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Preparation and properties of poly(butylene adipate-co-terephthalate)/
modified basalt fiber composites
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Abstract: y-Aminopropyl triethoxysilane (KH550)-modified basalt fiber (MBF) was prepared from acetone
pretreated basalt fiber (BF) via alcohol-aqueous solution, and characterized by FTIR, SEM and contact
angle measuring instrument. A series of polybutylene terephthalate (PBAT)/MBF composites with different
MBF mass fractions were then synthesized from melting blending MBF with PBAT through twin-screw
extrusion. The effects of MBF mass fraction on the microstructure, thermal properties, thermal stability,
mechanical properties and barrier properties of PBAT/MBF composites were analyzed. The results showed
that the water contact angle of MBF was 134.84°, indicating strong hydrophobicity. Low mass fraction
(1%~5%) MBF could be uniformly dispersed in the PBAT matrix to play the role of heterogeneous
nucleation, which significantly improved the crystallization properties of PBAT. When the mass fraction of
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MBF was 5%, the PBAT/MBF composites (PBAT/MBF-5%) exhibited the highest crystallization
temperature of 76.3 °C and the best mechanical properties, with an elongation at break of 790%+61%. The

addition of MBF also significantly improved the barrier properties of PBAT, with the oxygen and water
vapor permeability of PBAT/MBF-5% reaching up to (4.45+0.07)x10"* cm’-cm/(cm?'s-Pa) and
(2.60£0.09)x10 " g-cm/(cm*'s-Pa), respectively. MBF could promote the crystallization of PBAT, reduce
the free volume, prolong the permeability path of oxygen and water vapor, improve the barrier property of
PBAT, and have little effect on the hydrolysis property of PBAT.

Key words: basalt fiber; poly(butylene adipate-co-terephthalate); composites; crystallization properties;

mechanical properties; barrier properties; functional materials
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AKRIRFE IR, RAERISEE LS & T PBAT/ LM
AR ER G, CBHEARTREAE PBAT &5
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R, [FIRHE R T PBAT MY 1240 B

ZRAELYE (BF ) & —Fef R X sl a1
AlpL A e A e, B T SR . TSR
PR EFR A VR —Fh I e B LR
BF |2 FH FIER Ao el vk . 7R R . BMEIE .
AR T AR P I AE =AY BF A LU E T

RBP4 SR E S BHBE PERET T, PAN
LR BF AR MR A YRR (PLA)
d, ZERREL, BF RIS ABERSLE PLA ML rhil
PEREFIZE S PERE

ARSCUFRI p- RN = 28RS (KH550)
Xt BF dEAT e, kil 5 Mokt 2 2 o 4
( MBF), T 5 ¥ 55 PBAT R #1145 PBAT/MBF
HAEMERE, R AL, #R5E MBF Jf 20 50kt
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120 CHEFS TR T8 3 h, 3R 9.8 g MBI HLILEL
4 BF1, i & MBF.
1.2.2 A4#H#eH &

WK PBAT BT 60 CEH=Z THEFE 1%
12h, ¥R 1B (MBI EE R 60 g) 2 BIFR
U PBAT. MBF FrH i, IREWAE, IMARUIRFF
Bl e b, SUEFFET AL 1~7 XIR 55
BE N 150, 155, 160, 170, 175, 175, 170 °C,
BLSKTEREE R 160 °C, FHLFEH N 80 r/min, K4t H
BEEWMBH . Wk, 76 80 °CFTH: 12 h, 153
PBAT/MBF & & #EL. ¥ MBF Fiig 53400 0. 1%.
3% . 5% . 7% . 10% il 25 19 &2 & o k5 i ok
PBAT/MBF-0. PBAT/MBF-1% . PBAT/MBF-3% .
PBAT/MBF-5% . PBAT/MBE-7% . PBAT/MBF-10%,

%1 PBAT/MBF &M BT

Table 1 Formulations of PBAT/MBF composites
BT 53U %
EAME
PBAT MBF Hr
PBAT/MBF-0 98 0 2
PBAT/MBF-1% 97 1 2
PBAT/MBF-3% 95 3 2
PBAT/MBF-5% 93 5 2
PBAT/MBF-7% 91 7 2
PBAT/MBF-10% 88 10 2
1.3 RIEAZESMHEREMIK
1.3.1 RAE7 %
FTIR ik JEGE I 4000~400 cm™', 23k

