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ABSTRACT: The continuous fiber reinforced composites of GF/PA were fabricated using a
pultrusion resin impregnation apparatus and cut into pellets of 6 mm length. GF/PA pellets
were then melt-mixed with PP resin to prepare new types of ternary composites, GF/PA/
PP. Mechanical and rheological properties of such composites revealed to be better than con-
ventional ternary composites due to the longer average glass fibers. Measurements also
showed that the mechanical properties of the composites prepared by direct injection molding
were higher than those of the composites prepared by injection molding followed by extru-
sion. To improve adhesions of fiber surfaces and polymer matrix, PP-MAH (maleic anhy-
dridé) has been introduced in the GF/PA/PP composites as a compatibilizer. It was found
that PP-MAH did indeed improve surface adhesion between fibers and polymer matrix and
that, as a result, various mechanical properties were markedly enhanced. Visualization of the
phase structure in the samples was done by means of SEM. The surfaces of glass fibers in
GF/PA/PP composites revealed that the fibers remained to be encapsulated by PA resin.
However, pre-encapsulation did not persist in GF/PA/PP/PP-MAH composites due to the
improvement of surface adhesion between fibers and polymer matrix, although resin sticking
to the fiber was observed.

Keywords: thermoplastic composites, fiber pre-encapsulation, injection molding, compatibilizer.

E2| A24¥ A5% 2000 9€ 701



N B

A B} 2o vESY B2 FHF

B2
hal
sqe 72 Qrel 24, 713N R o

A= Yo ‘

= AR uEshyg Bde 9 feldh, @
AM4e 2r)180 2o B3 £3E AR Y
T34 E@AEe] gt S AR A
B G ATFEo] APHm Yot ¥ BPA R
83 A724 Harmia®} Friedriche PA66/PP/
GF AdA £889 247 feidfe BN}
#F2QA vl G TBajd AsE T
Pecorihi®} Hertzberg= PA66/GF E&A g9
EPDM& %713l #zjid=l AFZ=g BEd
Z3 EPDMe] H7lol ojste] 24988, FEA ol
g (viscoelastic debonding) ¥ 9ld 7|§ 3
(micro-void coalescence)2] #Aloz & <
4 Zrlshg AZREE Zadn wasiga’
53], Benderly 5& Z3iAl7t T¥d 8 H|E
g4 2gAsAe Fugy 548 AR 71AA
qtoll Z4zte] AR Eo] SYH oz AN EAEA
U 54 Ao B oA s E Eide
7443} (encapsulation) Heje] +2& 712 & A&
& RasEo! AR B SollA At o3t
e Hesl FrRe JFEY, FEALE, A4
(brittleness) @ 7314 (toughness) 3 £ 7|4 &
ARE FEHog WY 3l g T
2 & o] ool 3 Pie] nEE T Qrt. ol F
gejsly 2z 23z 279 PP/PC @48,
etk 45 (calcium carbonate)oju} fe]AdGE B 7}
g Z2gdd/a4dd 5o AeA BRE + U
o2 e, e old BAe] fesis of
ey} R it old] hAE PP 3 ¥
e B3 soMe BRHA AT s
o] MAL 7 AESe 34 ¢ F3EE ¥y
o 4l
2 HIiEo]

e, cHIEAl A B 7 e AHFH

702

A8y Y
A4 25

-0,
011‘3 )
& oo
i
AN
& ox
o 1o
Ju )
& ol
2
opf
2 o;..
ox of
N
s
)
2
2
lo
W
N,

Jfa
)
o 2
fu
Ae
e
o

)

N

N

2

i X
b jo

ne

2

O

3t Fx=

B &

¢ ox

2
fau)
o

2
of

o2

ir no
.

I

o

oft
-
o
o
e
o
ox
o
X
.3
rir
=
U
Mo
br
2L

datd] ZHFE BY Haisied FxIste] AE A
A2 BHATlE Ao WA, §A4S GP9)
AgAol e UL E 6 (PA) 748 & % 1%
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Table 1. List of Raw Materials

g GF/PA/PP 24 %

EdAsd A% A7

Table 2. Processing Conditions

terial commercial suppliers comments single screw  twin screw  injection
mater description PP position {continuous fiber) (compounding) molding
Nylon 6 (OPOMId e ung T&C resin PA PAIPPor  cimens
ylon IR U i GF/PA/PP(ED
topilene . zone 1 190 170 220
PP oo 'lyosung T&C resin emperature. ¢ 230 20 . %
' exxelor . - zone 3 240 245
PP-MAH VA 1803 Exxon Chemical compatibilizer () throat 230
Glass Fiber R099  Hankuk Vetrotex roving die/nozzle 240 230 245
; .
2200 P122 Ltd. diameter (24 ¢m) scre(:; rsn;;e«ed % 1512 % 150
take up speed 5
7} 50/50¢! (m/min)

