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ABSTRACT: Three-ply composite laminates prepared from E-glass or N-glass chopped
strand mats (CSMs) and jute (J) fabrics as reinforcing agents and amine-cured epoxy
resin as the matrix material were subjected to dynamic mechanical thermal analysis
at a fixed frequency of 1 Hz over a temperature range of 30–1807C. The volume fraction
of fibers ranged between 0.21 and 0.25. The reinforcing effect for the three fibers is in
the order E-glass ú N-glass @ jute. Glass-reinforced composites show a higher storage
modulus (E * ) than that of jute-reinforced composites. The E * values of glass–jute
hybrid composites lie between those of glass-reinforced and jute-reinforced composites.
Odd trends in temperature variability of the loss modulus (E 9 ) and the damping param-
eter, tan d, and in the glass transition temperature (Tg ) for the three different unitary
and four different hybrid composites are interpreted and understood on the basis of
odd differences in (1) the chemical nature and physical properties of the three different
fibers (E-glass, N-glass, and jute), (2) the void content and distribution, (3) the thermal
expansion coefficients of the main phases in the composites, (4) the degree of matrix
stiffening at or near the fiber–matrix interface, and (5) the extents of matrix softening
in the zone next to the interface. q 1997 John Wiley & Sons, Inc. J Appl Polym Sci 64: 2467–
2472, 1997
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INTRODUCTION and safety-sensitive applications. Such studies
enable the determination of the temperature de-
pendencies of the dynamic moduli, stress relax-Dynamic mechanical analysis (DMA) at a se-
ation, mechanical loss, and damping phenomena.lected fixed frequency over a range of temperature
Data and information generated may then behas grown as a useful analytical technique1–5 for
employed as a means of fingerprinting polymercharacterization of polymeric materials—homo-
systems and for locating glass transition and asso-polymers, copolymers, blends, and composites—
ciated features. Dynamic mechanical thermaland their evaluation for consideration in stress-
analysis (DMTA) also enables one to investigate
the phase structure and morphology and to draw
useful conclusions about the state of the matrixCorrespondence to: P. Ghosh.

q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/122467-06 polymer and odd physicochemical effects includ-
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Table I Compositions and Some Properties of Oven-dry E-glass, N-glass, and Jute (J) Fibers Used in
Making Composites

Fiber

Constituents E-Glass N-Glass Constituents Fiber: Jute

Chemical composition (wt %)

SiO2 54.30 68.41 a-Cellulose 60.70
Al2O3 15.20 5.22 Lignin 12.50
CaO 17.20 7.12 Hemicellulose 23.14
MgO 4.70 0.19 Fats and waxes 1.00
Na2O 0.60 7.84 Ash 0.79
K2O — 3.46 Nitrogenous matter 1.87
B2O3 8.00 6.25
Others — 1.51

Properties of fibers

Specific gravity 2.54 2.50 1.30
Tensile strength (MPa) 1500–3400 1000–3000 442
Specific tensile strength (MPa) 590–1348 400–1200 340
Tensile modulus (GPa) 70–80 60–70 56
Specific tensile modulus (GPa) 27–30 24–28 43
Price (Rs./kg) (glass CSM and jute fabric) 170 120 25

ing the development of transcrystalline morphol- tetramine (TETA), were obtained from Hindu-
stan Ciba Geigy Ltd. TETA was used to the extentogy at the fiber–matrix interface for thermoplas-

tic matrix systems and modification of the net- of 15% of DGEBA.
work structure for FRP composites based on
thermosets.

MethodsReports on DMTA studies on E-glass fiber-rein-
forced epoxy resin-based composites are avail- Composite Making
able.1,2 Results on similar studies for N-glass fi- For improved adhesion with the epoxy resin ma-ber-reinforced or jute fiber-reinforced composites trix, the two glass fibers used were pretreatedand for jute fiber–glass fiber hybrid composites with a silane coupling agent (g-methacryloxypro-based on epoxy resin as the matrix material are pyl trimethoxy silane, grade A174 from Unionreported in the present article. Carbide, USA), and jute fabric was used after de-

fatting following established procedures.6,7

Different 3-ply combinations of E-glass CSM,EXPERIMENTAL N-glass CSM, and jute (J) fabric having top, mid-
dle, and bottom fiber layers for three unitary com-

