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FCRERE . SRR R SRR A R IE T, HEAMHMIERE. 24 EG-MPRSF &1 0.20%HA), i+ 0)
EG-MPRSF@PBAT KRR E AATEHEARGRIE . BSR4 5t PBAT EIIERRIRTE 77.8%. 16.7%F
45.2%, SRS PR AL B 00 TR 14.9%F1 24.8%, HVBEHUERIEAR 17.1%.
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Preparation and properties of expandable graphite-modified
straw fiber @PBAT foamed bead composites

HE Yinkun', SHAO Liang'", LIU Meiling', JI Zhanyou'", MA Jianzhong’, WANG Wengi’

[1. Shaanxi Key Laboratory of Light Chemical Auxiliaries for Industry, College of Chemistry and Chemical Engineering,
Shaanxi University of Science & Technology, Xi‘an 710021, Shaanxi, China; 2. Xi'an Key Laboratory of Green
Chemicals and Functional Materials, College of Bioresources Chemical and Materials Engineering, Shaanxi University
of Science & Technology, Xi'an 710021, Shaanxi, China; 3. China Leather and Shoe Industry Research Institute
(Jinjiang) Co., Ltd., Jinjiang 362200, Fujian, China]

Abstract: Rice straw fiber modified with phosphoric acid and melamine (MPRSF) was ball-milled with
expandable graphite (EG) to prepare interfacial solder (EG-MPRSF), and EG-MPRSF@poly(butylene
adipate-co-terephthalate) (PBAT) foamed bead composites were then synthesized by supercritical carbon
dioxide (scCO,) and microwave sintering technology. The samples were characterized by FTIR, XPS, SEM,
EDS and TGA. The effects of EG-MPRSF content (based on the mass of PBAT foamed bead, the same
below) on the mechanical properties and flame retardant properties of EG-MPRSF@PBAT foamed bead
composites were analyzed by hardness, resilience and compressive strength test, limiting oxygen index test,
vertical combustion grade test and cone calorimeter test. The results showed that the EG-MPRSF@PBAT
foamed bead composites, retaining the original cell structure of PBAT foamed bead after sintering, exhibited

YoFs BHEA: 2024-01-23; EFABHI: 2024-03-12; DOI: 10.13550/j.jxhg.20240083

EeWH: EHXKARREEA R FWH (52373039 ); K ARRREEAHFIH (22208202 ); PHETEHLIRIWH (22GXFW0001 );
PP EE T IRS MR E (231C018 ); ILEURINTATRH AA QI L8 ET H ( CLFJ202203290001 )

{EE B . E I (1998— ), B, #1442, E-mail: 210812095@sust.edu.cn, BERE A : B 5 (1983—), H, # %, E-mail:
shaoliang@sust.edu.cn; i A (1990—), 55, EI#4%, E-mail: jizhanyou@sust.edu.cn,
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great improvement in hardness, resilience and compressive strength, and displayed flame-retardant properties.

When the content of EG-MPRSF was 0.20%, the compressive strength, resilience and hardness of the
EG-MPRSF@PBAT foamed bead composites were 77.8%, 16.7% and 45.2% higher than those of PBAT
foamed bead, respectively, while the smoke production rate and total smoke production decreased by 14.9%

and 24.8%, respectively, and the total heat release decreased by 17.1%.

Key words: poly(butylene adipate-co-terephthalate); supercritical carbon dioxide; rice straw fiber;

microwave sintering; foamed materials; flame retardant properties; functional materials
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Fig. 4 Effects of saturation temperature and saturation
pressure on density (a) and expansion ratio (b) of
PBAT foamed beads
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Fig. 5 SEM images of EG-MPRSF@PBAT foaming composites
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Fig. 6 Schematic diagram of interfacial regions of foamed
composites



%1

g b, A5 TR A AR - ME R LT 4E @PBAT A IO BRI & TR i 55 S5 P RE - 109 -

MK 6 FTLVEH, AHEEREY T EG-MPRSF@
PBAT &Ik AL iy “FhA 717, ik beds i e
TR AR RLFE PBAT kB R 5 1 Ak 7= A )R 5 44
i, 5l PBAT RAWHEB MBSl g, [W
JARL PBAT KUERRI R, A3 HI4R & R i
FEH AL 58 LR, NI B T & i 5 A b R b
5
232 WIMAE S AT

K 7 M-I EG-MPRSF Jfifi 534 EG-MPRSF@
PBAT £ 1) & 52 G AR P

ME 7a WLLE H, 4 PBAT Kid¥kAi (0
EG-MPRSF@PBAT ) il % 1) & 152 A #4 R 5 5 N
0.44 g/em®, RN 42 BFIC A; HBORE, 0.20%
EG-MPRSF@PBAT il % %) & 052 & b BH% B B AIG
% 0.41 g/em’, FEEEHRTE T 45.2% (61 AFIC A ), X
Ry, BfE S AL SRR AR N, Be s g
SEREBERN, R R ERT, REkE
G PR RS BE % BE R T

0.50 70
a
165
045 |
- 160
o
S 155 &
2 040 | <— &
= 50
e =
035 14
140
0.30 L— ' : : : —
0 005 010 015 020 025
JER Y%
60
b
55 1
. sof
S
¥oas
=
a0t
35
30

