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ABSTRACT

The fracture properties of toughenes epoxy by Phenoxy, Polycarbonate and
blocked NCO- terminated PU prepolymer were studied. The toughening mecha-
nism of the system was investigated. Different crack patterns were observed on
specimens of different plastic contents. The toughness of a toughened material is
affected by the amount of particles, the miscibility of particle and matrix material,
and the property of matrix material. Under dynamic condition, the epoxy resin
containing 10 phr blocked NCO- terminated PU prepolymer or 10 phr Phenoxy
showed good toughness. On the other hand, the effect of adding Polycarbonate
on toughness of epoxy resin is insignificant. Under quasi-static condition, the best
toughening result of resin by adding blocked NCO-terminated PU prepolymer and
Polycarbonate was obtained at 15 phr and 10 phr separately, and the toughening
effect is insignificant by adding Phenoxy in epoxy. The toughening mechanism
was investigated by examining the fracture morphology with SEM photographs.
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sult in a better toughness, because the particles

INTRODUCTION can impeded the propagation of crack(2).

Liquid rubber was used to toughen bi-

Toughened epoxy resins are widely studied, functional epoxy resin, such as DGEBA type

and several toughening mechanism have been epoxy(1-2). However, when it was used in tri-

proposed(1-8).  The microstructure of tough- functional or tetra-functional epoxy resin system,

ened epoxy can be divided into homogenous the result is not promised, since the crosslink-

and heterogeneous, according to the miscibility ing density of resin is too high(3). Thermo-
between resin and toughening material. In plastics was used to toughen these systems(4-8).
general, a heterogeneous microstucture may re- In this study Phenoxy, Polycarbonate and
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Blocked NCO-terminated PU prepolymer were -

used to modify the Epoxy/DICY system. The
toughness of the modified materials and the

toughening mechanism were studied.
EXPERIMENTAL

Materials :

The epoxy resin used in this study was
DER 331, a DGEBA type epoxy with and av-
erage M.W. of 380 g/mole, produced by Dow
Chemical Company, U.S.A. Dicyandiamide
(DICY) was used as curing agent in this
study.The accelerator was 3-phenyl-1, 1-
dimethylurea (PMU).
toughen epoxy were Phenoxy (Mn=30000

The materials used to

g/mole), produced by the Union Carbide
Company, U.S.A.; Polycarbonate (Mn=28000
g/mole), bexanR, supplied by the General
Electric Company, U.S.A. and Blocked NCO-
terminated Ployurethane prepolymer (BL1100,
Mn-4300), produced by the Bayer Chemical

Company, Germany.

Mechanical properties:

The ASTM D256-88 Izod impact test was
conducted with an impact tester (type 43-01),
manufactured by the Testing Machines Inc. K¢
test of three point bend type specimen with
span-to-width ratio of 4 was carried according
to ASTM E399—83.

to incise a sharp crack, and a tester (type

A razor blade was used

4201), produced by the Instron Company was
used to test specimens with crosshead speed of
0.5 mm/min. The K;c value is calculated by

the equation(11):

Kic= (PoS/BWY?) + f(a/W)

where:

32/ (1.99—(a/W)(1—a/W)(2.15)

fa/W)=
2(1+2a/W)(1—a/W)*/?
—3.93a/W+2.72%/W?))
PQ : maximum load in (kN) for our exper-

iment
: specimen thickness in (cm)

: span distance in (cm)

£ v w

: specimen width in (cm)

a : crack length in (cm)

Morphology :
A scanning electronic microscope from the
JEOL Company (type JSM-5300) was used to

study the fracture surfaces.

RESULTS AND DISCUSSION

I . Mechanical properties test:

Figures 1 and 2 show the Izod impact
toughness and the critical stress intensity factor
Kjc of materials with different contents of
toughening agent. Blocked-PU of 10 phr and
15 phr shows the most significant effect on
impact toughness and on Kjc. Phenoxy of 10
phr shows larger effect on impact toughness,
but only little effect on K;c. PC shows in-
significant effect on impact toughness, and
higher data of 10 phr on K;c Comparing with
Phenoxy and PC, blocked-PU shows better ef-
fect among these toughening agents on both

impact toughness and K.

II. Tg test
Table 1. shows the glass transition temper-
ature of materials of different contents of

toughening agent. It shows higher Tg of 10 phr



PU/Epoxy system than pure epoxy, which im-,
plies that the crosslinking density of 10 phr
PU/Epoxy system is higher than pure epoxy
and 20 phr blocked-PU shows lower Tg than
pure epoxy for its softer backbone. The Tg of
Phenoxy and PC decrease as the contents of

toughening agent increased.

IIl . Morphological properties :
1. Epoxy resin :

Figures 3A and 3B are the SEM pho-
tographs of Izod impact specimen of pure
epoxy resin. Clear river patterns were ob-
served(9).

different planes, and joins together by sec-

It occurs when crack propagates to

ondary cleavage matrix or by shear matrix to
minimize surface energy by exposing a mini-
mum of extra free surface. It shows that the

specimen broken under cleavage fracture(9).

2. Phenoxy toughen epoxy resin :

Figures 4A, 4B and 5A, 5B are the SEM
photograghs of Izod impact fracture surface of
10 phr and 20 phr phenoxy toughen epoxy
Figures 4A and S5A show

that the particles interfere crack propagation,

resin, respectively.

and new crack formed, propagates to the back
of particles. The paths on the back of parti-
cles show that crack propagates to different
planes after interferred by particles, and it
consumes more energy to propagate for more
free surface. Figures 4B and 5B show clearly
that particles were torn into pieces after im-
pact test. It means that cohesive force be-
tween phenoxy particles and epoxy resin are
rather good, meanwhile, it also consumes ener-
gy to tear particles. One can observe that
Figure 4A shows more particles than in Figure
SA, while Figure 4A shows more river pattern

than in Figure SA. It means that the
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crosslinking density of 10 phr Phenoxy/Epoxy
system is higher. It can also be confirmed by

lower Tg of 20 phr Phenoxy/Epoxy system.

