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Preparation of 3D Printing Material based on PBAT and Its Application in Upper Limb Fixator
Yang Fanwen', Chen Hailian', Song Jiaqi', Chen Zhiqi";,Pan Junan'; Liang Yuxi', Nie Yuhui', Feng Yongting', Deng Jianneng’, He Jian’
(1. Department of Biomedical Engineering, Guangzhou Medical University, Guangzhou 511436, China ;
2. Guangzhou Haierda Environmental ProtectionTechnology Co., Ltd., Guangzhou 510430, China)

Abstract : Using polybutylene adipate terephthalate (PBAT) as the base material, adding chain extender 2, 5-dimethyl-2,
5-di(tert-butylperoxy)hexane (bis 25), calcium carbonate, starch, etc. as modifiers, and the modified PBAT materials were prepared
by melt blending with torque rheometer. The effects of the contents of bis 25 on the processing properties and mechanical properties
of the materials were studied. When the mass fraction of bis 25 is no lower than 0.5%, as time increases, the torque shows a trend
of first increasing then decreasing, and then increasing again. The torque of the material increases significantly at 480 s with the in-
crease of the content of chain extender bis 25. The best formula (mass fraction) for the modified PBAT material is that PBAT 58.5%,
calcium carbonate 20%, corn starch 20%, ethylene-vinyl acetate wax 1%, chain extender bis 25 0.5%, its tensile strength is 9.5 MPa,
elongation at break is 336.4%, tear strength is 45.8 N/ mm. Under the best formula, the PBAT-based 3D printing material was pre-
pared by melt blending with a twin-screw extruder, and a 3D printing filament was prepared by a single-screw 3D filament extruder.
The fused deposition 3D printing was performed under the conditions of temperature at 180°C and printing speed of 5 mm /s, then
an upper limb fixator with a complete oval hole, smooth appearance and inner surface was prepared, which has a good application
prospect in the field of fracture fixation and rehabilitation.

Keywords : polybutylene adipate terephthalate ; melt blending ; 3D printing ; upper limb fixator

BT E SE B SR E, FEER B DLW R TN E SRR, G
JEME SR ORISR IE AR SZ 05 AL MBI AR GEA AN E T ik 2 A WA« A [ RE AT AR [
O N AT E B R RO PR AR . R T AR RBUR, KR 2 5 RO R

EETH: 2020 " AKEEEERITH (pdjh2020a0479), B K - ) PHIEEA A FIE AR50 H

BRVER : FVESC, 1L, 2%, TR T4 m 0 TR A 3D FTENRITSE

s B : 2021-06-07

SIAES: FIVESC, BRI R 47, 4F . PBAT 4k 3D FTEIRPRH & M HAE BN d b M (9] TARMDEHIT, 2021, 49(8) - 25-30.
Yang Fanwen, Chen Hailian, Song Jiaqi, et al. Preparation of 3D printing material based on PBAT and its application in upper limb fixator[J].
Engineering Plastics Application,2021,49(8) : 25-30.


杨超


26 TSR

2021 4F 55 49 4,55 8 #i

FVLIR Z 40 A i B 2 R R 5tz 1892
B Wit 0% M e B e i, TR A e S
HHTAL G BB 2 A ) ok 1 2 A PR RS
o

B XL GeE 18 2 48 09N &2, 8 2t 3D FTENH;
AR ARV B i I B A RS v
15 RT TR AR VG JE B 4 385 M U 19 26 0 ] B fi i
P A [T 2 1 A — o 1 R R A
o 3D FTERHEARSE —Fp I T HCF A I B A 1 1
A W] SEBUE AR T B AP AT 2K T AN 23 38 i o) 1
BUAS , FE T A AL BT 2T SR B I PR TR
5 T EA R H B R 3D FTENE AR G4 1Y
FAR AL L BEHE CONE IR SER 24 F A7 1
AR T TR AR, R R AP
e AR JOE FH i 55 U2 SR FH 2B W T R s 1 A sk
il 28 BT 1 2%, (T FH S AT B A, A5 B Sk (B R R
RIEHE ., BXR RO /R T K (PBAT) I
KON (PCL) 5 HA RAFr B M T HERE, i
SORY )15 03] KA s o S O W 9l g o1 3 6
Wi R, ZEH e B\ 5 I e T HAHD R e I
W43 ) PBAT FTEIATRL U PBAT / WA #) 3D AT
ER A AL U8 RN B 7R (PLAY)/PBAT JLiE fikt 19 &
5, R FH ] 25 5 10 TR D i %) g s Ao [
FERY, R B PRI —Fh e 57 S A | F 2 4R DL T
FAHT TR 7 R

