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Abstract : The nylon (PA) 12 powders (old powders) recovered from selective laser sintering (SLS) process have a significant

decrease in fluidity of the melt,-which seriously influences the recovery and utilization of old powder. The performance differences

between the old and new PA12 powders were studied, and then the hyperbranched resin Hyper HPN202, Hyper C100, Hyper C181

as a rheology modifier, the old PA12. powders were plasticized by mechanical blending method, and the influences of various rheol-

ogy modifier dosage were investigated on the melt flow properties, mechanical properties and thermal properties. The results show

that Hyper HPN202, Hyper C100 and Hyper C181 can effectively improve the melt flowability of old PA12 powders, and the melt

flow rate (MFR) increases with the addition of the additive. The performance effection of Hyper HPN202 is best, when the addition

is 1%, the MFR increases by 196.5%, the tensile strength has a little increase, the bending elastic modulus and impact strength have

no change contrast to having no addition, Vicat softening temperature increases by 3.9%.

Keywords : nylon 12 ; rheological modifier ; mechanical blending ; selective laser sintering ; recycling

3D ATERHEARBEFR N “ B Tolk Haw 2 S il
wRAR M, RO EE4, (SLS) JE N ) 1z
() 3D FTEpE AR 2 — B2 B —Fh LAOGAE Ry aT
5 PR BB A A e 5 R S AR il B SR B AR
RIFEA W, 0 HF SLS BRI R R Z , EE 5
RUNT L : SR B4 bR % P e 5645 ikt B
U8 b U mar A e e (PA) Je—Fh
E MR A Y, B RAF R, SR M
Ji2EPERE . TE PA PEah R JBJE 12 (PA12) BOME Rl
FE B, 2978 178 °C, WK Z AN B e 4 Z 8B 45/
S HT SLS FTEN LR Dy RECF A BRARR B, 5 (S 4 T
HHI SLS & P AR MR T 358 95% LA™, 1
SLS WAL R vh, o 1 B 1k PAL2 By R 51 1Y

M A, T 2AEAL & EXP AR AT AL B, i
PURLE —BAE 170°C A2, 63l PA12 M Fll i 22
TEReai it #irh PA12 23 kAR AL, X R AR 25
SERTERERE . ZURBEES 5 BB AR EH T
SLS AL i 2x ™ E Y “WE R B, i bedh
il dt AN BEAF LA . S 11 A AR, A X PA
12 B AR IS A TIESE o
T. J. Choren 25 " 57 T SLS i F2£ /b PA ¥ K

1) Ak, AR 20 3 (MFR) #4717l . 4
MFR M 50 g/ (10 min) [ 20 g/ (10 min) B}, %8

*PUARA SRR AL AT AR (2013C071)

RFR N T, 2082, F 2N 3D FTEV R 43 FRHRHIFSE

Wk H Y : 2017-07-14



杨超


A, 5 PO LRSS T e 12 KoK A IR 109

SEASF ) A BH S U O LR TS B R AR
D. T. Pham 25 " % Ff F SLS B AL PA M3 oK HE A7
THEFE, XEET PA By AR RN PA By K MEREEAT T
LS, DU Bk AR o R3S K, s PE T R
K. Dotchev %5 " Xf PA12 M3 A M S FI AT T —
FANA LI, SR IEUT THR R BB 10 77 3 o8 e 5 41
FI MR MR A

TE SLS A, m rF R R iz sl )y X E 202
B Sl TR ARG IRRE B R e FLRe %
i —AEESE . RABIHBRRA X H
HEAT TSR, B B S I, AR /8, 2 B i) I
MM EARK . ZEF S PAL2 IHK G AR 50
P, SRR 2N IH A TR A B 9 o 32 8 in 9 22 el
PEFICE HA AR T S M, BB R & 1 1k,
HRAM, i g, SRR A E K
1 SEIEES
1.1 E=&RMA

