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PCL ?WETE&EEHMEMHZIK&IEE%% 3D #TEN A Az F

BRiGE L RFER L MEEX L RER L RET L ERE L RNE L S50 L BEE L AR’
(L MR AR B B TR M 51143+ 2.1 MBEFH R LUBSBERE P 510500)

P B TN ES (PCL) A M, Fnid B4 Fo 2 K BACF BT BOME, SRR SUBATH B LR 38 150°C 44 ik
250 r/min &4 F #14& PCL 47 1 O A4, BF 2 T 1R Gy A & b At AL i A Ml A i M AR 09 35 v A 2 R B 4E
AR A Yl R AN, [Lyg/ﬂz;%;,\/\éi“?/}u MG A 5 B RS K, AR Eh ik & (MFR) A=

B AP KR 2RI R KRG R A TS B BENEE (MEH4) A 10% i, MFR ﬁam LA F 3]k Hik

L% % 2,69 g/ 10 min F= 813% ; %4%?ﬂéék<1iLﬁhFé4KFimﬁuéﬁ TALA R, BF T B4 10% i3] ik
'Mﬁ 3.2 N-m, el ERm 4 #F4 k BALSEH) & PCL 47 5 3D 4787 A4, £ I442 4 20~30 nm &9 4% 9!:%&.4&
e ER HHRAF XA R G AR RE, 3]0 ZERS K PCL 85%. 41 R A4 4% AR IG 5 #UbE 7

YY-5021 1% #= 7 & # 10%, #4465 MFR 4 2.5 g/ 10 min d5fh 3% # % 19.3 MPa. B 240 & & 4 803%., H 4] &84
PCL 471 BUMEATH A T E & 249 3D 4767, £ 379718 F 220°C A 70 B 100% GAFLATEP i 40 mm /s JRAR R B
30°C 89 £ T ATHP B AP R AT R H A 69 A 1) 5T 5%, JL A2 I TR AT A B S AR L B AT 6 R BT 3

KEER . RO NES; W E RO B AT s ML E ;3D AT ER

hESES: TB34,TQ324.8  XHEIARIREL: A X E4S: 1001-3539(2020)05-0029-05

Antibacterial Modification of PCL and Its Application on 3D.Printing for Tumor Radiotherapy Fixator
Chen Hailian', Liang Yuxi', Yang Fanwen', Chen Jinlong", SongJiagi', Li Rongrong®, Wei Yuezi', Zhang Ximing®, Tian Xiumei', Zhou Miao’
(1. Department of Biomedical Engineering, School of Basic Medical Sciences, Guangzhou Medical University, Guangzhou 511436, China ;

2. Affiliated Stomatology Hospital of Guangzhou Medical University, Guangzhou 510500, China)

Abstract : Polycaprolactone (PCL) was Selected as the base material, talcum powder (talc) and nano zinc oxide were added to
modify, and the PCL antibacterial modified materials were prepared by twin-screw extruder at 150°C and 250 r/min. The effects of
talc contents on the tensile and rheological properties of the materials and the influences of nano zinc oxide sorts on the antibacterial
properties were studied. The results show that, with the increase of talc content, the tensile strength of the material increases gradu-
ally, the melt flow rate (MFR) and elongation at break increase first and then decrease. When the content of talc is 10wt%, the MFR
and elongation at break reach the maximum values, which are 2.69 g/ 10 min and 813%, respectively. The equilibrium torque de-
creases first and then increases, when the content of talc is 10wt%, the minimum value of 3.2 N - m is reached. On this basis, four
kinds of nano zinc oxide were added to prepare PCL antibacterial 3D printing materials. Among them, nano zinc oxide with particle
size of 20-30 nm has the best antibacterial effect on Staphylococcus aureus and Escherichia coli. The best formulation of the materi-
al is PCL 85wt%, nano zinc oxide 4wt%, coupling compatibilizer YY-5021 1wt% and talc 10wt%, the MFR is 2.5 g/ 10 min, ten-
sile strength is 19.3 MPa, elongation at break is 803%. The 3D printing of body position fixator was made of the PCL bacteriostatic
modified material. Under the conditions of printing temperature of 220°C., filling degree of 100%, filling printing speed of 40 mm /s,
and floor temperature of 30°C, the body position fixator with good appearance and accurate size is printed, which has a good applica-
tion prospect in the field of body position fixation of tumor radiotherapy.

