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Temperature correlation of mechanical properties strengthening of polycarbonate after
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Abstract : Based on principle of polymeric self-reinforcement, temperature correlation of mechanical strengthening in polycar-
bonate by press-induced deformation was studied in process of press-induced deformation and rapid-cooling. Different initial temper-
atures were set and the deformed polycarbonate was rapidly cooled from high temperature to low temperature, and influence law of
temperature on macromechanical properties and microstructure of polycarbonate was obtained. Mechanical test results show that
tensile yield strength, tensile elastic modulus, and fracture toughness increase by 28%, 57% and 64% after experiment at the initial
temperature of 120 °C, respectively compared with untreated sample. Mechanical strengthening effect decreases significantly as the
initial temperature increases. The results of two-dimensional wide-angle X-ray diffraction show that the degree of molecular orienta-
tion at segments in sample after experiments of various temperature is significantly different. The average orientation degree in
sample after experiments drops from 0.05 to 0.005 when initial temperature rises from 120 °C to 160 °C. Since initial temperature
increases, the ordered molecular segments formed by rapid compression become more de-orientated. The stress birefringence results
further show that de-orientation of molecular segments caused by initial temperature increases gradually restores anisotropy in
sample generated by press-induced deformation to isotropy, and corresponds to the weakening of mechanical strengthening effect,

which reflects a strong temperature correlation of mechanical strengthening in polycarbonate by press-induced deformation. 120 °C
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ought to be selected as an initial temperature to obtain optimal mechanical strengthening effect of polycarbonate in process of press-

induced deformation and rapid-cooling.

Keywords : press-induced deformation ; polycarbonate ; self-reinforcement ; orientation ; temperature

BEEMEHE AR R R, M FREWARLT 2
e R NN A PR R R E AR S
KRGS TGP R EZAE ", XL TR
U E E HLAS S A RN R, )
REWN TSR H L. X, wFE A bR A
Z 5 ST X RGP R e R A LA
FE N B AR AR A AR P R AT A A A R
AU, AT LR 5 AR a5 12 43y U T G 5 AT 1G58 PR
R o 0 R e A R R iR
B IEBIA TRV I ) 5 1] 2 Rl HES, 38 2R
B E5 SRN IR R B, 1 AR R AR ) 2 R Y
— P ST B B R A R — AL T AT
JE N T 5 S 5 A 8 T AR 1 i i 19 H i 5
FO PR AR AR T, XA ARt fin— 2 F g, i
TR A AR B, A8 ARG AR N U 4 86 2 B
ARG IOWTE A, IRAT 45 1] S S5 4 LA R i3 9
PERE

AR BB AR S EOCR A W45 S5 1 Rk
AL LA, Fu S5V JF 8 T RN I (PP)/ SR BE A 6
(PAG)ILIB W HE TSGR , R IR R TR AR i 25 5%
M) SR SO S5 4, B 738 I () SR ik i 5 R Ab
FRARE S ECAT B3BBG, 35 B0 A R0 4 5 A )
RO . LiSEUERSE T 57 IR AR X PP/AR A A i A4
(POE) L) J PP/AAIAYE R 2 R (TPU) IR WIE 4 5 )
“FYERR RSN, & BLET R A2 J5 PP/POE Fl1 PP/TPU
f ek 5 AR 2] T 600% AR T, B¢ AL fd B R}
PRI A 1) 2544 , a4t e 1 TR A 1 e B )
P, Wang 0205 B FL IR (PLA)/ .05 - TN I R g - H 3
iz H R REAL = JC R G W HET T 85 1, T 3iAs PLA LR
Wy i RN p o ) M A AR T . Hua 56
J'& T A5 RIS 9 M (IPP)/TH #is - £ 0 S R W) (PEC) 1 45
JEFEASHFFE , 7E 120 °C F AL B S 5 SR P dsc e wh il
55 29 50 4 PP (1 30 /7% , iPP S AA R HiL ] A K PEC
fn R RE Xy 2 BE (A 52 B 3% . Yu % Kuang
SRS S A SY R IRET R E AR PR T R T AR
(PBS) YR B AT #A Pk A4 b 2 P T, WAty
MR, 55 I AR 5 0 & AR U 80 7 1) 2 1) HEF
B B 0.25 42 TF 20,730 Xl BEAT 1 A AROIL 4%
PR KA T PBS A4 o AT AL

