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W R — A #8069 7 ik—— R ok B Bk B MR R 25 (SLS) A B Ak (PP) R, KA 5 AEIf A B Hr
AL 324 8 F BAAEL R ILE AT H F AN X R Z 2465 4 (DSC) L% PP # Kit4T T — A 5] R A5 R
AU SRR A0 PP A AME BRI AT T HbA . S REAM, WA T A &00 PP KR E P 74~150 pm, TR
T SLS T % ; AK4#ik PPy K5 A A Wik ik PP B A2 0 S B 9 4] 4 20~158 pwm F= 25~105 pm, Ro3k
PP & RA12 5 B A 4, T3 ARt 4 K 3 5IE AR & PP KA, Kok PP iy Rl A @ 8 0% & 5%
JEF 5 RHHE PP A R IEA I % PP REAME E 55 4 0.523,0.322 g/cm’ ; KR53k PP & K x4
B35 IR B S SR R H W AR AR PP R E R AR AT AR AR sk v ok R 3R AR IT 1 45 A AT R PP B K
EIIRAR GG A F AR S PP RATARIE ; DSC MK AU, AR5k PP K5 A i ik PP # K69 SLS m iR E 5 A
5 A1 A 126.1~159.25°CHe 128.64~156.74°C, K 53 3% PP 9 A A £.58 49 SLS A LB 56 H .
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Properties of Polypropylene Powder for 3D Printing Process Prepared by Water Dispersion
Yang Xusheng', Wang Yan" >, Yan Guangwang'
(1. School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430073, China ;
2. Guangdong Silver Age.Sci & Tech Co. Ltd., Dongguan 523000, China)

Abstract : A novel method—water dispersion method was used to prepare polypropylene (PP) powder for selective laser sinter-
ing (SLS). A series of characterizations of the PP powder were performed by using sample sieve, particle size analyzer, scanning
electron microscope, apparent density analyzer, mechanical properties test, DSC, and compared with those of PP powder prepared
by solvent precipitation method. The results show that, the particle sizes of PP powders prepared by the two methods are all concen-
trated in the range of 74—150 . m and can be used for SLS. The particle sizes distribution range of PP powder prepared by water
dispersion method and solvent precipitation method is 20-158 p m and 25-105 p m respectively, which indicates that the particle
size of PP powder prepared by water dispersion method are more dispersed and the average particle size is higher. Compared with
PP powder prepared by solvent precipitation method, the surface of PP powder particles prepared by water dispersion method are
smoother and the density is higher. The apparent density of PP powder prepared by water dispersion method and solvent precipita-
tion method are 0.523,0.322 g/cm’ respectively. The injection molded sample of PP powder prepared by water dispersion method
has a lower tensile strength, flexural strength and flexural modulus than those of PP raw material, but the notched impact strength is
doubled, the sample of PP powder prepared by solvent precipitation has the same mechanical properties as sample of PP raw mate-
rial. The results of DSC test show that the sintering temperature range of PP powder prepared by water dispersion method and solvent
precipitation method are 126.1-159.25°C and 128.64—156.74°C respectively, which indicates PP powder prepared by water disper-
sion method has a wider sintering temperature range.

Keywords : water dispersible method ; solvent precipitation method ; polypropylene powder ; 3D printing ; selective laser sin-

tering ; property
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[0 N B Y T VAR B S T WP 1 i vk e
Wo'tbedt (SLS) AT RE U SRMiFE T & L RBfb A=
PR TR AR MR R I A 2 (U E R KL
I (PS)JE T (PA) 5/ EBULFN 2 FRIA M AL
PIH (PP) /E R DU ACiE ¥R AL 2 — 78 SLS 4 iy
L FHEMAT R AL T 58 B BE, B3 A A il 4% vk Je: LA
PP 7£ SLS 40k i EE N E Z —. PP RyARME
Gl 4 7 ik FE AU R B H A PP R
(1) 5 ZE IR AE T — P ARy A TRk, 3 47 ke Bl
% 3D FTEMATAL 24 , PP S A (14 7 FH AT Bt 4 5k
FEDCIERE L, T AR R R R e A B A ) 2558 2 AL
PR RIS 45 T RERZ T SLS T2/ PP Kok
SR, MBI R T i PR 1 4, i TRk
i, AR SCRAG, LT AT 2 N i, i FE B 1Y) 2
il 25 14 PP By AR TE SR, i sh b 22 , R RESE 247
4 SLS X R 43 T M A ARHAER |, T AN 1
FEAE AR A £ %