Keywords : PCL ; antibacterial modification ; tumor radiotherapy ; body position fixation ; 3D printing
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2020 4F, 45 48 % 455 5 ]

H T, G R IG YT e 24 )7 BT R
PIkkas ik U, Horp Moy AT 16 BORE 9 TR
A ARG RN B 2538 2. Ak, MG — 4
SEAARE MY B B R A T A A = ST
AR R A B I T A, IR 0T 20 N R ff o7
KRR BB B =R B =T ik
Y7 EEROR SR ] R 40, % R AR i R Y
PR ERAE R R v T E AR A O Rk, X R
TCY 7 AT BRI 240 o e —— Ao i i 9, A
FEUEROT T o PR LR IR i 2 M AR 3L
ey e i N VAT b I =2 B R IV RS N
RUVCHC RS 22 , 8 A I FETEAGHEEAME: (AN A
FPEMEESFAL

K 1 3D HTENHE A AR 48 2 2 (R B R AR Ry
BB R AV T 2R, I o 6 A T N A MR g A A7
[ S v AR ORE T O Rk L R e g
(PCL) HA LAy i 2 40 M FnmT e i Pk 6, 2 H A
TR A [ PRIB AR Y 32 S A L, X LA T ek
PR ARAG IR RAK [ e ORI 3D T ERAE R B
M BRI O R AR DN RIS AN, Al RE R 230
IRANSERTIT o A [ 2 8 16 B B A I, FEAE
& SUBRGL KBS o PRI, A DAL TR AR AV [ 3 45 HhiL
FIFSE . —SERfFoE 8 R SR ML R RS i 4
JRE Ak U AR E T N gL U x4 PCL it
PRI E o B 3RS TR R A ROR . g —
BB 5 & % PCL & & kit AT 3D FTERMFS B9, L)
WIH T & E R 2 TR SR R, (B PCL
AT eI Fam A 3D T B i 45 ebgd ey 7 B
P BB v R Wi

EH IV PCL MEAL, LN B2 15 B9 A R Al
YR AR AR EE 5300 Ay HEL 70 700 L B 7 3 A OUER AT
LTI RHR , A BA R T RE = P e
3D FTE PCL ehetEAr Al FF BL IR -, AR 3 8 35 1
TR 3t 3D BEARY, % ] 3D FT BN A 45 58 kG e
A PG A IR ST S T 6 , Sy J g T 7 4
PE—FfrE AU AR (5 R B AL [ 5 i, A
ST S EA )z B RS
1 LWES
1.1 EZRMHA

PCL : 3D FTERZL, IRIIDGAARML e fn A PR F] 5

Tk : 83-15-98GB, | P4 J ik A 56 Wit A A I
KARAF;

TH I 3 2SO ) YY=5021, ) M 5 28 B b

BT FRA

YK SEALEE : LT-95, K745 5~10 nm, KR 5]
S A BRI

KA AEE : LT-95-1, Kif% 10~20 nm, BRI
WS AT PR AT

YR AEE : LT-95-2, Kif% 20~30 nm, BRI
WS A PR AT

Yk AL FE - LT-95-4, K7 4% 40~100 nm, &
B AR A
1.2 FHELEAME

TUZATHF AL : MEDI-22 / 40 &, |41 3 ] 512

AT A AT FR S T 5
P LI ML . BL-6170-A Bl | 75 25 G2 4 k5 25 4
AL AT FR ST 5

A AL CP-253%, [ VgAk T ML DY)

