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Effect of Walnut Shell Ultrasonic Pretreatment on Properties of Polyvinyl Chloride Composites
Chen Dongsheng, Zhang Keping, Yang Junqgian, Zhang Xi,Zhang Yanan
(College of Mechanical and Electrical Engineering, Gansu Agricultural University , Lanzhou 730070, China)

Abstract : In order to study the effect and mechanism of ultrasonic pretreatment on the properties of polyvinyl chloride (PVC)/
walnut shell (WS)/attapulgite (ATP) composites, the mass ratio of material to liquid, amplitude and time of ultrasonic pretreatment
were used as test factors to treat WS, and the PVC/WS/ATP composites were prepared by melt extrusion process. The structure and
micro morphology of the composites were characterized by Fourier transform infrared spectroscopy, X-ray diffraction and scanning
electron microscopy, and the physical, mechanical and abrasion resistance of the composites were tested and analyzed. The results
show that the main chemical structure of the composites is not changed by ultrasonic pretreatment, and the interface compatibility
between WS powder and PVC is enhanced by the ultrasonic cavitation. Compared with untreated WS, the density of the composite is
reduced after ultrasonic pretreatment under suitable conditions, and the mechanical properties such as tensile strength, bending
strength and impact strength are improved. The mechanical properties of the composite are best when the ultrasonic mass ratio of
material to liquid is 1:20, amplitude is 60%, and time is 15 min. The abrasion resistance of the composite is enhanced by ultrasonic
pretreatment under suitable conditions, and the composite has best abrasion resistance when the ultrasonic mass ratio of material to
liquid is 1:20, amplitude is 60%,and time is 10 min.
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STV, HAR T 0 o WAL BRI SR TR AT 4 S5 B
BRI A ZED

X KE ) £F 2 04 7 AL R R 38 5% WPC PERE 1)
B EEA AR A T EY, Orue ZE9 G HF 5
FEHH BBk BRRE IS R A PR AE (W S) 15 4% 9 SR L i ik
TR Z [ B 25 0, e G s 52 A AR e . AR
W, A2 7 vk FiA BRAE W 27 4k 7= A K ik 2R )
VB i, 2 IR BE T Y A Rl R AR e S ), ST AR
K, BT bR O R SR B I AN
IR RE, Bz N TR AT YR AL B, o
7 7 A S UE R e A e AR A ) 4T A e T R
1M 52 F+ WPC ¥y BN ) 2= R BRI A U 1k 22—
Yang %5738 18 15 5 B R 7 Ab BT SR EF A £ R LM
B A MRE, R TE T AR PR TR ) 25
fit . Dilamian Z&“F 1T #8 500 W i 75 % 48 9 2 4
TALEE 40 min, 345 ELAE K 6~20 nm AP EF4E , 0
T LYK E SRR, T 2R 3 5505 1
b FRACHEAT 27 2, LR i B Ry A S 4
AL TR I 5 15.99% F17.81%.

WS &P WA AR 724, HARRAS ]
FRAE PR S, L WS TR SR FE M AL ] A
IRAT A MR AR 3 B VR AR R 0 AT R50E
P20 B A A5 1k X WS HEAT AL B A, AR ARG
FRIKNE (WK ZR RN W ik, G5 WS 5K IR 1)
TS A, WA T T WS PR S AR )
e e R b B e B R 0 NS AW 8 ) RS
Rt T ET AR REYH WPC, I A T3y
L IRA PRAE P £ A RO 5 T 2 A AR AR
NI T TCHLA B ORE, UNBRARES | W11 45 1 (ATP)
Sl 5 AT — D4R S 2 A AR BR B TR
Tif #ApE 0 Hoh  ATP B HE R AR gk
YIAR BRSSO 05 A R AN K SEDR) FT st 52 A AR
() J1 24 AR BEN . Tsou 2505 1K 5 ATP S 4
SRR AR E AR AT T 2 A RHR )
2 UK PERBHRRTERE . WS EER MR 4ER 2
YR AR FH VT, MBI T4 RE S WS £F
A SN 5, A Y ] Lk s AR 2R fE 2R
S 2 R E AR S PEPE BE, DL WIS A Sy 38 g A
il & 2 A MR B B AR (B 5T S A B
SR IR LG (PVC)/WS/ATP 5 BRI R L
FHSCAILHEA DL SRR

