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Abstract :To address the issues of poor wettability and weak interfacial adhesion between carbon fiber (CF) and resin matrix in

CF reinforced thermoplastic composites (CFRTP), which restrict the full realization of the material's overall performance, the
prepregs of unidirectional CF/ polyamide 6 (PA6) were fabricated using a hot-pressing process combined with a film stacking meth-
od. The regulatory effects of three key process parameters, namely hot-pressing temperature, holding time and pressure on the micro-
structure, interfacial bonding state and overall performance of the prepregs were systematically investigated. An orthogonal experi-
mental design was employed to analyze the individual roles of temperature, time and pressure during the molding process, thereby
elucidating the influence of these parameters on prepreg performance. Through process optimization, the interfacial adhesion
between CF and PA6 was effectively improved, leading to enhanced comprehensive properties of the prepreg. The optimal molding
conditions were subsequently determined, under which the mechanical properties and thermal stability of CF/PA6 prepreg were
synergistically enhanced, enabling the fabrication of high-performance prepregs. The results show that hot pressing temperature has
the greatest influence on properties of prepregs, followed by hot pressing time, while hot pressing pressure has the least effect. The
optimal preparation process parameters for the prepreg are 264 °C, 5 min and 3 MPa. The hot pressing conditions have little effect
on the thermal properties of the prepreg and the prepreg exhibits good thermal stability at 264 °C.

Keywords :carbon fiber ; polyamide 6 ; prepreg ; mechanical property ; thermal property

BT WiTA S GU" WF R BOCHRIT H (2023C01097), [ M AR2EA QIR DL I 2155 H (202410349041)

BISIEE RT3 2N PR LT 4 N AT G PR TT K S N TRIFSE

We#s B H#A: 2026-04-20

SR AT AR AR, By, A AR R T 20T PR R e 2T 4 B N 6 TR AR RE RO SE M [J]. T RSN T, 2026, 54(7): 116-124.
WU Zhuping, XU Leting, TONG Fanggiang, et al. Effect of hot-pressing process on properties of prepreg of unidirectional carbon fiber and
polyamide 6[J]. Engineering Plastics Application, 2026 ,54(7): 116-124.



ATV A A U T 20 B ) B 2 A R B 6 TURRHYE RE 1Y 52 117

AR R 2 5 RA & AWETE iy
T IEE RBIR LS — R YN,
] AR 2 7™ e, B VR 4 1 e Dl
by e i I A S W T T L E S R S 67 S O
T AR VR Tk b s ML 3l ZE SRR FE I
T 2 SARHE O R IO — PG 807 o TS
X — HA5, B LR 4 (CF)R 3 R A W 52 5 M B CFRP)
ST AT G, IEBOR 72 o T8l 445
Fa 3B A B AN YR 2 N IR A L R B AR L PR RS
FLAEM,

FE AR i SR TP 25 4] 43, CFRP 7] 43 A P 4 1
PAPE R, Horp S A R R — R 51
S PLF S A RO R TR BN A A
S Prb e HERE A S AT ISR A R A S,
BT HEIE T Tl Y. Bl A 38 IS i AR
25 T BRI ST TS IR R R T HE
B T IIRE R A PR RS SR, 5 AR R
)Yz AT B T, T A A 2 &
& VERN—RCER TR TSR], B BERE 6(PAG) I
H i ERE S s A b, 2 & T M 5 A R 2
RS

£ CF ¥5m # 9B 152 & A1 BHCFRTP) Y il £
TR & UL SERl iR 2 — B TR Y i
T AR A 3 22 B AR S5 AR 5 £ 2k ()i i
25 MELAFE MR AT 4N, 2 7= AV 2 4L CF 13k
T Pl P ol L S5 A MR AR 1) S T 4 5 5 , 2 fr
ML ISR SUG 3 2 CF, 52 A W RHI L S 128 1k
REMELLURFE ", N e S CF B om PP T2kt
il £ TP 27 4k SROME DL T2 0012 It T A A 1 55 45 )
BB A T B AR T T i 224 5 1R
8. PR PAG6 5 12K CF, 18 i 424785t 5
6 TV YO ) A 3 Sk £ 4 TR A AR IR R
T3 R B EL I G54 S, R I £F 4R AR
A3 BORFLBR R AT 4331 15 51 66.5% F11.33%, Z A4
k) 7 Ao B K AT & 43 5] 58 2 291 MPa #1151
GPa. Bifls ™3 T IE s 9E TR Bl
FE RS B 5 22 5| 3 B X CF/PEEK Tl ik
TGRSR RE (A SE MR R , B 8 T TR 1 S5 A
#1453 T EPERE CE/PEEK TR , FLER R K
3.56%, 4T 4 [ B 43 %0 52.60% , 12 351 5 M 95.01%, Fif
L 2 261 MPa. 4R FH R AT P RE , Wan 260
P2 — P 5 G B AR R o 1k 5 0 Rl o A vk

