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Abstract: Laser transmission welding of polymers is now used in a very wide range of industries due to its advantages.
If the joining between polypropylene (PP) and polycarbonate (PC) occurs by laser transmission welding, the automotive
headlight will get a large profit. However, PP/PC have poor miscibility. In the laser transmission welding results, the
adhesion strength between PP and PC was very weak. In this study, PP was modified by grafting of glycidyl methacrylate
(GMA). The adhesion strength of PC and PP-g-GMA as a reactive compatibilizer was observed. The adhesion strength

was investigated by compatibility with PC, mechanical properties and laser transmission welding.
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Figure 1. The principle of laser transmission welding of polymers.
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Figure 2. Influence of polymer structures.
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Figure 3. (a) Grafting of GMA to PP in an extruder; (b) reactive
compatibilization.
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Alek A TE. 2 Al AME-E polypropylene(YUHWA
POLYPRO® 5014)(°]3} Homo PP)3} ethylene-propylene
block copolymer(YUHWA POLYPRO® SB9430)(¢|&} Block
PP-1), ethylene-propylene random copolymer(YUHWA
POLYPRO® RP2400)(°]3} Random PP)= thghf-3}, ethylene-
propylene block copolymer(BJ500)(°]3} Block PP-2)y= 43
EE polyethylene terephthalate(SKYPET® BB8055) (13}
PET)= SK #Av]Z, polycarbonate(Lexan® LS2-111)(¢] 3}
PC)= SABIC Innovative Plasticsoll A A2 0.2 AYAte]=
AFS AREEIATE AREE aEAte] 71221 /4 H -2 Table
1o Ve AT

Glycidyl methacrylate(GMA )= thA sl=ollA] AJ4ks]= Al

S AA flo] IR ARE-SIATE ARS-EF GMAS] E=A
% 196.8~167.9 °Colt}. 122 E Wk3-5 Sl ARS-E 7HAA
+ Nippon Oil & FatsAtoll A 4= = dicumyl peroxide
(DCP)E AH&-al3ltt. GMAS DCPS] %% Figure 49 1}
ERf At

12} AFs}A) A = Great Lakes ChemicalA}2] phenol 7|
Anox 20%-, 2%} ASPUA|Al= phosphiteF] Alkanox 2408 A}
L3ttt SHARE AMSE E(taleys Hit 97 11 umsd
KOCHAFS] KCNAP-2405 AH8-8t3i Tk 712 & ¥ (carbon
black)> Evonik Carbon Black Korea’}] HIBLACKS0LE
AREsIl e YAF W+t A7 18 nmoth.

Table 1. Characteristics of Polymers Used in This Study

Characteristics

Melt index (g/10 min) : 3.2

T (°C) = 162

Softening point (°C) : 152
Physical form : pellet or powder

Melt index (g/10 min) : 30
Softening point (°C) : 152
Ethylene contents (mol%) : 7.5
Physical form : pellet

Melt index (g/10 min) : 10

T (°C) : 160

Softening point (°C) : 152
Ethylene contents (mol%) : 11.5
Physical form : powder

Melt index (g/10 min) : 0.25
Tm (°C) : 139

Softening point (°C) : 133
Ethylene contents (mol%) : 4.2

Melt index (g/10 min) : 21
PET T, (°C) : 80
T (°C) : 254

PC T, (°C) : 150
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Figure 4. Chemical structures of GMA and DCP.

GMA Grafting. 7@ PP A% 37glA ARE=EE A4
GMA T4 3s AA3H7] 918l Table 201 VieRd 213} 2
< 2o = grEer=Esith 7iA1AIQl DCPE 0.1, 0.2,
0.3 phr AR&-SIASL ZH2Ee] AAIA] SHegell wek GMAE: 3, 5,
7, 9wt% AFEsl . 282223 S 2 = Block PP-13}
Block PP-2E Ag-3}iom i} 2 23} AP A S Zhzb
0.1 phr¥] AMg-3ISATH W& 247 32 mm, L/D 409] ©]
=71 (twin screw extruden)E ©] €390, EF 2=
160~190 °C, °F 468 pmS.& &}3it}.