UL AR SRR RN DLTE ik O Bl F & Ok i 4% SLS
FH PP R, ¥ I LTE 15 R B AR PP VA R AE S . L
SRS A ALY T, SR 5 0028 T Bl oA 55 2
VA PP LURY A UTTE H ke 32 5 TR T LA il £t
RARR/NEE BRIV & S84 456 SLS 2K Y PP
WA AR A HLIEE ) 0 A A FHAS R A RS fh A
PR BRIV R N Z R i, B it —
e SCRR AT 38 B 10 5 —— K BG4 PP R K
TR H0 SR B < A e i e R R B RS A Y PP
L RTERF AL E R, (45 PP 727K 35 4)
FETE SR Al BRI A A, PP W HI &S S sk ek
A o [FIRFIVTIE A L, KA B0 0 T 225
IR, AR A 7= ] B PR TR A, PRI LV DT TE 74
75 1% PP By K L BE N 275 BIFSE T /K 3 8l PP
3 A B £ T RE , S 7K 43 H0A i 25 SLS F PP oK
PP (IR A FT A R LA 4
1 ZIES
1.1 £ZRM#

PP : HJ730, i [E = B kB /R A BRA A 5

B JE 5 (Pluronics) : F108, B[4 T 3723 7] 5

FIBCE : M5, R TER A F 5

TR Al AT E TR A TR RA
Al
1.2 =ENELEE

B RF-: T/ 2500 B, bRk 3 Rl 2A AU AT R

NGB

TRV 48 : CI(k)—1 Y, g ocAk THLWA
PR F

A K 25 %% . SHB-IIS B, Fo f AL 28 A
PR T

F A 35 XU T4 « DHG-9246A Y, |k
TSR A PR A Wl

P R hiFek . BA% 80 mm, FIGREHINES

SyRET . BRI R AR RS

0 EE 43 B : Mastersizer 3000 %, ¥ [E] £ /R SC
IR A BR A

FHE o 7 B 8% (SEM) : ISM-5510LV %!, H
X JEOL /A ) ;

FEULE /T : XBM—100 B, AR ks 5512056
A PR

7478 1 4 18 #4(DSC) % : DSC200F3 %Y, fif [+
Netzsch 2\ )

SEARTESBHL: TY-200 59, B0 K B HLA PR
Gi

1,27 AEIREG ML : GP-TS2000S Y, o [& |

o AR 28 A BR A

B CHIREAL : XOS-Y #Y, A fERS 2R i WL AT R
YNGR

B dFRIS AL . XTU-22 B, ARG HLA
BT,
1.3 BRHAELTE

KA #E 1 L mER N ZET A 10 g
) PP,300 mL A% 7K,60 g A2 I 75 ¥ 7 Pluronics
(F108) FIAAZ I (< 22 0.15 g, #F 210°C 52 1000 r
/min B R 515 30 min, SR 5 2 28 00, U
FER K PRI e T R R FE g BT F
JE | Pl R UEA T O A3, A BT PPOBR .

WRUTIERE ML 7R 1 LRI 50 g 1Y
PP #1500 mL A9y — H 2%, 7£ 150 °C J 1000 r/min
(IFEHCT , PRI 30 min, BEZE =, BUh =, R )5
g KT A, R T A, A5 BT
PP #3A .
1.4 RegmiXFe FAE

(1) By R PRI S #AE

i i R R AR ¥ PP R K AEFLAE K 150 wm
(100 H ).100 pm (150 H ).74 pm (200 H ).
65 wm (250 H ) 54 pwm (300 H ) By 40 #E i th
PEATIB G 4, /3 Bk s e AN Rl FLAR S RE R 45 2]
FAA A o B BT 7 E B 5


杨超


WNA: 55 RSy Bk % 3D FTENFH RN R R PRk 105

AR AR K PP R R B TR AU
PEATRIAR A IR, UK R 43808, 8 75 4310, 43
BFME 8 20 min

SEM RAE : B My ARG S5 72N — 2 5 e R
i JE_b, P 2 RSS2 FH T SEM AR e
SR SEM YR R i ki A% BRIV B R 545
PEAT AL

FEULEE FED A - AR A H HERR A W5 i 47
MRS W RS TR AR  F2 8
AR / B AR RN Ry K Al HERUT 19
FEXE T

DSC ik : kA& LrS, LA 10°C / min (19 T+
REHCRTHR 2 220°C, /i HARRHI 2=, i %It
IRFEEATFERY DSC Hh4k .

