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ABSTRACT

Cashew nut shell liquid (CNSL) is a by-product of cashew nut processing
industry and isapotential natural alternative to chemically derived phenol.
It was reacted with formalin to form Resol type phenolic resin which is
further used to prepare jute and glass fiber composites. Resol resin was
characterized by FTIR spectroscopy. The molecular mass was determined
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by using GPC. The composites prepared using the Resol resin asmatrix and
glass fiber and jute fiber as reinforcing agents, were tested for their
mechanical properties and chemical resistance. Rockwell hardness, 1zod-
Impact Strength, flexural strength and flexural modulus and chemical
resistance of these composites were compared and studied.
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INTRODUCTUION

Over thelast few decades, there has been consid-
erabledevelopment inthefield of composite materias.
Today modern compositemateriascongtituteasignifi-
cant proportion of theengineered materid srangingfrom
everyday productsto sophisticated niche applications.
Lightweight corrosion resistance materia ssuch asfi-
ber-reinforced composites could providean important
contribution to the safe economical development of re-
sources for structural applications. If renewable re-
sourcesare used for preparation of compositesthenit
has many added advantagesranging form cost effec-
tivenessto proper management and reductioninindus-

trial wastesand byproducts.

Cashew nut shell liquid (CNSL) isaby-product of
cashew nut processingindustry. CNSL isessentially a
mixture of phenolics extracted from the shells of the
cashew nut and isagood naturd aternativeto chemi-
caly derived phenol. Themgjor congtituentsof CNSL
are cardanol, anacardic acid, cardol and 6-methyl
cardol™3, Among these, anacardic acid isthe major
component of CNSL. Anarcardic acid gets decarboxy-
lated on heating to give cardanol or 3-pentadecadienyl
phenol. Thesidechain containing C . couldbe(CH,), -
CH,, (CH,),-CH=CH-(CH,).-CH,, (CH,).-
CH=CH-CH_-CH=CH-(CH,),-CH_ or (CH,).-
CH=CH-CH,-CH=CH-CH_-CH=CH,. CNSL is a


mailto:anurag.emanuel@gmail.com

74 A study on jute and glass fiber reinforced cashew nut shell liquid (resol) resin composites

MMAIJ, 10(2) 2014

Full Paper e

potentia renewablemonomeric sourcefor the synthe-
sisof avariety of specialty polymers. Many patents
and reviewshave been published on CNSL based poly-
merg?.

Cardanal isaphenolic compound having freeortho
and paraposition, which can be used for the manufac-
tureof alargenumber of phenolicresinsfor their versa-
tile uses. Alfonso Maffezzoli and co-researcherg®
worked on synthesis, formulation and characterization
of athermosetting resin based on cardanol. Thisresin
was used for fabrication of glassand naturd fiber rein-
forced composites. They concluded that cardanol can
be used effectively asabuilding block for the devel op-
ment of athermosetting matrix for composite manufac-
ture. Resinsfrom natural resourcessuchasCNSL have
been successfully used in composite laminates and
particleboards manufacture. They have good mechani-
cal and physical properties. Moreover, they are low
cost, readily available in abundance and are easy to
process®. Cashew nut shdll liquid hasbeen usedinthe
manufactureof phenolicresins, whichfindsapplication
inair-drying or stoving enamel g%, It d so finds appli-
cationinfrictionlinings, paintsand varnishes, surface-
coatings, laminates, rubber compounding, cashew ce-
ments, polyurethane based polymers, surfactants,
foundry chemicalsand intermediatesfor chemical in-
dustrieg®,