4em’, FHEUREC32 o SEM IR A MEWT, T
FL7S J W4 AL EE ) N R 10 kV, TAEHIR 20 pA.
TGA MK : AASFEIT, M 50 CHAHF+HZ 700 °C,
THE#H 2 10 °C/min, DSC k. HSHAFET, N
FHLL 10 °C/min BFHCEFHEZ 170 °C,f£%F 3 min
THERAATT S FFR AR S, SRJE LA 10 °C/min (3R
F&2%-50 °C, FiLL 10 °C/min BBZEFZE 170 °C,
icsk DSC ik, RN (1) 715 PBAT R4S 5
X, (%):
X/%=AH/(wxAH%) %100 (1)

K. w ol PBAT ZEAHIR Y i 5058, %5 AH,
JpkEEbES , Tg; AHS O 100%%5 5 PBAT AU RES
114 J/g",
1.3.2  MegemX
1.3.2.1  JiZpEReilik

M GB/T 1040.2—2022P%, fdi 7 GBI B AL
AT A PEREM, P E 10 mm/min,
1.3.2.2 A FKZESSE S EREML

3 3o S A BT A AL A 0SS 0.45 mm

T, JFERBY R E AR 9.5 em BYIE Ao

M GB/T 1038.1—2022PY, fifi jHj k22 S 44K
BiBIAE 23 °C N XE G MR S BH R REE 1T
MHL, %M GB/T 1037—20217%2, ffi /K ZE S5t
FIMRALAE 38 CHIAXHREEE 90% F ik A 41k
7K 78k PERE
1.3.2.3  EKMADK

SR FH 422 fk A 0 4SO 3 A2 A B R S K K
FESOR S ZE B TR & L RER B A b, mRE S
I 1 L K, 8 2 BT CAM 200 THEL K EE
fil £ o
1.3.2.4  JKfgMEREN

K AR ACHLFAE & i R EE R 0.45 mm /Y
W, R BY K 1 emx1 em K/, HEH my
(g ) TR mo AT E T4 B 1 mol/L i NaOH
KA, TEIR 40 °C, 24 h JFHBUBAES, MiHE
BT KRE MG, BT 60 °CHEZS TR T
ZfEE, HEEHN m (g, MW (2) HHHHE
PRER (L, %):

L/%=(mg—m,)/my % 100 (2)

K LR T SO R AR R ] (72, 120,

168 h), 4y AR R E R

2 HRSHE

2.1 MBF BIR1E
K 14 BF1. MBF #1 KH550 ] FTIR #£& .

KHS550

—_/—W//__ﬁﬂ"\'\\f\/\/ﬂ

BF1

MBF —QOH

— CH,—

A
—NH,
e, SO
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WeE/cm™

K 1 BFl. MBF #1 KH550 ) FTIR 3% &
Fig. 1 FTIR spectra of BF1, MBF and KH550
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) FTIR 3%, H—OH Wk, mirE 2950
A 1600 cm™ b BT 5B A IR Sh W e, 43109 s
KH550 H1—CH,—#1—NH, f R EIE, 1070 cm ™' 20
I T Si—O—Si R AE 4R 3l g, JiE 52
KHS550 5 BF Z [AIJE R T kit

& 2 & BF1 A1 MBF ) SEM &,
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Kl 2 BF1 (a) 1 MBF (b) i SEM [&
Fig. 2 SEM images of BF and MBF

JIE 2 T LI, BF1 52 30 B I 0 3 AR 21 4
HZEmECH (B 2a), 5 BFI #HHL, MBF 0 E
RS, rEctEfS 8 E (B 2b), 455K, MBF
T HA BT 1 BF1 5 PBAT A4 (15 fi g £,
M A A A

[ 3 i BF1 Fil MBF F) 7K 322 fh £ 00 58 25 1

a I 30.12° b

I 134.84°

K13 BFI1 (a) fil MBF (b) K8 fil
Fig. 3 Water contact angle of BF1 (a) and MBF (b)