PBAT 7/ T.ad A& (R S iR N8y DIVE FH 2 5 | &
O3 FHE RS ISR BEREAR, S BUS R TTTAR 3D FTER
T AR R R R S AN AR , Xl B4 B AN AU
HERFISEM . BT3B R B, 28 3 7F PBAT J& filidt
IR R Y B 2,5- HI %L 2,5- (L
TGS ) ObE (R H ) XF PBAT 9% , il
7 T OCE PBAT #ARL, A7 5% XL 1 FH 2% 4 L5
FHEE A 2 PER RS2, T SR PR = A i, LA
P& = BRI IE AR BE i 2 3D ATENR R . RS AR
fitlh I, R R A EL Y 3D AL, SR 5 R K Al
UORR 3D AT Ep il & b B e a8 5, DA 2 b ed
[F] 2 o P P AR T 5 2K, B i B AR [ e 4 it —
T B B 7 2500, AR S B TR YT IR IR SOR (s
R R T 225 R v IR A 2 ] 2 e B S A5
T HA HE .
1 LIES
1.1 E=ZRH

PBAT : THS801, B i L1 di il fb T4 A PR

Al

N - LR KR (EVAC) It : EVA-3, i [E
Wr Rl

BRAERES: 5 wm (3000 H ), %M 4 R AR
FABRATF

Wi TX 101, KR ERT 57 750 045 DUR o S Ak
AR

FOKTER : THE
1.2 ZENELHEE

BRI AR : RTOT-55 / 20 &Y, | 17 3 [R] S 56
ST AR A BR A

PR B HIHL: BL-6170-A B, 458 52 #6045 B
RN EZEN R ZNEIF

/N 2 AUEAT B AL : MEDI-22 / 40 &1, ™
T [ S5 A3 B A R\

BARZAT 3D ZEAF BT HHHL: RCSI-20 / 28 74, N
T [RS8 o b A A A BR A\

WA HL: CP225 B, gtk THL YT

3D ATEIHL: TTT AL, A R A PR A F 5

3D FHL : LD-1302 HY, 3 b 5 il — 2 5k i
AR

H, T 7RG L : CMT40204 %I (20 kN), TR
B BRI A FRA
1.3 XAEH &

(1) PBAT J#ml iR ki

Fi IR 1 W7 MERR RIS IR A B R A 195 .
SR A S0 Rl YR 1) 4 0Pk PBAT B4R, IR
FEWEE N 170°C 34 50 1/ min IR} A 8 min,
SR A B BIHLRE LR REEE 180 °C T He il L 18
R R T 200 T [R] 7 min  #A4HAS ] 1 min
Y HIETE] 5 min,

F1 W PBAT #RE AN RE=HH %
4 5y 1 2! 3" 4" 5*
PBAT 59 58.75 58.5 58.25 58
FoKTER 20 20 20 20 20
RIRES 20 20 20 20 20
EVAC Hf 1 1 1 1 1
W 0 0.25 0.5 0.75 1

(2) BURFFEF il 4 3D FTER# L

i 1 Hh fe AR L IS L SR SR FF B Hh LR IR
170°C M2 FF45 4 300 r/ min 1Y 551 T ¥ e A BB 7
XN e PBAT #48HE 25 A% 3D FTEI#

(3) 3D Lkt il 4% .