In 1984, Gunci chemicalsindustry Co.Ltd., pat-
ented the processfor preparation of phenol formalde-
hyde resin using CNSL®, P.A.Mahanwar,
D.D.Kae' experimentaly investigated the effect of
replacement of phenol by CNSL on properties of
Novalak and Resol resins. Menon et. d .1*¥ stated the
method of production, composition and polymerization
characteristicsof CNSL aswell asgeneral feature of
polymeric phenolic productsand utilization pattern of
CNSL basedindustrid gpplication. Sathydakshmi sated
that cardanol derived from CNSL isused to prepare
fast curing phenolic resin by reacting cardanol, forma-
dehyde and adipic acid catal yst!*4l. Compositesfabri-
cated using natural fiberssuch asjute, coir have poten-
tia to bean attractivedternativeto synthetic fiber com-
posites such asglassfiber composites. The natural fi-
bersarethermally |ess stableand absorb atmospheric
moisture more compared with synthetic fibers. But, as
far ascost isconcerned natural fibershaveaclear ad-
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vantageover synthetic fiberg®.

The aboveliterature survey encouraged usto pre-
pare phenol-formaldehyde resin using CNSL asthe
starting material and useit infabrication of composites
made up of reinforcing agentslikejuteand glassfiber.
Thento carry out acomparative study on mechanica
propertiesof thecompositesbased onreinforcing agents
used. Theraw CNSL wasfirst examined for itsfree
phenol content!*®! and based on this, CNSL-formalde-
hyderesin was prepared. Theresinthus prepared was
characterized, using FTIR and itsmolecular masswas
determined using GPC.

EXPERIMENTAL

M aterial

Thebas ¢ chemica sused for theexperimenta pur-
pose were of |aboratory grade. Raw CNSL procured
form Vellow. Chem. Industry, Vitthal Udyognagar,
Gujarat, was according to Indian standards 1S-840-
1964. ThespecificationsaregiveninTABLE 1. The
free phenol content of CNSL wasestimated in labora-
tory'?®, Thefree phenol availabletoreact with formal-
dehydeinraw CNSL wasfound to be 21%. Formal -
dehydeintheform of 37% formalinwasobtained from
S.D. finechemicals. Liquor anmoniawasused ascata
lyst. Solventsand chemica sused for the synthesispur-
posewereof |aboratory grade and were used after rou-
tinepurification.

Synthesisof resin

Synthesisof Resol typeresinwascarried out using
CNSL, formaldehyde as starting materialsand liquor
ammoniaascatays. Theratio of freephenol andform-

TABLE 1: Specification for untreated CNSL asper | S-840-
1964

Sr. No Properties Value
1. Specific gravity, 30°C 0.950-0.970
2. Viscosity at 30°C, centipoises 550
3. Moisture content (% by weight) 10
4, Matter soluble in toluene (% by weight) 10
5. Lossin weight on heating (% by weight) 20
6. Ash content (% by weight) 10

lodine value
7. Wijis method 270
Catalytic method 375
8. Polymerization time in minutes 4
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aldehydewaskept 0.8:1 and 5% liquor ammoniawas
taken.

Theraw material wastakeninaround bottom flask
equipped with areflux condenser athermometer pocket
and amechanicd stirrer. Thereaction masswasheated
dowly and maintained at reflux temperature. Viscosity
of thereaction mass steadily increased asthereaction
progressed. After 2 hours water formed due to con-
densation reaction wasremoved under vacuum. After

Reaction scheme

The Cardanol isCNSL whichisessentiadly aphe-
nol will take part inthereaction. The condensation re-
action of Cardanol with formal dehyde using base cata
lyst will initidly give amixture of o- and p-methylol
Cardanal, which being morereactive than cardanol will
resultinformation of di- and trimethylol derivatives.

Themethylol groupsundergo self-condensation to

OH

(CH,OH),~5 L

Where R stands for,

—= Py Paper

completeremoval, thetemperaturewas again raised
dowly until it reached 230°C. It was maintained at this
temperatureuntil 18"-21" long threads of resin were
obtained. Theresin at this point was of dark reddish
brown color. Themasswas cooled down and stored in
anairtight contai ner. Formation of resinwas confirmed
by spectrd andysis(FTIR) and themolecular masswas
determined by the hel p of gel-permeation chromatog-
raphy (GPC).