(2) By AR LA g2 PR

fift A SAHLHI 2545 6 B Shn HE R T 22
IR FRAE RS R IBIRE N 215,220,215°C, At
6] 4 s, (% EmFE] 3 s, BHImTE] 4 so AP0 7%
JEE 25 R 2 3% R GB /T 1040-2006 F1.GB /T
9341—2008 ik, MiaLE %5308 5002 mm/ min ;
i R EEFE IR GB /T 1043-2008 32, MR R Se e
TRE R A R T
2 H#HR5H
2.1 HReyEFERIE

SLS F#y AR ki A2 i % il 78 10~150 wm : i
RN, By R 25 2y 77 A i vl AR IR 5 R AR R
il S AF e AR 5 B S 0% A A5, A il 74 2% v KL
Ko 1 oK o A R DTTE A 45 19 PP R R
TER IR B 4551

. [ d E
iR
kA BT
WMARAETER : a—100~150 wm ; b—74~100 pm ;

c—65~74 pm; d—54~65 pm;e—54 umPAF

1 PR I PP RIATE A GO RE 1 0754
H & 1 AT A Y, PR 32 48 0 R AR R AR 24
LETRYE 74~150 pom, 7ERIAE A 74~100 pm B
O BURE . E 74~100 wm P, 7K 2 H0ss il 4 10
AR 3R 56.42% , AN B FITE I i 45 0

KT 514K 68.55%, 3F HAE 54 pwm LR IXH Y,
IR i 25 B R AR BT B 4.28%, T R DL
T ILFR 0, L UL T IR D0TE 2 i 4 iRy R
BARA AT T BSR UL T ik  RE A5
76 SLS T ARARER I PP M)A
2.2 W RGBEZESHEAL

R T A AR RS A (R R4S, X6 T A
il £ 19 PP OB A HEAT T ORCAR 43 A DX, 25 R an &) 2
fse B 2 AT AR Y K sl il 45 0 R e
1% 89.337 wm A RSB KA, ol 11.49%, %
RO ATE RN 20~158 wm, Rifh 70~110 pm Y
AR BN 55%, 518 1 Hoky A0 3 0 il il 45
WIEARWY) &, By R R o T e A
ARGT (0 A BUR HERR, 56 SLS T2 %K, 5K4r
RO AR LU, V5 TS ] 8 1R Ry AR AR 43 A Y BBl oy
25~105 L 7ERAE 60.89 wm A AR K
18, A1221%; BARIRE A R 58 117
E e N = S TR Y L

ﬂ.
2
&
B

¥ 1 S

{i H
e i _,l'-l " i,
He 1y 1
# i i}

it .

] ;60 = 13a 150 Lap
BT jum

B2 R PP AR RORR 5
2.3 HARGHREAE

Pl 3 FIEL 4 53531 SRy 7K 43 B0 R0 77000 5 v il
£ 11 PP O AR AE A RO AEECT (19 SEM A%,
B 3a 7] LU B 7K 43 5 6 45 19 PP Ry R AR 2t
BRIE  BIARTE 90 pm 2247, Sl i R RAE Skt 53
ARG R IAMLT . 7EE 3¢ FIE] 4o Hh R IR
TR ZR TRIAETEBRIE , I 2 S 245 i it A v 8% B AE 7K 43
B A 1 PP RS A P 57K 431 RIS 43 1 2 1 36
T Bk Vs N DTVE VA 25 1) PP A A HLARM PR
ERIRER AT SRIMTHE—2 LA T LB B0 B 1Y
X, B 3¢ AT LUF B3R AT F 5 /INLAELE , B 4c
FH I RE LS 2 ZEAE NG, P I G2 A A DTVE T il
#HERDTHA (41 PA B ) s sk g m s
2|, W Y M BRI AE PP 45 T 4 itk Btk
BRI AT 3kt S A B R B, I L AT LA IS s
TE TG oAy 2% B A 250085 790 3 A1 S B8 P 3 e A X
TE A T 7K 43 F0 HP 8 A A 5005 70 T Aok P 5
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Z RN, % RXE, e 2L ALK & 3b AiA] 4b
FynT LI SR AR 2 M , SR M1 1AT 3b HoB A
KLRYBRIE BE AU 4b 5, AR Al 2 15T 3¢ Hol R i
KX R HE 38 1 B 5 U 22 I BB JEE TR K
G R 6 FR R A S5 B B ey, AR B AT At
17 SLS BRI , 7K 73 Bk il 4 1 PP OB AR N A 5
U pTERE