Materials posites designated as EEE, NNN, and JJJ and for
four glass–jute hybrid composites designated asE-glass chopped strand mat (CSM) was supplied

by FGP Limited, India. N-glass CSM was pre- EJE, NJN, JEJ, and JNJ were used for reinforc-
ing the epoxy resin matrix. A hand-laminationpared in our laboratory (CGCRI, Calcutta) and

woven jute fabric was obtained from the local mar- technique was employed in each case. The green
laminate was squeezed between two Mylar filmsket. Chemical composition, some physical proper-

ties, and the present price level of E- and N-glass using a pressure of a hand roller so as to minimize
voids and to avoid accumulation of excess matrixCSMs and of jute fabric used are shown in Table

I. G, J, E, and N symbolize glass in general, jute, resin as far as possible.
The hand-pressed laminates free from excessE-glass, and N-glass, respectively.

Epoxy resin, viz., diglycidyl ether of bisphenol resin were allowed to cure for 72 h at room tem-
perature (307C) and finally postcured in an ovenA (DGEBA), and a relevant curative, triethylene
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Table II Composite Code for 3-Ply Laminates Showing Volume Fraction of Fiber Used, Flexural
Properties, and Temperatures Corresponding to E 9max and tan dmax

Volume Fraction
(1 100) of Fiber Flexural Datab

in Composite Temperature (7C)
FS FM

Composite Number and Codea Glass Jute Total (MPa) (GPa) E 9
max tan dmax DT c

1 Cured epoxy resin (unreinforced) — — — 80.8 2.6 128 135 7
2 E E E 25.5 — 25.5 178.7 7.6 115 118 3
3 N N N 25.8 — 25.8 167.5 6.6 118 123 5
4 J J J — 23.5 23.5 82.4 3.6 128 135 7
5 E J E 11.80 9.4 21.2 161.6 5.7 128 130 2
6 N J N 12.0 9.4 21.4 144.7 5.4 118 122 4
7 J E J 6.7 15.0 21.7 84.8 3.9 128 132 4
8 J N J 6.8 15.0 21.8 88.9 4.3 115 118 3

a E Å E-glass CSM, N Å N-glass CSM, and J Å jute fiber providing the reinforcements.
b FS Å flexural strength; FM Å flexural modulus.
c Difference between temperatures under columns 7 and 8.

at 807C for 4 h and 1007C for 2 h. Test pieces of and 2. Plots in Figure 1 clearly reveal that the
room temperature (307C) value for the storage60 1 12 mm size (thickness varying between 2

and 4 mm) were cut out from the laminates for modulus (E * ) of the epoxy matrix resin (curve 1)
is enhanced by more than 200% on reinforcementdynamic mechanical analysis. The weight per-

centage or volume fraction of the fiber mats or with glass fiber CSMs, the enhancement being
distinctly higher for use of E-glass CSM (laminatefabrics in the composites was calculated consider-

ing the specific gravity of each material and area EEE, curve 2) than for use of N-glass CSM (lami-
nate NNN, curve 3) as the reinforcement. En-density data of mats and fabrics and of the

trimmed laminates.

Dynamic Evaluation

A DuPont dynamic mechanical analyzer (Model
983) was employed for dynamic evaluation of the
FRP test pieces using a fixed frequency (1 Hz)
over a temperature range of 30–1807C (303–453
K) in an atmosphere of N2.

RESULTS

The composite codes and volume fraction of fibers
used in each composite are shown in Table II.

Figure 1 Plots of storage modulus, E *, vs. tempera-
Storage Modulus (E * ) and Loss Modulus (E 9 ) ture, 7C, for cured epoxy resin (curve 1) and relevant

3-ply composite laminates: (curve 2) EEE; (curve 3)
Variations in E * and E 9 values with variation of NNN; (curve 4) JJJ; (curve 5) EJE; (curve 6) NJN;

