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K SiO,@TiO, IR E S RHHIE R IEE
NGRS

F—k, HE&EF, TEs, #E, & #”

2
(CRAEMRME K2 AR 5388220, IBIRIE 150040)

W B MEEYREEMEMERET U AREEEN, AR RSN AR 2. IR e AR IBE &Mk
(bamboo-plastic composites, BPC) 7721 REANMT Z 01, DASEIUHFCAL ) S PR AN DL F M. B0, 12 S0 R A = Fb
ANFRIBCEEAT#S (bamboo fiber, BF) 5E % E R L% (high density polyethylene, HDPE) #l4% BPC, #4715+ GEMl
e BF 5 HDPE & ftfic th . @i Sio, B8 TiO, ki 7 (Si0,@Ti0,) , i ki 18 B 7 KHS550 it Sio,@Tio, #il %
KH550-ST, SKA®HR A KH550-ST 4 BPCs; fill & 9K st T ¥ &KL (KH550-ST-BPC), JFiE4T J1 2P RE T
HeePERE T, 18 ANSYS Workbench JX {45 Ut 51 J5 1) BPC — M s U8 AT A BRJC 0 B or A, BB IRE ARk
P BPC FoAL I P fE . S5 R E W], BEE BF SEMNIN, BPC PRt fPiES My a Tt . # BF 5 HDPE Ji
BN 551 (BPCss), BPC Jy2thREH L. LT BPCss, KHS550-ST-BPCss 25 i 58 A1 25 fh A& 0 M T+ T 31.11%
F152.27%, S Hrm R A A B 43 TR T 11.86% M1 21.92%, KH550-ST-BPCss MM 620 EBEIRT; 77.79%. it A R
JCIiH, KIN KH550-ST-BPCss il BPC FE4: 75 41 5E faf 2k T HERD A7 B 7= AL I B KR T FE PR AR 27.36%, MR BR 17 21 T P41
23.41%, BIVEIA AR HIHERD T/ T BRE RS J1. AT AAK SiO,@TIO, 1 R A7 %8 5 & WHRMEUI I 8 s B 7T i v FH 4R
5%,
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ATt R AN RO RL, D A2 s B AIRERA
HIRCRIGATEBFERE, R G AT 7= b T AN i
R0,

BT b A G ARk 32 222 d R AR AT 27 4k
(BF) H5#BIEEREWWNIR &4 (polyethylene, PE) .
KW (polypropylene, PP) FIZ AR (polylactic acid,
PLA) 5 B4 H S AR B A i 41 7. Song %
I B ZE AR TR S R A AR R R
Wi S . B LSECT R B TR & Hk 50% B, BEFLIR
55 BPC FH7 A th o B IR B e KA . PT4F4E S B
PRI YERE, BUm R TEM RO, SRS B
S AN AR A T 4 S K RN SRR P R K T i
R AHEZE, BI85 BPC IHUMIERE . (28 n
B )& (polyethylene wax, PE wax) F i i 7)1
SRR £ M5 (maleic anhydride grafted polyethylene,
PE-g-MAH) 7] AT 3547 £F 4 F 8 R i AR 2 v U, @l
A 5 R BN A1 2 TH e M DT, TR RE S L G A 4E
FUEZRERINY s R SRR % g T AVE 1 Sl G N
PR LR A AL b B s o T B ot v
FAFEYPR IR TR, S5 B A A b A 3
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PR K ORI 78 AL 2 MR T e . i, gk
TiO, B b fe e, digth. Ut S0 = % 1F,
BT T8GR AR Y A 4k A PRI AR B R L0, o
S AR TIO, Yhfe i i, B2 FH bR, Bk Bk
TiO, Z [AlTEAELE S A A B 2 S8 R 2,
H TiO, TGS TER IR SN Ja = H i, AR
5 DA S MR AR, cE PR R %R
HAREEEAR, W99k Sio, BAELK Tio, ® i £, Jkb
ki, Ee ST, R1FEE RN IRE F1 )
Si0,@Ti0, FAE P42, {5 FF #ek de A6 BBk 71) 32 47 3 1 b P
A e AR AR, HLREE K S B 5 TN LA RHE itk
SR, PRI RS IR MU A LA 2 18T ok e 1
ST, B VR F BT R A R IR B
T H S AERE GBI B ) Si0,@Ti0, Bk s hAT- 2 5 &
RIS P2 g