'Ilr. ' - Il

|

() (b)
T RATAEL: a—100 155 b—1 000 175 ; c—5 000 1%
B 3 Koy EE & PP ByAK SEM

A
©

k-

E h %
(a) (®) (©
JUCRAEEL: a—100 fiF; b—2300 fiF; c—5000 %
K4 WSITTIERE T4 PP BIAR SEM A
2.4 HREIEEMZ
53 R 1) HE AR B e RAE Y RPERE 1) — N &
TRPR AR RIS BRIE R RAR A AR i 50
PEERRE M ER G4 R B E RN R E
FHORE ] 7 225 BB /DN, 42 i T 8y, PRI HGAE SLS 128
e ARV PR bR At i R P AL R s
ARV RYBOR B H . 2 1 Ko HOE R RITTTE
Pl (0 PP OBy R R B2 . fER 1 AT DU K
SIBUE I PP OB AR FE ELE 0.5 g/em’ LU I,
SEHEIME A 0.523 g/ em’, I H 2 2R )5 HAH %
NRGRE o WDTTE L 4 1 PP Ry AR R i — ik
£ 0.30~0.35 g/cm’, £ Z IR 5 HAE A 1SR 2,
HE KRR E N 0351 g/cm’, X TR B
A PP OBIR X FEIE 5 R 3 K& 4 PPy
ARACKER T ) SR AT G o
F1 WM ESEH PP MARRNEE g/cm’
——— —
WO T R A G
KAEGE 0525 0518 0522 0523 0.527 0520 0.523
FHIDUEEY: 0297 0351 0312 0338 0306 0327 0322

2.5 S AREBIRA S F T

WG R ) B 25 g 2 Pk g 5 1 5 i Y
T SRR, BT SR AL TR B B, AR Y PP
MR R B I 2 SLS YR PP A K 1)

FHARZR, PR X PP JEURE LA KK 43 ik ANE DL
VETE A 10 PP OB AR S BT T 1 S I AR T
HEIRIRE R Ty 2R S5 R SR 2 o, ik 2 v]
DU, K 280 PP Ry A il £ 10 1R i e ik 2
9 21.965 MPa., 25 il 58 & 24 27.77 MPa., 25 iff 5P
M N 1297 MPa, it F1 s 5 5l 10.64 kI /m’,
55 PP JFURLE SRR A L, b A PR RE R Br R
R (EL R 1 wp el SR EE BT 1 4%, KO0 B PP SR TE
SRR 12 A R IR R fE Tl & T2 i T
— 7 L) AZ R, (R R M e 5 IRORE Y ek A=
TIRES . EFIUTHER: PP M A E ALY Jy 2k B
5 FURMEAR — 2, UL HTRY A BB AH L R AR &
754
R 3SR e

WM PP iUkt AKAMHL PP YR IRFIVITETL PP K
HEFSRE / MPa_ 29.831 21.965 29.763
Z5RE / MPa: - 37.85 27.77 37.94
AT I E=N
SIPERLRL /T 1297 1643