3. Polycarbonate toughen epoxy resin:

Figures 6A, 6B and 7A, 7B are the SEM
photographs of Izod impact fracture surface of
10 phr and 20 phr polycarbonate toughen
epoxy resin, respectively. Figures 6A and 7A
show that the crack paths are shorter in length
comparing with those showed in Figures 4A
and 5A, some of them even have no crack
path. It is attribute to the existance of poly-
carbonate which softens the matrix, hence the
crack yielding matrix behind particles, and
shows shorter crack paths. The bonding be-
tween polycarbonate nad epoxy is poor, hence
most of the particles were pulled out complete-
ly when damage occurs, as shown in Figures
6B and 7B.Comparing Figures 6A 7A, Figure
7A shows shorter crack paths than in Figure
6A,it indicates that 20 phr PC toughen epoxy
exhibits soft matrix, and lower crosslinking den-
sity. It can be confirmed again by Tg shifts
to lower temperature as the PC content in-

creased.

4, Polyurethane toughen epoxy resin:

Figures 8A, 8B and 9A, 9B, 10A are the
SEM photographs of Izod impact fracture sur-
face of 10 phr and 20 phr blocked NCO- ter-
minated PU prepolymer toughen epoxy resin,
respectively.. Figures 8A and 9A show shorter
crack paths after interferred by particles, which
indicated that PU can soften epoxy matrix and
it may conclude that three kinds of toughen
mechanism of PU/Epoxy system existed. The
first is that PU particles were pulled out com-
pletely. The second is the PU particles wee

torn into pieces, as show in Figures 8B and
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9B. The third mechanism shows that the crack
by-pass the particles. The effect on the inter-
fere crack propagation is larger than the other
kinds of mechanism, since the crack lines
around are bold and branching, as can be seen

in Figure 10A.

5. comparison among Phenoxy, PC and PU:
PC/Epoxy system shows lower toughness
under dynamic condition. It means that poor
impact toughness may be ‘caused by poor bond-
ing  between  particles and  matrix.
Phenoxy/Epoxy system shows lower data in K¢
test, indicates that the softness of matrix exhib-
it larger dffect under quasi-static condition.
The measurement of Tg gives a coincident -
conclusion. Comparing PU/Epoxy system with
other system, better bonding between particles
and matrix was observed, a softer backbone,
and the by-pass toughen mechanism was also
observed. Hence.,PU/Epoxy system shows the
best toughenss among them under both dynam-

ic and quasi-static condition.

CONCLUSIONS

1. The toughening effect of adding thermoplas-
tics in epoxy shows the most significance by
the incorporation of PU. This is consistent
with the observation of fracture morphology
which shows that the cohesion of the PU
particle matrix interface is better than PC
or Phenoxy particles.

2. The PC particles are easily pulled out from
the matrix in crack propagation, which count
for the low toughening ability.

3. The lowering of Tg is most significant by
adding PC which implies a lower crosslink-
ing density and thus a soften matrix. This

is possibly the reason of its higher K;c val-

ue than the material modified by Phenoxy.
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Table.1 Effect of plastics content on the glass

transition temperature

Tg(°’C) (pure epoxy 127.8C)

10phr 20phr

Phenoxy | 126.3 115.9

PC 114.1 101.7
PU 129.6 122.8
@
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Fig.1 Izod impact strength (J/m) versus differ-
ent contents of toughen agent (phr)
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Fig.2 Critical stress intensity factor K;c (MPa-
m*/ 2) versus different contents of toughen
agent (phr)
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z2BkUy X358 Seprm BGEEARATI

Fig.dA SEM photograph of 10 phr Phenoxy
toughen epoxy.(350X)

Z2BkY X356 S8prm GOBB62

Fig5A SEM photograph of 20 phr Phenoxy
toughen epoxy.(350X)
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2Bk X1.588 18rm BOBB1G

Fig.3B SEM photograph of pure Epoxy.(1500X)

L

z28kU H1,568 i8gprm 188863

Fig.4B SEM photograph of 10 phr Phenoxy
toughen epoxy.(1500X)

20kU X1.560 18pm 186682

Fig.5B SEM photograph of 20 phr Phenoxy
toughen epoxy.(1500X)
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Serm BO2004 20kU X1,520 18um 1823803
Fig.6A SEM photograph of 10 phr PC toughen Fig.6B SEM photograph of 10 phr PC toughen
epoxy.(350X) epoxy.(1150X)

28kU K358 S8um 060OBBS 28kY Ki-.588 i8um oB8083

Fig7A SEM photograph of 20 phr PC toughen Fig.7B SEM photograph of 20 phr PC toughen
epoxv.(350X) epoxy.(1150X)

8aé % 28kV X1.5068 1dvm 16868686
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28kU H3IS50 SOrm B89

Fig.8A SEM photograph of 10 phr PU toughen Fig.8B SEM photograph of 10 phr PU toughen
epoxy.(350X) epoxy.(1150X)
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20kV K358 Serm B608QAY 28kV X1.580 iBrm 1O0QA7

Fig9A SEM photograph of 20 phr PU toughen Fig.9B SEM photograph of 20 phr PU toughen
epoxy.(350X) epoxy.(1150X)

28kY Xi,.508 18km 108007

Fig.10A SEM photograph of the by-pass
toughening mechanism in PU/Epoxy
system.{1500X)
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