Aol 71 o AW 2
st 71AH EAo] £4 ¥& HoeE B
b2 mald, B A7 A v 4deAdd PA 39
PP £x& 493 g fedsy o 2
PA #z1& #eld4 o 234 %, oo PP =
2 & H7sld GF/PA/PP AAE B2 E Az
stk old, #7} &AM w2 B a9E Fdig
3171 Ysled PA F=l9} PP =9 g3uj& 50/
5002 & ¥, feldRy g %}94 7+E 2l
g gejgtyd §4 2 71418 548 a3

PA/PP = Az F —’FXI%Z:— Az E3% %,
°]% ¢+%7] (Haake Co.)2 &4 &AM o|E
€ round tiolE T3 ¢ET F, & B FdA
2 kg W (pellet) o2 A =3t ch

GF/PA/PP E3tdlgys 94A] B Qut4x
FHFAE o]&3lq GF/PA 738 d&54RE A
2% g 6mme Zolz HF Fd PP 5315
Brlsted A}&7] (DAE MYUNG, DAE 501D)&
olgsle] WL Azt EH, 2 A A
W ARG F4A917] Yt gl PP £
% thAlel 7wt% 9] PP-MAHE 4¢3z 3713
23hlax A zegch

2ol A zA =g EdRase) ¥y
ok3led Table 29} Table 3o Yehlds, a1=
3& Figure 14 7]&3l4t olg, GF/PAE &
BRE PA #AZ WA AN AL Jei o,
+PPs} +PP-MAH= GF/PA vlxE ujx]d] PP

ln

N rio
fo

3
(<)

57 9 4eSAY PP-MAHE %718 A2 oo
Bk ER, Est I )% &3 A24Y 2L
suleln Bl ol% 4% ¥ A48 2HE 9

Za20f A243 A5% 20003 9¢€

Table 3. Compositions of GF/PA/PP Composites

composition (wt%)

designation GF PA6 PP PP-MAH
PA 100
pp 100
PA/PP 50 50
PA/PP/PP-MAH 50 43 7
GE/PA+ PP(E]) 11 445 a5
and 20 40 40
GF/PA+PP() % 37 3
GF/PA-PP+PP-MAH(ED 11 445 375 7
and 20 4 33 7
GF/PA-PP+PP-MAH() 26 37 30 7

E: Twin-screw extruder; I : Injection molding.

@ e e,
MRZol &Y. AZY GF/PA/PP %gazel

AlEd d&ZolE FAs7] ¢t 500 ¢ A7)
24 Ega AHE 8417 A% "9 PA F7
ot PP #2& AlAsId #2071 AA” salds
= )\ak_o,] 7424/\“ 013__7} ‘iqy}sl 05Wt%9] CMC
(carboxymethylcellulose) =80 & 231171 t}
= ol& #a Eefolrd mE BAg £, 80 €Y
Ax71 WalM 8 AASI AR7] (Polaroid
camera micro controller type)7} B&El dojA
(zoom stereomicroscope, Model KSZ-1A, JOIF
Co )& AHgste dfZolg FHsdT. daZels
SAEH AB=E 7] sk 6007) ol4g =
TH oteie} 2& Alg olgsle] =HF Hol (L)}
AR T dol (L) E 727 A »siqdct.
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[ PAResin | [ Fiber Roving | 74N §Y. AR B AXE SEAs9
Resmllmpfegnatu;n Die | WEEH % FXSEE WEHRAY] (universal
{____(Continuous Fiber) I testing machine, Model SIFM-20, United Calibra-
{ Choppedlto Pellets | tion Co.)E ol &3l FHstdch AFEH € 25
PP Resn olr PP-MAH | EXM ZAHA cross head speed= 10 mm/mino 2

7 : kR A=
PEEEEE 254 AYdldE ASTM D286o wa} lzod
-‘Chi—ml)e‘i—i Z2 A}87] (universal impact tester, Model 43-
peliets . 02 INC. Amityville, US.A)E o]£3ld 2mm9
Injection Molding ] £ (notch) & &, 24H AgH sio|z 18] 54