(curve 7) JEJ; (curve 8) JNJ.temperature (30–1807C) are shown in Figures 1
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narrow or marginal between laminates JJJ and
JEJ (curves 4 and 7, respectively, in Figs. 1 and
2). Thus, replacement of the middle layer of jute
fabric in the JJJ laminate by a layer of E-glass
CSM (to give JEJ laminate) produces a marginal
property advantage; moreover, the replacement
deserves little justification considering the much
higher price and density of E-glass in comparison
with jute fiber (Table I) . The observed values of
E 9max appearing over the temperature range 115–
1287C for the composite laminates are in the order
EEEÉ NNN @ NJNú EJEú JNJ @ JEJ¢ JJJ.
E 9max is the lowest for the unreinforced cured ep-
oxy resin. In comparing the use of E-glass and N-
glass in the glass–jute hybrid composites, the
temperature of E 9max is 10–147C higher for the
use of E-glass. Starting with the NNN laminate,
replacement of one layer or even two layers of N-
glass CSM by jute fabric in the making of the 3-Figure 2 Plots of loss modulus, E 9, vs. temperature,
ply hybrid laminates as in Table II does not cause7C, for cured epoxy resin and relevant 3-ply composite
much of a shift in the temperature of E 9max , evenlaminates (identity of curves as in Fig. 1).
though the peak E 9 value follows a decreasing
trend as glass (CSM) layers are taken off succes-
sively and correspondingly replaced by jute fab-hancement in the E * value for use of only jute (J)

fabric as the reinforcement (laminate JJJ, curve rics (Fig. 2). Considering the peak E 9 value and
the temperature at which the peaks appear for4) is, however, far lower in comparison. For the

glass–jute hybrid FRP composites (curves 5–8), comparable hybrid composites (Fig. 2), it is ap-
parent that N-glass lends a more controlling in-the room temperature E * values lie between those

of the glass fiber-reinforced composites (EEE or fluence than does jute in the N-glass–jute hybrid
laminates while jute imparts a greater controllingNNN) and the jute fiber-reinforced composite

(JJJ). It is interesting to note that for use of a influence in the E-glass–jute hybrid laminates.
single middle layer of glass CSM with two outer
layers of jute fabric, on the one hand, and for use

Mechanical Damping Parameter (tan d )of one middle layer of jute fabric with two outer
layers of glass CSM, on the other, the trend of Trends of change in the variation of the mechani-

cal damping parameter tan d (Å E 9 /E * ) with vari-variation in the E * value of the composite over
the useful temperature range (30–1407C) be- ation of temperature for the different composite

laminates are shown in Figure 3. The tempera-comes prominently reversed as the selection of the
glass fiber is switched over from E-glass to N- ture corresponding to the (primary) peak for each

composite laminate and for the cured epoxy resinglass. Thus, for use of a glass CSM in the middle
layer (i.e., for the composite designated JGJ), N- shown in Figures 2 and 3 indicates a glass transi-

tion point (Tg ) for the resin matrix in the system.glass appears more effective than does E-glass in
enhancing the E * value of the composite laminate, In each case, the Tg value indicated from the

damping parameter peak (tan dmax) is higher8while for use of jute fabric in the middle layer
(laminate designated GJG), E-glass CSM (pro- than that indicated from the corresponding loss

modulus peak (E 9max ) (Table II) . The temperatureducing laminate EJE) appears more effective
than does N-glass CSM (giving laminate NJN) in difference (DT ) between E 9max and tan dmax for a

given composite/material system is minimumimproving the E * value over the useful tempera-
ture range. (27C) for the laminate EJE and maximum (77C)

for the unreinforced cured epoxy resin and for theFigure 2 shows trends of variation of the loss
modulus (E 9 ) for the different composite lami- JJJ laminate. In tune with common experience,

the temperatures for (dE * /dT )max and E 9max fornates with variation of temperature. Differences
in storage and loss modulus values and in the each composite material coincide with one an-

other (Figs. 1 and 2).trend of their temperature variability are very
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DISCUSSION

Properties of FRP composites, more importantly,
their dynamic properties, are likely to depend as
much on the nature and distribution of the matrix
materials and the reinforcing fibers as on the na-
ture of the fiber–matrix interfaces and of the in-
terfacial regions. Even a small change in the
chemical and physical nature of the fiber for a
given matrix resin and in relative weight propor-
tions of the fiber and matrix may result in notable
changes in the overall properties of the composite.
The observed odd differences in the dynamic prop-
erties of the 3-ply unitary composites based on E-
glass CSM, N-glass CSM, and jute fabric and of
the hybrid composites based on different glass–
jute combinations for epoxy resin providing the
matrix must be viewed in the light of the above
considerations. Between E-glass and N-glass,Figure 3 Plots of tan d vs. temperature, 7C, for cured
each having a coat of the same coupling agentepoxy resin and relevant 3-ply composite laminates