B 35 DRI T £ LU L I M TR ] Ay 56

2,30 1R A AL H WS, A FH g a2 A
PVC/WS/ATP &8 G b Rk, #5775 i Ab B A% 1 X AR
IR A AR RESE T
1 SKIEER4S
1.1 E2ZR4

WS: 150 wm (100 H), Y8 F H Il & 22 M i x8
X

PVC:PVC-SG5 #Y , 7R 5 & g Y8 I [ BHAT B2
Al

IR PRI AL 3R M5 I : 150 pm (100 H),
Koei BB T ARAF]

FEAEAE S FaE ] 150 wm (100 H), K2 T2
PRI R BR A 5

ATP: 38 pm (400 H), 7L H M 5h FB 0 7= 5 Bk
HARAF,
1.2 ZZEEAPE

P AL PR - SFXS50 AU | 38 [ A 22 AR A
GF

=Y IR AL SYH B, 3 M A% T 4R 1%
#ITREARAH

PAIBFT B AL SXT-1Y , WA SR TR 3 v S R
ABRTAEA ]

X HHEATHF(XRD)YY : XD3 A, b5t A AL
WA BR TR AT

i 5L AR e 21 5b O6 3% (FRIR) 1Y : Agilent
Cary660 B, ZeHEA R (T B A BRA A

FOBLE ] L T 0 BB ISR AL : E43.104 Y, SE4RET
Tl RGe(h ENABR A

fa7 S g2 v iR AL - G-PO1 Y, 52 B Je (AL 50 Y
A AT

TR R A s R B B0 AL : MLG-130 7Y,
TR T IR I A il s AT PR A R
FA4 H, T 1S (SEM) : S-3400N B, H 7 H +7.

3 M &

(1) WS 5 b2

P WCAE ) WS Pk BE T, T R AR HL R
i, 2 150 wm BRAEFT I 43, 45 2] WS 83, B =8
B ZE IR [ 2 2R FH 20 kHz 4738 | [] s sd =
(TAES st 1 )M | B8 PR R Sk AP A PRI A AL 1 2/
34b . AR AR EEAE R % BELHL (L U0 FRid), 15 FRHR
Joz f L (WS Jot £ A ZE AR K B it 22 L) IR W L B[] Sy
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TR R X WS HE TR A AL R

AR LLAN BT 2 AR BHERE A0

TEFR IR 60% FIFE] 15 min 2544 F , WFFERHE T
I 1:10,1:15,1:20,1:25 (4392 U-S10, U-S15,
U-S20, U-825 45 )W &2 A MR RE A2 .

QPRI AL BT A A BHERE A0

FERNBFT L 1220 M) 15 min 508, #F5%
IR I8 30%, 45%, 60% F1 75% (43 51 LA U-A30, U-
A45,U-A60,U-AT75 G 5 )W & G A BHERE RS

OS] A BRI A A B RR A0

FERMRT R L 1:20 AR 60% 2544 T, HF 55 st
[f]5,10,15,20 min (4% U-T5,U-T10,U-T15, U-
T20 45 )% 2 A P RMERE I 2 .

Q)JmT H I

P45 LR P TR B ) WS BT F B XKL Hh
HET ZEAE SR E 8 PVC AL B WS e iE )
FIFN ATP $2 BT Ll 49:40:8:3: 3 A =45 5)
RAPLTIR A 15 min; BEJS I SR IEFF 57 MR R
BRbE AT Ak =] 380 R X el IR R S N
150, 155, 160 °C F1 165 °C , B AT %% ¥ 5 & HJy 20 1/
min, il &5 5] PVC/WS/ATP & &AL, ARG HI 2
U, AR SR T AR RS A3
1.4 HEARMIGX L 4 My R AE

