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Improvement of delamination resistance of glass-phenolic composites through
matrix toughening mechanism using poly (vinyl butyral)
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Keywords Abstract

Glass-phenolic Composites There are various types of composites among which these with layered structure are susceptible to delamination
Delamination under the applied loads. Phenolic resin/glass fiber composites, one of the most commonly used composites, are
Polyvinyl Butyral prone to delamination. In this research, the improvement of the delamination resistance of phenolic composites via
Toughening the addition of polyvinyl butyral (PVB), a thermoplastic additive at various contents (i.e. 1, 3, 5, 10 and 20 phr)
Flexural Strength has been studied. For this purpose a phenolic/glass fiber prepreg modified with thermoplastic additive was

prepared and brought to a partially cured (B-stage) by using a specified temperature-time condition. The flow
ability of the prepared prepregs was measured. Samples for the flexural test were then prepared by compression
molding of the prepregs having the flow abilities of 10%. Three-point bending test results showed that the addition
of PVB relatively improves the strength and delamination resistance of the composites, the extent of which
depends on the additive content. The addition of PVB at 3 phr increased the fracture toughness up to 58.2%,
however beyond which it was reduced; hence 3phr was regarded as the optimum value. Inspection of the fracture
surface morphology by SEM revealed the inhibition of crack propagation even at 1 phr of PVB.

Az CujeealS SO0 el (S S el eSS g9 0 i S ee B9 aoode -1
Cawd Gl 1y 0gr Slle Lolg: CajeelS T 5l am g anan sl 4y 15 S b canliie paliss LB olys s 4 Y stz slacy jomels
36 95 ol S et SJeime (J5id slacasgalS lpeday cnlaed o LS ) S R B il gl 5w i alio
Please cite this article using: o Lod oolisiw! yj wyle 1 dllio (il gloyl gl

Faraji, M. Rezadoust, A.M. and Esfandeh, M., “Improvement of delamination resistance of glass-phenolic composites through matrix toughening mechanism using poly
(vinyl butyral)”, In Persian, Journal of Science and Technology of Composites, Vol. 5, No. 4, pp. 521-528, 2019.


mailto:email@address.ac.ir
mailto:email@address.ac.ir
www.sid.ir

e 9 (> % L=e

w Jouw o5 Adae ) (Sow o pdin ) Ay (S 9id- slaiud Sl ) g1elS (B 93 e slie Soue

SH8T o) Se g 5wy oo 5STam 4 PVB I phr 10 jlaie jo ladiges
ol a5 (UHMWPE) YU Jles JsSlge pyz b ol Wy 3 5,500
slaY Ole Sin el Sege ln g ead el gl sy, e
phs ol &5 455 a5 00,8 aslial Sy CajpedS
sl amd o dguty %050 e 4 1y ladiges sl ol (o p Cenglie
5 (NBR) (osbiy Jish ST S ol b [19] ofSes
o 5 sl 3 (CNBR) aleSsrS (sl b (uobiss b ish 57
%70 5 190 5y @ 1) S phaind Cojemls 2 5 1 663 sl
Al odnlie [20] o Ken 5 iy Dlidss [0 cuizmen ol il
st M6 3gp NBR- g8 o5l 13 i ST ilyon il L 45
OLen 5 (> 09 e ol abgyye SLIT (SlSe 5 5> ol 50
Ol 5o 0ud (oo iUl &Y g |y wlpsls o ks b [21]
11 5 St (S 5 it 3 (S8 jlS sl
Sl s yoslysS 5l ooliil b 55 [22] oy Sop 5 a5 sl ial53l %98
1 s L e Sy (SMB) &3k e e ppsbir g plicd
Sl gl gy AY [23] Ken g alasge aisls 350 %290
B oS- oSl Cajeels GlaaY o 1) g lid Ly s oS
(olS ol 2/5-3 ol 5,5 o >y pdaw a5 Ws S sanline g sl
ailsse Sial3dl Olabad &y Conglie

10,95 o0 ek Ay XSS 90 0> () 0 oud ploul Glllas gges o
(58 SoilS 5,5 & Caslia 5oy ol pbile WSl S
w55 ol byl S Koz Spegr sy @99 sl Slilllas
5 0aiS deyiz oole lgie 4 PVB 5,5 5l a8 a6l Sos ool
Dl JSI a5 Ll 5 ais samline gloY o chp Cwglie Jb5)
Pl a4y b pezes 5 wile Jg (nj, 9 PVB Sis
Gy & Coglie g (Gaiod ol o wclily ool Cpl a5 (gjlidn 2o
g (Rl aie) iledesiz prille b (Jobadah Zojenls
ol 428,518 455 5,96 PVB

S -2
slga-1-2

Bl bzl o B ggdand saiiSicgsi I teghy ool plil sl
Sichuan Fiber 5,5 jlous 445)2000/M?  xlaw s>y o3 9 0ol
ks (Olnl Okusy <555 Jsame ILB00) J5ib 0, (0w Glass Co
(Mowital B 30 H o5 L oLJT Kuraray «.5,2) PVB) Jl 54 Juus

el 00 oolaiwl

diges 5 jlw oolel -2-2

097 5 Sol oal eolitul (Gig S 5l ol o aaised ags sl
Ol salx olge soys jlaie 03gr Jslme 55 5l eolinul 850 Jg3, 0255
Aol oo (S oslul Glp ol suls a8 F s o Slewle (o (785)
Gyl Sy oyl ol allae a8 Jee ASTM D-4639 llas o5,
oy ol 0950 J935 515 9 5 48 20 MM e 563 Jlad b (5 e
150 °C loo U élo (slep (30,5 s ygl (490 el 2 Sko 4y g 0
rdy Salz doyd sl G5 4 (@oles Sl (25 By e 2ES 1B
25 %85 )1 Jlade o amo e ol |,

(e UK A 4y 5 0gd dbou) dahad (6,5, a4 Sls la )b
(1 Sy [1] wble slasl Loyl 3dls b oasS 5L o o33

g;’g':@

Type 1 Type 2 Type 3

Fig. 1 Modes of delamination fracture: Crack opening, Sliding shear
and Scissoring shear [1]
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Fig. 3 Resin flow vs. B-time for phenolic-glass prepregs with various
PVB contents.
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Fig. 4 B-time vs. PVB contents in phenolic-glass prepregs.
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Fig. 5 Flexural stress-strain curves of glass-phenolic composite with

various contents of PVB.
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Fig. 7 Flexural strength of glass-phenolic composite with various
contents of PVB.

Sglite polie (gol> addl Job CujemelS ciwed alSxiul loges =T S
PVB

(Mpa)

Flexural Strength

160 1
140 -
120 A
100 -
80 1

60 1
40 -
I
0 .
0 1 3 S 10 20

PVB amount (phr)

The driving force of failure (N)

Fig. 8 The diagram of the average driving force of failure for glass-
phenolic composite with various contents of PVB.

Sol Al J5ib Cajgals CnSd oy Gy Sope bagie Jloged 8 JSB
PVB cglice polie

7.
6.
E 51
z
z 4
s
g
¥
S 21
y H
0.
0 1 3 5 10 20

PVB amount (phr)

Fig. 9 The average toughness of glass-phenolic composite with various
contents of PVB.
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Fig. 9 Image of electron microscope of ‘breakdown. cross-section of
phenolic resin containing different PVB values with a magnification of
3000 a) phenolic resin without additives b) phenolic resin with 1 phr of
PVB c) phenolic resin with 3 phr of PVB d) phenolic resin with 5 phr
of PVB e) phenolic resin with 10 phr of PVB f) phenolic resin with 20
phr of PVB
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