ME 3 ATLLE S, BF1 K3l fA N 30.12°,
FIOABREKME (E 3a), MBF A9 7K 3 fil £ 1k 51
134.84°, FRIMmeiKME (K 3b). 45REKH, 7
KH550 i e MEAE R, BFI AU K M3 T B2
BT
2.2 PBAT/MBF EA&##IaV1E8E
2.2.1  #oHRE AT

¥l 4 4 PBAT/MBF & & #1 K DSC fhgk, #
N B RES RO R 2,

M 4 Fng 2 ATLIE ), PBAT BY45 fEEE( T,)
450.3 °C, #RIREE (T, )R 121.3 °C. PBAT/MBF

EAMEY T, B MBF 520805038 hn e 1 hn 5
/N, 4 MBF it 340k 5%Ht, PBAT/MBF-5%
() T B, N 763 °Co XM N, MBF 2] 53AH
BZVERT, 35T PBAT 4 %24 )\ PBAT
Mgk (X, ) AT LA 1, 24 MBF i 434
0 & 5%MHF, PBAT 45 H 7.4%15 = 8.8%;
MBF Jfi 408 — 28 % 10%, PBAT (%5 5 BE [
£ 7.9%. XN, LTRSS MBF £ 25 F|
SARSAZAER, TWinki MBF B3R T PBAT M4 ¥ 45
), IS T PBAT /- F4EMIiZsl, MIMRRAR T HAS &
JiF1] PBAT/MBF-1%~PBAT/MBF-10%H Tm( 122.0~
123.2 °C ) I, PBAT/MBF-0  flfii 5, X5 MBF 7
MSAZF], $RE T PBAT JLARMZ, A X,

a PBAT/MBF-0

PBAT/MBF-3%

PBAT/MBF-5%

PBAT/MBF-7%
PBAT/MBF-10%

50 0 100 150

AFIWIg) — e

50
1REE/C

b
PBAT/MBF-0

PBATMBF-1% /|

PBAT/MBF-3%

PBAT/MBF-5%

PF/(Wig)  —> Tk

PBAT/MBF-7%

PBAT/MBF-10%

6 Sb l(I)O 150
1B AE/°C
4 PBAT/MBF & &M EHRIER (a) K84 (b) ik
Fig. 4 Melting (a) and crystallization (b) curves of PBAT/
MBF composites

%2 PBAT/MBF 24K #ERES KL
Table 2 Thermal property parameters of PBAT/MBF composites

HEEME T,/°C T,/°C AH,/(J/g) T./°C AH/()/g) X% Ts0,/°C T/ °C
PBAT/MBF-0 -29.4 121.3 8.3 50.3 13.3 7.4 377.9 410.8
PBAT/MBF-1% -31.1 123.2 8.4 72.7 14.2 7.6 377.4 410.6
PBAT/MBF-3% -31.3 122.0 8.6 72.6 14.8 7.9 377.2 410.2
PBAT/MBF-5% -32.9 122.1 9.3 76.3 14.7 8.8 348.2 409.3
PBAT/MBF-7% -30.3 122.2 8.6 75.4 14.2 8.3 334.5 408.9
PBAT/MBF-10% -31.1 122.4 7.9 72.3 12.8 7.9 328.9 409.0

e T WIS IR . AH—45 &M .
222 HAAZESH ORI E ( Tsoy ) R KA AR IE ( Tonax ) 535124 377.9

[ 5 24 PBAT/MBF & & #1RHH TGA A4, 1 410.8 °C, PBAT/MBF-1% . PBAT/MBE-3%

BHAREAE L 2. PBAT/MBF-0 AR E ( Tso, 1 Ty ) AHIT, B

ME 5 fZe 2 v LIEH, PBAT/MBF-0 446G

HITE PBAT LR R 5 il /b MBF AN 23 5200 525 44
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HIHEE EPE . PBAT/MBF-5%F4 Tsy, (348.2 °C) It
PBAT/MBF-0 (377.9 °C) F#KT 29.7 °C. i hy
MBF 7 PBAT &f& i kA T HIR, H BF ML
FLAKT PBAT, XT3 PBAT WHIRE A
By, M AR 1 AR IR

a
100
X 80r
M
BE 60 |
=
% 40| — PBAT/MBF-0
= [ — PBAT/MBF-1%
50l — PBAT/MBE-3%
[ PBAT/MBF-5%
— PBAT/MBF-7%
0r — PBAT/MBF-10%
100 200 300 400 500 600 700
VR JE/°C
b
0
g 51
k|
S-10f .
¥ sl — PBAT/MBF-0 |
g — PBAT/MBF-1% | |
B ol — PBAT/MBF-3%
K — PBAT/MBF-5%
sl — PBAT/MBF-7%
— PBAT/MBF-10%
200 300 400 500 600
1R EE/°C