Hh3-9t= S S8l AlZ=H block PP-g-GMAE 2 51
Soxhlet #5715 53l A 242 73} Block PP-g-GMA
of X3 v¥hE GMACIY 715 BES AlAs] Sl
oprllEe] AREE|IAL 50 °Collx] 24417F FRt AA S A
Foh® FAE block PP-g-GMATE =04 2477k 521 21
& X3 5 ARSI

FTIRS %3 block PP-g-GMA®] GMA ks 1317] ¢

Table 2. Composition of Block PP-g-GMA with Respects to
DCP and GMA Contents

Block PP-1 Block PP-2

DCP GMA Antioxidant

Mo ik (wt%)  (phr) (wt%)  (phr)
#1 77.6 19.4 0.1 3.0 0.2
#2 76.0 19.0 0.1 50 0.2
#3 74.4 18.6 0.1 70 0.2
#4 72.8 18.2 0.1 90 0.2
#5 77.6 19.4 02 3.0 0.2
#6 76.0 19.0 02 50 0.2
#7 74.4 18.6 02 70 0.2
#8 72.8 18.2 02 90 0.2
#9 77.6 19.4 03 3.0 0.2
#10 76.0 19.0 03 5.0 02
#11 74.4 18.6 03 70 0.2
#12 72.8 18.2 03 90 02
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Table 3. Composition of PP/GMA Mixtures

No Block PP-1  Block PP-2 GMA Antioxidant
' (Wt%) (Wt%) (Wt%) (phr)
#1 79.6 19.9 0.5 0.2
#2 79.2 19.8 1.0 0.2
#3 78.8 19.7 1.5 0.2
#4 78.4 19.6 2.0 0.2
#5 78.0 19.5 2.5 0.2
#6 77.6 19.4 3.0 0.2
3l GMA S &3 e AEE ol 88l B FAE 3t
Atk B4 AL 78] 98] AE AR Table 300 1}
ERl A3} e 20 AlFsINT 7H/\12ﬂ 21°] PP(Block

PP-1, Block PP-2)9} GMAS] T &gEHOoE NES &
vt} 8-§EH-E block PP-g-GMA A% 3743} FU35}
Al 015 FE710IM ARgIAL 3 2 A FLsiAl st
Ank. Axd AEs dee] A Y flo] Eafsto] e
N 24A17F FF Ax3 T AREE AT

JHE PPe| M=, s Bl @Qld 2 GMA 7
(5 Wt%) 2.2 Homo PPS} Block PPE 713l om 712
HES- 2442 Table 49 YeRATE 7} AE-S A (pellet)

o o

B ] 21¢} 991 (powder) FENS] FAIE FAlol ARE-3H3

o). ol A4 BAE olgs £3F eI B GMATH E
Wao] 2 9y Fele] 54 Erlo] ;o] FHof Hibol

2 A el ek AAAAI]] DCPE] F2 #HF AF2] melt

flow index(MF)Z T2i5}e] Eiatgic. A4 BAjelx &

A7) - Ay -

4 Be 247 1260, 420 kgflem?0]Th EHE 2%
AL S 225 ARS-ste] A&t 230 °CollA] 54

7} ZY2F o] &3l WAl A A
R v A=

P/PC EHE HMZ. 7Id PP7} PP/PC E-1=9] %
|4 el wX= Gl thsl] dotrr] fls) 7id PP/PC
%eﬂ_‘z% Azt Ed= é*éfi Table 5 “ERHATE.
%4 712 PPe} PCE ABsPUAIAI2}F $H7] brabender
plastlcorder ol T35t 250 °C°ﬂ/\1 50 rppmeE §E7F &
FEdsirt.

WE PP 2Y Zaf 712 PPl 7AIA 24 2 EWY
=22 PP S8l dEE AR dolA SES
Fo)7] S8l #olA FFAIY ThE

Eas Arketdnt. et
WA PP} PCZHe] HE s A7) S8l EohE Al
=2 7§& PPol| PETE 7 It o gdd GMAL] 1)
TEES —r]OH random PP= ARESISATE
A Zdoz A wxoA] ¥
o]F AE710IA FUd ZANA uketEst

AT 71& PPol PETE AH7lst= AS-oll= ‘?i A modified
block PP-g-GMAE 4|3k & AZH PET9} 75:25(modified
block PP-g-=GMA:PET)?] H|-&= t}A] o]% = 7la ARE-s)
At

o] AgolA= Hal Fejeo] TRV ARSI =t ol o
4 GMAE 39t Jeje] A7} obd ket Jeje] g
of APAA QA wxjol|x] &7t A4kl wEoltt,

