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Abstract: PA12 material has good thermal stability and radiation resistance, and has broad application
prospects in deep space manufacturing. However, PA12 materials prepared by fused deposition modeling
(FDM) on the ground generally have structural defects such as high porosity and poor interlayer bonding,
which limit their mechanical properties and make it difficult to directly use them in deep space
environments. To address this issue, this study proposes the modification of printing materials using
extreme environmental conditions in deep space to improve their mechanical properties and meet the high
requirements for structural integrity and mechanical performance in deep space manufacturing. By
simulating typical variables in deep space environments, including high-temperature heat treatment,
ultraviolet irradiation, and anaerobic solidification, the effects of different processes on the microstructure
and mechanical properties of PA12 materials are systematically evaluated. The results show that after
10 min of heat treatment at 200 °C , the bending strength of the sample increases by 66.2%; after
introducing 3% (mass fraction, the same below) photoinitiator and 4% photocrosslinking agent and
irradiating with UV for 2 min, the tensile strength of the sample increases by 17.5% ; after doping with 3%
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anaerobic adhesive and irradiating for 2 min, the compressive strength of the sample increases by 34.4%.

Finally, multiple processing techniques are combined to synergistically regulate the sample, resulting in a

75%,94.2%, and 62.2% increase in tensile, bending, and compressive strength, respectively. This study

explores the impact of simulating extreme deep space environments on the properties of PA12 materials,

verifying the feasibility of in-situ modification of PA12 materials using deep space environmental variables.

This provides an effective technical path and theoretical support for the in-orbit manufacturing of high-

performance elastic components in deep space environments.
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Table 1 Heat treatment process parameters of PA12 sample

Serial No. Temperature/C Insulation time/min Heating rate/(“C+min~') ~ Atmosphere Cooling method
1 25
2 180 5,10,15 5 Air Water cooling
3 190 5,10,15 5 Air Water cooling
4 200 5,10,15 5 Air Water cooling
5 210 5,10,15 5 Air Water cooling
6 220 5,10,15 5 Air Water cooling
7 230 5,10,15 5 Air Water cooling
50 (2) 5 min @10 min 115 min 1238 Eb) S mn W@ 10min [ ]15min
40 g 1400
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Fig.2

Tensile properties of PA12 materials with different heat treatment temperatures and insulation times

(a)tensile strength; (b)tensile modulus; (¢)elongation at break; (d)tensile sample
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(a)flexural strength; (b)flexural modulus

TE R TR ORI 8] AN ) R AR BRI R PAT2 A iy
G AR SN & 5 B, ol A Bl $uak 3
i E A0 B v, B Al R T A S T A o kD D B
6 FALE P JRE B T R, R i R TR B DA B AR i R
TR T e 5k 1 B FE AR BURNL B 7E 180 CHA
b PR LT ARBL TR FAAE B (25 “C) BE il , LR M 22
FHBEHT I I AL (A PRI R W I 0 2235 AP e 3 %
FLB 75 190 ‘CHALBIIELE T , 224 L 58 e b A (e —
A, (EL SR T A 70— S8 1T Rl R, R PR A Rk B
o R VR i PR S R R S8 Al T A B EAE R
TH 5 Pt PR B B2 TR 3] 200 °C, B i 2 181 25 B 388 ¥ Ut
A A TR AT RV RAR T 7 b B A B 210 °C
i, T L 20 foen A A JBE A Y iR, 1 2R 1
o e B R B R 2 AR AR OB R . 3R
THIRAL Al 1, BAKE BRI S 200 “CI, BERES A R0k
Fof i 1T

K6 7R 1 AN ) PR BEZE AT PAT2 0RE Y 1B 2
I SEM K% . ¥ 6(a) R T AR AL H K FDM §T
B PATL20RE | FLIBT IAD 17 007 Jie B 11 2= 35 A5 A R e 3T
B2 F [a) ity Svinn o JR R R Pt — B HE s T R EA