5 PBAT/MBF 2 & #HY TGA (a) FIDTG (b) fhik
Fig. 5 TGA (a) and DTG (b) curves of PBAT/MBF composites

PTG S0 M
%l 6 & PBAT/MBF & & #4 £ # i SEM [# .

223

a—PBAT/MBF-0; b—PBAT/MBF-1%; ¢c—PBAT/MBF-3%; d—
PBAT/MBF-5%; e—PBAT/MBF-7%; f—PBAT/MBF-10%

Kl 6 PBAT/MBF &4k #H SEM &
Fig. 6 Cross section SEM images of PBAT/MBF composites

MIE 6 AT LIFE i, PBAT/MBF-0 #% i 45 61
¥15), TALBFE K EFE (B 6a). X4 MBF ikt 7
BN 1%~5%0F, MBF 1] LLIA] /0 A fE PBAT Ak
o, HIERYS MBF 2] JC U W 48 fk s (&
6b~d ), ULHITE KH550 /E[IT™, MBF 45 PBAT {4k
Z )R B0 R A A T AR A . 24 MBF B 50k
%0, MBF FFIRHIER, I HAEE &k -
HELEH B ALBR (& 6e ), FIZRAFLBAY H B 2%t
BAE MR IR REAR T A R R g 227
224 HFHRESH

[l 7 & PBAT/MBF & &+ BHRA N 7 -10 28 2K
P A R B WL 3.

[\
(=
T

—_
w
T

— PBAT/MBF-0
—— PBAT/MBF-1%
— PBAT/MBF-3%
— PBAT/MBF-5%
—— PBAT/MBF-7%
— PBAT/N[BF 10%

0 200 400 600 800
Wi 2R/ %

K7  PBAT/MBF & &M I 7 - A% T 2%
Fig. 7 Stress-strain curves of PBAT/MBF composites

HIfHREE/MPa

W
T

(=)

# 3  PBAT/MBF &5 MRS PERE s
Table 3  Tensile properties data of PBAT/MBF composites

AR PR/ MPa WIRHICA/% SRR/ MPa
PBAT/MBF-0 20.441.1 42010 5343
PBAT/MBF-1% 20.2+0.8 435435 5442
PBAT/MBF-3% 20.320.4 445421 7443
PBAT/MBF-5% 20.4+1.5 790461 85+4
PBAT/MBF-7% 17.4£0.5 51345 157+5
PBAT/MBF-10%  11.2+1.5 355484 123£19

M 7 Ff1Z 3 nTLLEH, PBAT/MBF-0 4 {#

I R T 2K R 43 51 R (20.4+1.1) MPa il 420%-+
10%0 24 MBF i 0 8U7E 1%~5%, PBAT/MBF &
G b ORE Y hir A BE PR R B2 E TE (20.240.8)~(20.4+
1.5) MPa, WiZd KR @ishn, 24 MBF i #5041
9 5%FHF, PBAT/MBF-5% 1 WS4 fifi K 3R 2 il 3 = fi
K, K 790%+61%, PPERIE Y % (85+4) MPa,
B MBF [T i 53 B0 i — D34 i, PBAT/MBF & &
M ORE B SR B R T 2 AR K R R AIC
KARGARZADEH Z:P87E %258 PBAT/FiREh A i &
WOk A BRI 122 PR 2 BRI RE A AL . X
FEERFE N, LF R0 MBF 5 PBAT (AR
B RAFRAHZSE, ATLAS) 4080 PBAT Hr, 3
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TWIEZ W R AL, RS S E
15 BAEA B AFAL, T 5 R A ARG 2K
RIKHETFR 5 i 4380 MBF 2375 PBAT JE4A 4]
B, glk “BEET, FRALT E A PR LR R
BT (5