(WA S 855087

FTIR 43 #7 : 2% H FTIR {2 R 52 PVC/WS/ATP &2
G MR FTIR 3% &, 20 BE% 4 om ™, 330 o
4000 ~ 400 cm ™',

XRD 73 #1 : FEE R SAF T 2R FH XRD AN 2 &
B PR XRD &, 7720k 40 KV, 30 mA 5544 T HY
Bt Cu Ko 58 55 V8 (9% K A=0.154 060 nm) £ #F 1
5,26 F 85 10° ~ 80°, 2L 0.01°, 94 HF (7] 5 min.

Q)12 RRIN

W2 I8 GB/T 1463-2005 Wizt , B 5 Uik 3 14
SEHI{E ; 750 B 2 IR GB/T 1040.1-2006 {32, , i
FERSF 160 mmx 10 mm>4 mm, JZE 3 & 2 mm/min,
B s Y e i P 44 5 25 i 5 B2 S IR GBYT 9341—
2008 i , i AE R 5 80 mm> 10 mm>4 mm, 5 64
mm, fIZE 3 B 2 mm/min, B S UGR 5 A0 -4 18 5 o
o7 5 B 2 I8 GB/T 1043.1-2008 132t , i AE ) 5 80
mmx10 mmx4 mm, $EEEFE & 1 T, HU S W58 1Y °F
¥l

()RR

FIFH TR0 AR i e s et s B e AL, S IR
ASTM-G65-16(2021) 128 &2 7 4 6} i) 5 e} 5 5 P
o IS EE RN TP, RAE T8 2% N Bt Kb Uk
BTG, 36 BRI (0.5 Z KAL) uE . iREeHL
5 e 0 55 Ay 60(HR /R B ) | LA 228.6 mm AR IR
L 200 t/min, AR ERE BE 5 B) [B] 3 min, FH 4
I ST 0 1 i o o, BRI A IS JE K 2B
REER W I AR, S INR F 5 3 K5 BCE Y
18, B ()T LB IR W,

‘LTPZ )]

KO, m, BT, mg; m, RS 5
B ,mg; Lo SRR, m; F oMt 2T, Nsp ik
FERRE, g/em’

(HHOTESFRALE

K SEM S5 G b ek i) v W 1A R0 5 434 1T
TORIE SR , Ir A 1R F JE /K 20 B5 3 0% 26 1 91 H 2R K
T, UEAT 60 s (M4 AbHE
2 SER5iTE
2.1 FTIR o #F

1R A R & 0  FAL B WS J5 PVC/WS/
ATP Z &M B FTIR 3% & . & 18R, 78 3 000 ~
2700 cm™ &b ARSI R B T —OH 7E£F 4k 3= R 4F
Ao ZHER T 0 g4 s, 1 745~ 1 700 cm™
Ak R I IRSE N2 A0 5 W1 C=0 i 4itiRsh 5
ARIRRBCELF AR A, 1515~ 1505 em™ b1
SRR T IR 4a TR 2 ", 1250 ~ 1230 cm ALY
W A ER H C—O M 4R s A HLEEAL S rh
Si—C 1y IR By, Fir A AR S LAY ) A ) 21 4
W™, FTIR 43 Mrgi SRR W], ir i 2 G A BLE A A
I R AT, BB P AL B 2 Re Ak
AR WM S UL B A WS {2
S5k FE 1023 em ! BT A IR MACIAE B 5 R b BEAH
EUERAT AN [R5 A 3 ik, 388 3 X A [) e 75 Ak 3L )
WA iR T L, I o R PRI o e L A DR/ R W 1Y 1
K, ) — U K A e iR ST 38 RS a0 ; Bl 2 B[] 7 42
K, Hg s Se /N E 1S K. K, 7E 1023 em ™! Al
610 cm™" Ab W LI 73 531 5 41 4E R 1) C—O B Fn
C—H LRSI A 52,2 919 em™' 3T A9 W I i 7 A
[FIER P 2% 14 Ay B AT A [ A BE /)N, 3 1T i
2 R TR AL F S BOWS T 4T 4k N B A, 4T
Hrrp I