FUU A2 B LB . X2 F R T FDM T 2 s a2
MR RESE M A W EA B ba AE R il B3
FEAI T AR 12 bERE . 22190 CHALLEE S, I 6(c)
JIi7R A5 %5 T PAL2 50 415 sl M (0 38 5 S el AR i
(1) 22 8 B 45 i 5 7 1, 2 Tl FL B ) et 5 RS 3449 e
N, RS AR . P IR E T 2 200 °C,
WEL6(e) i, RO ES #4159 2 B & k. an
EI6 (D IR, 22 [0 1 FLBR LT 52 2 R L T2 A 1 2L
% — B ROWZE R |, 2 WIHT B 22 b4 75 L B T 52 8
TR R AR R AL, JC o B 2 T 2 B
i B SV AR TR AT, AR R AR IS T B £ 4 22
P a5 o X AR AR A MR W RS R AR R i e )
IR AR o XA EOULSS F 1 B0E AL SIS G s Ak
DO S T RN = S ik ) A WA = o2 i e ]
G
2.2 ZSMEBRIMRE I EX PAIRZ M RIS IE
TR JE 0 PAL2 0k 5 — % i 65 1 & —
28 B (BP) | 't 28 B850 32 B 8 73 B — 9 44 TR iR
(TMPTA) $LE ) 1010 #4745 4% I 1 B 22 L) %
228F , B 5 8 A FDM T EPAILKS: 22 b4 il £ IR &



o4k 2 T YRES R IREE 1Y 3D T EN PA12 PERE A 42

F5  ANFEAGETRELEE T PAT2 DEEE R
(a)25 °C;(b)180 °C; (¢)190 °C; (d)200 °C; (e)210 °C; ()220 °C; (g)230 °C
Fig.5 CLSM spectra and optical microscope of PA12 with different heat treatment temperatures
(a)25°C;(b)180 “C;(¢)190 “C;(d)200 °C; (e)210 °C; (£)220 °C;(g)230 °C

6 AL HERIET PA12 1Y SEM [
(a),(b)25°C;(c),(d)190°C;(e), (£)200°C

Fig.6 SEM images of PA12 under different heat treatment temperatures
(a),(b)25°C;(c), (d)190 °C;(e), (1)200 °C



86 BT R

2026 4F 2 H

B 7 (a) T 7 Ay ] 5 4 BB B] 2 min, PA12 2 & 4 RHE
i LA B BEAS [A] 5 d 65 1 &0 BP 128 Ak A . AT
PIEH, 2 BP &5 3% (B /8, T [R) i, Fr i
Ik F] T KAE 37.20 MPa, B 34 in BP 2 &, i fd
SR T ANREAR 22 36.41 MPa, XM 000 AT LA fige R Sk 1 A
JEH - (1) 9651 &7 BP fE = Sk S S5 RA 2 W &4
B PR = H A - =TT K, G B8 S %
i%; ()i 25 kAR 58 EW TP S 25
B AN T AR N HEAT B AR PR UE BP

39

(a)

w
~
T

+

w
[&;]

w
w

Tensile strength/MPa

(Ll

3
BP content/%

w
=

4 5

Sk 36 FIER HEE (B AR [R] 09 45 08 L WF 98 AN [6] o6 22 B
A TMPTA Y E X F PAL2 A i F7 i 58 B 19
e, 5 R mE 7 (h) iR, WTLLE 2 TMPTA
oA AV B F A s B I8 ) A X B K AE (38.92+
0.30) MPa, FHETFH T (25°C) hifiiles , o g
P T 17.9% . MARZE I TMPTA & & s K
BB 2% . 1 2638 TMPTA 4 it A
Rl HE — 2 M 32 1 8 R o B, R BG n T AS 1 I
B, I E 4% 9 TMPTA fIEAR TR .

40 ©)
T

£ 39 I i
=
= 38
(o))
& . I
é 37F I [
£ sl |
e 36 B 1

82 1 2 3 4 5

TMPTA content/%

F7  PAI2 LR EERE BP (a) B TMPTA & ik (b) B2 1L
Fig.7 Variation of tensile strength of PA12 with BP (a) and TMPTA(b) contents