OH
CH,OH CH,OH
HCHO o
R T cHOH CH,OH
OH
CH,OH R
HO*/Of CH,OH
R
CHOH

form polynuclear compoundsinwhich phenolic nucle
arelinked by methylene groups. The product obtained
by the condensati on reaction of Cardanol with formal-
dehyde using base catdyst will giveacomplex mixture
of mono and polynuclear Cardanol with methylene
bridges. Thestructure of such acomponent can berep-
resented as:

Prepar ation of composites

OH OH

(CH,OH)y-,

PN N N

CysHy, =
8'
P N N e VNG
CisHy =
8' 11
P e e W e\
CisHy =
g " 14'
NN N /ST
CysHs .
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Compositeswere prepared using jute and glassfi-
ber asreinforcing agents. For fabrication of compos-
ites, Compression molding machinewasused. Acetone
wasused asdiluent. For glassfiber andjute, the com-
posites were prepared by hand lay up technique. 12
ply for glassfiber and 10 plysfor jute 10cmwideand
20cm long were stacked one over other after applying
resnwith brush. The solvent wasremoved by sun dry-
ing and then taken for compression molding. Thedried
plyswere put in between two Teflon rel ease sheets,
whichwereagain placed between two stedl plates. The
wholesystem wasthen subjected to compress on mol d-
ing. Thetemperature was kept 190°C for 1 hour and
the pressureof 70 Kg/cm?was applied. Theresin got
heat cured. It wasthen cooled under pressure before
they weretaken out for testing. Thejutefiber reinforced
compositeswere 0.4 cm (4 mm) thick and the glass
fiber reinforced compositeswere 0.5 cm (5 mm).

M easur ements

Themechanical and chemical testsof theprepared
compositeswere conducted accordingtoASTM meth-
odsaslisted below using fivetest specimensfor each
test.

Flexural strength and flexural modulustest

Theflexurd strengthistheahility of themateria to
withstand bending forcesapplied perpendicular tothe
longitudina axis. Thestressinduced duetoflexurd load
is combination of compressive and tensile stresses.
ASTM D-790 procedurewas used to measuretheflex-
ura strength of the compositesusing Universal Instron
testing machine model no.1111. The crosshead speed
was 100 mm/min.

For Fexural test, thedimensionswereasfollows:
Length=120mm
Width=12.5mm
Thickness = 0.5 mmfor glass fiber and 0.4 mm for

jute fiber composites
Support Span = 75 mm
Flexural strength = 3PL / 2bd?
Where,

P= Breakingload (Kg)

L = Support span (mm)

b = width of the specimen (mm)

d = thicknessof the specimen (mm)
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Flexural modul us can be determined by usingthe
followingequation:
Flexural modulus= PL3/ 4bdPy
Where,
P= Breakingload (Kg)
L = Support span (mm)
b = width of the specimen (mm)
d = thicknessof the specimen (mm)
y = beam deflection (mm)

Hardnesstesting

Hardnessisdefined asres stance of materid aganst
permanent deformation. The Rockwell hardnesswas
measured accordingtoASTM D-785. Thesamplesize
was 25mm X 25mmand the hardness was measured
using hardnesstester TSE testing machine.

I mpact testing

Impact resistanceisability of amaterial toresist
breaking under shock loading or ability toresst thefrac-
tureunder stressgpplied a high speed. Theimpact prop-
ertiesindicatetoughnessof materid. Thetestswerecar-
ried out accordingtoASTM D 265.

For Izod impact strength the dimensionswere as
follows
Length = 60 mm
Width = 12.5 mm
Thickness = 0.5 mmfor glassfiber and 0.4 mm for
jute fiber composites

Chemical resistance

ASTM D 543-67 procedure was used to measure
thechemica res stance property of the composite peci-
men. Thetest specimen wereimmersed for 7 daysat
room temperaturei.e. 35°C. After seven days weight
gain, swelling, delamination etc. wereobserved.

RESULTSAND DISCUSSION

Theresults obtained after testing the composites
for their mechanicd propertiesareshowninthetables.
Theresultsof Resol resin based sawdust composites
areshown in TABLE 2 and wood flake compositesare
showninTABLE 3.