W, =
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2.2 XRD & #

&l 2 S AN [R) 2% 14 7 il b B WS J5 PVC/WS/
ATP Z A MBI XRD 15 & . FH B 2 AT, 5 e A7
F-20=22°4k , 1% F(002) 5 1T, A0 F 45 b X B S )i
TE 26=29° 1 1T A7 75 1Y /NEE S (040) i T AT 5 0, &
A& T 455 XA R BN, 45 5 1X.(002) F1(040) A AT
SR AN AR 2 5 DX AT AATE SRS AT I, (002) AT
) 56 B A 5, TTIT(040) it THT 1Y) 568 B AL I, E 22 F
5(002) 1 K BCEA7 #9°F- T L, (002) F1(040)F- 11
b A A i B AT S DR R T R K B 22 AN
X FE TR RS TR BTG 5 X VA B SR
2.3 BESH

] 3 hy AN [) 8  TRAL B WS Ji PVC/WS/ATP 42
BRI . K 3a FNIE] 3b B, B RN T = e
I/ IR IR S K, 525 R Y 2 2 S S i/ N e 1
KA#aF, o U-S25 FIU-A75 % i k. K 3¢
WA [R] B4 A 8 75 T b 385 PVC/WS/ATP & 4
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&2 IR AL WS 7 PVC/WS/ATP &1 XRD 1% &

AR A 2 B X8 I S AR T AL BE A . 24 R T i
R 1:20 FRIE A 60% FIE[E] A 15 min B, % B
ik, A LR AL B 5 A MR T 0.96%, 73 HT A
R, 3% e H TR R A AL BE AR v A A S AR AR
FH T30 WS UKL %) F — 25 B R RN A, DL R 75 I8
(149 53 BRI e LR 0T L /s WS R AR R,
LY R LT YRR IR 5 2R 5 A0 2T 4w o i L &1
2540 i 25 BRAE S AR T 3 — 203 K, R 8ol
7D FL R R WS JIURE PR A 4 B K 43 S e
TG K375 &, ORI 7 AR 25 B, T PVC SE 44
TESS A R R RE 78 4 AR Ok P &R 2 8], iE W T
PVC/WS/ATP & A b4k 25 FE A AR
2.4 NFHERESHT

(DA B AT

& 4 R ASTr]HE 75 AL BE WS J5 PVC/WS/ATP &
AR R AR B S R . R 4 AT B A
FEORR 5T 2 LU B /)N | R T 0 38 SR DA s ] %) B
K, B A ABHRL aR B AR AR 2 9 S B TR
S R TR N 1:20 AR IE Y 60% FI [H] Ay
15 min B, 7058 B2 5 K, AH T TR Ab 3 Y PVC/
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AH X2 H TR S AL BRGT WS Uk 2 T 1) 22 ik
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B FEKE Rl ET H B PVC A RE B G- e A i ok )
FIA T, B AR B8, 34 i Ok} 5 AR () 45
AR, [FIE, BRI R B R AW RIS
WS LR L [RIRAIEPIR B, S PR AR 25 65 16 A 1) 1 ) 1% 33
PEALTE KA AR, 2R P T A BRI £ L
2N AR E— 2038 K ) i — 2
PVC/WS/ATP & 4 A R A B A B B AIG, (4]
1o T AL A A5 B, 3 AT BB SR PR by 75 ok 3
AR 5T 1 LA/ IR R E— 2038 R S st |] i — 25
FERAE—E PR IR T WS By R Es#a, FEAR T
WS UKL I B i S5, 5 SR A 2ok 78 o SRR 1Y
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Ky Z 18] 0 S A G0 S 2 SRR o
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PVC/WS/ATP 55 8}, H 25 9 B 1 58 7.4%, >4
T 75 A HUBM 5T it LU tE— 200l N HR Wk — 21
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A PR A AR, o R R T T 42.7%. 4
7 TA BEORF R 1 EE R D/ R I A — 25 8 K
[] JE— 2 SE K B, PVC/WS/ATP & 4 #1818 vk 5
FEF BT REAG AR i TR AL PR s s B . T4
R il o B BRI T AR IR B X g £ 8
WCRE 77, T 224 8 75 004k B VT i HL s/ B e
— A I [R] 2 S I AZ A 2 SR 11 P R 45
FREWEIR X AE— a2 FE 1 RAIR T T B 2 i il
fE 720 ST 523 PVC/WS/ATP & 40 R b o
FEREAR.