K8 /R T BP & & 4 3% Ml TMPTA & &l
49 B, PAL2 A i 28 3 AS [A) 4 BROEE [B) 5, FF b o i
5 AW 24 KR AR ML . oI LLE B B SR R
] A 350, PAL2 A b %) 7 A i 8 3% 347 4 58, Y R
B 8] & 2 min B, F7 A5 B2 A 37.12 MPa 31 1 i
KAH 43.63 MPa, #5517 17.5%, B J5 T 3 min i HH
PR B, X B G 52006155 T 1 S KB sl 50N
6 A B i 0 IR RN =[] S A O i 0 R R
BRSBTS sy o s R K
D) 2% 485 #0541 A RE G R e i B A [
[ 43 4 12 20 32 PRI AR T W 24 R, 24 B A
K, K8 3 min i, BRI L EES TR

L —m— Tensile strength |

e = —A— Elongation break 7.0 -
T 43 S
o 16.5>
= ©
= 42 {608
=) Vo
E’ 4 15.5 §
B 40 IS
[0) | =1
B 39 0,
P 38 1458

37+ A 140

1 2 3 4

Irradiation time/min

P8 PAT2 (s B 15 i 24 R i B s ) A2 4L
Fig.8 Variation of tensile strength and elongation at break of

PA12 with irradiation time

PAL2 k& A= 1 2 19 06 A AR A0, a0 43 B W7 4
FIVAEAL , 3 o 558 it ot A e 55 Ay 0 o R 305 0 B 3 1 32
10 JIT Al A P 14 SR A0, DA T A 45 A b %) iz A ot B i
1M %

W AN ) 57 2 19 DR S8 M e Y 56 T s 2 15 (meethyl-
methacrylate, MMA) LA _F3& il # 09 PA12 5 5 8
Bhrb I X H £ 1 PA12 2 & BRHRE S 2k 15 A A
FEARPEREI 2, 45 S A& 9 iR . NI 9(a) AT AR
L MMA RSB PA 1258 SAPEHE SL R A
FEE Y MMA 5 il 3% i PA 1252 & BHRHVRE i r
i B B 0 2 % KAE 47.21 MPa, M8 T K T MMA fY
PA12 B0y fir A i B2 82 % 1 47.5% . 124 MMA
I 390 W, A A AR R B AT R, LB
R 22 AN 383X O R TR R DR AR R 3 2 3 3L
MMA XELA 3 8n & AR . R i 2 0 MMA #5824
SXBETINE LIRS TR PAL2 ML 2 B R BE B , (14T
ERad B vh s AR DR e, S B0BT I W e AT BN A
S RLEDRiTe) K N NI - A S EAREIDR bl R R e I E ST
(6 2 S 30BT Hh AL M A2 B B R R
5% 1 B RN ) AN YA, i BT R AL Sk .
FL9(b) T LUF Y, DA A8 14 A A Aok 114 i 0 56
BERTE. ME AT 3% I, 450 15 2%
M TE, Hedb R 396 BF, RE S E 4 50 oK R
117.21 MPa, 45 5 i e K 393.72 MPa. 1] LA 1%



W4t 2

LT URZS ML s A 1 3D FTED PA12 Pk RE a5

L (a

481(a) /\ 110
S 451
= A 18
£ 42}
o)) A
s 39} 16
»
Q - i
2 36 —a- Tensile strength 4
@ 33F -m- Elongation break |

30 1 L 1 L

0 1 2 3 4 5
MMA content/%
&9

Elongation at break/%

87
120 ()
— 0% S
100F — —1% I
= 5= 2% /49’
S 80 —--3% /}7‘-‘*
s ¥
5 60F s
o
& 40
20
0
00 01 02 03 04 05 06

MMA strain/%

AEIMMA 5 PA12 SRR (a) KR40 1 - A2 i 2% (b)

Fig.9 Tensile strength (a) and compressive stress-strain (b) curves of PA12 with different MMA contents

L PAL2 & A MRE R 4 o B AR T 41 PA L2 R 4 5
101.65 MPa, #5 T 15.4% , H 4 Bt A 48 T4l PA12
JE 45 155 8 200.84 MPa, $15 96.0%6 , 2% B 38 i3 IR 48 [
L BB A7 2 i3 FDM BUE A4 19 FE 46 T g , e 46 5 i
1B BEH T

