWTZLh A FE RN 1

SHERL ) S POED AR

2.3 EMASW

|l sk s R . R oJ LG, CK R
KL A 82.5°, ST R HH R KM ; 2 PDA SIS
TSR3k A R B 18 A ARG, PDA-2.0 IO FR S /K%
fih F IR BB IR 61.2°, 48 CK R R 25.8% , FE M SEK
PRI E R . %S SRR SRR LI SSIE 3L,
PDA ¥ 2 78 44 28 (BWE ik ) (PPBES) . 38 & N iR (PCL) |
RV (PPN S5 1 2 vh H4RE W AR/ Bk A, $2 01 2K
PR TIRZ5 NI E B RERISE A 7 3 B tREFLiF
ISP, AL A BE %, PDA B3R J5 R & 4
AT P/ VA T 5 B A5, T SRR S LN ) /AR
4y 1% 4 Michael I, 5 Schiff B M , [FIHRHEL A
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S/m-n AHELAE AT, ARG RS AR 1k 8 T T 1 2R PR AR ik —2PEE HLRE RS IS B A SR P R R B L ) TR
FR, BRI TTRE SR R AR,
%3 EWF%X
Tab.3 EWF results
B SR/ (d-m?) AAEWTET /() -m™?) BAVERERID/(K)-m”) PIETRER)
CK 2.15£0.12 1.05+0.08 0.42+0.05 0.982
PDA-1.0 2.65+0.15 1.34+0.07 0.51+0.04 0.985
PDA-1.5 3.05+0.13 1.520.09 0.58+0.05 0.987
PDA-2.0 3.32+0.14 1.68+0.08 0.63+0.04 0.991
PDA-2.5 2.90+0.16 1.400.10 0.55+0.05 0.983

K ERL AR )

111

CK PDA-1.0 PDA—l 5 PDA-2.0 PDA-25

Bl #HAEKRERAZER

Fig.1 Static water contact angle results

2.4 WRIKY BRESHT

457 PDA IR )2 % PGA [ fid ik B s2ma L] , A< ik
FEBE— R S E PBS I P W /KA T4 3#E4 T Fickian A5
HIG . RANBKRY BRELR . NELATLLER,
CK H) P /KRR 3 1.82%. 248 PDA St )5 , iR R
BT RE Y, Hod PDA-2.0 (19 F #5102 K R A%, {0 H
1.47%, %8 CK FFEZ119.2%, X —&5 540, PDA R IZTE
—EFREEE A 7K S ) PERYH, INITTRESE 1 AR
IKMFE R . R B AR 5 5 P K R — 2
CK 1) ¥ 1 % 7K 28k 6.25%10° cm?/s, T} PDA-2.0 [ S &=
4.31x10° em’s, T R 2] 31.0%, & B PDA £ 11 )2 %)
B TYEURRE, PR T K FAEM B TR R
AT ML 76 PDA-2.5 P K R AR B4
BL/NERIF, ] e S R iR 2 S EcR e b ek
JeyBREIBEIE I, T A 7K 4 Bt AL HEE A G,

k4 BATHABER
Tab.4 Water absorption diffusion coefficient results

. kR R .
(EST o 2 R
% (107 em™s™)
CK 1.82+0.08 6.25+0.30 0.985
PDA-1.0 1.65+0.07 5.42+0.25 0.987
PDA-1.5 1.52+0.06 4.88+0.22 0.989
PDA-2.0 1.47+0.05 4.31+0.20 0.991
PDA-2.5 1.59+0.07 4.95+0.23 0.986

25 RERESI
2N RTAREL . M2 ATLLAE Y, CK il & mikE

742.3 ml/m’, Fo AR 4> &Y 5.8 ml/m?; PDA-2.0 M T

AETF % 58.5 mI/m’, AR 4 s3I ZE 23.1 mI/m’, (G iy
HORRFEZ) 35 mI/m’®, R BH R R Th R 38 i3 2 AR A
HAEARERSE X—RIEL R W L R(PVDF),
BAFE R 2 RS (PET) B I I0 (PD 5 K B
EEARIE, B PDA i 2 0] g B4R T2 H tiBE, 1o
IKPERI T I , HOX — RN A R 2 A R, it
— 1, PDA LR A T i R 5 TR AN s v B
S YIRS R AT B F IR R 1) 5) AR S
2, TR TR AEL 4329, PDA-2.5 LT AE SR E 4 S0
A 8l 9% (A R T HE 56.1 mI/m?®, A4y 21.0 mi/m?), Y
4 PDA V)2 i 5 B SRR B 18 et , A% 1 3L P A A2
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RAEY E LR E) TR PDA IR 20035 25K, i R
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Fig.2 Surface energy results
2.6 ThENFMHEST