PA12 IH¥3 \PA12 58k : 4R = AERH A PR w5

AR S AL B WA I - Hyper HPN202, Tolldh , i
DU S AR IR R A PR A R 5

iR AL R EEM S : Hyper C100, Hyper C181,:1-
by, BB AR BE R AR A

TeoK B sy Hr e, sk U AR 2R FOR A R A
Ao
1.2 &% &FE
BT R T/ 2500 AU, LR s Rl 22 AU A bR

B TR . DZ-IBC B, K 2 Re (U A7 B
PR AIF B AL - KNML 2R, 3 i (S a3 AT IR

POEAL: R-3221 A, 50U BB & A R
GF

B4 R R K14M2391148 1, kAR Bl %k
T AR AT BR A F 5

27 BB ML : GP-TS2000S HY, TRYI s i
IR 28 AT BR A 5

B HIAEHL: XOS-Y B, AR i b i g WA
FRAH]

B R L XTU-22 B R RIS
FROAT AT

PARIE A R ZWK 1302-A AU, S5 453
TALRS (HE ) ARAF;

T b 87~ MFR U 52 (% : SRZ-400D Y, K il
BRI ARAF]
1.3 XAEH &

43 5 FR HUE 2 19 Hyper HPN202, Hyper C100
F1 Hyper C181, I H S A 50 mL Jo/K £ 1%
YRR TR AN BT R A o8 2 i . FEIARR
100 g PAL12 IH¥FHUBERRHT , NI FE 2 0 & 58 2R
G5 kT WS G0 A5 B MOE S Y PAL2
[HA

FIFHREALN PA12 B8 . PA12 IHA FIEME S
() PA12 THRS HEA TR AR, il 5 Ty PR e 3Rk B
MR . E AR IR 190°C; #UE &
4124 10 MPa.
1.4 HEgEMK

MEFR #% GB /.T+3682-2000 {lliz ;

PR S GB/ T 1040.2-2006 it ;

23 rERT R GB/ T 9341-2008 i ;

il e GB /T 1843-2008 il ;

AR BALIREETE GB /T 1633-2000 it
2 RS
2.1 PAI12 #4Fa 8 68 M4k pb 4

PA12 Fr#y Al PA12 IHEMPERE LY T35 1.
F 1 PAI2 F#F0 PA12 B HEREEL B

i H PA12 ¥} PA12 [H#}
MFR /(g (10 min)™] 30.650 2716
LG8 / MPa 40.549 41.271
L / GPa 2.099 2.598
iR / (KT - m”) 9.166 9.988
AR AIRTE / C 138.2 1422

MZE 1 AT LA Y, PAL2 085 . IH K AY MFR 43
W] N 30.650,2.716 g/ (10 mim), 5 PA12 i ¥ (1
MFR A, PA12 [HF3 ) MFR R T 91.1%, PA12
[H B 0 5 (4 9 s MR S A T PAL2 BT K. PAL2 TH#
(AR A e 25 i B PR A | ol R R RN AR s Ak
I B B N 41.271 MPa,2.598 GPa,9.988 kI /
m’ I 142.2 °C, 43 51 W& =5 T 58 # 19 40.549 MPa,
2.099 GPa,9.166 kJ/m’ il 138.2 °C, /> B4 & T
1.8%,23.8%,9.0% F12.9%. PA12 ¥ ) SLS il
1 AR AR A R ARG, 1 EL R AT 170 °C A TV
B, B IRGREEF IR AR TE . PA12 FERRES I it b
RAGRE r T R, NI BUGE R sh A 22,
B2 RE A RR AR AN, B L T4
2.2 AEEMA A PA12 HA MFR 4%

PA 12 [H#7 19 MFR 5 0 48 oo P 550 FH 62 19 OC &
i< 1 ps .