(identity of curves as in Fig. 1). that ensured nearly comparable compatibilizing
interactions between the outer part of the layer
of the coupling agent and the matrix resin, the

Figure 3 clearly indicates that the relatively interactions and nature of anchorage between the
high viscoelastic damping character (tan d value) inner part of the layer of the coupling agent and
for the cured epoxy resin becomes substantially the outer surface of the E- or N-glass fibers are
lowered5 on reinforcement with glass and jute fi- likely to be measurably different in view of nota-
bers in the order juteú E-glassúN-glass. Among ble differences in the chemical compositions of the
the different glass–jute hybrid composite lami- two glasses as shown in Table I. Data on the ini-
nates, minimum damping is given by the EJE hy- tial mechanical properties (flexural strength and
brid composite laminates. Use of jute fiber contri- modulus), (Table II and Refs. 9 and 10) on the
butes to a lowering in the damping character in resistance to hydrothermal degradation under
general. Hybrid composites based on E-glass CSM boiling conditions in different chemical environ-
produce a measurably lower intensity of damping ments for E-glass and N-glass fiber-based epoxy
than do corresponding composites based on N- and other resin composites indicate that while E-
glass CSM, apparently due to the higher inherent glass fiber produces higher reinforcing effects ap-
stiffness (modulus) character of E-glass and, con- parently due to higher inherent strength and
sequently, a higher degree of stiffening of the ma- modulus of the fiber (Table I) N-glass fiber rein-
trix in its presence. forcement imparts much higher stability to the

composites with respect to hydrothermal degrada-
tion as reflected from the higher degree of reten-Glass Transition Temperature (Tg)
tion of strength and modulus.9,10 Favorable com-
positional features of N-glass (much higher SiO2Accepting that E 9max rather than tan dmax is a

closer indicator8 of Tg and judging from the and alkali metal contents) foster improved an-
chorage of the silane coupling agent on the fiberE 9max temperatures (Fig. 2 and Table 2), it is clear

that the Tg value of the unreinforced cured epoxy surface and thereby ensure improved fiber–ma-
trix bonding via the coupling agent.matrix resin (1287C) remains practically un-

changed in the composite laminate if only jute or The lignocellulosic fiber jute having been given
no coating of a coupling agent and bearing manyjute–E-glass combinations are used as the rein-

forcing agent. Use of only glass (E- or N-glass) or alcoholic groups, limited (acidic) carboxylic
groups, reducing (aldehydic) groups, and phenolicjute–N-glass combinations as fiber reinforce-

ments, however, causes a lowering in the Tg value groups provides ample scope for a chemical an-
chorage of epoxy resin segments on it through re-by about 10–147C, thus expectedly infusing an

enhanced toughening effect. action with some of these groups present at the
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fiber surface, the like of which is remotely possible softening of the matrix in the zone next to the
interface due to notable depletion of the amineon the glass fiber surfaces. The cellulosic, hemicel-

lulosic, and lignin constituents in the jute fiber, curative. The differential opposing effects2 of ma-
trix stiffening and matrix softening as above inwhich itself is viewed as a composite material,

thus become integral parts of the amine (TETA)- different unitary and hybrid composite laminates
may also partly explain the odd observed effectscured epoxy network. As a consequence, the over-

all modification of the jute–epoxy interface and in their dynamic mechanical thermal properties.
While there is an unmistakable general trend inof the interfacial region of the matrix is such that

the jute-reinforced epoxy network composite (vol- having a progressively lower loss modulus value
with increasing jute content (from GGG throughume fraction of jute Å 0.24) and the plain epoxy

network show nearly comparable or close values GJG and JGJ to JJJ) in the composite (Fig. 2),
the situation is not as clear-cut when changes infor the loss modulus (E 9 or E 9max to be more pre-

cise) and glass transition temperature (Tg ) (Fig. the damping parameter (tan d ) is considered even
though fiber reinforcement in general causes low-2 and Table II) while revealing the reinforcing

role of jute in the form of relatively high values for ering in the tan d value of the cohesive mass or
the resin matrix.the storage modulus (E * ) and for initial flexural

modulus (Fig. 1 and Table II) .
N.R.B. thanks the Director, C.G. & C.R.I., Calcutta, forThe observed odd effects about the dynamic
encouragement.properties of the glass–jute hybrid composites de-

tailed here should be viewed in the light of the
differences in the uncertain nature and degrees
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