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Research Progress of Polymer Materials for 3D Printing

Zhang Xiangyang, Jia Shikui, Zhao Zhongguo, Cao Le, Zhang Qifeng, Chen Ligui
(School of Materials Science and Engineering, Shaanxi University of Technology, Hanzhong 723000, China)

Abstract : The literatures on polymer materials for 3D printing in.recent years were consulted, the types of the polymer materi-
als were classified , and the research progress of their modification were summarized. The 3D printed polymers and their modified
materials including biodegradable plastics such as polylactic acid, .polybutylene succinate and polycaprolactone, general engineering
plastics such as acrylonitrile-butadiene-styrene plastics and polyamide, as well as-special engineering plastics such as polyetherether-
ketone (PEEK) were reviewed respectively. Moreover, the application progress of different types of the 3D printed polymer materials
in the fields of biomedicine, automobile'and other fields were introduced.
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BN GBI, LSRR A e R AE Jr 32, A I T
SEINAE B A 6 i IR AR g 2z B,

A 25 © Sy fif ke PLA / 2 BEBR 99 K45 (MWCNTS) &
FL T B RE A A i 17 ) R, i £ T PBS ) O Y PLAY/
MWCNTs & & #1kE, FF58 &30, 4340 PBS & &, 2441
A L BEL R DB R R o i Y S 8o T AR
25y o R R ARG, 24 PBS & 4 %) 10% i, 525 4
RHOZEG VEREIAT o VP RAE © T S0 O [R] 1935 38 4 A
TR RA AR AR PLA Hhfe 84 5T ERbHARE A 25 18
“AVERE R ACFTED PLA MORHA BUAS , 45 53 B, s fin it
ARTFIES , B INRRIR AR (025G T 2 PERR 2 LU VR I3 AR 1Y)
4. J. Bustillos %5 U Fil Ff7 S84 % PLA B 54T Rl if {1
UG AS VRIS UG, 54 PLA M EE, PLA- £1 S8 T ENIE (4
TR S PEAR G T 14%. BRIESE © St B i 3D 4TENHA , R
JTE R 5% RRRET4E (CF) B4 ekt PLA Jfo a5t
i 3D FTER Tk 2 RIBEE ELARFTEN T PLA / CF Z 544K
i, G5 R B, 54 PLA A LG, 526 bR B4 i 486 fin
T 50%, 25 {h5E I T 100% , R 4R SR EEFEAR T 10%.

3D FTENFH PLA B etk A ke A= 0 B F O i 2 B
MAEAY S , Wang Mian 45 B fili A K478 T4 (CAP)
YE Ry PLA FTENA: 9 TR AR i b 3575, 45 CAP b3 ,
ST ETRAY H ) S5, S S TEN ST B SRR AR 2%
RS JIE 15 e A A | ol i 210 Bt R ] sE BT 2t (hMSCs)
A B 25 Aol B e 25 FE L1 . P Danilevicius % U 1] 3
Fe = HEFTENHI AL T =42 L1 PLA ZHZU TRESZ 40, S50 5%
B, AT ENR AR T AR 2 ] 32 4 1 AL BR 3 11 PLA 4141
TS, BB Fr s, 3. A Weisman 45 ™ S ] 3D 1T
ENFEAR A 77 TIRAS B L PLA SRR 25 W 0k, 1% 2
PyEAATT LUKE DR ES FR alfby 7 24 R s 11 iz B, 1245
Wi % 5 G0 R R BEL L g , SCRE A Tl A0 1 fe T2 40y 1
B, RN AT DAia e 2 8 RS P 1. Tao Zhen 245 B2
FI s Bl AR i 2% (FDM) 3D FTENHE AR FTEN T PLA BB,
FIHHFMEAT BT T Ok, e T A= sl . %R
A AR T 7 L B T 62% , AR IR T R B AR
TEH . R, T E Sk A FIFR MY PLA / BB MER
SUBRLEHE , W PR At 3D 4T B A = E S JEA R RALAR R
TREIS A MR 0 RN T, i EL AT LAR A 3D 4TER [ TR
HRESR, B TR IS shiE IRINEESE R e B 0 By
I, BRZE4F B SR FDM AR T PLA L ZE 7= 1404 P4 T
T TR 38 T AR fL Tt RO AR . TR T, 2017 AR
BALEPRAEFT AR & G AL E PR E R RS
TSR R AT /Y 3D 4TER PLA VA7, G- 5 FI iR
PLA b}, % 4 — 2 R R IR R s e 8. il W