S &S B3l AlxE 7H& PP(modified block PP-g-

E\_
A e T

FE 219k GMA, DCP= A7 32 mm, L/D 4091 ©o|= 9 Table 5. Composition of Modified PP/PC Blends
Z7]0 FY=o] 160~190 °C 2%A] 400~468 pmoZ & Homo Block .
PC  Antioxidant
e A] vk-S- k=T QT) Sample PP-g-GMA PP-g-GMA (Wi%) (phr)
0
Bk ot S B3 A|ZE /| PPE o)A 2447 B (Wt%) (Wt%)
ok Q13 7x3te] ALGEAC Z1AE Bz ol hgr Al Homo PReaMA g . 000 02
H A z2FS Q3] A=A 7E AL om HAH 758
|2+ 218l o]’E 15 AHEslle Ej 1= 75= Block PP-g-GMA
LG HICOM-300& AHE-3I9ITE AE %% 230 °ColH A} /PC biend - 70 30 0.2
Table 4. Composition of Modified PP Table 6. Composition of Modified PP
Materi Homo Block Modified block Random
aterials
PP-g-GMA PP-g-GMA PP-g-GMA PP-g-GMA
Homo PP(pellet) (wt%) 76 - Block PP-1 (wt%) 67 -
Homo PP(powder) (wt%) 19 - Random PP (wt%) - 67
Block PP-1(pellet) (wt%) - 76 Talc (wt%) 25 25
Block PP-2(powder) (wt%) - 19 Carbon black (wt%) 3 3
GMA (Wt%) 5.0 5.0 GMA (wt%) 5.0 5.0
DCP (phr) 0.31 0.16 DCP (phr) 0.03 0.37
Antioxidant (phr) 0.2 0.2 Antioxidant (phr) 0.2 0.2
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GMA, random PP-g-GMA, modified block PP-g-GMA/
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WO E AES ARSI A EE 2om! o2 sl o
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UEM: PP} PCO| 3874 el mIAI= 7HE PPl H3F
gls7] flall 7+ ALiEAe] 7, ol S SRlskdirh. B4l
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scanning calorimetry(DSC, SHIMADZU DSC-50Q)E ©]&
atom A 715 FollA] 10 °C/min®] & FER 2o
A1 300 °C7HA S48

REZX|: Alxd 2iA = A REZAE field
emission scanning electron microscopy(FE-SEM, Hitachi S-
4300)5 ol-&-ste] AFTE. HEZA W] ARgE Al
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D648l wHt S5kt

g0l £t 8H: v 4= B3l AlxE sHE PPt PC
ko] H AmE AP S8 dolA £ 84 Ade
sixich. Z4zte] aEat Ages A= PSSl 7 3mm

Y
o
)

o

Aot
0,
ol

a0 e

A MRS S8 Egjzzga 757

ol HAEZ AZE A, Nd:YAG do)AE o] 83t o)A
3 84 A4¥s s

21 9 EE

DCP ¥ GMA £¢! g2l e PPe| JHE. 1wk U=
< 53] pestel Felq 88 1ol 7bsd N PPE Ak
7)ol 2AA FTIRS ©]8351 GMAL T ZTES =Ho
A 714 8% GMA % DCPe] £¢) §3g 24 akqrt.
#eFe] GMAY DCP= 34 5 A9 galet 4 A3t
£ 71ESA917] W HAe £ ke 4ol Zas

Tq_ 21-23

oo
EO

&2 53 GMAS} PP] I ZE Wkg-9] f
19tk GMASF DCPE 747} 5 wt%, 0.2 phr ]
gk block PP-g-GMAE A|ste] FTIR £33t
=74 A3E Figure 59 YERAATE. Figure 59 YHE}
13} 7o) block PP-g-GMAS= &5 block PPIA = &
= 7hRd 7] A= TS (stretching peak)S BRI 5= 9l
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TS UL Qe AJEE o]8sle] B S FSisict. PP
o} GMAS] T E3to 2 AFH AlHS FTIRS S74 351
1730 cm™ol|A Yeh= 710d 7] 2% m30Me] S3=E
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Figure 5. Infrared spectra of block PP-g-GMA and block PP.
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Figure 6. IR calibration curves for determining the amounts of
grafted GMA onto the block PP-g-GMA.

Table 7. Concentration Effect of DCP and GMA on Content
of GMA in Block PP-g-GMA

Content of

No. Block PP DCP GMA GMA in block Efficiency

(Wt%) (phr)  (Wt%) PP-g-GMA (%)

(Wt%)

#1 97 0.1 3.0 0.01 0.33
#2 95 0.1 5.0 1.68 34
#3 93 0.1 7.0 1.75 25
#4 91 0.1 9.0 1.26 14
#5 97 0.2 3.0 0.14 4.7
#6 95 0.2 5.0 1.64 33
#7 93 0.2 7.0 1.69 24
#8 91 0.2 9.0 1.11 12
#9 97 0.3 3.0 0.16 53
#10 95 0.3 5.0 1.44 29
#11 93 0.3 7.0 1.78 25
#12 91 0.3 9.0 1.09 12

o] A %3} block PP-g-GMA <] GMA kS YeRfIt
7tR97] A5 939 F3=et C-H Al 939 F3=9
HIE 5k & B4 FA8 o]&allA] 27t AlHe] GMA 3
T-3FATE. DCPe] ol “dagle]l GMAS] ol 5wit% ©]
m] =™ block PP-g-GMA W2l GMA 3HFe] Z7120] 2
0}11“ AL B2 5 9lom 938 GMAY] U] 9 wi%l =
™ GMA alako] 7l/\5}_0_ 2 Oh:} wal GMA«] ooko]