0 0.05 0.10 0.15 020 0.25
ois-wig G0

Kl 7 EG-MPRSF & X A i 5 & Bk %) 5 5 0 A 2

(a), 3R (b) BIRME

Effects of EG-MPRSF content on density and

hardness (a) and resilience (b) of foamed
composites

Fig. 7

MIE 70 WTLAE W, Bi#E EG-MPRSF Jii 534k
HIB4 N, EG-MPRSF@PBAT il % 1) & i 525 AR
] 5t % B g S 0 s p N #. DL 0.20% EG-
MPRSF@PBAT il # 1 & #1524 4 Rk (14 [] 3 %

i, N 49%, 4l PBAT KM EHET 16.7%. X
JEKR, EG-MPRSF 53400 0.20% R34 hn A& i
AFRH NI, XN 7 P E B 2Rk
HAlh EG-MPRSF Jfi i 7344 EG-MPRSF@PBAT [V
HEHUVER, TRIAS i TEcir R B8 T PBAT LAk
ML FLEER , 242 B AR FE S, HFLEEIE AR WK A
1M EG-MPRSF [T i 538038 i 2 0.25%HF,0.25% EG-
MPRSF@PBAT & yfdBfh S Ab HY BRIFCRLHERR, 52
M % 360 52 A A4 AL 7 1 g 13 1232
233 AFHaksAT

K 8a MERMWEAMRIIIN F1-RAE Lk . A
8a AT LAE Y, ffiFH A1 i5 K EG-MPRSF &7, & il
AR RL SR BB B, X EF N, PBAT &
TBRRL R B A RS, AR R R 2 R 11
FREEVER T, Yh5R T IR ; FfiEF EG-MPRSF Ji
HOBIIE AN (0.05%~0.25% ), %L AR R 2L
R SRFFLE %, X &M, EG-MPRSF i #4340
P3N EG 1E RS, TR s S ST A ml
SECHAE & B 2 1) (B BEAE Y, DRI R A
JERTFHFLEERY SR, {HJ&, EG-MPRSF Jiii 74K
HMZE 0.25%M), 0.25% EG-MPRSF@PBAT % Wk
WS AR L 2R TP IR BO AR Y L =2 ) R o 4
Bk, [RIE & A FUE KRR, HE TS i AR

3

—=—0 —— 0.05% —— 0.10%
—v— 0.15% —— 0.20% —— 0.25%

[\8)
T

HIfH3R E/MPa

100 150 200 250 300 350 400
BRI R/%

0 50

5 -0

—— 0.05%
4L —— 0.10%
—— 0.15%
—— 0.20%
3r <« 025%

TE4i55 B /MPa

0 5 10 15 20 25 30 35
REZR /%
a—J JJ-RAE MR s b—30% R 4H £k
K8 EG-MPRSF &) il S AR 1A ERE R R
Fig. 8 Effect of EG-MPRSF content on mechanical
properties of foamed composites



<110 - M 4m 4 T FINE CHEMICALS

42

Kl 8b MA IR G MEES 30%AMIZk. ME
8b A] LLFE Y, EG-MPRSF 1 AR %& 5 4+ kR
JEARTR BERBOR S T H5ERH . EG-MPRSF Jii i 43
#10.20%01 EG-MPRSF@PBAT 143838 SR fc 4, &0
SAMEESTREE M 2.7 MPa ( 4fi PBAT & ikt kL)
W) 4.8 MPa, 2T} 77.8%, iX /& X &, EG-MPRSF
16 PBAT At R A fLBE R ] “MF " B1E
FAPUE 3R F7, M KR H TR 2R A R 44 5
{2, EG-MPRSF Jfi & 5353 il 2 0.25%HF, 0.25%
EG-MPRSF@PBAT & il Bk b 78 b 7 vh ifs 3 AL m
VT O SRy R TOR TS TRl 1A o /& | A i B
1) S SRR AE B 1T DS B HE S RN A, ks T &
WEAMREAIRES TR S1fL ik, M 8T
JE 45 BE R AR 2T,

2.3.4  FARKMEAE AT

9 N &I AR R LOT R4 5 .

A& 9 T LLE 4l PBAT & ik RHZE—F LOI
L 19% 1 Z M RE, oK fe i i 3 15 88 4% T 3k

(UL-94 ), 4{u% EG-MPRSF ARG, KiE
A FEHR LOL [ EG-MPRSF i 54355 0 3% i i 3
K, 24 EG-MPRSF 15 #2453 500 0.20%F1 0.25%H,
KALE A MEHY LOI 23 5lHE T+ 2 23.5%F1 24.2%,
BIfgis s v-1 9%, XEFNy, RS R T EG
5 MPRSF WhaIEA, $2TH K055 &0 Rk BB
BE, H MPRSF RAGERT, FCBEILAIRAH A 3t
RILBENNE TSR, R EG 52 KL i 4e 42
RELR T RS A MR — 2k b , ST LB AR T RE

20

30
4V
va vi o Vi Vd
TR
15
10
5t
0 i L L L L I
0 005 010 015 020 025
B0 EG-MPRSF & Kbt J2 05 & b4 B I it

EEA %
Fig. 9 Effect of EG-MPRSF content on flame retardancy
of foamed composites

21 NRME GRS BRI (TTD), #AR
JiF I (E (PHRR ), #RBEHE & ( THR ), BB
= (TSP) %,

MF 1 ATLIEH, 4i PBAT &¥UAHRIE TTI N
63 s, RIH TR 52 U E BB X — 1 Bl 63 s5 Wi
EG-MPRSF il % () & 152 G # B TTI (53~56 s)
AR, XS N, 2 scCO, Kifl)m, KUWEAHE

25

LOI/%

(B0 B A, 5 SRR ik e AR K, 0N
KSFA] Y 22 S48 /0s, [R)IE SRLTE A kL MPRSF 1 F%
fRIRBEARAR, BH PBAT KIFRRLSCMR, FobtE
PEAAE

F 1 RUE A PR HEIE o Hr 4 R

Table 1 Cone calorimeter results for foamed composites
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Fig. 10 Effects of EG-MPRSF content on heat release rate
(a) and smoke production rate (b) of foamed
composites
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