MPa
S bR /
& - m 517 10.64 5.21

2. 6. REDSC £AE

TEWO e ah A R FE v, e 45 1 B Ak T4 Rl i
FEL T PP Ry R 23 B AN mh s e IR 52, e 4 i B
Ab T2 TR EE VO IR PP Y R S 7R SE AU e FR IS
PRI 48 b i & A= e, = A5, BT L SLS T2
A WA TR EE SO R, — AL T 435 i kS b T
J R 4 IR B2 2 ) RO RS i IR B . B 5 2R
Wi Fh 7 15 il 4 PP # R 1Y DSC fl £k, DA I fz 5 T
JE S AR ORI AU 2 s . AR Sa A RIDL
FEVE PP R B 25 169.25 °C, e il L V5 Bl
156.74~173.21 °C., T 7K 43 HUEE B 45 500 166.75C,
945 AL B2 Y B A 159.25~171.76°C 5 7] 5b s 5l
DUUETE PP K R B 45 Al a5k 123.59°C, 45 Al iR E
FEl 4 111.04~128.64 °C., T 7K 43 #0E PP W K (19 45 i
RN 121.08 °C, 45 i BE 5 A 113.56~126.1 °C.o
PR L, 95 I UE V5 PP O A 11 SLS i T3k EE Vi
128.64~156.74 °C., 7K /3 #ti% PP ¥ A Y SLS il T3
FEVLFE A 126.1~159.25°C, 0] I /K430 PP
R SLS i T3 By B 58
3 #ig

(1) K5 BIE A R TTIE I 4519 PP Ry A kLA
)R EAERAE 74~150 wm, &R LT SLS T.75.

(2) ¥ U TE B PP M R 1Y B4R 43 A1 3 i oy
25~105 wm, KB PP KR BIRAR A3 A5 J L N
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T
I
i
[ ]
P P
e
Lo ! Ll A8 . LN S0
W /T

a—THEME AL DSC ik ; b—I%R 45 i DSC HhZk
5 WiFP5 k4 PP B DSC HhZk
20~158 wm, HHEFUITEDA L, /K30 PP
ARPRAR S3 A5 TR S0, S SRR AR i
(3) JK 4 EvE: PP Ry AR I o 2 18 L v 7 D vE
2 PP Ry R N B S
(4) IKAFHE PP By AR o 0.523 g/
m’, IR FIUITE R PP AT R % M 0.322 g/
em’, 5t SLS A T 200 5, KR PP Ry A B 4,
(5) TEHNPLVERE PP My AR IR Ty PERE &
PP J5URRA BRI, KM H0: PP R SRR
PR A T T I (R s b s AR 1A%
(6) 7K 3 FE PP MY A 1 SLS Jinn T3 Y o
126.1~159.25°C, % FITTIED: PP M AR 1 SLS il Tk
FE VU R 128.64~156.74 °C., /K 4313k PP My A A H
FEY) SLS I TR BEE
S % X #k
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&, HJpZe ke sk LA rde F. #£ PP/GF &
Ak e nE R A R R i A Y B
TH#5 R B 5, 24 TAIC & 1 0% 59 & 0.5% i, H
Iy SIRTET 10.9%,20.8% F1 17.7% ; 76 PP/ PA6 &
S, W A el i A R S s
R THAE B R, 24 TAIC 1 0% 14 % 0.5%
mf, HA BT T 42.9%,8%,12.9% F1 8.8%. Zi4
2 ] LA, TAIC A A 23 i PP-g-MAH 1 4%
KOREE R, MFR T R, X2 S8 PP 3L & Rk
Ga iRt m R A . aTLIE ), TAIC X} PP
/ GF AW BT PP / PA6 44 155 BE VAT 41

4 TAIC & 0% 3% % 0.5% B, PP-g-MAH
AIHER % 0.36% 14 0.85%, MFR 1 95.7 g/ 10
min [ % 38.2 g/ 10 min, 1fi 24 TAIC FE4kszi fin
I, EAR IR — P4 . MFR #F— 2P FEA%, (2
PP/ GF &K EHHI PP/ PA6 & 4 1 124 PE e R 4
TRTHRA R, L A A = AR SR &R, TAIC 1
T Y PP-g-MAH #:A4R L 0.85% A2 47 0 HL, #E I
SER AT LA i — DRI MFR.
3 &ig

(1) FH LTI 20 TS TR o F S TR R P R
B TR, 7E PP R MAH AR T, SR BhAgEk
# TAIC 5% TAC 1R 55 —HAK, il 1549 PP-g-MAH
R =y MFR I HL AT 72 Ao <Ok

(2) bl Bh 2 B %) TAIC HIEEAY3S i, PP-g-MAH
FRIBEA AL, MER B FAAIC

(3) A TAIC fY PP-g-MAH 7E PP/ GF & &4
LA PP/ PA6 &4 T IR FH R, TAIC W] LI =
PP ¥4 FIHRAR R 1256 1 PERE, TAIC =
L 0.5% AR, i) PP-g-MAH FY4EA%H 0.85%.
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