— . GF/PA~-PP(E]) and GF/PA + PP~ MAH(ED & 7t aE =S Ao FAAAE Y3

: GF/PA-PP(l) and GF/PA+PP-MAH() At
Figure 1. Specimen preparation procedure of fiber AR 54 F3A ARe AEe 53N £
reinforced composites. o HFE Hakh
(% L) 2zt o @
L= 2 n;
Mrdol. 97tay BRARHY HRZole 4&
D, x 1D oly A& T A% 7IFA E7tAA FRe B2
L= $euEs 42 7719 ge Aasd s £
A4 Fol ARzt s 74 E BAdo & 4
old, & AfZolE sty ne HFZ0] (1) e Aoz YA UpH
o] 7i4E vepdth ztztel Ao w2t Az GF/PA/PP ‘é}”v‘f‘?ﬂ
seisty EM. PA #%], PP +#], GF/PA/PP 250 HRHE FABIH, R # 7a‘°]
23 ge] fEdtd 54 AFE 94l capillary 9} WA F 7o) Table 49 goksied 7% 3}
rheometer ( L/ D=33, Instron Co.) & o] &3}, A Zizte] 3R PR ol we} Az ?}XH
o £5o] Wzl g &8 deHdMe] Y=g 53 U A9 F#HT Hole 0.3~1.3mmojx, F
3k fuetd B4 A1E 943 GF/PA/PP & B Zole 0.7~1.8mme| HYwel EA 3l o
HAsE Qe FHEA o8 Axd GF/PA Frol AFHE Zolrt #HF Zoldnh o 1.5~25
23y A&4R P FRE F7E Og olF & il A= ZA Jebdoh oje Ao AEF Ao
2712 7}5% ¥, Bd7] (pelletizer) & o] &3t 2 7} BEAEWAA 3T Heldoh A fxE A
oz AR Fol| FETH E4 Ao o]y TRl sl B e W) wRoz AzE. =
o B 53 YT 4F 2HdAM 4z 35 o] &, dfeo T Holo} AT Hole FLI
4 #33std o], Rabinowitsch BHA& o] &35l A HAREEke] Ftgde 27t 248 B9
ZAF "M A £%d g J¢S BYEA ol Al FAERE 4 £ ool o] Hae Hag
=5 o] Wzl mat Aot A4 Alel 2 dRe} 7hE 7
HESY M. AIEAE S 53 Al=d GF/PA/ 719 W E Ato]of A ‘”3’3}5 upFolu} &gHre]
PP E38A8 AlHe] $2 E4& AR ¥, 1 1 712 L8 BgA e daHelrl adds 28
dHe Foz IWEe  FApEARUA (SEM, o Bx tﬂ%uﬁ MPQE}Z Hols & AN A}
Model XL.-30, Philips Co.)o.2 8 EAQ £8 EeR AP B ASHGE A2
BEsd o o, EMJ W2 #xe] T 4 FHo| 7 o]Fo]
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Table 4. Mean Value of Fiber Length in the Com-
posites

glass number  weight
designation fiber average average
(wt%) (L,.mm) (L,. mm)

11 0.46 1.05
GF/PA+PP(E) 20 041 0.95
26 0.43 1.04
GF/PA+PP+PP-MAH(E) 26 0.45 0.76
11 0.44 0.80
GF/PA+PP(ED) 20 0.35 0.77
26 0.38 0.73
GF/PA+PP+PP-MAH(EI) 26 0.44 0.75
11 1.21 1.61
GF/PA+PP() 20 131 1.83
26 1.19 1.76
GF/PA+PP+PP-MAH(I) 26 1.32 1.77

A QY 1EAd $UHE SR Qe A7)
2850l §4% FUON S BeRoy
Afsh Maziel ohaoly dash M Alole} o2
& BN WRoz Qg AR

aeju, 2z} AE 2R0l Wt AzE BeAE
g MR 39, A% TAVeE AZY 2EHE
MRAol7l ol% 42 BHE AR ol BEOIW 2
FARRT AL e §70] BAel oF 258 3
5 2A Jehd. ok 2YARE AZE ), ol
42 Bl AE THRT AT 717] e 2259
W Aolold fel44E AshA SN gRO
2 4z,

TN £Y. 7Y & Y 89 we

A 54 ¥sE FEs] 9isld PA %),

PP 2] g PA %79} PP 2|9} Zahu|7} 50/50
A PA/PP Bdz=9 Hxg Adge] WHad )
ZHsle] 1 ZAE Figure 29 TAF%0. 49
B WA 713 & AdgS AdstuE PA 5
AEoh PP #x9] ¥} ¥A Jehds, PA/PP
Ed=E &3 PA 3 2 PP 31 ¥xr}
$EE £ 5 Utk 28d, 44871 B7bE PA/
PP/PP-MAH EBd=& PA £xu PA/PP 2a
=5 Y7t #4 Yebdod. PA/PP Bdz=o H
=E 53] AdA o] Agdgda 2o sk
A4 M4 (log additivity rule)o] 43 Azl PA/

E2io] Al24¥ A53 20009 9¥

3000 T T T
1000 | .
»
t
©
[N
2
K]
3
2 100 - b
>
r Temperature : 245 °C
—o—- PP (n=0.45)
~—o— PA (n=0.50) 3
o~ PAIPP=50/50 (n=0.52)
— s PAPPIPP MAR=S50/43/7 (n=0.45)
—+— Log additivity taw of PA/PP blend
J
10 e 1 sl
1 10 100 1000

Shear rate (sec™!)