BRIk, AHE TR —Fh AR S 1 R by FLAE %
KT A oo B, @ geRSET e &
PRE, $m = R A e 2 e fe . IR A R JC
BT 3 B X oK el e T S0 A FE A 1 1 R R
o B P BRSO, DA R FC AN B B K AR [F
WEE A B, 7R E AR AR L, SRR, B
& H RN —RIE R, YK Si0,@Tio, 5 7T
IRFEREA R A = R R R 2%

1 #MR5EE

1.1 R

Prkr (BF): 0.18 mm, YL % 47T Bt EHE IR
AT EmEER W (HDPE) : M5 50008, % &
0.949~0.953 /L, JA@IFE%L 0.08~0.11 g/min, 1 E A1k
VA TAERAR; ROWE: WL-102, ZR5EL—
WA R AR DRI E R 2 (PE-g-MAHD :
45 HT-0815, %5 0.91~0.94 g/L, FAfhf5 % 0.15~
0.17 g/min, T HBWAERATF]; S AHYK TiO,:
50 nm, FiEEN 99.5%, FMIRA AT FELHEE
7 KH550: sr#fral, 22w kil o mls DU 28 B b
(tetracthoxysilane, TEOS). Z/KFT/K LEE: 4rHr4l,
2 A R A A o
1.2 RWHE
1.2.1 45# RF) Ak ég BPC 494 &

VT8RS SRR % 1 C A B9 T AT A 4k & B £
GATE 30%~50%, [k, ARRHA M4 (BF) 5
i % R 40 (HDPE) Jit & bk 4 34 3:7 (BPCyp) &
4:6 (BPCy) F15:5 (BPCss) o B 5E, BEAT MY HUAE B 4
fEIR SR T4 (DHG-9625A, il —ERM A2 A TR
AFED H103 C FI%M4 FHET 48 h, fRAF T HSLE. B
Ji, WIRIZIE 30:70:4:2. 40:60:4:2. 50:50:4:2 {4 & kb
HIFRELYT ¥ . HDPE. PE-g-MAH 1 PE I, BT & £ kHE
EETREL (SHR-10A, KRFHEBIPIBHLAFD s
PidE: BIRARONAE SUEATFF AL (SISH30, M5t
BEYLW) D mEEMIBEE, 5 E0 N

(FZ102, REFWHRERARATD ok i san ik o
Pr AR A, RUEAT BT AL 1~ 7 XU B4y il R 155,
160. 165. 170, 170, 160 A1 150 C. BU&E KRR, H
BT ABNEIR L, F TR, BEJGBNHEL
(SL-406B, ZR5é SMHR&ARARD F1. £175C
R 5 min, BEHBAE 175 C. 8 MPa %44 F#JE 5 min,
BE AT AL, FEHIRA RN 4 mm, 327784
[ L) BPCy,. BPC, A BPCys 785 A MR %% -
122 #k SiO,@TiO, #4]%&

S CERIT S EL EECY, AR S 44 B gk Tio,
MARETK CEELL 1:20 B E IRA, £ TR A
PP EU (JY-1200Y, EHAPASARAF) 4
30 min; Kf TiO, 2 O FE 2 250 mL — DRI, 17
W I 20 mL TEOS ¥, 3 #iin N &K i % pH
2% 10, BEJETE 35 CHIBKIB TR 4h, JRMNEERG
B SRA R, B0 Sio, LB S 4K Tio, Bk,
ML KR K CREAS B Pl 3 Ik, fIETE 60 C H
AT T 12 h, 53 Si0,@Tio, ¥ K.