杨超


110 TARYEALN 2017 4F 4 45 3 45 10

g | 70 ¢

R 3 g 607 2

g 1 = ,l_—o

=] 6 ~ 50 - —

= B4l =k

R H

~ 4L 2 E 39 L 3 1

Y =

|5

s 3 - 20
2 10

O.‘O 04‘2 0.‘4 0.‘6 0.‘8 1.‘0
VAT B AMK / %
1—Hyper HPN202 ; 2—Hyper C100 ; 3—Hyper C181

1 PA 12 [H#3A9 MFR 548 sioi i 0 R i 2k

AL 1 AT LA Y, = gt A48 hotE ) 3 R 2 b
U PAL2 IHB IR Bl M, el R 34 B 2 Uk
P P SRS i (A G I G R, P Hyper HPN202
P A IR B o AR WS N A% M R B PAL2 TH
¥ B MFR A 2.716 g/ (10 min), 24 ¥ Jill Hyper
HPN202 (1) 5 1 43 500 1% B, MFR M oK % Jin st
(%) 2.716 g/ (10 min) $& & | 8.054 g/ (10 min),
5T 196.5% 5 HKJE Hyper C181, 243 il Hyper
C181 11 Jit &t 73 %0 °H 1% BF, MFR A oK S fim i 79
2.716 g/ (10 min) $& & £ 7.650 g /(10 min), &
T 181.7% 5 AR fix 25 11 & Hyper C100, X5 75 N
Hyper C100 A9 5T 73050 A% B, MFR M A 73 IS
[ 2.716 g/ (10 min) $& =% 6.567 g/ (10 min), $&
T 141.8%, — A8 MOrE R A SR G,
O3 RGP/ R A AR BRI 2 )7 Tie e
Fit. TS ARG T HEAS B LSS 4
SER D R EAE N, AR AR a0 B Rk, R I
NN E PA12 By oK P BB AT R F = FLIA AR T sl
Hyper HPN202 iy SO AL SR e AR , PA12 1k 5
PR IR G, W2 RE T A b A 2% o PRI L =i A2
e Hyper HPN202 % PA12 [H K5 B 444 50
ETEHIOE S53 T
2.3 AR BCHEF AT PA12 H B FAR 3% E 69 F vk

PA 12 IH¥3 A A B 55 i AR slet 57 A 4 i ¢
ZRARLE 2 iR

B 2 W DL R, 5 i AR ekt R Y
T EON 1% BF, = Rl U AR okt R 4 X PAL2 TH
3 00 i A i B A R e, (HAR AR R, f e R
25 1~7 MPa, H o Hyper C100 £ 2kt 4 &% % &
U AT I AZ SO 7 BF PA 12 TH A B oz fif o 28
J 41.271 MPa, 2475 5i Hyper HPN202 ) )i 1 43 %%
7 0.6% F, PA12 TH#5 A S Al i 5 38 BI85 KAEL, A
FUSINEFAY 41.271 MPa $2#5 Z& 46.158 MPa, 12

0.‘0 O.‘Z O.‘4 0.‘6 0.‘8 l.‘O
WA TS / %
1—Hyper HPN202 ; 2—Hyper C100 ; 3—Hyper C181
B2 PA 12 IR RIS 5 AT G R 2%

11.8% ; 2443 il Hyper C100 19 5 £ 22 50N 1% B,
Fr Ao B K B B K AH, DR ES BT %) 41.271 MPa
$t 5 £ 48.391 MPa, #2 & 17.2%. Hyper C181
A P A A e AR AR 22, 2448 I Hyper C181
() J5 2t 53 55 R 0.6% B, 7 {5k 32 38 2] fe K AH, A
RIS B 41.271 MPa #£75 & 44.097 MPa, #£75
6.8% o AT AE U R AR S AR R L BE A A
DL A L 2R T 5 A KO R 0 i B e AT, e &
PA12 g L FIMERG SEAVE T, SURe 5K 40145 A
A R S A DAL, PR IE PA12 43T [RI BE A 32
KA EH I, BRICAE R AR B2 b = b i As el
PEFAS N AT S VF 4 5
2.4 REBHEF A PAI2 T o AT