110 Sk DR AR L B it X 525 A S il 1 B 1 52

(4]
o

N w P
o o o

Flexural strength/MPa

N
o

o

1 2

4
MMA content/%

5

Flexural modulus/MPa

M) o Bifi DR AEUAA R B s A 0, 25 it M i S22 S s
/IR RE R RS, o 2 MMA 88k 3 0 5 RS
5K R 45.36 MPa, 25 i 185 5 45 K 450.78 MPa,
F T A R, AR BRI AR 41 PA LA S s
131.48 MPa, Z5 i 281.63 MPa, 25 i s B 42 i 1
44.1% AR = T 60.1%,

500

(b)

1 2 3 4

MMA content/%

K10 PAL2 S B RE MMA & i 224k
(a) & 58 5 () 25 i Ak
Fig.10 Flexural strength of PA12 varies with content of MMA content

(a)flexural strength; (b)flexural modulus

BITL A T 6 IR AT DR AR b S 55 A s R Ak B )5
PAI2FER I FT-IR OGS . AR REILT PAL2
) SHL TR FE R AT I < £ 3300 em ' 4b Al N—H B4 4 9
Bl | 55 SRR 1Y i R 2 U A G, 3090 cm Ak i N—H
g 55 i - 1T A A R oK iR 1 1 i R 0 D K 4
I T2 1645 cm 1 1545 em MO BERE - T (F 5k
C=O %) 5 W fie - T (N—H 25 il 5 C—N i 45 £
EOVEREHE L 5T B AR L, 28 5 DR AR [T Ak 8
AN R AR B JS  PAT2 (1 35 SRR AE 14 i i 5 0 — EbE
wasR . BRI S , 3300 em '(N—H f#145 ) . 1645 cm
(WMz- 1 ,C=O1P45) & 1545 e (B~ 11 ,N—H 25
fifT ) Ak P R S D AR B ) W S R L X RIS SERGE R 5 A
SR FH ) 038 A5 56 < SR 9 g i 14 5 2 R AR R G 3
A (I N—H, C=0) W T = % &, R /e FT-1IR i

Anaerobic solidification

UV irradiation

Control group

N
~1464110
~1545

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm-"
K11 H4APAL2GAA R A AN
Fig.11 FT-IR spectra of composite PA12 after

3300 .
, 2920 28?9 1645

comprehensive treatment

P L RID R g e it 32 P 48 T s R 1) 4K , B4R 7R
Kb RS R A R SRR I 2 e TR R A R
1 5 T 235 ot B2 A . [N, 1109 em ' Bff 3k C—O



88

FHRLT A2

2026 4F 2 H

R SV B SR Ao B — 2B R T 23 [A]
YEF 10784k .
2.3 REWRIRIAEIT PA12 #H B9

X Gt A R AL B PAL2 B SR RIEFT T R4
() 12 PERE T, An &l 12 W n o bk ae 7 ia , Ab B
J& PAL2 BE S B s B B 25 32 T, = A PATRE A I
WA 23 ) M 54.60.55.14 ,50.20 MPa, H: i & KA fif
3 AR AL PAL2 PLAHGE B (31.48 MPa) 425 T 75.0% .
AH R W7 24 i R 43 i3k 1 139.5% . 137.0%
125.1%, Won i R AF B SE J Pk o X sl AR, iR
FHBI 254 Ja A BRSR  (25 40 IR DR AR b S b 34
REMS A R IR FDM T 20 [ Bk fa , (H4TEN PAL2 1)
PR PE BB H T £L IR PG G AR . =R
it 4G B — AP UE S T 258 A R A R0k, K
12(c), (d)Fron . ALFRJS PAL2RE G A2 i 5 B 43 )

60

(a)

Tensile strength/MPa
N (8] [¢)]
oo N [}

I
N
N
N
w

Sample

6a|”