¥ LREI7S % 3D FTERABHE 80°C N T4 4 h
J&, >R R AT 3D LM BF LR IR EE 170 °C VR


杨超


BHYESC, 45 : PBAT £ 3D FTERM bl £ B LA b JBe 1 2% g 27

FF % 3 30 v/ min (9 2514 T il 55 B4R (1.75 £ 0.05) 40¢
mm [ 3D $TERLEHE |
14 Baeal s 2

(1) FEAE R AR PERE IR 5l

BEE IR E N 170°C 5% 3 50 1/ min VR 5 [H] & 10}
8 min, KEJFATRHE % 1 B RS A&, N B
SRHLAE BT 1025 122 100 200 300 400500

(2) FIZEHEREMIE., 0. @

5 Wt PBAT 5 F i BE B 24 b L A o 35
FHLA A bR 12 MR Y 4%, R TR it N
B HL4% GB /T 1040.1-2018 ] 32t 7 e 58 Ji i1 i 2 < 20,
i1 3, B 3 500 mm /min ; 4% 8 GB /T |
529-2008 AR Ak o i )i 5t
2 ZR5HE O 100 200 300 400 3500
2.1 o PBAT #H#ed b4k 47 e

(1) B R B A R R bl

TR A T P T e T 97 2 5 1 7 85
QP 1R IR L 2, z 20

P 1R, b A IR L Lo
I I e 4 1 5 0 A i N 2 e R |
[B] 3K %) 480 s HH AR O HEATI AR A WA B A, st 0 000 300 300 300
(LA 9 13 N - m, 82080 VR P 48 70 b e il /s
FIBOIE BT, PBAT 4T 7uks i o A P 3 ©
SRR BRI T AR RS 4 2 2
PRSI 15340 0.25% X0 I, 27 AL B i 1] = 200
I B EHERR N SRR R TRAE OB AL R 5t
S BT (3 R B K RO T AR 5 B % = 10
L AR T I 5 54 i S B S A
JRBIN SRJF S AR A s W i 100 200 300 400 500
PHRME 480 s BRI A A 5 24 X0 T R B 4150 55 @
1% I, 480 s P AYFHAE Y 29 N - m, W 5 _
BOHCR 0.25% IHEANZS —f. 7P=A R4 :
Jg PR A L — st AR, A R A R o <
38| % PBAT 43 FHEP= AL 45 7 , 5 B0k R 2 o
BT HOW 2 | B R AR LA RS 5t

(2) M X AR AR RE B 52 0 100 2(‘;(; ; /3(:0 200 500

AL S A R 388 5 B K R ©
SEW AN 2 froc. HE 2 ATHL BEE N HHE s iR a—0% 5 b—0.25% 5 c—0.5% 5 d—0.75% 5 e— 1%
SN A B A S B0 S U/ SRS S B 1 R TR bR A
R B S AR A R T AR R 0.5% I %2 FEN—FBRMOAIEEE N-m
SR K 9.5 MPa, JF i /380N 1% I ik 3 5 K AH 5 H - Olzzﬂimﬁiﬁﬁ/ ‘f)’% 1
12.8 MPa ; Wi R {4 3 52 B 5G9/ NS B SR 5 X B 36 35 ED) 3] 30
VNS A RS SR R A EOR 0.5% Pk 480 s 13 Is 70



杨超


28 TARIRLRH]

2021 4F 55 49 %, 55 8 #i

§12

T

e

%10

£ 9

=
8
\

7
000 025 050 075  1.00
T 4/ %

(a)

025 050 075 100
W T/ Yo
(b)

a—H R ; b— T K
P2 RIRIO T R R R
F i KAE 336.4%. 7= Bl BG4 s B 5 0
IR A o0 T I I R AN B ALV A G, M Rl
TR AR T i PR RN BT D) 5230 PBAT 4 F4 B 24, X
T H G K PBAT 4T 1455 N VR A M- W 24
T AT R RE T R 5 SIS I s, B R
1R PSR R s AR, A B KR 2R, 1]
B T2 PBAT Ko T4 22 1] 2 M Ag Bk ) L 40 T
&E’J{%xﬂxlﬁﬂ A U e S S T A A1
(3) AU FH DG A R 08 B () 52 ]
L T P Xt A e 4 5 R 1 5 e G P 3
o HH T 3 T, B R 2 G B B A W
RIS VN =R N A =) e a %N S Yred )
AR A B 7R TS A3 R 0.5% st 4 5 i

1 45.8 N/ mm, J5i 5 50 B0H 0.75% I ik 3] 5 KA
46.7 N/ mm,
50,
—‘; 450 \]
=
Z 40
N
% 35
®
= 30|
000 025 050 075  1.00