123 ARABERA] B4 K Si0,@TiO, 44 4]&

78 BT v O 2 R A IR 77 KH550 J3i &4 3
N 5% B, KHS50-ST HISE R R Ehy. KRk, A
3% FH A e AR BT KHSS0 R = 20 B0 5% BT A
K SiO,@TiO, ¥y R 5 T/K LEELL 1:10 i &= LLiR &,
B I B AR EE 30 min, B IHE 600 Wi K 4K
SiO,@TiO, ¥} K i & 5% i) KH550, JIAF|TE/K L EEF
B TFKAEBLEN 8:2 MR AW, ZIREK Tz
B S ARBE A B 218, B A R I\ B gk
Si0,@TiO, MITE/K LEE D, G IRAERE T 60 C
K, FFNGEFESE (DF-101S, X1 T A2
HIRTUEAT)D 78088 2 hy HEE L 10 min, 208
A 4000 r/min. BE G 7E K 2R 4 Ik, FHERR
SN AR A AD I T . e, KPR E KR T
JAN 60 C FIETHEAR T8k 24 h, & 23R18 KH550 24
PRI A Si0,@TiO, Fiki. L KHS550-ST 27 i b 18 e
FIE AN Si0,@TiO0,.

1.2.4 KHS550-ST 2t BPCss K50

FERT 3 2500 45 B € BPCss [ /725 MERER AL, |
58t KHS50-ST Jit & 40 200 3% B BPC PE R S LY
Fefit I, KA 5 BPCss AR R 3% 1) KH550-ST BHTHH
T, K KHS50-ST MoK T LB vk, FHAEAE
WA 1 he SR FI SRR VAR5 ST R T T S
TR R, FEEBRIS R RS £ . BHR G AT
WE 103 °C MBI ST 24 h, #5615 /KERALE 3% LA
We ZJ5, #3574 5 HDPE PR 5 2.0 kg Al S
KRBTk B 24 (PE-g-MAH) Z5iFI AT IR A
HH 3R I AR R . ) KH550-ST-BPCss K % 78 KH550-
ST Bt 5 i BPCss 7T E & 41K
1.3 eI SR
1.3.1 4B aEmK

KT I fe 154 B8 L (SANS-CMT5504, 3
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W =Bt ERARAR AT, S GB/T 9341-2008"°
%} BPCy,« BPC,. BPCss. KH550-ST-BPC, it e 3EAT 25
htEge e, W R A 80 mmx10 mm>x4 mm. IR
INZRIEE N 2 mm/min, FEFE 64 mm. FEEMNEK 6 MR,
gE BT
1.3.2  FFnkfemaX

15 FH HL 7 5 B8 712236 WL (SANS-CMT5504, V43|
T =B EERARAF, R GB/T1040.2-
202284 %} BPCy;« BPCyn BPCssw KH550-ST-BPCss i
AT RARPERE AT E o ARV B, RSFA
K 150 mm, FEEE 20 mm, ZF# 10 mm, E)E 4 mm, 5
5 50 mm. MR E N 1| mm/min. SN 5 MR,
g T34
133 R&@F BN

KPR 7B (Apreo S, FEER Kt /REIE IR
AT} W% BPCyn BPCy BPCssw KH550-ST-BPCs it
FERIRI ISR B AT 76 v A o iR A7 e b, i
KM LI 4, 76 12.5kV g B AT 2 pm FIBOK S
AT, WG S TSI A KT 1R 3 A 1 0
1.3.4 @it g X

KA TA B (UVA-340) RAMER T, S GB/T
16422.3-20228%1, g 340 nm. 0.76 W/m23i/%, %f BPCi;.
KHS550-ST-BPCss i FEHEAT E A E AL AR o

KH CM-2300 d B 7 600 LA I 58 AS 1] 2 AR a]
FERI B 2518 KA CIE brtEE RS0, STHCZARRT G 1)
Bt 2 5, MR B S DR AEAS, FAFEARE 3
A EHHTI, it 15 P,