MFE 3 LT LLEH, PBAT/MBF & & RHK) #if
PERE RS MBF [T 40 B 3 R TG K o X 22
K24, MBF A[ffi PBAT U5 F T NS %, F+H
il E AR AARBURAR, T T PBAT YRR,
225 TARaMAE 4T

RA Wi A BH BRI R A i AR RS,
RV Y Rl R RRGE B 2 P B A B RE PR
MK ZE AR PERE N 25 5 Z K+ 5 R EY
[ ELAE 52 o &l 8 S PBAT/MBF & & 41 L
ARRUKZEA B RS, HAAREIE L% 4,

120

a BT ER 1103
_100p = EAEDAM L &
R - - : {8 &
5 80 - g
o~ - | E
% 60} \\/‘ 6 m;
S0 14 °
g s
© 20 12 <
[-]
o

E— 1 3 5 7 T

0 MBF i &4 %0/% P
b KFEBILER =
It {5 &
=30t I &
3 & . I 14 f:,
NE I g
5 20 13 5
g PR~
2 10} <
11 g

E— 1 3 5 7 10 °

MBFG &350/ %
51 8 PBAT/MBF E&MEEAR (a) S5/K#ES (b) &L

Fig. 8 Oxygen (a) and water vapor (b) permeability coefficients
of PBAT/MBF composites

M 4 ATLIE i, PBAT/MBE-0 il & <%
1% (OTR) H(85.15+0.41) cm’/(m*-d-Pa). A<
3 ZE(OP ) H9(5.4240.03)x107* cm®-cm/(cm?*+s-Pa) |
IKFERIEITHR (WVTR ) 4(33.05+0.89) g/(m™24 h).
KFER BT RS (WVP) H(3.46+0.08)x10 " g-cm/
(cm®-s-Pa), fifiZ MBF JFiit /340934 i, PBAT/MBF
SEAMEHE OP Fll WVP 245 SE80Us 19 1 A8 fh it 3
PBAT/MBF-5%F OP Fl WVP X HAK, 435 7 (4.45+

0.07)x10™"* em’-cm/(ecm?s-Pa) F11(2.60+£0.09)x10"  g-cm/
(cm®'s-Pa), % PBAT/MBF-0 [ OP Fl WVP 43 5l|[#
KT 18%AH1 25%. XU IEfF 5% £ % PBAT
RELFR 1 R s i B A B, 0 J2 DA AE I 7K 43 1T DA
PR ZE ST 2%, FRIL PBAT Xf/KZES
FR S Y BELFR 1 fE

74 PBAT Fl PBAT/MBF & & M B S LK 28 S PH IR
PERERE
Table 4 Oxygen and water vapor barrier performance data of
PBAT/MBF composites

OP/[x10"*  WVTR/ WVP/[x10™"

OTR/[em’/

BER Zd[cm emem/ [g(m*24  geem/
m-dPa)l - 2ipay] b (em*sPa)]

PBAT/MBF-0  85.15:0.41 5.42£0.03 33.05:0.89 3.460.08

PBAT/MBF-1% 84.76+0.61 5.30+0.05 28.40+0.76 3.03+0.06
PBAT/MBF-3% 81.95+0.31 5.12+0.02 26.52+0.86 2.78+0.08
PBAT/MBF-5% 68.81+1.14 4.45+0.07 23.54+0.68 2.60+0.09
PBAT/MBF-7% 94.03+0.52 6.20+0.03 28.35+0.98 3.08+0.10

PBAT/MBF-10% 103.88+2.24 7.09+0.15 30.35£1.02 3.47+0.11

R FEW, 7E PBAT/MBF E &k ok,
MBF F¥s T LAk PBAT f4 BHLFG 1 fi o 3 2 K h
T 43 B0H MBF 1 L34 5) 43 H07E PBAT JE4A
#ET; PBAT %5 PERE, fff PBAT 45 A4 A8 T8N
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BB B A, 42T PBAT WA HIKZE S HIFH
BEEREDY, AN, MBF RBUNIH A E KM, HiR
5 T PBAT/MBF & &4 EH K 38 BHFR MERER?) H
MBF Ji 8 5350000 32F — 25 3 fin i G A SR TR B i, e
AR A2 T LB, B A ORIk 28 ok =3
2.2.6 IR EE ST

