5 53 4,505 123 T & @ B W H Vol.53, No.12

2025412 A ENGINEERING PLASTICS APPLICATION Dec. 2025 89

doi:10.3969/j.issn.1001-3539.2025.12.012

PLA/CF 5 PETG/CF EE##I3DFTEN TZ Sk

o] g ARSI - T RALF A, R A 5 B T - ARG
(LFE AU TREARE , S ARTE 830017; 2. BT EifibA ARl v B R B 928, 8 AR5F 830017)

WE: AMEEGR BTN T ERTHBA L PAENRET BAMERNFRERLF A, EHERFHEIGERIL
BR (PLA/CF) 5 4288 4 4 38 3% R *F K — W B & =B -1,4-3F S48 = W B (PETG/CF) A &M ¥ bl oy A, kA
SE SRRk SRR AUR AL (FDM) T ¥ P 9 LA 77 6] (AT P B & AT HP i B R AT IR R S XA AR AT HRAL, T R %
ST AT A A FR e H i, B = AR TN FE SN RERBALAPRIE T OB TG oA, SR XS &
M AR FAE P ERER TG, O T AT AR 694 R AUR] , B0 08 S AT AP A4, ST il it de 03 2GR BA B E A R R A A
ok, REYATH A E AR RS LM AR A FRA RE Y0, ERKETEAHMAEST,PLA/CF 8
14 3% J£ ik #] 59.82 MPa, & 1 3% J% 4 96.75 MPa, $& v % 3 3% J% 35 10.29 kJ/m?, PETG/CF ¢4 34 3% J% 4 52.44 MPa, &
o 3% % 4 80.12 MPa, #: v b 5 3% % N 35 5 19.91 kI/m?, B IL AL F 09424 1 Sk, FAP AR 09 ) AR B 351k
THGEL T, LEERIFemiamstt, A LS REY  EAAHE SRR L AR T B M AR

SRGBR] : 3D ATHP 5 AR T 3G 3% AL AHT A JE SR I e ak T AR OR AL A kAl
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Optimization of process parameters for 3D printing of PLA/CF and PETG/CF composites
ABULAKARE Abudoukeremujiang'*,ZHAO Dongmei'*, AIYITI Wurikaixi'
(1. School of Mechanical Engineering, Xinjiang University, Urumqgi 830017, China;
2. Key Laboratory of Additive Remanufacturing Technology of Xinjiang, Urumqi 830017, China)

Abstract : In order to solve the limitations of traditional plaster bandages in fracture fixation, such as heavy weight, poor air
permeability and insufficient mechanical properties, and promote the application of short carbon fiber reinforced polylactic acid
(PLA/CF) and short carbon fiber reinforced polyethylene terephthalate (PETG/CF) composites in brace manufacturing, the key
parameters such as filling direction, printing layer height, printing speed and printing temperature in fused deposition modeling
(FDM) process were optimized by orthogonal test method, and their effects on the mechanical properties of materials were systemati-
cally analyzed. The strain field distribution in the tensile test was obtained by the three-dimensional full-field strain measurement
and analysis system, and the internal defects were characterized by micron X-ray detection technology , the mechanism of the effect
of process parameters on performance was clarified, the optimal printing parameters were determined, and the biocompatibility of
the material was verified through cell proliferation experiment. The results show that the printing parameters and material types have
a significant effect on the mechanical properties of the composites. Under the optimal combination of process parameters, the tensile
strength of PLA/CF reaches 59.82 MPa, the flexural strength is 96.75 MPa, and the notched impact strength is 10.29 kJ/m’,and the
tensile strength, flexural strength and notched impact strength of PETG/CF are 52.44 MPa, 80.12 MPa and 19.91 kJ/m’, respective-
ly, showing excellent comprehensive mechanical properties. The mechanical properties of the two materials are significantly better
than those of traditional plaster bandages, and both have good cell compatibility. The above results show that the material has broad
application prospects in the manufacture of high-performance rehabilitation braces.

Keywords : 3D printing; carbon fiber reinforced composite; orthogonal experiment; fused deposition modeling; mechanical
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Tab.1 Experimental factors and levels

No. AI(°) B/mm C/(mm-s ") D/°C
1 0 0.10 100/90 210240
2 45 0.15 135/120 230/260
3 90 0.2 170/150 250/280

Note: Two sets of data listed in C and D, the former corresponds to
PLA/CF material , and the latter corresponds to PETG/CF material.