Reaction conditions
CNSL beingaphenolic materid reactswith form-
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Figurel: IR spectrum of resol type CNSL -For maldehyderesin

aldehydeat 90-95°C. The reaction is a condensation
polymerization and water isformed as abyproduct.
Thereaction takestwo hrsto completeand viscosity of
thereaction mass steadily increases. Water formed and
theunreacted formadehydeif any should beremoved
fromthereactionmass. If not removed excessvefoaming
occurswhichisdifficult to control asthetemperatureis
raised above 100°C. Moreover, if unreacted formal-
dehydeispresent thenit will resultingelling/curing of
theresin asthetemperatureisraised especialy in Resol
typeresin. Therefore, water and unreacted formal de-
hyde should beremoved compl etely beforeraising the
temperature of the reaction mass above 100°C. After
completeremoval, thetemperatureisagain raised to
230°C and maintained until 18"-20" long resin threads
are obtained. During thewhole process the reaction
mass should be continuoudy stirred to evenly distribute
heat. If not done, it will resultinlocalized heating and
reaction masswill sart bumping, findly resultingingd-
ling of thereaction mass.

Resin analysis

Thecharacterization of res nwasdoneby using Fou-
rier Transform Infrared Spectroscopy (FTIR). IR spec-
trum of CNSL based Resol resinisshowninFigure 1.
Theband in theregion 3300-3400 cm indicatesthe

presence of hydroxyl group. The peaksat 3010 cm'?
and 2920 cm™ are assigned to C-H stretching and
Methylene stretching respectively. The peaksat 1587
cmrt and 1620 cmrt isdueto the vibration of the aro-
matic —C=C- linkages. The peak at 1452 cm™isdue
to bending vibration of -CH,,. Thepeak a 1094 cm*is
duetothein plane C-H bending of phenyl ring. The
presence of band at 911 cm* isdueto atransdouble
bond in aliphatic side chains of cardanol moiety. The
peak at 721 cmtis due to the meta substituted aro-
matic benzenering.

Themolecular weight of the resinwas confirmed
using GPC (Figure 2). The number average (Mn) mo-
lecular weight wasfound to be 3985. Theweight aver-
age (Mw) molecular weight wasfound to be 11071.
The peak molecular weight PMwt was found to be
12029.

Compositetestingand comparison

Here our main aim is to study and compare the
propertiesof thecompositesprepared usngResol resin
asthematrix and glassfiber and jutefiber astherein-
forcing materia.

The compositeswere prepared by varyingthera
tio between the matrix and thereinforcing agent. The
results obtained areshowninthe TABLES 2 and 3.

—r—,  \lBCromolecules
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Figure2: GPCVOf resol tybeCNSL—For maldehyderesin

TABLE 2: Mechanical propertiesof glassfiber reinforced resol resin composites

% Rockwell I zod Impact Strength Flexural Load  Flexural Strength  Flexural Modulus
Resin hardness (joule/lcm) (Kg) (MPa) (MPa)
20% 113 3.48 10.7 38.52 656.59
30% 115 4.28 143 51.48 1072.5
40% 119 4.78 19.9 71.64 2686.5
50% 119 4.82 20.1 72.30 2793.5

TABLE 3: Mechanical propertiesof jutefiber reinforced resol resin composites

% Rockwell | zod impact Strength Flexural Load  Flexural Strength  Flexural Modulus
Resin hardness (joule/cm) (Kg) (MPa) (MPa)
30% 41 2.00 29 16.31 318.60
40% 59 2.68 53 29.81 698.72
50% 65 3.04 9.1 51.18 1999.49
60% 67 3.08 10.3 57.93 2263.16
70% 67 3.10 10.6 59.62 2329.10

Here, theweight of thereinforcing agent was kept
constant and weight of the matrix (resin) wasvaried.
As percentage of resin wasincreased, the mechanical
propertiesa soimproved because binding between the
reinforcing agent and matrix improved. At 40%, matrix
ratio, glassfiber composites showed the best results