T HEIIG AL CMT40204 5, R 1387 = A Bt
o A B il

FEVR I o R (MFR) {3 : MTM1000 4,
DRI — BRI A PR F] 5

SESERARAN - RTOI-55 / 20 B, 7 17 3% R] S 56
SIHTIESATBR A

3D LR BT AL : PIBAT B AR 20 mm, )
[ S A AT AL AR AT PR R 5

3D ki % 451X : EinScan Pro 2X %, 4 M SE i
/NP

3D ATEIHL: TTL AU, ) M dm Rt A BRA A 5

Y TAHES . BCL-1360A /B B, ikl 2 R
IR ARA R AT

Wi 4HE . BCG601 AU, 54 BAKER /A ;

R HTAL : TOM=3MK #Y, | 636 55 1 fl 2
IERABR A
1.3 PCL A MM B AR H &

W PCL. I A1 8y . YY=5021 Flgh >k A A e e 1
BC 7 B FR i, SR SR AT LA T4 Al R O
kL, T B B IR 150°C 3 250 r/min,

SR FH AR B R ALOKS: b 38 w1 5 1 e A SR
BER L mm R 5 B AR 160°C  FH A (]
5 min. HJEBFE] 1 min A EIEHE 2 mine B A
B bR
1.4 PCL 3D 47¥F &A1) &

oK HH 3D 2k b1 B Al AL il 45 PCL 3D 47 EP
¢k b, B IR ¥ 150 °C, E ML FE 3 50 r/min, %
513 B 20 mm /s B 7K 1 10%, 45 6l B 4% A


杨超


W , 55 PCL T Rk B FCAE MR O 7 IASZ 517 # 3D 1 BN e Aty ) 31

(1.75 + 0.05) mm,
1.5 3D @A#tfadrep

B, R R 3D K % 1 HAU0T 83 Be
T AR SEA T F 4, ARAS 83 o [ AR 1) 3D 45
HEG . SRIG SR 3D BRAFEA TR A B U1K A1
FR AL SFERAE , AR S IR R AR T SR AR [ 2
PR T, F A [ 2 #5 1 3D FTEPRIRY

P THar ) 3D BERYFE AL R U0 R SO Y st A%
ORGSO 3D ATENHL, I B 3T B 3ok B i
FURE AR TEN AL, PATHT ER a2 JEAT B A4 07 [ 5
ke
1.6 HaEmX

(1) PCL EetkAtHPE I L

Fir M RE# GB /T 1040.3-2006 i, i B il
H 24 h 5, $rfHE %A 500 mm/min,

MFR #% GB /T 3682.1-2018 Il iz, i i, 15 &
160°C 4817 2.16 kg.

ST A R A e e AR A, R A 48 g M4
BN AL R A AR, B R EE 150°C 43 50 r/
min, R 8 B0 5 AR A5 T A (R

0 P BB 4% GB /T 31402<2015 izt , il k44
AT 4 B 0 1) 2 K R RT A AT A T TRT R R e

(2) PCL 3D T E[ A [ 5 gt gl it .

it 1t B P B I A [ A 2T 90° S5 &,
W s A B E B SGR, DA B SR A 2 R B
M Hmt kR
2 #R5ite
2.1 &Gt PCL BMEA BRI L 89 % vl

5 YY-5021 &t (BN s E, NI ) A
1%, ¥ A1 8 & 55 5 A 0%,10%),20%), 30%,40%,
WFE A Ry & X PCL el M R AR M RE 2%
PEREAY N

(1) WAETERE.

AR & X PCL MU EAT B MFR 95200 UL &
1o I L AT UL, B2 A0 & s B, e R
MFR S5E38 5 T Rer AR feia s, Mg Ak &
k1 10% B 3A R AfH 2.69 g/ 10 min, B 5 ¥ A K
SR, MFR ASWIFE(R, AT DURIR, A& &
M 10% HEHNZE 40%, MFR FREI ., X Al T
YY-5021 J&— PP 25 sorE ) s il R o F
R8-S5 1 Ak A AR ASON , 35 i Ak 5 PCL K53
FZ AR AH H A SE , X K or-1z 80 LR BRAS RO, 1
AR E R ARV ISR , M MFR FEIGE R