2 GER55H

2.1 AEEEETEE G R REMES T
211 A FHRELAT

1) 2l R g- AR

A BF 5 HDPE BC btk ) BPC ( BPCy,w BPCy4 1
BPCss) MEMHIES R J7-RAF U] 1a Fios . TERIAGE T4k
By B 35 S 2R P 3 9, 3K — [ B 9 A ) ) 3 e S
B ARERE AR E RS, MORRE N R B,
I AR [ N 7 BN B, ELEM RN (e RSN
%A, BPCss KM AR 8B BAK T BPCy, Al BPCy, F M
EAA AR 17K PR, BPCss I PTES Bl 4% 1 BE 1 3 98
TEL) 7.5% WA K AL, 3 FhEC HE G BPC 34 31 ¢ KB
JiE, B FERAK K HES A BPCssw BPCyev BPCyre M
NN AR S T B VB 4y A AT LLE . BF 5
HDPE [t Lt A 5:5 W) (1) BPCss A4 R} F 4T 25 A5 5 A R 5%
B R L. XRPEET S ENE N, TH
BRI E G MBI P A, B S AR A K
e

N
=)

40 - BPC;, BPC,, — BPCs 40 40 4 BPCy —BPCy
g3 £ £ £ 1 ‘
30 30 30 b 30 | .
53 S 2/ s el s
£20 220 £20 ‘ 220 ‘ \
ol A ‘ 2 Z k=6.12
R 10 Rt/ R0} % R 10 =6
g5l 2|/ k=431 g V) sas 2 3
L L L L L | 0 L L i L L L L 0 L in L L L | 0 L i L L L | L L L L |
0 3 6 9 12 15 18 0 3 6 9 12 15 18 0 3 6 9 12 15 18 0 3 6 9 12 15 18 0 3 6 9 12 15
NAZ Strain/% NAZ Strain/% RAZ Strain/% RiAZ Strain/% NiAE Strain/%

b. BPCy, 25 iy i it &
b. BPC;; bending yield
strength diagram

a. BPCS i &7 /J- R AE 5]
a. Bending stress-strain
diagram of BPC

e ERRE (o ACRMEHR S ERE .

Note: The slope (k) in the figure represents the elastic modulus of the material.
A1
Fig.1
2) Jim AR
PR T R i B 2 ) 5 FEBLHCPT N, T IR 1) B A B A
R 0.2% i #2: R A € #RHE IR 5EEE, il 1b~
1dfrr. ME 1b~1d ) BPCss. BPCy Al BPCy, HI 2
it e k5 A P AT DUBH 2 F . BPCssw BPCye £ BPCy, 1Y
JE ISR 43 04 31.96. 29.64 F122.53 MPa, % B BPCss
TEBMEAR LRI Re W AR S2 5 RN Jg. XU, BEE TR &
wEIGIN, MEZOEWT, TBRE SR IR
[ RE TR -
3) S fnmE A A
3 MECLE BPC i tERE IR 1 o, 7Tk & &5,
BPC {1725 5 125 ph A 8083 5. BPCyyw BPCyg
BPCss 25 fli 5 5 2 5)i5 3 23.98. 30.93 1 33.17 MPa; %
iR &2 )4 811, 1290 F1 1316 MPa. 5 BPCy, X}t
BPC, Al BPCs; [f125 I 7 il$e s 1 28.98% F 38.34%,

c. BPC, ™5 i i AR5 SEE
c. BPC,, bending yield
strength diagram

e. BPCHi MR J)- A
e. Tensile stress-strain
diagram of BPC

d. BPCs#5 i it AR5 2 1]
d. BPC;; bending yield
strength diagram

T FE Bttt BPC ( bamboo-plastic composites ) 47 77 /M 4k
Mechanical properties of BPC with different ratios