¥l 9 S PBAT/MBF & &M EHW 7K it e EH M 25 .
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Fig. 9 Weight loss rates of PBAT/MBF composites

MIE 9 Al LIFH, PBAT/MBF & & M BHE R MH:
IR R P Fa, 168 h INE, BE 5 1) 2k T 268
<6%; #HAN, WA LLKE B, MBF Ji & 43 5 %)



© 1762 ¢

A% 4m 4 T FINE CHEMICALS

42

PBAT/MBF & & #1812 EJC B 520, 8] MBF
B AINXT PBAT K fift 4 BE A 52 W AR /N

3 #it

BF ZNEIHALEE, P2 KHS50 setEdkifs T
MBF., KGR, 0 ad SURFFBF HHALH & T
PBAT/MBF & & #1 ¥},

(1) MBF 5] 53 81E PBAT £k, £ R
IR S M . XY T4 B0 & 7%0), MBF 7€ PBAT
IR A T I A AR, 25 PBAT/MBF & & #
Al A S H PR e LB

(2) s MBF 7 #7E PBAT 4k, &3|5H
MEAZAE, B3 42T+ PBAT/MBF &4 AR 45 5

(3 ) PBAT/MBF-5%[1) 1A RE B, W24
FHFAPER RS> 5 R 790%+61%F1(85+4) MPa.,

(4) MBF ] LM E PBAT FO%5 i, B A ik
B, SRR AR FUKZER BB, $#£7F PBAT 1)
FEFGETERE, X PBAT JK i1t RE (52 AR /N o

SE Lk

[1] ROY S, GHOSH T, ZHANG W L, et al. Recent progress in
PBAT-based films and food packaging applications: A mini-
review[J]. Food Chemistry, 2024, 437: 137822.

[2] CHEN X S (M), CHEN G Q (:HE5R), TAO Y H (Fi/te),
et al. Research progress in eco-polymers[J]. Acta polymerica sinica
(R4 F34R), 2019, 50(10): 1068-1082.

[3] BUMBUDSANPHAROKE N, HARNKARNSUJARIT N,
CHONGCHAROENYANON B, et al. Enhanced properties of
PBAT/TPS biopolymer blend with CuO nanoparticles for promising
active packaging[J]. Food Packaging Shelf Life, 2023, 37: 101072.

[4] WANG B (E£i), MAO S D (BXS}), LIN F H (BhAF1E), et al.
Effect of modified attapulgite on flame retardancy of the PBAT[J].
Fine Chemicals (F541fk T°), 2023, 40(7): 1562-1569.

[S] HUANG R (#4%), LI X Q (Z/MR), BIAN F P (F4&#), et al.
Preparation and properties of functionalized nanocellulose PLA/
PBAT composite films[J]. Fine Chemicals (K541t T.), 2023, 40(6):
1253-1263.

[6] KIM J, BANG J, PARK S, ef al. Enhanced barrier properties of
biodegradable PBAT/acetylated lignin films[J]. Sustainable Materials
and Technologies, 2023, 37: 00686.

[7] SHANG X Y (M%), XUE Y (B#8), LI K T (ZK), ef al.
Preparation and properties of vermiculite/poly(butylene adipate-co-
terephthalate) composite films[J]. Fine Chemicals (K541 T.), 2023,
40(8): 1767-1775.

[8] PERUMAL N, SREEKANTAN S, HAMID Z A, et al. Effect of
plasticizer and compatibilizer on properties of polybutylene adipate-
co-terephthalate (PBAT) with acetylated starch[J]. Journal of
Polymers and the Environment, 2024, 32: 289-302.

[91 WANG Z R, JINK X, LIM K H, et al. Biodegradable poly(butylene
adipate-co-terephthalate) nanocomposites reinforced with in situ
fibrillated nanocelluloses[J]. ACS Sustainable Chemistry & Engineering,
2023, 11: 9947-9955.