1.5 M5 kAL
1.5.1 A5 s A B %

PR PERE S IR ISO 527-2: 2012 #EAT I, 1456
R 2 mm/min, BLEFEAFRTRE, 5 R, R
FH =2 4 37 10 AR D i 3R G0 R A2 IR A Bl AR N AR
DR , 26 R T TR B A DA% Bl 7 2 08

=2 MR FR IR 1SO 178:2010 #EATIR LR,
T B 15 # A 2 mm/min.

i - 42 B 1SO 179: 2000 HEATIR S , b
AEtE - 150 .
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Fig. 1  Full-field strain analysis of PLA/CF tensile specimens
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Tab.2 Orthogonal experiment design and results of PLA/CF

Scheme Al(°) B/mm C/(mm-+s™)  D/°C  Tensile strength/MPa  Bending strength/MPa Notched impact strength/(kJ - m2)
1 0 0.1 100 210 55.26 88.25 9.88
2 0 0.15 135 230 54.97 87.83 9.23
3 0 0.2 170 250 48.33 75.16 6.43
4 45 0.1 135 250 50.03 78.55 7.63
5 45 0.15 170 210 44.75 66.51 5.14
6 45 0.2 100 230 43.59 64.65 5.01
7 90 0.1 170 230 44.22 67.51 7.32
8 90 0.15 100 250 41.10 60.58 4.17
9 90 0.2 135 210 35.72 51.64 4.88
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Fig. 2 Full-field strain analysis of PETG/CF tensile specimens
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Tab.3 Orthogonal experiment design and results of PETG/CF

Scheme Al(°) B/mm C/(mm-s™')  D/°C  Tensile strength/MPa  Bending strength/MPa  Notched impact strength/(kJ - m?)
1 0 0.1 90 240 49.83 74.90 18.98
2 0 0.15 120 260 48.35 73.35 16.71
3 0 0.2 150 280 44.97 68.92 13.66
4 45 0.1 120 280 39.08 59.82 13.02
5 45 0.15 150 240 35.10 56.83 11.72
6 45 0.2 90 260 3533 57.21 12.17
7 90 0.1 150 260 32.65 52.43 11.47
8 90 0.15 90 280 31.13 50.51 9.13
9 90 0.2 120 240 30.69 45.85 11.31
F4 PLA/CF /1 4EERE DT
Tab.4 Range analysis of mechanical properties of PLA/CF
Fact Tensile strength Bending strength Impact strength
actor
A B C D A B C D A B C D
kl 52.85 49.84 46.65 45.24 83.75 78.10 71.16 71.16 8.51 8.28 6.35 6.63
k2 46.12 46.94 46.91 47.59 69.90 71.64 72.67 73.33 5.93 6.18 7.25 7.19
k3 40.35 42.55 45.77 46.49 59.91 63.82 69.73 71.43 5.46 5.44 6.30 6.08
Range 12.50 7.29 1.14 2.35 23.84 14.28 2.94 2.17 3.05 2.84 0.95 1.11
Sorting 1 2 4 3 1 2 3 4 1 2 4 3
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Fig. 3 Stress-strain curves and mechanical property results of samples with optimal printing process parameters
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Tab.5 Range analysis of mechanical properties of PETG/CF
Factor Tensile strength Bending strength Impact strength
A B C D A B C D A B C D
kl 47.72 40.52 38.76 38.54 72.39 62.38 60.87 59.19 16.45 14.49 13.43 14.00
k2 36.50 38.19 39.37 38.78 57.95 60.23 59.67 60.99 12.30 12.52 13.68 13.45
k3 31.49 37.00 37.57 38.39 49.26 57.32 59.39 59.75 10.64 12.38 12.28 11.94
Range 16.23 3.52 1.80 0.39 23.13 5.06 1.48 1.80 5.81 2.11 1.4 2.06
Sorting 1 2 3 4 1 2 4 3 1 2 4 3
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Fig. 5 Analysis of internal pore defects in PETG/CF specimens
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Fig. 7 SEM photos of tensile specimens section of PLA/CF and PETG/
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Fig. 9 RCG of PLA/CF and PETG/CF composites
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Tab. 6 Cell toxicity evaluation standard table