62

60

58

Flexural strength/MPa

56 |

-

2 3
Sample

120(©) ,

[ — —Sample 1 X
100 Sample 2 P
—--Sample 3

[0
o
T T

Stress/MPa
N (0]
o o
A Y

N
o
T
N
\

L
e
0*

Strain/%
E12

00 01 02 03 04 05 06 0.7

Flexural modulus/MPa

Elongation at break/%

461.12.60.47 .62.87 MPa, 25 i #515 I] 43-51] 2k 582.57
554.83,535.97 MPa, 5 & 4 fhafi PA12 (1) 25 fil] 5 &
(31.48 MPa) Fi125 i #5  (281.63 MPa) M I , 4b 3 5
PA12 85 K25 il o B AN 25 il St 43l 48 1 94.2%
1106.9%. Hgattaeihigs RanE 12(e) s, A H 5
PA12 BE S FE VTR B BE e B 2 R ik 47 o8, Bl 7
IR B 5 KRG N 5 KA IR RIS . = A A TRE
1) 45 558 5 4331 R 164.84.157.50,163.82 MPa, M T
9(b) HHEE RN ML PAL2 B R4 3R (101.61 MPa) 2 &
T 62.2% , R ILZEA JE A PR R ARG SIS 58 T AR
PUERE S . 25 Lrid il i %F FDM 4T ER ) PA12 i Jin
AN IR AR AL B A B ) 255 T AR, R
R 45 J 25 i 4 S 24 PR RE A5 2 KR U IR 42 T
K13 4l PAI2FE G S 275 A0 B5 1 PA12 B G4k}
FE A OUIE S0t LUK . WT LA B, 41 PAL2 A Y

145 )

N
N
o

o

w

o
T

-

w

o
T

-

N

[$)]
T

=
N
o

[2]
o
o

[$)]
©
o

[6)]
[
o

[6,]
H
o

[$)]
N
o

[¢)]
o
o

Sample

25 PAI2 A AR BRS HY )12k RE

()L ARSR L 5 (b) AR A 5 (o) 25 iR B2 5 () 25 iRt s (o) FRAR N3 -8 2k 5 (D) S5 PA12 2555 A TR BOARE 2 LR

Fig.12  Mechanical properties of composite PA12 after comprehensive treatment

(a)tensile strength; (b)elongation at break ; (¢)flexural strength; (d)flexural modulus; (e )compressive stress-strain curve;

(Dmacroscopic photos of sample after comprehensive processing of composite PA12



54 2

T IRZS SRR 1 3D $TED PA12 PERE 4% 89

28 B HEB ] B, 22 [A) 45 5 Fs 1, A A ] A f) £ L B
] B, B A A R s o T 280 5 A AR IR PR 4RI 1k
HPAE S ZH T 24 S R E G PAI2 B , 2244
Z A N R AR LB ] A4 RS | o0 S s
BRELG , B iR B R RO RS . X PSR B
P B T S DY T Ak 3 T2 A R SR T A A
T BT R B A, A fi 22 B AR DURR I A v i — 252

HERLE GRS A R R R A R A M i —
AWEAT L, S5 PAL2 M RHEZ R T 24T R
S kst 3 T ORE 2 D A T T A
TCHI MY RSN , 35 11 i L T AR A B R
fe ZEOORE AL BT ZAUAL T INERES IR,
WA LR T T RPRHAY 2 i SO S S B, O AR S
PR RE ZER A i AR 2 5 v BRI T Al R e

K13 PAL2FESFIE SEM K
()2l PAL2 FIRESTHOR I 5 (b) £E AL PUS YA PAL2 FURTR O
Fig.13 SEM images of PA12 sample surfaces

(a)neat PA12 and its magnified view ; (b)synergistically treated PA12 composite and its magnified view

(1) o PAb 3 T 2 s {2 i FDM BJE PA12 R
FE R 1) 55 Bl A 1 RN BOW 2 08 AL, T B P 3 L B Bk
B 5 Bl A U S T v, 1k e A R A E TR
R a3 . J62F W o 7R BE 5 $A Ak TR B A9 328
T, iR 2R 1T B P 5 U s il B B A B B T R
T ARSI J0RL 9 J il AR K TR 2o i 23 i PAL2 4]
A3, R A RN 2ok BE AR 0 ok, 2 80T 2 e
TR, SEM Wi ¥ 50 G s S 56 0 e v 4 g
A B SBYEAR I LA K W () LR AT 2 o R T A
FERAAD RO 2R 200 °C, S AR LRI E] 24 10 min, B i
S SR B R T 66.200, A T 4R S T 84.200, &
T3 o) A 3 T 2D R A A AUk FDM BUB B4 141
ropdirkee .