LBLE S AIPETE T 58.97% F1 62.19%, ¥JEFRE (P<
0.01), W% 1. Ft, BF 5 HDPE FCLb A 5:5 W BPCss
BAGMPUEMERE. X2 BT 4 4 5 A 8w i ) v A
U E, METHEEMIEN, TTREEAMEREIE
HHTHETE, 9R4b T 4 HDPE ¥ AR, 75 BPC A1k
R R R s M Uk N A B W3, X 5 TR B A AT
KR B R 2085 5 AR et i 4 B A — 50,
ZRE A L ARINA'S
W le Fion, &on TANE BF 5 HDPE ECEG 1) BPC
(BPCy;+ BPCy Fll BPCss) HIHiAH R f3-Ri AR . 7RI
VRGN I N =P R ST W & o b NG EX i e A 1 = e | A
ARG I I BE RN T R, R R ARG,
WrE . BPCss Al BPC,o B 14 SRR B LA, BPCs, BEYEMY
B, TER A 2 B ) i B A R 7 AR K AR
X & T HDPE my Wi K2, (EaF R E R g f2 e
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RS IEAR T AW 459, itk . HDPE & Bk,
BPC ¥4 J P f bk o

50 P A g FE AR s B

% 1 "] %1, ANA BF 5 HDPE Bt b i) BPC Fi {58
FEE RO 5 Bl PRy S IG5, KA [RIAETE B
#5 (P<0.01). BPCy+ BPCy M2 BPCss F$i7 {1 5 FE )

WA 2231, 24.55 Fl1 25.65 MPa. 5 BPCy, HlEL, BPCyq
Fir {58 B RS 10.02%, BPCs #2 5 14.95%. BPCy;e
BPC,, J2 BPCss FAHE R34 797 1185 12 1604 Mpa;
BPC,, 1 BPCss [ 4 fii 155 5 AH b BPCs, 43 7 4 5y 48.63%
F1101.18%. % BF 5 HDPE [t Lt A 5:5 IF, BPCss )
bt ae AL .

&1 AEECEL BPC BT it REFNRL I BE

Table 1 Bending and tensile properties of BPC with different ratios
il ge AU GAETS
FES Bending property Tensile property
Samples BRI, i 5 A R, FAH R ETALIES SEREIARALE
Maximum load/N Bending strength/MPa Bending modulus/MPa Maximum load/N Tensile strength/MPa Tensile modulus/MPa Average poisson ratio
BPC,, 24.34+1.14 23.98+0.94° 811+111.13° 1098.44+22.53 22.31+0.21° 797+5° 0.45+0.03
BPC,q 37.49+1.98 30.93+1.01° 1 290+69.96" 1191.65+30.98 24.55+0.35 1 185+46° 0.41+0.09
BPC; 39.89+1.76 33.17+0.45° 1316+127.86" 1268.12+£19.76 25.65+0.15° 1 604+49° 0.42+0.05

e RPEA T AR . EFRSIRRRI L, AE T a, b, ¢ REHR A Z R UK, FRAR, ZREE (P<0.05.

Note: Data in the table are mean + standard deviation. In the comparison of the same type of index, data with different letters are significantly different (P<0.05).

2.12 R

HF#H5E 1% (scanning electron microscope, SEM)
AR R WL ER AT 47 4 A HDPE 2 [A] FRI 4544 . ] 2 AT
TR LER) BPC RIETESE . BPCy, FEA T, Wi A7 1E
B 25 LR SLIR, S0 RO N RS A AR B, IR
AALIAALFEAC T FHHISE S 0B, IE Ry B SR A,
SIS E G IR AE BPCyq 1, AT UELE I AR P i) 3 A
BIH5), 1rer4E S HDPE RS 5B %, HEIMFES
TAAIE B E3E— B IR AT & B, BPCss A4S &
AT VR, (A RRIED, LFYE AT NS R, 1
TR SRR RERISETT -

b. BPC,,

c. BPCss

e 37, 46, 55 AR L4 HDPE ik LN 3.7, 4:6. 5:5.
Note: 37, 46 and 55 represent the mass ratios of bamboo fiber to HDPE of 3:7,
4:6 and 5:5, respectively.