TG , SEGMARIZBHEA L, SR
P A B B 5 43.35% , FLBRRFEL T 56.30%. iz
A 118 14 D el A 3L S R R T R AR A R S
Lu 25— F 3 T 22 CF/PEEK -S04 (1 TR
- PR T2 W WR S o 41 4 R 2 A 2 2L 45 40 1%
Th SE TR AR ) 3 A, SR T v R R R M
TR R X i S 21 AR IR B, Ry 52 AR 2 ) i R
BRI T S B . RS LR FATE T2k
5 TE A T R R ] PN A AT - A A T
¥ R SINE 1 RR B Sh K AL R ik
R M B e & BB 55 ATAE TR SR, 24 =k Ak
B AS K AL i A TR 2] 5 B G B . B Y
5% CF B M TUR AL 1 ) £ 1.2 2 E v fE
PR, —J& CF W40, BT TR it i,
(IFFEF T A AEE ARBIIF 73 I EF ik HUMIT
LRk R P TR AR PR a2 A T2 IR
YEFSCBLRET . 55— 5 RAE TR BUOATT 6 A A i)
R ZMERER = SEM  F WR T T 2% W)
R AR R ORIR R IR 2 S B
T PR TR B IR 0 R AR R 4T TR O
Bio M LIRBFGE AT, 6 RCIRAS T IR 6 K £F
AEOE T I BTN T3 S Al AT ™
2977 [ N SE CF 34 3 A PE TR R it Ak AR
HERR MR R ] 1 A B BB VA 7/ 2 S5 40 sk 114 1y FH 7k
AE. ST HrRE IR TR A S A M CF & A MR
8 YIS b M K, IERAE 1 2k CF 155 44
IRPETR AR R SR AR R R 2

B PA6 1A R B TR B R G2 T 2 WF 58 A XT3
55, ELAFAE CFXE LA B 15 1ot RIME 55 (] 21, A SC LA
B[] CF g b 3 2T 24, PAG g $IB A g A4, 1 5
PR | B )27 R ) A B ) CF/PAG Titi B, AL
PRI il 25 120, 23 B R S5 A% Tl e 45 4
SRR, g T 2S5 S MRRE g R, T
Ve ORI TS50 B W i e Al G, SE B 48
CF/PAG6 Tl i B} ) e A il £, JF ik — D4R 5E i 2
CF/PA6 A MR £ 120, LA R =l A A =4 1t
IR S
1 SKIEER4S
1.1 =&k4

PAG6: i fifi 8 BE 82 MPa, i f 2 1k 45 Ht 230
GPa, Wi 24K 3 4%, % 1.1 g/em’®, PUJI AR F1
BHEA PR AF]



118 AR

2026 4E, 45 54 4 55 7 W)

CF:ZJBJ4923 , 1 #1558 5 >4 900 MPa, i i 14:
FiH 230~260 GPa, %)% 1.8 g/em’, WiTL 5 WEwRHI R
AR
1.2 BBLHxE

SEABRALHL : XLB-350.350.2, b1 55 A BUEAL
WA PR

JTREA BHRIE AL : Instron8801 , 32 [ Instron HL T
AR BR A

P (TG)/ZEMEEE BT : TG/DTA6300, H A
K TAEN A BR A

2R FH E H(DSC)Y - DSCU, Hi - A 47 i 4T
LIEZ/NGIR

I 7 B 3085 (SEM): SU3800, H AR HAr A
FRAH]

