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3D TEl PLA/ ZFEME ST F MR

KeoRA R F R

(EMI TR S HOR A TR LA

S A, ARdbAll R MEIRIE 150040)

FHE KR IUBR (PLA) 4 A 3k, 2 A AE A 3524 B ad B R A T 41 &0 Tlaak it AU A 3D 4797 69 K%
FAaHAr, SRR BRSO 6 OF ik il 2 I A AT e ) sk AT K IR R R RE T SRAV A
FREN-T ARG oM T W E S KR RIS LA S TR AS, S FHEEA 120 um B, 5w
3B E 5 R E 5 Ak ) 60.51 MPa,12.84 kI/m’ ; ZAEH WA B 1% 0, LM T W E L b &R %5
FKAE, 2 H1 4 62.87 MPa,12.72 kI /m’ ; #IRARIEH] KHS50 89 m A4 5 B A4 60 7 bk ak, sk 5 3% B 691
AR T E WIRL, % KH550 495 m 3 4 8% iF, b £ 32 2 #) 12.90 kI /m’ ; & sk B2 BF 44 B M A8 7] (MAPP)
Rtk B M T Wik RS ik KR AR LG T, % MAPP &84 1% B, o460 & wh iR 5 ob £ 5%

FE4 R 2 62.68 MPa,11.91 kJ/m?, i %) 5% K1,

KEBIR : EAURIE; BILER ; A A5 3D ATE; R A AMAH, A F e

FE S 2E: TQ320.6 ZEkARIRAD: A
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Optimization for Mechanical Properties of PLA /Wheat Straw Flour Composites Applied in 3D Printing
Bi Yongbao, Yang Zhaozhe, Xu Min
(Key Laboratory of Bio-based Material Science and Technology of Ministry of Education, Northeast Forestry University, Harbin 150040, China)
Abstract : The wood-plastic composite applied in fused deposition modeling 3D printing was produced by extrusion, with PLA
as matrix and wheat straw flour as reinforcement. The mechanical properties of composites was tested to explore the optimal process
parameters according to orthogonal test. The results showed that with the increase of wheat straw flour average particle diameter, the
flexural and impact strength of composites presented a tendency of first increase then decrease. When the average particle diameter
was 120w m, the flexural and impact strength of composites attained 60.51 MPa,12.84 kJ/m’, respectively. When the content of
wheat straw flour was 1%, the flexural and impact strength of composites achieved their maximum value of 62.87 MPa and 12.72 kJ
/ m’. The addition of KH550 could improve the mechanical properties of composites and it was more helpful to impact strength
rather than flexural strength with the impact strength of 12.90 kJ/m’ at the addition of 8%. The addition of MAPP made the flexural
and impact strength of composites rise first and fall later. The flexural and impact strength of composites reached their peak value of
62.68 MPaand 11.91 kJ/m’ when the amount of MAPP was 1%.

Keywords : orthogonal test ; PLA ; wheat straw flour ; 3D printing ; wood-plastic composite ; mechanic property
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FEIK%Y, 45 3D JTEN PLA / RS E G MR Dy A i Re ik 25

1 KERs
1.1 RA#

PLA :4032D, ZR5e 1 i 8 SR OB FRA 7 5

FERky: FHPRAR 70,120,170 pom, BT 4R
LR A BRAF

y— RN = LA KA (KHS50) (B E5: I
TR T

e R WA SR N 4 (MAPP) AHZAH: i H
Z I A K SR IR A

R OGN - WG RESRLEF
1.2 BE%EE

TR AL SHR—10A HY, 3K 58 i1 3 Vb 9k}
HUARAT PR A W 5

XL SRS S ALZH . SISH30 / S145 B, i 5T 44
WEIEAL)

kG %% 3D FTENAEM BF 1 e Hl . SHSI25 #Y,
ARSETIA AN BR A W 5

3D FTEIHL: MR300 Y, Jb 500 K RHE A PR
F

BT 7 BE 124380 HL . RGT-20A 0, 3 Hig i
IRAEFAT FR A ] 5

A d R . XI-SOG Y, [ b A& fH Jya¢
RIEHLA R A F]

1.3 XA &

() WEHE G . VAR FRiAR (4) 22 f5 B
T (B) HERI S (C, R 2R B B 40
AR & (D) R 2, 255 00 25 il ok B oy
SHRPE AR . P RR IO PR R = KT Lo(3Y) R3S
5, R ZK R B R 1 R, B RIRIE A 1 4y
AT R . e 22 RS M KHSS50 Efrleteoft T4,
SR B TR PR IR LN 2 T Y SR A, IR
30 min, FHEA IS PRV ZDO SRS H AL
A TIERIET T SRAR A RUEL, FRA AR 20 in
B SRR SRARARXT 20/ N RE

#1 EXRBERSKE

KF A/ wm B/% C/% D/%
1 170 1 2 0.5
2 120 3 5 1.0
3 70 5 8 1.5

(2) LMl A5 B b AR ARAT A A X Al /N R
B B SR % 3D T ENRE AL B R B AL T 2k AT
QR AT H RARL, BF H HILAY KR A 40 °C, AR EL TR
170°C , BHE — X IR BE 43512 165,170°C, EHL
PR 45 Hz, 25| HLEJE 27 Hz, $ H RN & 7

FPEHITE (1.75 £0.05) mm AYLRARVE BN A 1T LU
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5 GB/ T 1043-2008 RS Hil 2 ik hids ik
TR0 = eSS SR R R AE S stl A% 2
S B2 S T B =4 D) R A, i Cura, 7E1%
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30100 s 8 15 4725 9.36
4 120 1 5 1.5 61.67 13.435
5 120 3 8 0.5 61.83 13.3
6 120 5 2 1.0 58.035 11.79
770 1 8 10 68395 1603
8 70 3 2 15 5498 9665
9 70 5 5 0.5 52.375 9.35
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26 TSR