3D FTERTHIVE PLA SR (SRR VR A N FIVR ZEREZL AR Uh
— ik FEVR A TSR] AR SR N AR R ABS S5
R A SRL , 3 BE PR TR 3R B 1 f i, AR 17 4 7 sk A 2 5 1
T Y PR A

2 PBS 3D fTENE &4

MNTER I IEFE PBS #RHZ7E 20 22 90 44X, K
EHFFETRA , PBS ARYRL N AT R 4T 3 AL 58 4R ke
fi ikl ST WTREARIBRIAI L, PBS HAG M EL R 2%
PEREAE R 550 A5, T 0[] 55 (0 4 1) PLA A EE R 35 S HE T3
SRR T T3 0 32 O B A S st B, Rl e 2 B
i PBS A T A1 # (Tale) Fl PLA, 45 5211, PLA Y
TS PBS A2 A IRLEE TR T 5°C; B PLA &by,
PRI A B0 At REAS R R FEAS i A5 B 5, 1M B
PLA J &0 D O 3343 30 4y, hifhif & TR T 1.71 MPa,
Bl wp s TR R T 2,63 kI/m’ 3 PLA & i B4 i by i
BHORRE ; FEATENRCR |5 A AR T ENRRI B PLA &
(10 AT AR A FHODR R AL | [RIRE, 47 B o A s 22 39 A A S Bt 2
SR WIPPE R 1 TR/ ARTRAA RHI H T ERS B2 BT PLA &
et 1 S In AR R R BERS T, B 22 38 R 38 A TR AN )T AR
SRS BHT 3 ] B A EE A T LU AR A AR AR A 2
SRR s 55 A0, PLA &t (335 i S50 22 [|] (R R 45 M T e
T FDM (1) 22 54 [ 235 A4) (5 45 7 ffr 5 5 R 11 oo o 58 e
. BEAh, M. Ojansivu % " il % T PLA /PBS I& & ¥, Jf
53T T A hMSCs 76 48 T 1A RbRR: DL S 4N B BiE
BRI Sk Bk hMSC Bt 478 RS, PBS T
PLA, 3X i HAE 21 4T R S 400 F h A3 2 s T3z J A
3 PCL 3D fTENR & sriEsr

PCL &A=l BEfrpRY, 45 B4 45% 2247, PCL
PR BT 2L R SRR A TR R O S R R &
M2z 18], PCL AN BUFL I €, PCL (BB AL AR % S 60
C M 152 63°C, Srfiftil 2y 250°C B9,

PCL %4 HI1E Py 7 )7 THi , Zhang Kaile 45 P fifi FH#Zie
AR PCL FIZR L- N ACHE — C AR (PLCL) R&HmT
DAL S R AR PRIE, BP9 1 YR UE ] T B Gl 45 4 2 ]
ATHY (o FH IR A Py b RL AR A5 5 R AR G RIE AR 4 1 g 2
fie, WA 3D AEWFTENFRIB RIRIFFE a5 T R SCA RS J. Y.
Won % P 3D $TEN I PCL/ 8 (FLER - 3k - AL 2R ) / -
WER =45 (PCL/PLGA /B-TCP) JIi 5 7 1 ff i i 15 J5L Bt ]
FHAS KA AR 5] 515 7328 (GBR). X HLA5 R R,
PCL/PLGA /B-TCP BEAE R AN A N HA 55 B TR AR AR BL )
AR B FAE KT . F R E] GBR AR H TR A
B (WM ), WERH T PCL /PLGA / B-TCP BEFE IR I PR 4% Hh
B ] S R 28 IE S T B AT 11 GBR B9
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FAPERS . Liu Dinghua 45 "3 F ] 3D $TER )5 ¥l i PCL / 44
I (STHA) & A #BLSZ 58 (scaffolds), STHA A
FEANMISEGE 15 R AN RE 7 A B S g, 4R
B, PCL / SrHA %441k} scaffolds 7] DL it 3D FTENH A%
Sy il , I ELAE B A T AR A nT R AR T A
Aik. J.Y. Lee % PR & T — R MRy =448 e et E
A LR A -2 (BMP-2) 18 AU BRIR (TA) Bt PCL il 45 49
W45 5 H0, PCL/ BMP=2 / TA SC4RAE5 il v 48
SRAE SIS RIS SR A ML BB o Al P R A i e s Y
PLPCL AP, WFF8 1 7 T B AT B2 2 X5 PCL ] it 3
ARTE AR, S5 s, TR B A2 o (8 i e i )
PCL il i e e A i, (G AR i (R e TR T
K5 1Mii 3D FTENRY PCL Az (s B | 25 5 A R 4 e
B T 2000, &S P R RO Re4h (SLS)
BARM YK PCL/ BRI N T8 48, IRk, 26
PR B A XARUZ F] A B 1 A I T S e 5
TFANBEC A 5 RE TS AR, [R] s 8 ELA R S 1 o e
[[EVAR
4 ABS 3D FTENE & WU #1 44