B2 IF ik BPC 24w 408
Fig.2 SEM images of BPC with different ratios

2.2 YKIEEMEBEEMRIERES T

B %5} /i W A 3543410 BF 5 HDPE g A1 e bE i 38 47
gk, LAE— DRI ERE . SOk RT (BPCss)
£ KH550-ST 2 P J&5 i1 BPCss (KHS550-ST-BPCss) 14 fig
SR
22.1 A FHEEsAT

1 25l ge oA

BPC,; 1 KH550-ST-BPCss FI/PERERT LA 3 Fir.
BPCs; 11725 il 5 f 15 5 & 53 )l 9 33.17 MPa Al 1.32 GPa;
UM S5 ) KHSS50-ST-BPCs 25/ i FE AR &2 43 il 3 /5
% 43.49 MPa 1 2.01 GPa, 5 i 5 5 AR & 4 42 7 1
31.11%, 52.27%. IXKETEMFEIN 54T, KH550-ST-
BPCss #TES AR MRE U8 T BPCss, MNINZK KH550-ST

AR T BPCss IS PERE

2) PR PERE BT

Wil 3 fras, BPCss BRI AR N 25.65 MPa, Fifif
FE N 1.60 GPa; KH550-ST-BPCs $i7 {H 558 & FHFo {1 45 5
43504 28.69 MPa. 1.96 GPa, 20Tt 11.86%- 21.92%.
KH550-ST-BPCss HUi 1t fE T 4F o 31X 3 B2 KA N oK i
L) R IR, 3800 T ROR 5 R A  BE A  (a]
il T 0o ek o BB ) P R T S K R R T R
A FRIE N, AR G K R E SR R i, kb g
KR 1R] ) BL R AN R B G, SRl K Bk 5 R &
WVHARIA) RS AR E , INITTA & s T TR A6
BRI ) MR

7 BPC,;
E KH550-ST-BPCs

45 T

40 + 2.0
£ 35} 3 £
= =l A 159
= ' %}
30| I =
5 7 I 2
25t ; i 10 £
ol g
m 20 - %
= 1057

15+

0 B |,
TR B R R
Bending Bending Tensilie  Tensilie
strength  modulus  strength  modulus
VAES =L
Mechanial indicators
B 3 BPCss #= KH550-ST-BPCs; 49 T i oAl P fe st L B
Fig.3 Bending and tensile properties of BPCs; and
KH550-ST-BPCs;
222 AR
BPC;, Al KH550-ST-BPCs;SEM W1 4 ffin. ARG 490
K PE ) BPCss I 70 #OU i, 172745 HDPE Fi 145
FAAFAE KRBT, P M AR . fgekstEz
JE [¥] KH550-ST-BPCss 7 [H 1%, A A [a] f5t B S22 s>
49 K UKL W] LA ROR 7S 2 B IE Y S50 00 A T AR R,
> T AR R A AR . KH550 545K Si0,@Tio,
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R R T He A5, 77 A2 1 2 () BE 7 BE LB 7 550K 1 58
HEMI$EF+ BPC 1R 2,
223 wREAMESHT

BPCss Al KH550-ST-BPCss 423 AN [A] 48 b Z AL I 1] J5
RS E 5 B, W WA AT KHS550-ST B i
BPCss SR WI RN AR, X2 M TERMLTIE T
AW BE W 2R A A R N T B BB A . 22 KHSS50-
ST &1 J5 1) BPCss 7EZWHTHIF 42K SiO,@TiO, kL[]
s Mg Bk, HA T 1200 h 4R SN R IR G
At ARH HERIEA, B HERIFrEaiEett.

2 um

a. BPCy; b. KH550-ST-BPC;

A 4 BPCss #2 KH550-ST-BPCs; 4248 w45
Fig.4 SEM images of BPC,s and KH550-ST-BPCs;
0Oh 400 h

800 h 1200 h
R T ~

b. KH550-ST-BPCs;

B 5 BPCss A2 KH550-ST-BPCss #& & Sk %, % 4
ZALET 1) 69 AL
Fig.5 Surface morphology of BPCss and KH550-ST-BPC;; at
different UV-aging hours