PA12 [HH 425" iy g P A k5 it A8 i M ) FH o
R ML & 3 s

4 -
2

3’——##‘
2,

1 3

1,

R / GPa

().‘0 O.‘2 0.‘4 0.‘6 0.‘8 l.‘O
VAT A BRI AV / %
1—Hyper HPN202 ; 2—Hyper C100 ; 3—Hyper C181
P 3 PAL2 IED 25 [ s i 5 8 e B 06 R 2
H & 3 ATLAE Y S =R AR e PA12
H K3 7 25 oty A P A o A A B AIG, (H S R R, R
TR I 7 P R I PAL2 TH By A 25y s e 455 6 oy
2.598 GPa. BfiZ5 Hyper HPN202 FHEEIHE N, PA12
[H 3 A0 25 i s A i 5 B0 R R S T a3
MR &40 0.4% IF, PAL2 [H 5 i 25 i o
PEAS B DA AR TR IININE (9 2.598 GPa [% % 2.330 GPa,
TR 10.3% 5 {HR 0BT 4L 43 A 1% B, 2 g s A


杨超


A, 5 PO LRSS T e 12 KoK A IR 111

i R R 2,519 GPa, 5 KRBT HEAR . A
It Hyper HPN202, Hyper C100 F ekt P4 2k S5 s {-—
S fifi %5 Hyper C100 HH &L A3 N, PA12 IH ¥ 19 25
i R AR S S TN RS B R BRI R, Y
VSN Hyper C100 (15T i 7350 0.6% B, 25 il sk
B MR T N Y 2.598 GPa 215 & 2.655 GPa,
P& 2.2% 5 WS 0BT H 3 BN 1% I, 25 5 P A
iR 2.495 GPa, A LL AR U NS 19 2.598 GPa, T ¥
4.0%. I Hyper C181 I PA12 1H 45 4 25 i sk
B WU o, MU I BT &2 40850 0.8% B, 25 o
PR B 3R B SR AR, AR SIS 19 2.598 GPa T
% 2.383 GPa, [ 8.3%.
2.5 RTERMF T PAI2 Wb kIR AR
PA12 [HB g oo ot B 5 9t A8 e P 0 ) 56
AL 4 FiR.

14
12
3

10 b oy E
L 1

2

iR / (k) - m™)

N~ N
T

O‘.O 0‘.2 0‘.4 0‘.6 O‘,S 1‘.0
WASHCHER R AV EL/ %
1—Hyper HPN202 ; 2—Hyper C100 ; 3—Hyper C181

P4 PAL2 IR oot 3 5 B T £ 06 R 2%

M &l 4 7] DL Y, B & Hyper C100 il Hyper
C181 A& AYHEAN, PAL12 [FH5 Al i o B8 52
B RTINS BOPEF R PA L2 THAS B4 ety o 5
9.988 kJ/m’, 248 Jil Hyper C100 & #7350 M 1%
BF, PA12 THH A i ot 2 AR TS IS 1) 9.988 kI /
m’ [ 7.532 kI/m’, FI% T 24.6% ; 245751 Hyper
C181 Jit 5 43 B0 R 1% I, PA12 [H ¥ 1) v o5 53 &
MR TS B B 9.988 kI /m” [ & 9.086 kJ/m’,
TR T 9.0% ; Hyper C181 B Bt P &R A T Hyper
C100, X}F Hyper HPN202, fifi %5 F s & i3 i,
PA12 [HA () it i J3E S22 B SRR AT S B Ay a3, 24
TIN5 K0Ch 0.8% B, PA12 THRY %) ik 5is 5 AL
KIS 9.988 kI/m’ [ % 7.813 kI/m’, F &
T 21.8% ; HUSINBT R ECH 1% B, PAL2 IHAG 1)
MR EE N 10.225 kI /m’®, FaA 5 A i {4 —
o =R AR SO I R K EEE AR B AR AT S
PA12 Z3F IR AE FH 3, SRR AR G , vt o
JEH T TR

2.6 AEBMEF AT PAI2 B EF AR E R
PA12 THHM) ) 4 Ak 5 B 55 3 A8 s R 7 FH &2
B R ML aniE 5 s

200
180 |
2160 | 2
%( 140 L _&’:%J——:‘
;é:’ 120 | r3
f{ 100 +
ﬁ 80 L
60

0.‘0 0.‘2 0.‘4 0.‘6 0.‘8 1.‘0
ASHCHE T IRAME / %
1—Hyper HPN202 ; 2—Hyper C100 ; 3—Hyper C181
&5 PA12 IFH AL AP0 B 5 At AR ik 500 A Y e & th 2k