Figure 2. Viscosities of PA, PP, and PA/PP blends
as a function of shear rate.

PP EBJ=9= & Aojrt dov, PA/PP/PP-
MAH Edcels 2 4Xge £ 5 1, 39
Hi 1”%31}5 _,?_g,%q.m.zozs

T3, EEAEW PA #x9 PP 319 ZAu]
g FYsAl 50/500.2 1AHXZI GF/PA/PP(E)
s & feldhe g3 ddhgd nat
Figure 33} 4o Ztz} A8l AgsiAe] o3
o #Aglel RHAES] Hees R Fstol
F7HEFE AYE B+ dn, 83 #-
GF/PA+PP+PP-MAH(E) 28189 ¥% (Fig
ure 4)7} +&3siA7} Hoislx] e GF/PA+PP
(E) 53452 Y= (Figure )20 O 8¢ ¢ #
Atk =, FeldAvt BorE 2¥EE He
Zol {AIglel PA/PP Bd=rth 714X 58]

ZFdislol 2F 24 (flow index, »)7} 7432 L,

o 4

FEHA 7L H7bE A e A e
PA/PP Bdzoy 28Rty 7144 d4e] =
7hstd .

2 df7t PA

ol AMde Eiadd R7td &
F2)9} PP 4329 5237 Wgg us)s)
2 H7bd PP-MAH9| 71224719 §a4e Ao
ol 33t Aol frrdol PA %9} PP 43 A}o]
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Figure 8. Viscosities of PA/PP blend and GF/PA+
PP(E) composites as a function of shear rate.

3000 i L] 1
1000 :— \Qr\ p

100 | 7

Viscosity (Pa-s)

Temperature = 245 °C .
—e— PA/PP+PP-MA=50/4317 {n=0.45)

[ —a— GFIPA+PP+PP-MAH(E)=11/44.5/37.5/7 {n=0.36)
—v— GFIPA~PP+PP-MAH(E)=20/39.5/32.5/7 (n=0.35)
[ —e— GF/PA+PO+PP-MAH(E}=26/37/30/7 (n=0.31)

10 L L
1 10 100

Shear rate (sec™')

aaal
1000

Figure 4. Viscosities of PA/PP/PP-MAH blend and
GF/PA+PP+PP-MAH(E) composites as a function
of shear rate.
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Bz dig ZAoelx @ dXgd. a8d, A&
347} #rkEA @& GF/PA+PP(E) E¥Als
(Figure 3)9] 2% fejdf @] 10wt%d o,
E2 AdgdAM feldhrt x@=4 ¥ PA/PP
Bdcuog Ayl woldg & £ Ak ol At
3 Ais Ay 1 B RS A Wl
g A3 AFAE JsiME B v 1, o
e e A datel A stel A ZIAA 2
2 AHEe] H9¥ (chain entanglement)o] ZA%t
oM A £ iz LA Uk

Arg sl 7 d719 GF/PA+PP+PP-MAH(E)
23 gel ¥x (Figure 4)& A9&0] 10sec™ o]
Al fralde ko]l 20 wt% ! B9V 26 wt%
Q1 AsrRd A Jepdo oleh ol felAdfe
o] Flgol = BT FErt padte g
Zelzzgda ZelxEdd ZFIRHEFE ORI
Az Eggse] dEA A4E Muteld} Kamal”
9 Vaxman® Narkiso]® ojsiy e @F=dct. 1
dele 7hgold B FFAC #xof B3y 2
Al 2jg 7iardel FUEAU, Ax FFA ¥=
ZFa 9 =4E 71Fe] HRE 2R 9714
FAW WEEo] FEE 277 oo 24T
27z $ME 3 A

e, AgsArt 239 GF/PA+PP+PP-
MAH(E) BEga59 FEt w2 A998 #8
AH7t 853 4 PA/PP/PP-MAH E£/1=9]
Axe} fAlel de B2 £ AU olE ddgol
F7HETE 2R o ARt Z1AA e BE
Wers ulel FYsiA vigsiele 4E 4 2oz A
"ot :
efstx EM. PA/PP Edlcso} GF/PA/PP &
A g Gty 5498 2AE7] sl AlHE
FAEY 488 94T oS olg9 mdH e SEM

=}
o2 gt

2

=

N

a2y A&z PP-MAH7E A7t
Figure 5(b)2] PA/PP/PP-MAH Edc g 3%

U
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feld e vl 8EAA Az GF/PA/PP 34

(b) PA/PP/PP-MAH

Figure 5. SEM for the izod impact fractured sur-
face of the blends; (a) PA/PP and (b) PA/PP/PP-
MAH (D).