[10] CHEN Y J, DAI J, SHEN X, ef al. Xylan cinnamoylation for
reinforcing poly(butylene adipate-co-terephthalate): Molecule design
and interaction optimization[J]. Carbohydrate Polymers, 2024, 326:
121592.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

ARSLAN O N, GUNTURKUN D, GOKSU Y A, et al. Poly(glycidyl
methacrylate) modified cellulose nanocrystals and their PBAT-based
nanocomposites[J]. International Journal of Biological Macromolecules,
2023, 253: 126851.

LOPRESTO V, LEONE C, IORIO I D. Mechanical characterization
of basalt fiber reinforced plastic[J]. Composites Part B: Engineering,
2011, 42(4): 717-723.

WANG X, WU Z S, WU G, et al. Enhancement of basalt FRP by
hybridization for long-span cable-stayed bridge[J]. Composites Part
B: Engineering, 2013, 44: 184-192.

SIM J, PARK C, MOON D Y. Characteristics of basalt fiber as a
strengthening material for concrete structures[J]. Composites Part B:
Engineering, 2005, 36(6): 504-512.

CHOWDHURY I R, NASH N H, PORTELA A, et al. Analysis of
failure modes for a non-crimp basalt fiber reinforced epoxy
composite under flexural and interlaminar
Composite Structures, 2020, 245: 112317.

LEE T W, LEE S, PARK S M. Mechanical, thermomechanical, and
local anisotropy analyses of long basalt fiber reinforced polyamide 6
composites[J]. Composite Structures, 2019, 222: 110917.

ZHOU A, YU Z C, WEI H N, et al. Understanding the toughening
mechanism of silane coupling agents in the interfacial bonding in
ACS Applied

shear loading[J].

steel fiber-reinforced cementitious composites[J].
Materials and Interfaces, 2020, 12: 44163-44171.
PAN H W, WANG X Y, JIA S L, et al. Fiber-induced crystallization
in polymer composites: A comparative study on poly(lactic acid)
composites filled with basalt fiber and fiber powder[J]. International
Journal of Biological Macromolecules, 2021, 183: 45-54.

BAI J, PEI H J, ZHOU X P, et al. Reactive compatibilization and
properties of low-cost and high-performance PBAT/thermoplastic
starch blends[J]. European Polymer Journal, 2021, 143: 110198.
Standardization Administration of China. Determination of tensile
properties of plastics: GB/T 1040.2—2022[S]. Beijing: Standards
Press of China (H 45t itit), 2022.
Standardization Administration of China. Plastics—Film and
sheeting—Determination of gas-transmission rate: GB/T 1038.1—
2022[S]. Beijing: Standards Press of China (H AR ARAL),
2022.

Standardization Administration of China. Test method for water
vapor transmission of plastic film and sheet: GB/T 1037—2021[S].
Beijing: Standards Press of China ({451 i4t), 2021.

AFROZ M, PATNAIKUNI I, VENKATESAN S. Chemical durability
and performance of modified basalt fiber in concrete medium[J].
Construction and Building Materials, 2017, 154: 191-203.

YANG F, QIU Z B. Preparation, crystallization, and properties of
biodegradable poly(butylene adipate-co-terephthalate)/organomodified
montmorillonite nanocomposites[J]. Journal of Applied Polymer
Science, 2011, 119(3): 1426-1434.

SONG J S, ZHOU H F, WANG X D, et al. Role of chain extension in
the rheological properties, crystallization behaviors, and microcellular
foaming performances of poly(butylene adipate-co-terephthalate)[J].
Journal of Applied Polymer Science, 2019, 136(14): 47322.

CHEN J H, CHEN C C, YANG M C. Characterization of nanocomposites
of poly(butylene adipate-co-terephthalate) blending with organoclay[J].
Journal of Polymer Research, 2011, 18(6): 2151-2159.

NUNES E, SOUZA A, ROSA D. Use of a chain extender as a
dispersing agent of the CaCO; into PBAT matrix[J]. Journal of
Composite Materials, 2020, 54(10): 1373-1382.

KARGARZADEH H, GALESKI A, PAWLAK A. PBAT green
composites: Effects of Kraft lignin particles on the morphological,
thermal, crystalline, macro and micromechanical properties[J].
Polymer, 2020, 203: 122748.

(FT#% 1771 1)