(2)MBP & 3%, TMPTA & 4%, i 18

B 6] 24 2 min B, PAT2 A i i hr Ao B M 37.12 MPa
HME T 43.63 MPa, #5517 17.5% . X & Ry %40
BT LA | RS HRIN (3SR N, T 58 Bk I 4% 245
(AR T AR A5 T s

(3)MMA Ry fe fE 7 1k 3% B, PA12 B A # R
FE G PR 98 B IR B B K {H 47.21 MPa, #2551
43.0% , 4550 1k 3 117.21 MPa, di% T4l PA12 k¢
rn R T 15.4%0 . FRBIIE 4 B DA B I A AT LISE
76 FDM FT B PA12 Uk 8] (14 23 BT, 46 i A4 Rk 1) 28 S 1
R SPE . SO BY T sl R A b i LB R R | I
P2 v A AR B R AR e

(4) 38 8 58 A0 BRI 4T fb AN ARk B 1) £ 5
AL FRTF B RE S EA T O A R 2R v REAS B T
FRRTE I GBI R — 2. 456 SEM R i4s
AT, 2L i 256 B AR LB 5 e TR 40 45
UL AR S, BA T e AR T2l R T S B S



90 BT R

2026 4F 2 H

T 57 M S ) 2E M RE IG5 () P AEATLEE , DA 56 E
T T L A LR S R TR R R A A
(5) Ak — i HE PA12 75 1523 H 3 PR 55 o i) 1o
FH VLR J7 10 5 ZEAGIE— 28 AT < T JR AN [R) 34 58 A
ﬁzmﬁaﬁmm FIXF PAL2 AR 24 e 5 100
L LU 552 ) 5 2R (B9 5 I i 3k T IR 28 i i A 58 1Y)
PA12 58 Z A RUAFAE Sy 2 e R P 5T .

S% 30k

(1] FE8L W=, HREE, 2 AAEHL 3D $T BNt J K s R 35 1

[T RS S A, 2021(3) :62-65.
WANG M,SHI Y,YANG T H,et al.Present situation of the tech-
nology development of American in-orbit manufacturing and its en-
lightenment [ J]. Aerospace Manufacturing Technology, 2021 (3) :
62-65.

[2] PRATER T, BEAN Q, WERKHEISER N, et al. 3D printing in
Zero G technology demonstration mission: summary of on-orbit
operations, material testing and future work [C]//AIAA Young
Professional Symposium. Reston, VA, USA: American Institute
of Aeronautics and Astronautics, 2016.

[3] SNYDER M,DUNN J, GONZALEZ E.The effects of micrograv-
ity on extrusion based additive manufacturing[ C]//AIAA SPACE
2013 Conference and Exposition.San Diego: AIAA,2013.

[4] PETOUSIS M, VIDAKIS N, MOUNTAKIS N, et al. Three-
dimensional printed polyamide 12 (PA12) and polylactic acid
(PLA) alumina (Al,O,) nanocomposites with significantly en-
hanced tensile, flexural, and impact properties [J]. Nanomaterials,
2022,12(23):4292.

[5] PETOUSIS M, MOUTSOPOULOU A, KORLOS A, et al. The
effect of nano zirconium dioxide (ZrO,)-optimized content in poly-
amide 12 (PA12) and polylactic acid (PLA) matrices on their ther-
momechanical response in 3D printing [ J]. Nanomaterials, 2023, 13
(13):1906.

[6] fRE PREEIMR B R R A BIESE[C /58 A = A R lloRs 3

LA R H AR P 2358 JLR 22 R F R 2 S B
Hﬁ«Ié Rt AR Y22, 2018:110-117.
ZHU J. Research on the environmentally friendly curing system of
anaerobic adhesives [C] //Proceedings of the Second Yangtze
River Delta Adhesive Industry Elite Forum and the 9th Member
Representative Conference of Zhejiang Adhesive Technology Asso-
ciation. Hangzhou: Zhejiang Province Adhesive Technology Asso-
ciation, 2018: 110-117.

(7] BHmZ, il R AL
146-148.

LIAO P Z, WU D.Review on patent technology of anaerobic adhe-
sive[ J].Henan Science and Technology,2021,40(35) : 146-148.