ABS J&—Fha = B A A S i Tl Ak A
BT MR B2 Weng Zixiang 25 P ABS H R il
F i+ (OMMT) J& & B BHA R AR AT i 25 S 2
ol A P A i RS B 2 R i, R A G o5 R
RBEAR, A BHE FDM 3D 1 B HURA BT i AT F
Vishal % P9 SR ] OMMT ZE44K 52 5 bR W 1R ABS K
LR IA T, RPN AL N T 10.8%, OMMT &
THEKIE A AR A B AR 5 64%. OMMT 251
FE SR A W) FIUORG - ST b B BE R SR A, H sk S 4 K JBORE
555G ABS HH HE B B R AR R e TR G
Yy BG4 A B N T 3D BRI (R (0 B e A i T
J. Quill % P FE AL B (BN) %F ABS #478t:, BN & H
35% M) 3D AT ERPFR I N # T4 0.93 W/ (m - K), [t
TS AR 1.45 W/ (m - K) 22/, (BT 41 ABS #4535
(1 5 i, 37 HLAT R 2 B4 ) S0, R GOK S A MR X
3D FTENHAR T AT LIE HCEAT J5 M 0 4461 i

T4, B AR A YR A RS M30i 9 ABS 1 3D
FTED N AR JEA R, 22 BT LR FZ AR R Ry HAR B i
B HA R EHDR RN . FIH FDM HARATENH TAMEfR Ak
[ 5 2, SRR T IR E B e T, — 28 s IR 1A A
SEREEARBUR R 250 BB LU SR A TS AR AN
i A ME RS

TEVRZEJ7 T, (R T DL ABS / CF & & Mkl b 5 1Y
Strati ¥54%, A G — R L= — i A2 44 h, &

1Y 3 / 4 HKHE 3D FTENSE A, &2 & M kL ABS Fil CF 11 5T
HHR 8 1 2, fE A G B I 50 T IR HE b R AR IR A A 1 5
JiE BB N e P B TR 2 2 A R S — 4 3D AT ENYA L,
A 150 DEES 1 ABS R

FE Tl B4 7 T, B 5245 B R A FDM R 4TER i
ABS RS AR, R it RS 8 h sl A=
PR G B I, — 28T TR AR LI il
T BB I [R1 DL B A i S MR, A2 K T, 9 [
R 2 i A P R 7 ABS FTEN T —2844 /7 “SULSA” ¢
B, IZ T AN EATIL 2 m, s Rl 100 km /hB9,
5 PA3D fTENBEAWIBiE#t 1

PA (155 B2 18 M A AV TR O B R UL s ik
AR/, 3D FTEN = S A L ABS A, bt i B
R PA B R AT TN 72 e RE BT, T LA PA R
FH SLS i T vk il s oA A el e B0

S IE S SR AR 8 0 B s 14 5 vkl 4 T PAL2
/ MWCNTSs & &8 bt oo e Dy il £ 7 3% 10 % S5k =2
R TE B4 i PAL2 /MWCNTSs SLS 1l i, fir 15 PA12 /
MWCNTs BEZ iR AL A5t 5 TR 5] 44.2 MPa, it 11 i o
J¥ A% 8.12 kI/m®, Yan Chunjie % B 5% 1] SLS a2 4% A
L OMMT M58 51| PAL2 ok i35 . g 2= Ve, 15 2l 14 1
T VERE R R B Z A KRR . 524 B R A AT
TEEHI4 T T 3D FTENN) PAG /PAL2 B4 KK, A Hr A
WA PAL2 & it T AR IR BE KA SR
TR, B PAL2 fili 52 45 R AR 4T N be 45 A B
9 A BRAIS PR B B 1R A R T SLS i