H AT, 8 57 AR SE IR A ) [ 345 A 5T
FEEPESFERESREY . SR, DLR KR
M B H S A R F R A5 A IR M e T B W R &
WIETR G S T 55 22 el rh HL AT A o 73 A
550 SR R ph 3 B 5 Wy ] 11 385 BH A i 3
W HA LS WG A PERE  FEHE N T I 72
A SR XE LA SR HSE e i ) =, DALk, 7 45
A R A YR BT R IR AR AR R PR T e T B
IR G W B A8 ) iR AL IR R Y B %
B ARICLLRRRERBE A B 50T 4, R AR
B U AR o i 44 258 B 0 I B A DG L 95
Jiti 3% T AR P A H1 T 25 5280 FE B B AR i f v
IRt SR Al T T 728 T2 Jie D e i L i 2 00 28 {13 1 4R
T3 S, R ST BT A UL RE Xk SRR R T A R 22 UL g 2
PR BB AU ZE A4 1 52 e A, S BRG] SR ik T2 g 57 1
AR Ty AR A s il S e R iR A
YIET IR AR S 2Fa A3 i 52 T
1 XIES
1.1 EZRAMA

RIRTRTE VA : 0703, % ¥ 1.2 g/em’, BEIEfL 5%
AR (T,) R 152 °C, VHRESEAS Tl A A
1.2 EEMNEREEL

TSI : 130-750CX , [ 57 55 7 5 3E B 47y
A BRI
S HLA - 101-3AB, KT R TR E8 A BR

5
I

% K AL : CHW-10-X, I ¥ J&L 78 v ML AR A FR
FE, I PAGIR, J3E 122 ) #% - LTCB-500, 75 M D1 35 e
AT

T BB HL : CMT4204 , £ Tl 246 (P )
AR

T X T £ AT ST (2D-WAXD) X : D8
discover, {2 [E fi & 7 /A w5

B 10 i 2D AT I E {L : WPA-100-L, H 4
LUCEO /],
1.3 XAEH &

B R R B A0 T4 100 mm> 60 mmx
15 mm PR, I8 T8 XU T, ZERD UR i R 7

»
I



FENE 55 TR BT B A5 ) VAR ALl AR DG 117

Se 3 h DIRIERE IR BE 1 5] o [RIE P 6
JRASE ELE 3 R B iR AIL A A A R S FH AR IR
T TR S e B I 5 K PUAREE , JG 3
TR B A LA BB R IR . RR A
B R L DUREAR i B O 8 28 5 R A 5L R
W, T S BRI PRI B 2 5E 2 G, DASE B
FEAFR B RIEAE o R T T 5% e AsE 5L 1) 28 s 6
PR e AR A AR IR IR 2 BF i RAE A &
5 Ry ) 7 A i I AE AR 5 TR S
F10mm. FEMEE)G , RIZICHIATFE, FF R
JKHIL, 1 5 AR L P A VI ER K DL RS L K R 1
HEAT PR P 0, 17 R s U5 B2 % 32 90 °CHf FRRBE IR
FIFA BUR ORELEE T 23 °CF AR 2124 h,

) 4R B IR R AR T R B IR R Y T, (1
20 °C)Rf, MR TR A | LB M m A i 60
FEHERASIE | B AT 0 R A v o T T
290 °C, Rk BE 0 R AL TR BE3E 0, e H i vk 548
FERE ST QRS THR 2 120 °C R LA, ARl g 2 4
i, B HERASTE S5 A Gy it , IR, AR SCHY R i
JE ¥ 111 120, 130, 140, 150 °CHI 160 °C, i% B & HI4&
SUREE A 90 °C, AR I A8 i A i R 24
FRoe Tt RN, B BT R 18 1 300 kN,
PR S mm/s, £ R IE AR - PR A F 4n &
1R