Swoil 9 7% GMAS] T gl ek A& SRlg
% 99tk ols) 7S AP B3l GMAS] THZE 3 F

o= HAo) ke swive US4 S AT
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Figure 7. DSC thermograms of (a) homo PP/PC and homo PP-g-
GMA/PC; (b) block PP/PC and block PP-g-GMA/PC.

7HE PP/PC S¥IE. ¥X S4d: /i< PP7} PP/PC ER=
o] 48 el ofH FIFES F=A] Gobrr] flal AxE
% 74 712 PP(homo PP-g-GMA, block PP-g-GMA)YS PC
9} Bdll=slo] E4 EX4S ARSI Figure 7(a)= homo
PP/PC%} homo PP-g-GMA/PC, Figure 7(b)= block PP/PC
2} block PP-g-GMA/PC2] DSC thermogram®|T}.

Table 8 E==2] DSC A= Bz Ed= o] v
A BEEY T, A5 daelt}. PP} PCY| E
A =0 H= PCe Tg7]' 148.36 °CE et vhd, 712 PPt
PCe] Bal=o) M= PCY T,7H45.77 °CE At o2 v
et o]= PPO W2 T,0] dFo= PCY T7F ol
hiftystdvtal & 4= Utk 84S 7= 7 LAY &
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Table 8. Thermal Parameters of Pure PP/PC and Modified
PP/PC

Homo PP Block PP
Sample T,0of PC T, of PP T,of PC T, of PP
(') (°C) (°C) (°C)
PP - 167.42 - 165.04
PC 146.88 - 146.88 -
PP/PC 14836 163.59 14792 162.83
PP-g-GMA/PC 14577 16220 14470  161.74

2E=2X|: 7| PP/} PP/PC ER1=9] 840l mX=
&2 BRIsh] S8 Bdl=o] REZXE BRI Figure
8(a)x= homo PP/PC, Figure 8(b)= homo PP-g-GMA/PC<2]
TS SEMO R 2 ARRlS YERAITH 2RedlA B
= Bk} 2] Figure 8(b)2] #4Hd PC YA+ 7171 Figure
8(a)ell HIalA sl ZAaEANL, YA 2717 #Laizl A
< gelgt 4= gt} ©]& homo PP-g-GMA7} £l = A 28]
oA w37 FE3siA = AHgete] E-=o 7 A AR
7ol A S BEa A JHEE =507 o
o2 ek 2h

Figure 9(a)v= block PP/PC, Figure 9(b)= block PP-g-
GMA/PCe] REZZAJo|t}, YRLe] =7]e] H3}E E3) block
PP-g-GMA 9A] B = A28 Ylof|A] vheA AJEsA =

(a) (b)

Figure 8. SEM micrographs of (a) homo PP/PC; (b) homo PP-g-
GMA/PC.

(a) (b)

Figure 9. SEM micrographs of (a) block PP/PC; (b) block PP-g-
GMA/PC.
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Figure 10. Infrared spectra of moditied PP.

Table 9. Content of GMA in Modified PP(GMA 5.0 wt%)

Content of GMA .
Samples ?Eg (VTV‘t‘i/C) in modified PP Efﬁ(ﬁ}e)ncy

p 0 ( Wi% ) 0

Homo 0.31 - 0.76 15
PP-g-GMA

Block 0.16 - 1.54 31
PP-g-GMA

Modified Block  0.03 25 0.68 14
PP-g-GMA

Random 0.37 25 0.72 14
PP-g-GMA
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Figure 11. Tensile strength of modified PP and pure PP.
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Figure 12. Flexural strength of modified PP and pure PP.
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Figure 13. Flexural modulus of modified PP and pure PP.
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Figure 14. Elongation at break of modified PP and pure PP.

Impact strength (kgf cmicm)
o

Figure 15. Impact strength of modified PP and pure PP.
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Figure 17. Laser welding of modified PP(without carbon black) and
PC.
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Figure 18. Laser welding of modified PP(with carbon black) and
PC.

Table 10. Adhesion Strength of Modified PP and PC

Samples Adhesion strength (kgf/cm?)
Homo PP-g-GMA -
Block PP-g-GMA -

Modified block PP-g-GMA 10.0
Random PP-g-GMA 10.0
Modified block PP-g-GMA/PET 139.0
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