Macromolecules ——

and jutefiber composites showed the best results at
60% matrix ratio. Asthe percentage of matrix wasin-
creased abovethis, therewasno marked improvement
inthe mechanical propertiesand thevalueswereal-
most thesame. Thisisbecausemost of theresin above
certainratio wasremoved asexcessresin on compres-
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sionmolding. Theglassfiber composites showed bet-
ter mechanical propertiesat lower percentage of ma-
trix. Onthe other hand, jutefiber compositesrequired
higher percentage of matrix. For example, at 20%resin
ratio, thejutefiber composites could not be formed.
Thiscan beattributed to thefact that jute absorbsmois-
turemoreand itsmoistureregai n property isquiet high.
Being hydrophilic and thematrix, hydrophobic, wetting
of thefiberswiththeresinispoor, for whichhighresin
consumption isrequired*”, whichincreasesthe cost,
which to some extent iscompensated because of very
low cost of jutefiber comparedto glassfiber.

Common organic solventslike xylene, toluene, ac-
etone, etc., water and concentrated minera acids (25%
VIV) likeHCI, H,SO,, HNQ, did not affect the com-
posites, but thejutefiber compositesshowed littlein-
creasein weight about 1% to 1.5%. When the com-
posites were immersed, in 25% NaOH solution the
glassfiber compositesremain unaffected but swelling
was observed in the jute fiber composites and they
ganed about 3% weight. At lower resinratio, margina
swelling was observed in glass fiber composites, but
thejutefiber composites got delaminated. Delamina-
tion was not observed above 40% resin ratio in case of
jutefiber compositeswhen immersed in 25% NaOH
solution.

When we compare the glass fiber with jutefiber
compositesthe resultsobtained were quiet expected.
Theglassfiber compostesclearly showed their superi-
ority over jutefiber compositesin the properties stud-
ied in the paper. As we can see from the results ob-
tained that glassfiber composites definitely have better
mechanical propertiesand better chemical resistance.
They showed better hardness, better impact strength
and better |oad bearing capacity at low resin to sub-
strateratio. However, that isoneway of looking at it.
Although, thetensile strength and young’s modulus of
jutefiber islower than that of glassfibers, the specific
modulusof jutefiber issuperior to that of glassfiber
and when compared on modulus per cost basis, juteis
far superior. Asreported by oneof the researcherg89,
The propertiesreported by theresearcher areasshown
intheTABLE4.

The specific strength per unit cost of jutetoo ap-
proachesthat of glass. Thereforewherehigh strengthis
not apriority, jute may beused fully or partially tore-

—= Pyl] Peper

placeglassfiber. Theneed for usingjutefibersinplace
of thetraditionally used glassfiberspartly or fully as
reinforcing agent in composites stemsfromitslower
specific gravity (1.29) and higher specific modulus
(40GPaq) of jute compared with those of glassfiber (2.5
and 30GParespectively). Apart from much lower cost
and renewabl e nature of jute, much lower energy re-

TABLE 4: M echanical propertiesof glassand jutefiber (The
valuesshown in thetableareasreported by resear cher 1819)

Property Glassfiber  Jutefiber
Specific Gravity 25 13
Tensile Strength MN/m? 3400 442
Y oung’s modulus MN/m? 72 55.5
Specific strength MN/m? 1360 340
Specific modulus GN/m? 28.8 42.7

quirement for theproduction of jutemakesit attractive
asareinforcing fiber in composites.

CONCLUSION

Resol typeresins, can be prepared using Cashew
nut shell liquid (CNSL) and forma dehydeby usngsimi-
lar procedure asto phenolic resins. CNSL-formal de-
hyde resin can be used to prepare composites having
competitive mechanical propertiesat low cost. Glass
fiber composites have better mechanica and chemical
propertiesthan jutefiber composites. But, inlow-tech
applicationswherehigh strength and stiffnessisnot the
major concern jute fiber composite can replace syn-
thetic fibers such asglassfibersand there by reducing
thecost and makingit moreeconomical.
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