M5 ] LLE Y, Bl & Hyper HPN202, Hyper
C100 1 Hyper C181 ¥ Jinl = (4 3% Jin, PA12 IH#3 (1)
AR AL IR B AN, A SV RN . RS I AR
BRI PAL2AR A 1Y 4 R BRI S 142.2°C, Y
78I Hyper HPN202, Hyper C100 il Hyper C181 [¥]
J BN 1% B, PA12 THMS Y 4 4R Ak 1R
ARG 142.2°C o045 2 147.8,151.3°CH1
147.4°C, 73 W4 3.9%,6.4%,4.7%. X EH T =
T 722 AP R e 8 S BB R U/ FH , fRIE PA12 43
TR BRIERT B m 1T PR R
3 it

L) 32 AR s Hyper HPN202, Hyper C100 il
Hyper C181 1E by it 48 B0 751, X AS B -7 e 45 119
PA12 IHA A T3 B8Rk , AR B REAS [0SR %
o S5

(1) Hyper HPN202, Hyper C100 Fl Hyper C181
= AR b R 24 R B M PAL2 TH R Y G
RSN PE, MFR B 5 % a2 i 38 Jin i S, A2 8
J5T it 43 K4 R 1% B, MFR 43 500388 10 1 196.5%,
141.8% F1 181.7%. F:r1 L Hyper HPN202 HY ik 3%
L€ SHEEN

(2) 2V = Fh AR RO A BRI R 1%
if, Bl Hyper HPN202 XF PA12 [ J1 27 PERERY Bl
ARSI, JLR AR BE RS I A L /p 3, 25
S AR R e s S RIS I AR —

(3) WS = i A okt 7 34 B 0% 4l PAL2 TH
3 00 B B A SEF 3, S %S Hyper HPN202,
Hyper C100 1 Hyper C181 FY /0504 K 1% i,
PA12 [HH 9 4R AR AR 73 50182 155 3.9% ., 6.4% FlI
4.7%.


杨超


112 TR R

2017 4F 56 45 45,55 10 1

(4) th T PA12 IHH 5 PAL2 B AR LU, 16 71 %
PEREMIBERE 22BN, B2 IH Ry 2L Tk,
1 TR AR R G AT Sl P e L RE R b 4h 1Y
— A EESRL, P =R A SR A F T PAL2
IFAR B TR T 2545 % 1, L Hyper HPN202 FYEC
HRORRAES

2 % X

(1] Z=/NEH, S8, 2599, 25 . 3D FTERBE AR Kovi F#a % (7], A 3hik
13£,2014,35(1):1-5.

Li Xiaoli, Ma Jianxiong, Li Ping, et al. 3D printing technology and
application trends[J]. Automation Instruments,2014,35 (1):1-5.

[2] Franco A, Lanzetta M, Romoli L. Experimental analysis of selec-
tive laser sintering of polyamide powders:an energy perspective[J].
Journal of Cleaner Production, 2010, 18(16—17):1 722—1 730.

[3] T, EAEREE BEN, S EEEEROEEeAS 3D TENH R4
SAME[T]. hERRE - F B, 2015,45(2):204-211.

Shi Yusheng, Yan Chunze, Wei Qingsong, et al. Polymer based
composites for selective laser sintering 3D printing technology[J].
Scientia Sinica:Informationis,2015,45(2):204-211.

[4] Shirazi S F S, Gharehkhani S, Mehrali M, et al. A review.on pow-
der-based additive manufacturing for tissue engineering:selective
laser sintering and inkjet 3D printing[J]. Science & Technology. of
Advanced Materials, 2015, 16(3):doi:https://doi.org/10:1088/1468-
6996/16/3/033502.

[51  H fls, A, IRaE g | SRRV OGRS HOR TR MRS X e 2
[J). B4 AT, 2005,26(2):8-12.

Xiao Weiqiang, Yu Huan, Xu Zhifeng. Development overview
and prospect of selective laser sintering[J]. Journal of International
Metal Working,2005,26(2):8-12.