PA HA RS i MERE , OB 2 I VR4 Tk A
A T . 35 [E Y Solvay 2\ 7 % PA G i 3D FT BN B
ARAE =T i S R AR R A TR B AL T
PRLEAT B I A JR R R E %0, ) 1 387 R 0 e
T PA6 Ultramid B3U50G6 i B b1k}, HAF & 5 H o 2 A
IEC60335-1, 5 Jllid & FI T-VEACHIL  BEBE L 1 2 I AR )7 I F
A 2RI RERY /MBS, nnifEpL 45 9,
6 PEEK 3D fTENER&#sUiEsr#t

PEEK & —Fik RO S A AR Ah T AR R, B RAF YT
o TP T AR RS AR M | A R P RN A A S R S
PERE, B TSR 4 BT A Y T
PEEK 11 fo 5 J3 , v s 1A R v T U, DR K Jd £ — 3
i 3D ATEI/N TR T F R AT PEEK A%}

Kang Jianfeng %5 “2 H] 3D $TENH AL T PEEK [l
A B B AL T A 55 R AR B LA T g 1434
I Z BRI C B AR F RN, R SO R B AT
C. Basgul % " % ] PEEK i1 3D FTENHl: 1 I MERL &
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bR IELE IR E A8 Y H 4R A BT U1 B AL SN TRl & 4%
1) 63% ~ 71%, 1 5% 5 )%k 92%., F HL7E 3000 mm /min
4 F fe 4T B R B2 R 4T3 AR A5 3 ik 20% (L ER 22, 3D FTEIAY
PEEK BRIy 45 -5 % AR N TRy PEEK S 2R 1Y 45 i
JEEAT B 25 Deng Lijun 25 U4 5 i LA By e £k 25
TER T —Fopi B AR 40K & (AgNPs) 1&1fii 3D 4T E PEEK
MR 7%, AgNPs 184 1) 3D PEEK 7 28 % £ 2% [ B 14 Al
22 G MR T s th W B PR R SRS MG—-63 4
iR P A i P 40 6 348 2 R A W R T (ALP) T
. SR, 54l PEEK S 4AH L, F AgNPs #&41ifY S 48
AT LASCRPAN MG 58, JF 190 7 S0P i R S 1, AR I PR R
N LUEE  BATE KA FE R . 1. Nakahara % 1 5%
JH CF it PEEK #4KH, SR J5 FHZOM o 26 77 KR T, il
T PEEK KA RRE A TE B SR, S AH N £ 3 T 40 A 3 B B8
BT IRSZAELRE . AN, Magma 23 B A Victrex PEEK i
it 3D FTER il T LK BT ik 4 km 128552 m-pipe &,
%8 h CF 3% 38 27 4k (GF) etk PEEK 1hifH, e K32 F
it 100 MPa, /K NERIRE T E 3 km, 2L 10 T H RGN
AHMFIRAR A By, SR L, 25 CF Hil GE Btk i
PEEK B4 ELAT R 55 1 17 0 R F gl B9
7 £5iE

3D FTENH AR Ve RUEOR BT, = At i
Ml A — R R A, S NS S il PR AT 2 TR
SEAYERIRTGER , K3 B i s B — e Be A, #R e
B B AT DR S 1, HEA R m i s G %5, Erdh
IRFTREE 1A% G W8S T 2 A R T A 1 U A ) s S
AR, AR A 7 O T IS SRR I A S AR 4, P
HRACRE R T8 LA ELA G i T 25 W e
P EAER A S AT AR TG G RN AFESE T AR IR
7 T 8L SRR R 5, 2 T T B A R Il 1, f e e
LB ), T 28 TR B S SE R A, R e TR
B BT B RRER 0 P RE AN T BE O 4R BCA B AE 3D FTER AR i
WM B CARZFH R X SRS Y3 T PhRe
4FIF HIEAE G 3D 4T ENAY R G WM L, I HAEE W2 R
BTl AE T G AR AR IS T A IR AR, H
SEA BRI Bk B S- W RHEE 3D FTER 7 1 (i
ST TR AN [) U A [ A7 Ml Bl Pt BE 2 T REME R R S
Prbrkl, B0 3D FTENH A YA KI8T, 3D T EI A+,
AR SAARE = i 2 ATl 2 A B2
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