2.8

2.4

2.0r

1.6F

MFR / [g - (10 min)]

1.2F

0 10 20 30 40
WEH L/ %
B L ASIF Aok & ik PCL M4 R MFR

1 A 8 & 5 X PCL gl M B4 L - 1 1 58 1 5%
Wiy UL, J1 2 ph & 2 BT 0L, B G W A8 S G, oF
Ml 5 S5 T RS By A2 fb e, 5 MFR 19742
WAL IEdF A S . S A 8 B & ol 10% B, P
HAE /N, o 3.2 N-mo [RIFERT DL& B, 25 1 8
R 10% B, S HL RS i 3 e vT e 2
YY-5021 7 A= 14 3 2B K00 B RS K 412 3l i
0 A ESIN EEOR , BHAT RSN B 2, i sl BH
DAL YN R B R I (sl

5.01-

A~
3

A / (N - 'm)
5 3

w
pR=}

10 20 30 40
WAMEE /%
B2 RFEEGHE A PCL Btbhk T i

(2) Ji# 1R

VAR O AR LA RS i UL A 3 A
4., MK 3 UL, Bl AR S e, MR B A
5 P AL AR, VAR A 40% Rk B K
23.4 MPa, F=AE X PG A0 R R YY-5021 78 i
AR A PCL SR Z 0] 7= AL T R AT (AR R 2440
FLR R AW A28 7= A A NN T, A R 1 ik
T KNSR B U W, R R SR . K 4
AT UL B W AR o EE BN, AR I 2 3R S
SeXG NS BRI AR A S, i AR S o 10%
I, W R iR 30K B d (H 813%., Pl 1 A1 B 7%
ARSI, WA R P L. TR S
Tk S N S 2 PCL BT 4708 il L v
0 DT o8 7= A SR S I MR SRR 08 A 5, s 2 A
KRB

CEA BN TR A ) M Re, MLy e
ARy ol 10% B O AR O . AR MR
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32 TR R

2020 4F, 45 48 ¥ 55 5 1

25.0

225+

20.0

FIAf5RIE / MPa

1751

15.0 : : ‘ !
0 10 20 30 40
WA AR/ %
53 A AR S PCL BehER R hr 15 J3E
850 -
800
750 -
700 -
650 -
600 -
550
500 - .
450

T /%

0 10 20 30 40
WA i/ %
B4 RIFHTR Ak PCL BRI 2 K3

2.69 g/ 10 min 7 i 58 B 3K 3 19.4 MPa., K7 24 fif
KRNy 813%, 5E 4 1] LU A2 3D FT EAA [ 7 5 1)
FR.
2.2 Sk BACEERT PCL BOME MR B AL 09 %o

R TR PR A [ A e B K AR A A AE
SUBRY RS , #E L3R Ry S 3E, PCL B A B A
Pt 3ah b A AR AR B R FSE AR
(R 29 K A BE XA I B 1 RE 1 52 e, ELARKTRC D7 4n
21N ISR ILE 5. IR 5 AL R
TN AL RE A TE R 4 88 (085 AT BR B8 RN
KIGFFH G, L0 h 3 48 h, BB B B,
VLRI AT ARG . 1fid kL B, C, D, E #:Fh
48 h J5, WTEHGE Bk, b7 B, C ATE Hlll
SRR e D HPILAR A B 2 Y AT
TE, VAW AN 4% 1) 9 K S8 Ak B (LT-95-2) B R
GF M B, H4 AR A PR s ik & BE 4%
FIANK SRR EE (LT-95-2) it b4 ek 18 3 A8 AP i
AR /N

#1 PCLUEHMMHEESSE %
P PER RS

BB A B c D E
PCL 89 85 85 85 85
YY-5021 1 1 1 1 1
NEPaE ) 10 10 10 10 10
FAEE LT-95 0 4 0 0 0
FALEE LT-95-1 0 0 4 0 0
FALEE LT-95-2 0 0 0 4 0
FALEE LT-95-4 0 0 0 0 4