1.3 ERKIEXIT

BTN T SO0 25 B R IR B (1) PR R
[E(B) FAEE S (OFE R FEWF IR E T T =
E O {1 a0 s T S S a7 W g M R
FZEHKFEMAIEL,

1.4 FREAaGH &

L PAG v [ RN B 0] CF 32 Ji L, PAG6 iR

0.135 mm, ¥ #5787 80 mmx=250 mm K/, %

| - »\‘7 “‘
VN

Raw materials: CF, PA6 Spraying release
agent

Trimming and shaping:
CF/PAG prepreg

Demolding

Layup fixation: PA6-CF-PA6

F1 EXRWRITERSKF

Tab.1 Factors and levels of orthogonal experimental design

Factors

Levels -
A/°C B/min C/MPa
1 254 1 3
2 259 3 5
3 264 5 7

SRR AL, 388 3o A R T 25 il 4 B ) CF/PAG T
B BAREZE RS EERD K22 PAc Y
CF 2247 LU A RS SRl 1 Je e L 35 5w
VRIS 125 — 2 PAG IERE SE A IR L |- 5 SR
J& ¥ CF 22 Ul T PAG BRI, (R H:FAH4R CF 5 fa]
Tozs B, RISk 11 5 w9 v A L 1 5 05 s AR A R A
[ CF 2231 [ 7655 — )2 PAG I, o5 FALEL B4R, ¥
PR TR, i 05 e TR i PAG W g
TRTEAIE R, FERLE s e ), TR R
R B 7543 Uik 3h S I AT 4k 50 1 18] AY B 4923 .
PIRZEH G B AL AL 298 ARG TR A
R, ¥ AR IR R O E R 25 °C, SR R PR K%
o B R ALEEE 18 3 MPa, ¥ R[]
3 min, AT A S VR EE B 2R AR PR R 5 42— B
il 75 L] CF/PAG T RHRKE , B CF/PAG TR K 3
55 18,20 mm>200 mm B, BIV5E BORE il A il 45, B
] CF/PA6 Tii= L1 i 25 T 2 Ae WLIE 1.

Mould closing

Cold plate cooling
and setting

Hot pressing molding

Bl 1 B[] CE/PAG TSR}l 4 A
Fig. 1 Preparation process of unidirectional CF/PA6 prepreg
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Tab.2 Result of orthogonal experiments

Test number 4/°C  B/min  C/MPa Tensile strength/MPa
1 254 1 3 561.52
2* 254 3 5 502.05
3" 254 5 7 597.63
4 259 1 5 564.63
5" 259 3 7 559.09
6" 259 5 3 575.07
7* 264 1 7 587.18
8" 264 3 3 623.49
9* 264 5 5 614.84
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Tab.3 Range analysis results

Item A B C
K, 553.73 571.11  586.69
K, 566.26 561.54  560.51
K, 608.50 595.85  581.30
Range 54.77 34.30 26.19
The order of factors in importance A>B>C
Optimal level A, B, C,

Optimal process combination A,B,C,, 264 °C, 5 min, 3 MPa
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Fig .2 Tensile stress-displacement curves of prepregs under different

hot pressing conditions



120 AR

2026 4E, 45 54 4 55 7 W)

K, B4R LA IE BICIR S 5 R A5 21 BH s, 3
M4 AMmERR, TEREEE ., HRIREE
264 °C AN I HL i B SR i |, PS4 h i
1E 510~700 MPa, S d5cfE AR B, T B8 4 v BT A g
FLARTE /- IE R B, B (R sl PA6 5 CF SE 3
RA4fi2t, R PEREIAT , BE At 0 K 4% CF 1Y i ik B2
PR, [ oA H BRI AR PR o S B0 ) 2 R
BRI CF/PA6 TR P A5 P 1 15 o

800
700
£ 600 9 5 % % % +
% 500 § + §
&
2 400
2300
2
S 200
100
O o 9% (2 PO I PO (T DB P 0P
W W W o
S ) e o ) o o e
oo o) o o0 o012 o0 Y o2 6012 5012

Al ol ol L LS LRl b ol
Different hot pressing processes
3 REIRESRAT T B8
Fig. 3 Tensile strength of prepregs under different hot pressing condi-

tions

213 EXRELERRI

X IE ZZ B0 43 B v AR e R B T AT
E, ANRE A 264 °C AR A 5 min ATE )
“h 3 MPa, 7EiZ 551 il % CF/PA6 Titi BHE i T 4
TPt RE I , 5 1 22 16 25 R UE 47 X6 L4 Ar
e 4 E 5PN .