W T ek A8/ %
3 R R B bR 2
Wk FIRBFFE AT, S TR 0.5%
iF, 7E 400 s LUSFEREA DVFTHE iR KRk )
e AC(E 407 40 B 5 g, A AR ) 25 A PR R

FEo B s A PERES R RIS 7 (L) -
PBAT 58.5%, BERES 20% , EKFEHT 20%, EVAC i
1%, BT 0.5%, B4 R} B F7 A58 A 9.5 MPa, B
ZUIK RN 336.4% JZ4GE T 45.8 N/ mm.
2.2 LEREZEZE 3D ITHHR

(1) F B & 236 3D F4 s 5 i

5, SR G SOGB4 T 3D
FAH B S UEL 6 IR, ARIOCEAS 1 UG 5 2R
J&i , R A% G AT ] i A S AR R —
B R EUR, G5 R AN E 4 Fos .

a— PR o—— 4E 3 IR EIR
[ 47 T R 5 =2 R

PRS2 L EIR S A Geomagic Studio
A PR RN S A B 38 R B R R A
FRAG b R R Y EEACE A AR A B R
FIALAFRAE, Bt B — e R, R oL A
LA 5] FL i) — b L i [ 2 5 9 3D A7, 25 SR 4n
Kl 5 iz

(b)
a—TAL; b—IAFL; c—HIFIAL
&5 b ilE Y 3D R
Q) FTEN T 25T
FIEI L BE RFT B3 B X b Jh 1 52 25 T B AR
ISR A& 6 FIE 7 Bk
B 6 AT, FTENIREE 180 °C 44 F 4T ERFE
FIANIIEHT , TCEI, BRI T 190 CHTER AL o
B PR TR 180°C .
DKL T AT T BB M2 a5 R, 25 5 th )
BINEP 22 FEYG, PEESTENHE (5 mm/s) Hil4


杨超


FHYESC, 45 : PBAT ik 3D fTEUARHE] 8 AR B IREIET 5 & p i T 29

(2) (b)
FTENJRLEE : a—180°C; b—190°C
& 6 TI‘J?TED@J*?E’J?TEMS'E

y & ‘ ,\,
O r
$%
‘ﬁ DG-
(2 (b)
FIENEESE : a—1 mm/min ; b—5 mm/min ; c—7 mm/min
[ 7 ORIFATERSREE T TN
(A 8 B A 22 85 /D ROR e, B AT ER
W5 mm/s,
(3) bl e #59 3D FTERN 25
14 3D FTENHLAY IR BE Jy 180°C ATENH BN
5 mm/s, R £ 1) 3D LA TED B RS E 2%, 25
SLUNTE 8 FT7m o AL 8a W], XTI A L A 7Y
Al DU AT B bR g il , S WLASCR: R4
E LA AR B AR FTENRCR AR
Ao AR R —Le AL, — 5 T Al £ 5 47
EIRICR T 2 S5O, [N ] st b i [ 5 e ) i
PERE S, R R 2 i i FLIR A R T HESRHETT , A
&l 8b FHIE] 8¢ A B, BEi LI % [l 2 et 5 fin S 08

.
5

$

%

a—TeAL; b—IAIFL; c—HHIFIEL
I8 T ARG 3D FTETRE e

FR G TR S g 25 5, XTIE] 8b ANIA 8c 11 3D £

T HE— 25 LR B AL AE HES 7 =X, IR AL S 19

3D FERUFATERF=ShAniEl 9 frzn. M 9 Al %0, 4k

Je 0 b R g b, AL A TR, FhAR

152 LA [ FL 64 3D 3T ER™ i, B 1B FL 8™ i
FTENEF B AL R 22 R4 5 et i B L Yy
7B B 22 UG, AL SE R SN N R DG
o DRI FLTER i R LR B OR AL Z )
AT NSRS A O, 1K 2 T ek [ml 22
P X RE A, PR B 22 5™ 5 Tk A £ L,
i LA HES 7 2, FLIR 22 18] A 322 32 3R 67 RO A
i’J’U ﬂmﬁrﬁléﬁ‘ﬁiﬁ »er% EEJIHEDFEM%XJLEZ@O