[8] Aedkaf. Je e 6 iy 2L AN e s i MO UM BT SE[D ] &L &
HETlk R, 2013,

HUA L L.Studies on photo-crosslinking of PA6 and its flame retar-

WIT] AR R, 2021,40(35) :

dant materials[ D ].Hefei: Hefei University of Technology, 2013.
[9] SENGUPTA R, TIKKU V K, SOMANI A K, et al. Electron
beam irradiated polyamide-6, 6 films: | : characterization by wide
angle X-ray scattering and infrared spectroscopy [J]. Radiation
Physics and Chemistry, 2005,72(5) :625-633.
[10] GUPTA S K, SINGH P, KUMAR R. PALS and physico-

chemical study of swift heavy ions and gamma radiation irradiated
polyamide nylon 66 polymer[J].Vacuum,2015,121:177-186.

[11] TSIOPTSIAS C.On the latent limit of detection of thermogravi-
metric analysis[J].Measurement , 2022, 204 :112136.

[12] BERNARD S, YOUINOU L, GILLARD P.MIE determination
and thermal degradation study of PA12 polymer powder used for
laser sintering[ J].Journal of Loss Prevention in the Process Indus-
tries, 2013,26(6) : 1493-1500.

[13] PAOLUCCIF,VAN MOOK M J H,GOVAERT L E, et al.In-
fluence of post-condensation on the crystallization kinetics of
PA12: from virgin to reused powder [J]. Polymer, 2019, 175:
161-170.

[14] WANG S Y,LIU H,PAN Y Q, et al. Performance enhancement
of silver nanowire-based transparent electrodes by ultraviolet irra-
diation[ J].Nanomaterials, 2022,12(17) : 2956.

[15] XIE H,HU L H, SHI W F.Synthesis and photoinitiating activity
study of polymeric photoinitiators bearing BP moiety based on hy-
perbranched poly (ester-amine) wvia thiol-ene click reaction [J].
Journal of Applied Polymer Science,2012,123(3):1494-1501.

[16] PAOLETTI L,FERRIGNO G,ZORATTO N, et al.Reinforce-
ment of dextran methacrylate-based hydrogel, semi-IPN, and IPN
with multivalent crosslinkers[ J].Gels,2024,10(12) : 773.

[17] WANG W Z. Photocrosslinking of an ethylene-propylene-diene
terpolymer and the characterization of its structure and mechanical
properties [ J].Journal of Applied Polymer Science, 2004, 93(4) :
1837-1845.

[18] BEHR M, FUERST J, ROSENTRITT M. The error of tensile
strength tests and an approach for improvement [J].Journal of the
Mechanical Behavior of Biomedical Materials, 2018,87:138-142.

[19] ZWEIFEL H.Degradation of polymers by photooxidation[ J].Chi-
mia, 1993,47(10) : 390.

[20] MICHELAS M, WIMBERGER L, BOYER C. A general ap-
proach for photo-oxidative degradation of various polymers [J].
Macromolecular Rapid Communications, 2024,45(20) : 2400358.

[21] HAO W F, LIU Y, WANG T, et al. Failure analysis of 3D
printed glass fiber/PA12 composite lattice structures using DIC
[J].Composite Structures,2019,225:111192.

[22] NASIM M, GALVANETTO U.Mechanical characterisation of
additively manufactured PA12 lattice structures under quasi-static
compression [J]. Materials Today Communications, 2021, 29:
102902.

[23] TONTOWI A E,CHILDS T H C.Density prediction of crystal-
line polymer sintered parts at various powder bed temperatures
[J].Rapid Prototyping Journal,2001,7(3) : 180-184.

[24] CHILDS T C, TONTOWI A E. Selective laser sintering of a
crystalline and a glass-filled crystalline polymer: experiments and
simulations[ J ]. Proceedings of the Institution of Mechanical Engi-
neers, Part B: Journal of Engineering Manufacture, 2001, 215
(11):1481-1495.

E£WB . AR THARE L% 54 (HFNKL2023WW09)

Yo B #A : 2025-04-29; F A H #A: 2025-05-23

BIAEE 8 55 (1987—) , 55, WF 58 b T+, 2 BEmF5E J5 1l Sk 3D ATER,
156 2 btk - A0 T P X S 5 T A B 100 4530 5t Tl R A SRR
M407(100124) , E-mail : watnd@163.com

(AXFH:FHiH)