K17 7 i 45 U0 (CRARER WS) Fll i 5 U-
T15 (7 RHRUT I HE R 1:20 IR IE N 60% 5 6] g
15 min) () PVC/WS/ATP & & 41} of Wi i SEM [&]
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a—U0; b-U-T15 "

&7 NIRIER A AL FE WS 5 PVC/WS/ATP A8}
il B R SEM IR

3B ORE I V& IR , X S 1 T WS 5 PVC Z R i 7
AT A 25 P 35 22, U 284 ae R i SEDRL SR, B 4k 114 36 B
(o SR A RNATT R EoA 1220 JIR1E R 60% AT [H]
15 min I, 401EN 70 fT7R S5 BERHRT I AT LA 22
(19 WS FIURLIT 2L, TCHURHA Y 5 i v, U WS 5
PVCEREE Ao i , e o 2 ff T 45 G b &
AR 7 IR IE X DL G AR AR M 2
SR 3K B TR AL B BB AE 4T WS £ 4
B 25 BREE A, TR A VR N N 4 2 R R
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JPERY SR PVC 5 WS UKL 78 4345 G 3 458 , i1
Bt WS 55 3R 2 (0] A AH BAE FH T2 R fin 55 25 1)
gh A Bim . R BRGEIE B E F E — R IR A R
FR 3B v YA RO, R T R RS Tl
152 AR N B FLIBR T B, MR S 2 500 ik
WD T ABFN RN T AR A A B A AR
el B
2.5 BB AT

1 M [R R S AL B WS J5 PVC/WS/ATP &2
AP BHO BRI R R ., R 1T LUE !,
FHEL T ARANEE WS 152 G AR}, BE 51 % 8 28 i 75 il
SPRE A BT T R YRR BT R L 1:20 4%
W A7 60% F B[] A7 10 min B, & 4 A4 8H(U-T10) (4
JER 351 T RN HE S P R d /N, A L AR AR B AR  R RET

9.9% #18.9%.
£1 TEBETLIEWSIJFPVC/WS/ATP £ 5411}
BRRER LERE
IR JERUCE/mg U HIR/[<107 mm® - (N-m) ']

uo 498+8 1.865+0.4
U-S10 48945 1.843+0.2
U-S15 465+7 1.756+0.5
U-S20 497+4 1.876+0.3
U-S25 485+5 1.802+0.4
U-A30 4883 1.838+0.6
U-A45 475+7 1.792+0.5
U-A60 497+4 1.876+0.3
U-A75 496+5 1.837+0.3
U-T5 492+7 1.864+0.5
U-T10 449+6 1.700+0.3
U-T15 497+4 1.876+0.3
U-T20 45143 1.7010.5

&l 8a 7t 45 o U0 (AR AL FE WS) I PVC/WS/
ATP & AR RS T OIIE S, v] LU B & & 41
B EE R 2 L2 R OD M RUIEDRE R 95 | [ s
181 AT DL A LR MR o P 8b i HE 45k U-
T10 [#E 7 RHR T HE R 1:20 JRIE N 60% i 6] g
10 min] i) PVC/WS/ATP & A A4 Fe} B 31 T SO 550,
BEA TR R G, R A R 2 1 BV A AL A, R T