(b)
a—EALJE R BFL 3D #E1Y ; b—IRIFL7= b
c— LS AL FL 3D A d—H L
B9 e gR LA 3D AIRRIFTER P 5
Zr LR SR M RITAR 3D AT EPHLAEST BN iR
FE 180°C FTENEESE S mm /s ISME T, Il 4 21
A WRIBFL AL R G R [ 7 i o
3 &g
(1) T HTECN 0.25% I, PBAT Bt
R 2R I I [ 1 o 22 IS R s sl N AR I
FPA RS O R ORI T 0.25% B,
I R ) 5 P 2 ST 38 5 ki SR I SHE R
AR BEA R R BRI, 480 s B
HUAERE A
(2) BERU T FHEERE I, ARk bz s B2 52 305G
SN VAN SN Ei N = N T iR s
PRSI N0 SR TG SN AR A R 1l
SIS NG SN ARG T RE AR
(3) 3D fTENM R ZR G P RE R AR R BE 7 ( BT dt 43
#0) 4 PBAT 58.5% . ik 2 5 20% . £ K 3 #) 20% .
EVA i 1% S 0.5%, HAL R 9.5 MPa,
Wi i R 336.4% M43 K 45.8 N/ mm.
(4) & 1 B i 1Y 3D 4T B e 4 75 47 B R B2
180°C FTEPHE 5 mm /s 244 F AT FEMITAL 3D
FTER, AT i) £ 2 ThT A ARG 63 LR 7 PR [ 8%, AL
SEEE AN R TG
S % X Wk
(1] =i, B MRS, 55 . BARmi B Tl TR IGE shift
ZER [7]. FEPHEE 24, 2020,35(10):1 2631 266.
Gao Feng, Duan Xin, Liu Jiaxin, et al. Timing of surgery and

exercise training of hip fracture in the elderly[J]. West China


杨超


30 TARREREY 2021 4%, 45 49 42,5 8 0]
Medical Journal 2020, 35(10):1 2631 266. Online, 2016, 15(1).doi:10.1186/512938-016-0236-4.
2] Edwdt, BRR, £5 . QIGHEZ R34 F ARG T RBF T (1] BRIEESE, B BHYE S0, 45 . PCL M itk K LA IR sy 7 ¢

(3]

(4]

(3]

(6]

[7]

(8]

[9]

[10]

J [1]. B35
Wang Ruilu, Ma Bingling, Wang Ying. Research progress on

Zu7,2021,23(1):70-73.

surgical treatment of traumatic multiple rib fractures[J]. Journal of
Traumatic Surgery,2021,23(1):70-73.
NG HAHE, R, R TR R A AN E S T
AR DAY BT o 408 B oG 3y B 9 28 LU 0], T Ak B 2 BT 5, 2020,
18(5):33-35.
Li Xiaohong, Peng Changhui, Huang Minzhang, et al. Comparison
of the clinical effects of traditional manual reduction and plaster
external fixation and surgical internal fixation for distal radius
fracture[J]. Chinese and Foreign Medical Research,2020,18(5):33—
35.
gk ARSI N 52 5 TR AT F AN E X T
PP IR PR A [J]. RBEBE2Y,2019(1):60-61.
Zhang Xueping. Comparison of the clinical efficacy of surgical
reduction and plate internal fixation and manual reduction and
plaster external fixation for limb fractures[J]. Home Medicine,2019
(1):60761.
hn, i DRI KRR, 45 . FARIGYTY 5 TR I AL A E )