A5 FH 43 6 I €84S0 5 2838 AN [/ AL B 18] J . BPCs
AT KH550-ST-BPCss B A2k an 16l 6 B, 7] LBl &
ZACHT 38 0, B 55 B el ik . BPCss 75 B
BE, gk, DLRCEE I R E RARIR R KHS50-ST-
BPCs 75 8 240 F W1 ) 0t O Fr A A, L ALY
Aa” FIAb (35 /NF BPCsso 233 1200 h 424V S,
BPCs; B i AE" 3 N 8¢ K, KH550-ST-BPCss £ il AE" 3
AN, RHSPEMRHE RSN 2 SRR Pt R e,
Hi LB TF 77.79%. BPC B 284k 3 22
Forde k. P4 RAAR R REN MR RN, Tn
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Preparation of nano-SiO,@TiO, reinforced bamboo-plastic composites
and simulation analysis of performance for pallet application

NIU Yimi, DU Xinyu , YU Mengyan , HONG Weigi , GAO Shan™
(School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: Biomass composites are ever-increasing in agricultural engineering. This study aims to enhance the mechanical
properties and aging resistance of bamboo-plastic composites (BPC), in order to realize the environmental friendliness and
application of its pallet products. Firstly, three ratios of bamboo fiber (BF) and high-density polyethylene (HDPE) were used to
prepare the BPC. Then mechanical property tests were conducted to determine the optimal ratio of BF to HDPE. Among them,
nano-Ti0O, was widely used to enhance the performance of plant fiber/thermoplastic polymer composites, due to its chemical
inertness, anti-aging, anti-bacterial properties, and non-toxic nature. An organic-inorganic co-modification was also employed
to enhance the BPC properties for strong compatibility with bamboo fiber and plastic matrix. Nano-SiO, was coated onto nano-
TiO, to prepare SiO,@TiO, nanoparticles for the high dispersion and aging resistance of TiO,. Nano-SiO,@TiO, modified BPC
(KH550-ST-BPC) was prepared using the silane coupling agent KH550 as a reinforcing agent by a spray coating. The
properties were evaluated to compare the mechanical properties, SEM images, and UV aging properties of BPC before and
after modification. In addition, ANSYS Workbench software was used to perform the finite element analysis of BPC integrated
pallets before and after modification, in order to verify the application performance of reinforced BPC pallets. The results
indicated: 1) The bending and tensile properties of BPC shared an increasing trend with the increase of bamboo fiber content.
The optimal mechanical properties of BPC were obtained at a 5:5 mass ratio of BF to HDPE, with a 38.34% increase in the
bending strength and a 62.19% increase in the bending modulus, compared with the 3:7 ratio. The tensile strength and modulus
increased by 14.95% and 101.18%, respectively. SEM images revealed that there was a smoother interface for BPC55, which
was better consistent with the mechanical test. 2) The bending and tensile strength of BPC were enhanced by 31.11% and
11.86%, respectively, in the modified nano KH550-Si0,@Ti0,, while the bending and tensile modulus were enhanced by
52.27% and 21.92%, respectively. The interfacial gaps of modified BPC were significantly reduced in the SEM images,
indicating the strong bonding between the bamboo fibers and HDPE. The KH550-SiO,@TiO, was introduced to fill the
interface gaps for the BPC compatibility, which was better consistent with the mechanical property test. 3) The surface
morphology revealed that KH550-SiO,@TiO, modified BPC maintained better color stability for the high resistance to UV
aging. While the unmodified BPC showed significant color fading after 1 200 h UV irradiation aging. Colorimetric analysis
confirmed that the color stability of KH550-ST-BPC was significantly better during UV aging, with a color aberration change
value 77.79% lower than before. 4) Finite element analysis indicated that the modified BPC pallet exhibited the better-bending
properties and load-bearing capacity, with a 27.36% reduction in the maximum deformation under the rated load and a 23.41%
reduction under the ultimate load in stacking simulation. These research findings can provide a strong reference for the
application of nano-SiO,@TiO, reinforced BPC as logistics turnover units.

Keywords: mechanical properties; composite materials; finite element simulation; Turnover pallet
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