@ (b) © ) ®

(d ®

0] (0) (k) 0]

a—HPRE A, S B ATATERE L0 h 5 g—BHRE A, KBTI .0 h
b~F—bk A~ Bk E, & 2 (ATATER I , 48
h~l—bhkt A~ PR} E, KT, 48 h
5 PCL MR RO 55055
g LA, PCL 1 B iCbE A R} S AR B D o -
PCL 85%), YY-5021 1%, 44 >k % 1k 4F (LT-95-2)
4%, ¥ £ 8 10%. # K MFR 25 2.5 g/ 10 min,
IR A 19.3 MPa W2 H K 3k 803%.
2.3 MRALEE 3569 3D AT AT
R I FRDTRR T3 D5 T B, [ 5 7% , 115 JE 72
[ 100% . Ji$ )2 FTE#)E 15 mm /s FUE MR 30°C
DA AL SRS FTEREL . (200~240°C ) FISE FEFTEN
M (20~40 mm/s), B T AFRATE TESH T
AASE 1 5 2% B F T ED 3 R LA ST ERF R A R i
ZEFN i He 90° ANTF LUK, i i HEFTED T 234U
FIEN T 2280k B A R L3R 2,
®2 DINIESHELE

W H BROEAE /R
FTENRE / °C 200 220 240 220 220
WFESTENEERE /(mm-s™) 20 20 20 30 40
AR 7 7 2= & &
HNAL AR — RiF R
K RSHmZE /% 013 0.4 014 011
S RSHRZE / % 011 012 012 011
FERSHmZE /% 012 015 0.14 0.0
HiFE 90° AN TFA AL 5 52 63 81

VE: FTEDIREE 240°C F 4855 K, i vp T, 5 B B UR 52 %
3D FTEN, JoiARFFAHN A5 R

M 2 BT S0, T BRI EE 200 °C 3B FE AT B
20 mm /s B, 3D FTER™ i BAMUAS B, ZR 30 A HE RS
ML (WL 6), fhiFE 90° AFFZREAL R 5 1K ; T
EELEE 240°CHT, 25 5 th 3Rk, JCRIAIATER . 7E
FIEMIREE 220°C 4508 T, Bl U se A T B SR R3S n, ™
i I AMULAR G ROST i 22058/, 1 90° AN FF 2%k
BN MIE AT ENEEEE S 40 mm /s B, & T AN
RAF (DL 7) RS 22 < 0.11% ATk ¢ 90° AN
ZAUCHGRF] 81 YR A [ 75 o

25 bR, A7 [ 52 2% 3D FTERRY R AL T2 &1
R ATENEBE 220°C JH R AT BN B 40 mm /s S5
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WRIBEZE , 257 - PCL BRI B FUTE IR ey AL (8152 45 3D 1Bl 1 JT] 33

816 JJE 200°CHT 3D FTEAA [ 5 e H

€1 7 IRLEE 220°CH 3D HTERAAA [ 5 £ I
Ji 100% JEEJZFTENHE 15 mm /s FRHEREE 30°C.
3 #it

(1) BEA T A0 & S, PCL St HEA R FiE
(SR LB ME C, MFR FI 2L KR R e S
/N AR AR R B, 2 A0k R O 109% IR MFR Al
W 2 AR Bk e AR, 2351 2.69 g/ 10 min Fil
813% ; V- FH I bl 5 B SE PR AU B e, >4
ARy F il 109% B2k fR/IME 8.2 N m.

(2) TGk AL BE (LT-95-2) 1) PCL #IPa
PERREAS 4 2 (01 2 BRIE AU AT B A IE RO
I, PCL MV et A4 B AE L 77 4 PCL 85%, 44K
FALEE (LT-95-2) 4%, YY-5021 1%, it £1 4 10%,
HMFR & 2.5 g/ 10 min $i7 {155 & 19.3 MPa, Wr
2R AR 803%.

(3) ZEFTENIGSE 220°C JEFEHTEDEESEE 40 mm /
s AT ATENH AN R 4 RO i 22 < 0.11% Fil i
£2 90° N ZIREGLF 81 UK AL E i
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