14 A,B,CsD,. W] UL, 72 LIS i B 5 v 5 B
TEM AR e T 250 AR I 1) — 35k, 25
AR AR TR 22 R - 2k A2
120 pm, ZFREBHIS R 1%, KHS50 A& 2%
T B Y 8%, MAPP B M 1%,

£3 MESWER"

i H A/ pm B/% C/pm D/%

k, 55.67 62.87 57.12 57.52

B k, 60.51 59.41 58.49 62.68
SR ky 58.65 52.55 59.23 54.63
4.84 10.32 2.11 8.05

k, 8.65 12.72 10.05 10.44

e k, 12.84 10.29 10.23 11.91
R ks 11.68 10.17 12.90 10.82
R 4.19 2.55 2.85 1.47

TE: D)k FORRAE i KF FIRI R ; R IR .
R4 AEFWER"

UE=S.S Rl A oA F1H
S, 71.471633 2 35735817 219.544933
Sy 330.930033 2 165.465017 1016.543329
i Se 13.668 933 2 6.834467  41.987918
SREE S, 199.605 900 2 99.802950  613.144 851
S, 1.464 950 9 0.162772
S; 617.141450 17
S, 56.261511 2 28.130756 1115.562018
Sy 24.779 678 2 12,389839 .~ 491.335316
W S 30.554 678 2 15277339  605.842917
WY S, 6.945 144 2 3.472572  137.709 407
S, 0.226950 9 0.025217

Sy 118.767 961 17
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02 i R 5 b R . B AR R R 3
K AR A ARG S 50 B 5 ks i 8 S B
FHE RS Horp has i R A AR R O B
EF O TERARTE 70 wm B, KIS S8 kHY
5 B b R 43 ) R 58.65 MPa 5 11.68 kI
/m’ FEFESFEYPRARIEINE] 120 wm, 2l S
i R EE 4> W3k F 60.51 MPa 5 12.84 kJ/m’, Al
MARE T 3.17% 5 9.93%, X4 A I i A 98
AR 2R B N R R AR AR HL
FTHUREJE | 76 2 R RLAR /N, RS A K AR
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~ 111 =
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32.63%. XJEFCNTEL T IR 120 pm
b, 22 F5 K 5 PLA L4 22 (8] GEAE 35 21 TR A DL & ¥
o BEE Z R FERAREE NS 170 wm, ZF5
K L R ARAS /N, R E 25 ¥y 5 PLA B[R]y
ST HE S 7 AR N, R T M A 2 ) A A
(RS, 22 3 10 3 PR AR 3 K2 5 ol ol 28 B R A A7
FEGRPE , F0kE 5 R T 4R g K, A AT FDM 3D
FTEN LR W E H AT i s B — DA T AR
AR 125 R
2.2 EAEWESENARBLSMAH PN T H
] 2 7 H AN [ 22 A Ry i B 52 5 A A 25 i
JES bR . I 2 v A B AR AR
S, A MR A 5 R e R AT S AN DR
TRER S, FERRER TN 1% #2755 5% BT,
5 i 9 B M 62.87 MPa [% Ky 52.55 MPa, [ T
16.41%, w58 FE M 12.72 kI /m’ [ K 10.17 kI /
m’, MK T 20.05%.
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BEIK%Y, 4 3D fTEN PLA / AREME SR 1A ERE L1k 27

[B] S B, (o A2 M 7 PLA JE AR 23 BRI ME, 25 5
£ i B SR o rid v R DS 3 1 e
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2.3 MBERA SRR AR FAR e

ZE R E—FORVERT L, M PLA JE—Fh AR 1
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IRAFAERYIEOL T AT LI e AR SRR B , KRR BERE S 5
AR B R B A T SO, BARAY S B e AT A
(D) J7 12 (2) FiR, A RS PLA Hh HRIERES K
AL, A5 R (3) B, R, KHS50 BERS i 42
ki PLA Z Rl {4
NH,(CH,),Si(OC,H,),+3H,0 — NH,(CH,),Si(OH),+3HOC,H, (1)
NH,(CH,),Si(OC,H,) +3HO-% % — NH,(CH,) Si(O-%7#),+3H,0  (2)

[E PLAM [
NH,(CH,),Si(0O-##), —— PLA-NH,(CH,) Si(O-Zf#), (3)

3 7R S TR] KHSS0 5 2 s 42 A 04 R 25 il
S5 R A ] 3 AT, B AR KHSS0 75 i
FRBE TN, ARS8 52 B b R 25 i i B 5 s et B AN T
T, v R R A A TR . 4 KHS550 1Y E
TN 8% I, ARBASE G AL A o 5 B 3k B B K
12.90 kJ/m?*, #H% T 2% it A9 10.05 kI /m’
T 28.36%.
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YERIRT AN UG oy T IR B B R A 4 L,
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SUEEFE M RIIE ME 5y T2, M5 10 P w4544
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PLA JEAAR i 1 1752 i 15 28 2008, £8 28 25 FRAIRR 98
SAMRH 12 RE 1Y,
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Bl 4 75 H S [H MAPP 5 £ 0 &2 5 R R 25 R
5 5 ep i L & 4 AT E A 2S5 MAPP
Xof AR A MARL I 3 2k BE A E — S S ), Bl
G MAPP 73 il &5 i B0 A 58 52 A b A 25 il 5
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