A3, PA/PP Bdlcote tiad § 4 2571
dolgty] Bohs A&/duldl e 78 Ao
Aol ASE E F Urh ol A8z ¥
PP-MAH¢e| o3& #H571& 71y PP +#xo &
(anhydride)ojy} 7284719} PA %2 of
(amine) ¥cty] Aol 1
of F Azt AW A
Fasi AW AFHo| -
2A& JEhd 2 2 =
o e A7 Zah 2¥e Hu YiTe
ol 5] &}u} 13202931

Figure 6~8ol= PA Fx|9} PP Fx]9] Haty]
7t 50/50 oji {el R Tapo] 26 wt% <l H&
st Ztzte] F Ao wet Az GF/PA/PP &

- 2

N
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|m
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(b) GF/PA + PP+ PP- MAH(ED

Figure 6. SEM for the izod impact fractured surface
of the composites at the fiber content 26 wt%; (a) GF/
PA+PP(ED and (b) GF/PA + PP+ PP-MAH(EI.

A5 Fepsty SH4ES Yepich
Figu.o 63 79l GF/PA vpAE] vf x]o] PP

_”T:
A8 F7ig 2, 4 4o E44E #1917 9

2
HEg S e AdE g Axd &
dge] Hesty S48 UEpiAth 4zl §34
o2 Az¥ GF/PA/PP 5843 2% g4 39
g frel A7t 712 AR e Fatslo) shdd e
24 ¥ et la, fel8F FHdlE d8sh
o frol BAgle] BF #2720 Jlge BEY
F ATk EF, SRR sducz R ¥
BFel 3R € o] #Al6 osiM 2
< 5387t %
freb wxief Ald

;O
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(a) GF/PA-PP(D

(b) GF/PA+ PP+ PP-MAH(

Figure 7. SEM for the izod impact fractured surface
of the composites at the fiber content 26 wt%; (a) GF/
PA+PP(I) and (b) GF PA+ PP -PP-MAH(I).

oA dfeol ol (debonding)elt} Mo waE &
ol LY Hog Alzglth Hal, AL H
7he B3t ge] (Figure 6(b)st 7(b)) 2. s
Holl & vjgEo]l sl 22 Bol 24 A% 4}
ole] AW Afo] 214 Fulslo} Pl sel 4
T7F WelWA Fel R 7h Eaol whkup Ao

Freldd Hdo 2o A =1 F2RE
71 918k GF PA/PP B¢ swe]
A FAE A Toll fElEg FHg B
%EZ!—S Figure 8ol vjehi<itth Figsure 8(a)s}
PR N % B zw,a]/t} #& GFPA+PPED
25 Yebdded, Se

4% T 2 el Fgoel s BAe -

ju] 2ko 2

"U

708

Ut ol FEAdFE 24 A PA $£47}
ol idel]l ol ste] WAL RElg AAE D, o] B
sl HHo] £ AR o3 EeiMols Hast
= FAEH FHE ol &3l felde AW

elMg Fulo mEax7} WsiE 7 ?@*2}%% 94"]

a8y, Agsidlz PP-MAH7F 3719 GF/PA
+PP+PP-MAH(ED ¢} GF/PA+PP+PP-MAH
() B35 (Figure 8(c)&} (d))= “Hojalez
PA #& AAYSAE E73ln fE dh FHd
HFEHog He 7ol A= A, F£=xEd
oA fFEl SR Eeind 2leg B F ot o
= GF/PA/PP B@x 80 48342 PP-MAH
& H71E 3§ PA 779} PP #3] xlold| ojn=
3t whgol FAsn wFAA PP o] 24717}
sl fElds M Slelz=E4vist PP-
MAHS®] 7t2 & 47| slelof]l F=2ZH§ o] EAddo] 4
2ol F71=A7] Wl felds FEd 8
%‘94 58 PA #r7) E48l%] R4 @ 2
2 AR £E Yeald] off gty gol
4 ‘?zs | oA Estdel o ety geld
FAAY Beete & 7hg Foll #327)
el dw FollM gAY suslEel 1 &nbvl
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