X 2H S 25 R AT LA L 264 °C L5 min,
3 MPa S A7 124 A I 3. A
471,264 °C .5 min .3 MPa £/ F £ ik i =5
WAL g R AR T IR ER % T 24 T 3
PRI TT 7y SR S S TS i B L P
R, 1R R L T HAL T EA A, 46
5 Fir Ao B 56 R 45 R m] 0, 264 °C 5 min, 3 MPa
ZRAFT R PLAR SR B K 675.4 MPa, 35 = T
IEAS RS A T2 A SR A IR EA T
PR, B RoE P R AT, S0 BiE T 1E A8 IR A
TR AT EEME . TR AT, R )5 2 5 i v et
PERERY B2, Hr A B R R Bt P L A9 T
M4 e . 264 °C.5 min,3 MPa T. 2576 = iR JE Al |,
3 o 3 A AR (] 5 ) 2D AR B TR AR R
iR SELERHE S S T R A A i, R R

HUENAGITIE 2=
IEASAIREE R TR, TR E T N

U FE (A)>] 6] (B)> 1 71 (C), 264 °C .5 min .3 MPa}y
AR T2 AL IR A S -0k 2 57
i i 2 SR 1 5 1F i R 258 — 20, WEMH T IE AR
B4k TR HERG L , M B CF/PAG TR BT R T
AL S SRR AL T T S A e S

800 -
700 +
600 +
500+
400 +
300+
200 +
100 +

»"—=—254 °C/1 min/3 MPa
——254 °C/3 min/5 MPa
——254 °C/5 min/7 MPa
——259 °C/1 min/5 MPa
——259 °C/3 min/7 MPa
—+—259 °C/5 min/3 MPa
——264 °C/1 min/7 MPa
——264 °C/3 min/3 MPa
——264 °C/5 min/5 MPa
——264 °C/5 min/3 MPa

0 0.5 1.0 1.5 20 25
Displacement/mm

K4 AREBAEAAE T BRI ML 2k

Fig. 4 Tensile stress-displacement curves of prepregs under different
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hot pressing conditions
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Fig. 6 Microscopic morphology of prepregs under different hot press-

ing conditions
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Fig. 7 The second melting heating curves of prepregs under different

hot pressing conditions
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Fig. 8 The second cooling crystallization curves of prepregs under

different hot pressing conditions
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Tab.4 Thermal performance parameters of prepregs under

different hot pressing conditions

Temperature/°C T;lnif/ E;T;z/ T./°C T/)C (ﬁ:f/,) X /%
1 3 218.44 186.39  46.1 34.66

254 3 5 219.07 186.45 46.95 35.30
5 7 218.6  187.68 42.63 32.05

1 5 2214 183.55 43.05 3237

259 3 7 219.14 186.76 42.44 31.91
5 3 219.73 186.22 43.29 32.55

1 7 219.12 186.24 40.71 30.61

264 3 3 219.68 185.56  33.8 2541
5 5 219.11 185.57 42.62 32.05

5 3 21897 186.68 4279  32.17

Notes: 7', is melting point; 7 is crystallization temperature; AH, is

m

crystallization enthalpy; X_ is degree of crystallinity.
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Fig. 9 Thermal decomposition curves of prepregs under different hot

pressing conditions
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Fig .10 Thermal decomposition rate curves of prepregs under different
hot pressing conditions
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Tab.5 Thermal decomposition temperatures of prepregs under

different hot pressing conditions

Time/ Press/

Temperature/°C min  MPa T,/°Cc T,/C T,,/°C T, /°C
1 3 379.46 414.28 446.08 465.27

254 3 5 386.27 417.67 44720 463.16
5 7 382.96 414.24 44579 462.25

1 5 380.01 415.57 446.71 463.28

259 3 7 380.70 41439 446.32 457.49
5 3 378.05 415.18 44747 463.82

1 7 376.28 414.17 447.06 465.06

264 3 3 376.96 412.17 44556 465.42
5 5 381.92 416.16 447.57 465.16

5 3 377.50 414.30 446.07 465.46

Notes: Ty, is temperature at which mass loss reaches 5%; T, is

temperature at which mass loss reaches 10%; T, istemperature at

which mass loss reaches 30%; T

max

istemperature at the maximum ther-

mal decomposition rate.
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