PETG/CF

Cytotoxicity grade RGR/% Cytotoxicity
0 =100 None
1 75~99 Slight
2 50~74 Mild
3 25~49 Moderate
4 1~24 Severe

PLA/CF 1 PETG/CF & &4 EHH a7 9 S
W7, B3R5 | RIF, PETG/CFE MR/ 2 9040
MasEE , RN 255 5 KA, PETG/CF #4
B4 5 PLA/CF AR A0 S 2 0 4%, 6
(WA w11 o

%7 PLA/CFHIPETG/CF £ &AM RCGC RER
Tab.7 RCG and cytotoxicity grade of PLA/CF and PETG/CF

composites
Day 1 Day 3 Day 5
Materials
RGR/% Grade RGR/%  Grade RGR/%  Grade
PLA/CF  78.96 1 105.39 0 113.79 0
PETG/CF  71.17 2 98.61 1 103.88 0

2.5 PLA/CF #= PETG/CF 5_4&-##} 6 42 412 b 3¢
YoM
PLA/CF #I PETG/CF & & W B 255 PERERT L
gERL L8, RS ] WL, PLA/CF {Ehi (s 25 il
558 5 RN A0 R AH 250 T R ISR AR , 1 PETG/CF W 7F
i By T B W] L. PLA/CF R HiAdism BE
Lt PETG/CF & 14.07%, 25 fili 58 B [t PETG/CF &

20.76% ; 1E A&k fiE 7177 1 , PLA/CF F1 PETG/CF FIT g
T Z 11 B R i 2 fmr 4331 4 161.25 N AT 133.53 N,
AN 6.3 450 7.7 485 A I H B 2T 4k 3 5
8BRS R AR AR T T 1Y) 3 5 P s e v R R
D7 18T, Wb AL S B0 Y I 3 25 5+, PETG/CF 9k 11
iR B [ PLA/CF 5 93.49%, 5] PETG/CF 7£ it
gy N BA AR RE I RE T s PLA/CF R 31
H EER A FL B R O 3 A A B A6 R, U L
T U RO ZE AL FITSE AR A A= A 25 o

%8 PLA/CFFIPETG/CF £ & Bl & MaExTEE
Tab.8 Comprehensive propertiescomparison of PLA/CF and

PETG/CF composites
Properties PLA/CF PETF/CF
Tensile strength/MPa 59.82 52.44
Bending strength/MPa 96.75 80.12
Notched impact strength/(kJ+m?) 10.29 19.91
Porosity/% 235 3.54
RGR/% 113.79 103.88

3 &g

i 1 1t Ak PLA/CF 11 PETG/CF &2 & #1811 3D
FTENSH BRE T WU SCEEHT BN T2 S 800 Hal ke
T TR IE RIS, IS LU R 2538 .

()X} T PLA/CF 4 BHAAE | ZE 7 {568 B Ak 1
e o R T, DU PR 26 A e R R R 3 /MR
A FE DT I ATER R i AT BN EE AT BN . 7
IERSLRARACS RSN T b R A5 B f i
A3k 59.82 MPa, i 3 B fie i 10.29 kI/m?, 7625
iy 3 T, 5 AR B KB/ IMR O SR T 1]
FIERJZ i ATENSR B SETENREE . A0k 5 e 25
558 i e 15 21 96.75 MPa.,

()%t T PETG/CF A RHAKE , 7EH7 {5 & 7 1
DA R 3R A 52 e R AR B /MR R Ry S5 7 1) F T
EZ e FTED R FIATENIR R . RIS ECR T,
A AR B 5 v AT 3k 52.44 MPa., 7E 25 e 22 R0 o
TSR T, 45 R 2R B R Y R ST e TN
e TTENRLE SATER R o b fe R 2 i i 2 e
fR1ik 80.12 MPa, i B fc i o4 19.91 kI/m?.

(3)% F 1 2 $0 4T BN % PLA/CF 5 PETG/CF
JE 0 A R S il T 1 M R L Wk = | o A =
AHERR . ARSI R, PR R AT
Yernm 2 A AR EA T RAF AN AH 21, R
AR AR B R A B 0 TR T o
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