a—U0; b—U-T10
F8 AR AFHALIE WS 5 PVC/WS/ATP & &+ K
ST SEM &4

PVC/WS/ATP & & FHRHI T s UL B AR

AU 2, B B AT SR RE . 2 HTIACh , 28

i —E Z A R WAL B S , WS MORL A0 16 H. 2 Hi

2 20 J5 SRS , {73 WS TRLY) 5 PVC Bk 2

A1 R 22 A R T AR, (2 2E PVC AE WS K 1T

AR, iR SRR 5 4 iR AR ST 2 [ A AR A

1, WS 5 PVC B S HAR ARG i, 2432 B

], A i AEHEAR 5 WS R 2L , 153 PVC/WS/

ATP 525 BRI 1 55

3 Hig

DAAN [] 2 A1 e i A B WS SRy S0}, 1) A

R T 25 4% PVC/WS/ATP 4 4 K i it % &

& MOBHEST FTIR , XRD F14 1) 24V 58 S Bt s kL

PP BRI 470 A , PR 508 7S A 2% 4 X PV C/

WS/ATP & S RMAERERFE IR, 2518 00T -

(1) FTIR Fl XRD 3 45 R4 W, 7= B b 21 s

PR 32 2 RERI NS f X R & AR

(2) 87 T4 B AT A5 2403 WS FIPVC Z [ Y

G AR A 2 I R G AR B g S A A

RE ., 24 M AORHBUTT A LU 1220 JiR1E A 60% FlE (]

15 min B, 5G4 RHBGRLAR 25 A e B

s 2488 P ORHRUST I L 1220 HiR I 60% FlE [H]

A 10 min B, i A BE R ARG o

GOV 73 AT, — 7 A R 7 ik 2

HEIT WS Ry AR R sk T WS 5 PVC A Z

[ 9 G5 A A PR RPN ) B A A i, ik T 4

TH T 2R ik 56 B RIS PR 401 E

2 % Xk

[1] Elsheikh A H, Panchal H, Shanmugan S, et al. Recent progresses
in wood-plastic composites: Pre-processing treatments, manufac-
turing techniques, recyclability and eco-friendly assessment[J].
Cleaner Engineering and Technology, 2022, 8. DOI: 10.1016/j.
clet.2022.100450.

[2] RFi, 20, T AR 4G o 5 5 bORHR A E AL M REXT
L. EAFREE, 2022,39(9):4 406-4 419.

Wu Rui, Li Yan, Yu Tao. Comparative study on the hygrothermal
durability of different fiber reinforced composites[J]. Acta Materiae
Compositae Sinica,2022,39(9):4 4064 419.

[3] Ferreira D P, Cruz J, Fangueiro R. Surface modification of natural
fibers in polymer composites|M]//Green composites for automotive
applications. Sawston:Woodhead Publishing,2019:3—41.

[4] Wang Y L,Zhang Z Z, Liu M, et al. Effects of rod-like attapulgite
and lamellar kaolin reinforcement on the tribological behavior of