[6] Kruth J P, Kumar S, Van V J. Study of laser-sinterability of ferro-
based powders[J]. Rapid Prototyping Journal,2005, 11(5):287-292.

(7] A, SO, ARARIT, 45 | BRI AY E XD e PO R 4
AR [J]. TCHRRIEEAR, 2004, 19(4):705-713.

Han Zhao, Cao Wenbin, Lin Zhiming, et al. Progress on rapid pro-
totyping of ceramic parts by selective laser sintering[J]. Journal of
Inorganic Materials, 2004, 19(4):705-713.

[8] Bk, FRHaFs, XIHE . MeREE RO be st F SRR IE 3k e [0].
PRI L SR, 2010,25(5):78-81.

Jiang Kaiyi , Guo Yanling, Liu Xiang. Research status of the raw
material for selective laser sintering[J]. Development and Applica-
tion of Materials,2010,25(5):78-81.

[91 Evans R S, Bourell D L, Beaman J J, et al. Rapid manufacturing
of silicon carbide composites[J]. Rapid Prototyping Journal, 2005,
11(1):37-40.

[10] ITHE . EPEEROLRESs m 0T R SR PR ERENTZE [D]. 2 -

Her R R, 2005

Wang Yan. Study on the polymer materials of selective laser sinter-
ing and the properties of sintered parts[D]. Wuhan:Huazhong Uni-
versity of Science and Technology,2005.

[11] Gill TJ, Hon K K B. Experimental investigation into the selec-
tive laser sintering of silicon carbide polyamide composites[J].
Proceedings of Institution of Mechanical Engineering,2004,
218:1249-1255.

[12] -Wang Gexia, Wang Pingli, Zhen Zhichao et al. Preparation of
PA12 microspheres with tunable morphology and size for use in
SLS processing[J]. Materials & Design,2015,87:656—-662.

[13] Gornet TJ, Davis K R, Starr T L, et al. Characterisation of selec-
tive laser sintering materials to determine process stability[C]//
Solid Freeform Fabrication Symposium. Austin, TX:[publisher
unknown],2002:546-553.

[14] Pham D T, Dotchev K D, Yusoff W A Y. Deterioration of poly-
amide powder properties in the laser sintering process[J]. Proceed-
ings of the Institution of Mechanical Engineers, Part C, Journal of
Mechanical Engineering Science,2008,222(11):2 163-2176.

[15] Dotchev K, Yusoff W. Recycling of polyamide 12 based powders
in the laser sintering process[J]. Rapid Prototyping Journal 2009,
15(3):192-203.

SN BT EE PR BEFA R E

9 [ 14 H i FIRGER X4 ST X 08 b i A 4kl
bl X GE 20 s e Ak TR, 4t 5 AN AT sk
S (1 e R R 2800 [R5 29 AR, B R 3.9 27T,
KRR AR AT A 10 12T,

VG S AL T AR BRI TR 47 05 m®, DA JE
PERER NG PR FP AR T A AL SR L 55 i it Ak TR A L=l
Sy A A L A TR AR AR B Al A 3R Y
25 1 RRREE O mm B RET B FT R E N A 3
(AL T A R =Ml e, 48 80 3% 1 Ak i 45 ¥ s U T2, T
R R A L M SR

PR B 29 A Bl (A e Y o G SRR G ™ i B L H &

CPEERTRYTH R LGB R H A LR DI RERT R H
TR I H A 5 MR 28 [ 56k
JhZE BRI

Horp MR TR ST FER R U oA A2 H
A PERE R TRRARL, N SRz, E N AM Tl T
SRER s ZIEASRS T [ A =S B, A B A T 758 4 75
Fis G DI REAS R H SR L R, s B ARl
JEIUH , HE™ Al [ G RO R 4™ M B ™, T i
VT 5 R €T SR G i T P v 5 e DR R A 2 —
RIS F BT A T 2RI H 6 T BV L5 1L
T EAE, R ITIZAR A T 00 H T 8% 5% 1Tt
PHARIERE L (L7 HIR)


杨超