B i B TR EE [0, TSR 2, 2018,25(22):103-106.
Ma Jia, Meng Qingfeng, Zheng Lianxiang, et al. Effect comparison
of surgical treatment and manual reduction plaster external
fixation in the treatment of distal radius fracture[J]. China Modern
Medicine,2018,25 (22):103-106.
DA, AT, TR, 45 E Hl Al AR i B R il i 5
W5 [0]. V9% TR, 2019,33(2):206-211.
Luo Shijie, Xu Guangshen, Wang Feilei, et al. Realization and
optimization of digitized manufacturing of customized wrist
orthosis[J]. Journal of Xi’ an Polytechnic University,2019,
33(2):206-211.
X, UK, B AR, 45 L T 3D TERF AR B PEAL AT 2 S B
Vet [J]. P EBFEAMEL 2R, 2016,24(24):2 260-2 263.
Liu Fei, Qiu Bing, Xue Xiangdong, et al. Design of personalized
external fixators based on 3D printing[J]. Orthopedic Journal of
China,2016,24(24):2260-2263.
TR, AR, SE AL 3D ATENPORTE R BB AR T A T A (]
RS T, 2019(22):153-154.
Zhang Qiang, Cao Jie, Mo Zhongjun. Application of 3D printing
technology in research and development of rehabilitation orthosis[J].
China Plant Engineering,2019(22):153-154.
TR AT 3D FTERE AT IR (9] T R 2018,
5(1):2-3.
Yu Bingli. Analysis of the principle and application of 3D printing
technology[J]. China Science & Technology Panorama Magazine,
2018,5(1):2-3.

Tack P, Victor J, Gemmel P, et al. 3D-printing techniques in a

medical setting:a systematic literature review[J]. Biomed Eng

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

AL 2 # 3D FTEL R R [T, TR 8RR L 2020, 48(5):29—
33,45.

Chen Hailian, Liang Yuxi, Yang Fanwen, et al. Antibacterial
modification of PCL and its application on 3D printing for tumor
radiotherapy fixator[J]. Engineering Plastics Application, 2020,
48(5):29-33,45.

TR A . 3D ATEREARLE B RL 4 T 9] K
£/j,2018,46(9):1 0231 026.

Li Huiying, Du Lilong, et al. Recent advances of three-dimensional
printing technology in orthopaedics[J]. Tianjin Medical Journal,
2018,46(9):1 0231 026.

XS, R BH UK, 55 SCAE . 3D 4T B AE D= 27 Ul i 1
o PR 2 A, 2016, 33(4):389-392.

Deng Bin, Ouyang Hanbin, Huang Wenhua. Application progress

I FH R (0]

of three-dimensional printing in medical field[J]. Chinese Journal
of Medical Physics,2016,33 (4):389-392.

TORELL, B 3CHE, BETE G . 3D TENHAR L R A B2 v i 1 ] 5
WEgEEENRE [1]. h E HER B4, 2020, 34(1):95-99.

Huang Chuhong, Huang Wenhua, Huang Guozhi. Application
and research progress of 3D printing technology in rehabilitation
medicine[J]. Chinese Journal of Rehabilitation Medicine, 2020, 34
(1):95-99.

FHYESC, MR, B0, 45 . —Fh2F 4RG3 PCL & & Bk SCH ]
#7771 :CN110804292A[P]. 2020-03-13.

Yang Fanwen, Chen Hailian, Zhao Shan, et al. A fiber reinforced
PCL composite and its preparation method:CN110804292A[P].
2020-03-13.

PR SC, #hofOs, TAESE 55 . —FMIRIRER 3D FTEDRRRE R HA
55505 FH :CN108659476A[P]. 2020-09-04.

Yang Fanwen, Lin Chengguang, Shen Jiahao, et al. A low
shrinkage 3D printing material and its preparation method and
application:CN108659476A[P]. 2020-09-04.

MIEERYN , BKBH B ) . PCL / BRERPUHT B A2 5 BRI ] 48 5 P g
[9]. A R R AL S 0 T, 2019,48(3):88-91.

Liu Weizhou, Ouyang Yuehan. The Preparation and properties
of PCL / BaSO, antibacterial composite [J]. Synthetic Materials
Aging and Application,2019,48(3):88-91.

RAAT, WRIEHE, BRI | 45 . —Fh LT PBAT / 1K) 3D 4T
ERBERHIEED (9. & AR AR5 1, 2020,49(4):27-29.

Song Jiaqi, Chen Meixi, Chen Hailian et al. Development of 3D
printing material based on PBAT / talcum powder[J]. Synthetic
Materials Aging and Application,2020,49(4):27-29.

BIRL X, B3 3C, 45 . PLA / PBAT SR {A R (i 4 S5 1Rk
[3]. TAREELN T, 2019,47(11):36-41,46.

Yan Yingda, Zhao Shan, Yang Fanwen, et al. Preparation
and properties of PLA / PBAT blends[J]. Engineering Plastics
Application,2019,47(11):36-41,46.


杨超