RS MANBIFIERELE R . WERSTHTLUER,E'H

CK i 1 780 MPa #£ 7 & PDA-2.0 (1) 2 158 MPa, 1% 5 &
21%, 70 PDA ¥ )2 18 i S AR PEAE R ) 18 Bt
Base T HIPERE ) o B ARTRE () N CK I 61.5 °C |
F+E PDA-2.0 /4 65.1 °C, £k tan o WEAE F %, iﬁé%%ﬁ%‘ci@
2R, S E AR E AR X4
BASHIR 1F 58 45 S — 250, B FE AT 4L Y PLAE%M*ﬂr
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TR BUARFF-PDA SR & 1 EFFETE T 1, IR T AR BT
TeHsh 25 1Ak . 25, DU Z5297E PDA IS M AL iy
RAME AR P WSR3 ST ERE B GE (U f5
E' (5 7, 5] S TR 3, 2 HH PDA IR )2 AT sl fb S i % )
FHARTHIIAE . PDA-2.SEF ¢, BIMEA [l 9% , v REAE Hh Tk
JEIE IR Sy B sl i 3, B T S T Y 5k it
G, DU SRR AT i, Ingh/ SR e & o
i SRR S B A TR TRE
£S5 BHANFHAELER

Tab.5 Dynamic mechanical properties results

Ffih E'/MPa t/°C tan SWEMH  E'TRFFE%
CK 1780465  61.5:0.8  0.1520.010 423
PDA-1.0 195572 63.240.6  0.138+0.008 48.6
PDA-1.5 2072468  64.0+0.7  0.131+0.007 51.8
PDA-2.0 2158474  65.1%0.6  0.125£0.006 54.9
PDA-25 204079  64.5:0.9  0.133£0.009 50.7

2.7 M&fRMEBED T

&1 3 Syt S K fR R MR TEREXT EL . AR 3 BT LI
30 di, BT HESHTERS A A5 TR B SR Y B ST
PBS %t HRZH., {5 41 CK FH 32.7% F+ 22 45.6% , o7 i1 i (54
R 41.2% [% %5 28.7%, RIAEEN 2 5 B NE 7R AR
BB, X IR 5 CAR 2 BN R R AR
PBS £ F 32 [y ARRE AL A /K At , T A 25 A B e G
BEEAFAERT , B T P 5 S e e P U0 5 D081, B ik o
BEREY, HE R, PDA SRR AR T
P —E R AIE A, o PDA-2.0 1) B S 45 2 R AR
(31.5%), M, {3 53 2 55 55 (50.2%) , o feb oim 2 {0 5 2R o
(46.5%) , < BH HLAE I /K fifg 5 it g 7 T 35 SC B0 T et
fiif . X TREIE T PDA IR )2 —J7 T 3% 1 R HE KM, 12
HETERARTAAWRIE , 53— J7 T HAE R O AR BRRTE
FEIE AR BOEbE , W TTRESE 1 B P RIS AR A 5
T BNIHLHIZE PLA 5 PCL BRI BFIT AT IHRE
FE1H PDA Hfii—J7 45 1 40/ R, 53— 07 1 A aE
AT AT S TS A SN B R R 180 15 B i
{24 PDA it B iR — 4 B 1) 2.5 g/L i), - Fabms
175 , 20 S LS HLBE (Y PDA J2 0] BE 5 I\ J5) #R e E5
T ARYS) — L BB I , 5 S0 =y 0 o il 5 - A MEZ
B FFPERE R 78 v, PR R T & B0 o 1 55 , iX
5 45U % F PDA J2 R - 50 - 18 & A B % A A —
S, 2, PR R S M, PR R R A G,
FERM TS M, TR, fERe/am R 2540 ; 04 56 )2
HELE M, I 21 IR GE T R 4, 2R 450
& ,PDA-2.0 AMUAE PBS /K fifi Hh I hdm VRS , 7l 5%
HEFIRSEIL T 15 RE 5 0 F R AL R, W A E Y,
XA R SRR S e 34 HL S s R e 1

uPBS buffers [iffi#

i
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Fig.3 Comparison of enzymatic and hydrolytic

degradation performance
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