." Temperature
o
|

v l
@ w 97" controller
Preheated sample

Sample after press-induced deformation
P By 2 R A
Fig. 1 Schematic of press-induced deformation and rapid-cooling

process
1.4 X5 kAE

(OFifiEfe, I8 GB/T 1040.2-2006 #4710
B, FE BT 5 R T8 A8 T 1) 28 RO % 760 7 fifr
FE A 7 BB IS HLIE AT 2 R SR R A S 56 I
R I A B 1 mimy/min, 003 54 5 A L e 3 3
50 mm/min,

QWA . HHE 1SO 13586—2000 FEF T,
FEST TR o B T A% T 1) 3 BUbR o PR i 11 25 iy
TRE, i 7 1) SRR 5 B T ), I T a4
T BE IR B T B R 11 RS i e 4
Wi S5, THE AR W 2R

)T . B2 K 2D-WAXD # i K il o7
BEoa L W 2 fR  FEB SRR IE AR D5 W)
BUIH R R 2 mm 1 2R, (] 2D-WAXD X
W5 5 5 B 2 ) R, DU i S 2D-WAXD
I3 , FH Fit 2D B4 3 R 0 1 5 1R 5 LR 154
SR R

18 (1) 5 20(2) 1154 Hermans’ i w) [ 1, &

S WA A B IR S
_ 3{cos*0) — 1
FeTT M
f 1(6) cos’6sinddd
(cos’0) = *—; 2
fl(o)sinada

A 10) R M 2 7E 0 A b BRI 38 B2 5 <
cos’ 0> F B K 19-F-34 {8 ; F 24 Hermans ' A,
FORERE I TR AR YR AW T4 43
AT TS M, F=15 100 2455558 2 A B0 HE
G, F=0, BRI SN 2 1905 15 4

2D-WAXD test position

°3
o] o2 o4

m— —
[§12  2D-WAXD #F: it B I 7R 215
Fig.2 Schematic diagram of 2D-WAXD sample and test positions
(OIS . %8 2 B TS R G FEA I
AR5 ) FR YT H R A 2 mm A S TR RE , R 98 i
i 2D WU S50 S0 £ A ot 19 O ' 2t £ B2 43
Aii , LARAEST HIE A2 5 SRR TR N PR 0 25 1) Sk
2 FER5iE
2.1 FAdHEgE
SRl R W57 e A - DR & A0 A8 B3 417 T
PRIy -0 AR R AL 3 s o AN 3 AT LU HY L %)
Al R 120 CCI , T2 JoAE A e e B s v, %o
IO I %) I A R AR 5 4 R ) A U L AR
Je RE A 1) it I 5 R 0 T /), AR SR s 24
Al EE T2 160 °C , BRI Ji i o B2 AW AR 3R Ak 7K
S ORE AR RN - AR M2 4B
HI 4 , R it ] A e R R FH AV IR BR K PR v 20
T2 A S it 3 A b A AR TR i — SRR Y 4
JRAR AL 126 B SR BRR T 1M e 1w LA S “ IR 15
mm JFE AR R ML 2 L PN B, BT R Bk

Deformation direction



118 TSR 2025 4,55 53 4,45 12 1]
90 90 -
75+ 851 1
o
[a)
o 60 - = 80f
=
= =
S 45 g 75|
§ —— Untreated =
& . —120°C 5
30 —130°C 5 70r
——140°C ES
15t 150 °C 65
——160°C
‘ ‘ ‘ ‘ ‘ 60
0 4 8 12 16 20 Untreated 120°C 130°C  140°C 150°C 160°C
Strain/% Treatment conditions
3 RIS PRS- e 1 S GRS 0 R 1112 M 4000 @
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press-induced deformation and rapid-cooling at different temperatures
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