PBO textile-resin composite liner[J]. Tribology International, 2022,

174. DOI:10.1016/j.triboint.2022.107689.



152

AR

2023 4E, %5 51 4,45 2

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

Orue A, Eceiza A, Arbelaiz A. The use of alkali treated walnut
shells as filler in plasticized poly (lactic acid) matrix composites[J].
Industrial Crops and Products, 2020, 145. DOI: 10.1016/.
indcrop.2019.111993.
TR e, MREESE S S B ERT ERE  R ST A R R Y
SEMRILT]. PRE R , 2018, 33(6):51-54.
Zhang Yongchun, Meng Xiaojia, Chen Bifen, et al. Effect of interfa-
cial modification on the walnut shell powder composites[J]. Ther-
mosetting Resin, 2018,33(6):51-54.
Yang M Y, Zhang X, Guan S Y, et al. Preparation of lignin contain-
ing cellulose nanofibers and its application in PVA nanocomposite
films[J]. International Journal of Biological Macromolecules, 2020,
158:1 259-1 267.
Dilamian M, Noroozi B. A combined homogenization-high inten-
sity ultrasonication process for individualizaion of cellulose micro-
nano fibers from rice straw[J]. Cellulose,2019,26(10):5 831-5 849.
EARAR B R A, 55 R A B R AT AT 4 ) A TR
HIsEIA )], 958154 ,2016,37(3):16-20.
Wang Cuicui, Cheng Haitao, Song Wei, et al. Influence of ultra-
sonic treatment on mechanical properties of bamboo fibers modi-
fied by nanoparticles[J]. Journal of Textile Research, 2016, 37(3):
16-20.
B RS SC, BRI, 55 PR Bk e A b b Y AR [0/
OL]. F 4% AR ,2022:1-14[2022-09-27]. http://kns.cnki.net/kcms/
detail/50.1083.TG.20220809.1407.006.html.
Luo Wei, Ou Zhongwen, Huang Zhengfeng, et al. Application of
modified walnut shell in mortar[J/OL]. Surface Technology,2022:
1-14[2022-09-27]. http://kns. cnki. net/kcms/detail/50.1083. TG.
20220809.1407.006.html.
Bar M, Alagirusamy R, Das A. Advances in natural fibre rein-
forced thermoplastic composite manufacturing: Effect of interface
and hybrid yarn structure on composite properties/M]//Advances
in Natural fibre composites. Berlin:Springer,2018:99—117.
Liu Y, Zhang S, Wang X, et al. Mechanical and aging resistance
properties of polypropylene (PP) reinforced with nanocellulose/
attapulgite composites (ncc/at) [J]. Compos Interfaces, 2020, 27:
73-85.
Ma Z L, Chen J C, Tsou C H, et al. Mechanical properties and

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

hydrophilicity of high-density polyethylene/attapulgite composites
[J]. Materials Science Forum,2021,1 047:3-8.

Tsou C H,Zeng R, Tsou C Y, et al. Mechanical , hydrophobic, and
barrier properties of nanocomposites of modified polypropylene
reinforced with low-content attapulgite[J]. Polymers, 2022, 14
(17):3 696-3 711.

Harini K, Chandra M C. Isolation and characterization of micro
and nanocrystalline cellulose fibers from the walnut shell, corncob
and sugarcane bagasse[J]. International Journal of Biological
Macromoleculesl,2020,163:1 375-1 383.

Zhou C F,Jiang W, Via B K, et al. Prediction of mixed hardwood
lignin and carbohydrate content using ATR-FTIR and FT-NIR[J].
Carbohydrate Polymers,2015,121:336-341.

Jiang L P, He C X, Fu J J, et al. Wear behavior of straw fiber-
reinforced polyvinyl chloride composites under simulated acid
rain conditions[J]. Polymer Testing,2017,62:373-381.

French A D. Idealized powder diffraction patterns for cellulose
polymorphs[J]. Cellulose,2014,21(2):885-896.

Pan Y, Hurren C J, Li Q. Effect of sonochemical scouring on the
surface morphologies, mechanical properties, and dyeing abilities
of wool fibres[J]. Ultrasonics Sonochemistry,2018,41:227-233.
Liu Y W, Wang S Y, Lan W J, et al. Development of ultrasound
treated polyvinyl alcohol/tea polyphenol composite films and their
physicochemical properties[J]. Ultrasonics Sonochemistry, 2019,
51:386-394.

Zhang Y S, Jiang R L, Fang A, et al. A highly transparent, elastic,
injectable sericin hydrogel induced by ultrasound[J]. Polymer
Testing,2019,77. DOI:10.1016/j.polymertesting.2019.05.006.
Johansson L, Singh T, Leong T, et al. Cavitation and non-
cavitation regime for large-scale ultrasonic standing wave particle
separation systems - In situ gentle cavitation threshold determina-
tion and free radical related oxidation[J]. Ultrasonics Sonochemis-
try,2016,28:346-356.

Zaghloul M M Y, Steel K, Veidt M, et al. Wear behaviour of poly-
meric materials reinforced with man-made fibres: A comprehen-
sive review about fibre volume fraction influence on wear perfor-
mance[J]. Journal of Reinforced Plastics and Composites, 2022,41
(5-6):215-241.



