
The resorcinol-urea-formaldehyde-casein (RSUFC) resin was synthesized by poly-
condensation reaction of urea, casein and formaldehyde in the presence of varying
proportion of resorcinol under alkaline condition. All the prepared resins were char-

acterized by free-formaldehyde content, free-phenol content, viscosity measurements
and infrared spectroscopy (IR). The resin samples were cured isothermally at 120oC
using two different curing agents, p-toluene sulphonic acid (PTS) and hexamine and also
by differential scanning calorimetry on dynamic run to understand the curing behaviour of
novel resin samples. The cured resins were characterized by IR and thermogravimetric
analysis. The resin samples were employed for the fabrication of glass fibre and jute fibre
reinforced composites, respectively by maintaining 2:3 and 3:2 proportion of resin: rein-
forcement. Thus prepared composites were tested for their mechanical properties and
resistance towards various chemicals.
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Phenol-formaldehyde, urea-form-
aldehyde and melamine-formalde-
hyde are the most important mem-
bers of the thermosetting resins.
They differ fundamentally from
most other resins, with few excep-
tions, by their ability to be cured rap-

idly. Curing involves the change of
physical and chemical properties in
the presence of catalyst, usually on
the application of heat. An increase
of molecular size by linear reaction
and cross-linking leads to the forma-
tion of macromolecules and the
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hardened or cured product becomes insoluble and
infusible. These resins are therefore called "thermoset-
ting" resins. One of the most commercially important
thermoset is urea-formaldehyde resin [1], which is cov-
ered under the study here. The advantages of this resin
stem from its initial water solubility and from the hard-
ness, non-flammability, arc resistance, good thermal
properties and absence of colour in the cured state.
Today this resin enjoys outstanding importance as
moulding resin, adhesive, coating material and in treat-
ment of paper and textile [2-6].

The perusal of literature reveals that such resins are
modified by collagen [7]; casein, chitosan, polyacry-
lamide, biuret [8]; casein, gelatin [9,10]; soya-protein
[11] and starch, cellulose[12-15]. It is observed that
such composition showed improved storage stability,
bonding strength, water resistance, anti-aging proper-
ties and lower free-formaldehyde content. Tsubota et al.
[16] prepared adhesives for wood laminates by using
phenolic resin, urea and casein having improved adhe-
sion property. Schwahn [17] highlighted the role of
aldehyde in the manufacturing of plastic by polycon-
densation with casein, synthetic amino resins, pheno-
plasts etc. The glass fibre reinforced composites with
improved thermal insulation properties were prepared
from water dispersed novolac phenolic resins blended
with casein by Gabrielson and Conner [10].

It is quite clear from the chemistry of casein and
formaldehyde that cross-linking is possible between
casein molecules and formaldehyde by methylene link-
ages. It was planned to utilize this possibility of cross-
linking for the modification of urea-formaldehyde resin
by incorporating natural polymer like casein during the
synthesis of resin. The mixing of casein in the amino
gradient prior to polymerization was intended to bring
some useful changes in the properties of resin.

Present work comprises synthesis of modified
urea-resorcinol-formaldehyde resin by incorporating
natural polymer like casein into it during the prepara-
tive stage. Thus prepared resins were characterized by
viscosity and other chemical methods and extensively
studied for their curing behaviour. The cured resins
were characterized by IR and TGA analysis. The glass
fibre and jute fibre reinforced composites were fabri-
cated and tested for their mechanical properties and
resistance towards various chemicals according to
ASTM procedures.

EXPERIMENTAL

Materials
Urea was obtained from E. Merck (India) Limited,
Bombay. The formaldehyde solution (37%), casein
(alkali soluble) and resorcinol were obtained from
Samir Tech. Chem. Pvt. Ltd. (India). E-Type 10 mills
plain-woven glass cloth of 0.25 mm thickness
(270 g/m2) was purchased from Unnati Corporation
(India) for composite preparation. Jute fabric used for
composite preparation was purchased from local mar-
ket. All other chemicals used were of laboratory grade
and were used without any further purification. 

Synthesis of Resorcinol-urea-formaldehyde-casein
(RSUFC) Resins
The modified RSUFC resin was synthesized by a two-
stage reaction. The first stage involves refluxing of
urea, resorcinol (up to 25% w/w of urea) and formalde-
hyde in the mole ratio of 1:2 in the presence of casein
(25% casein was used on the basis of weight of urea
required in the absence of resorcinol) for 30 min under
mildly alkaline condition (pH=  8.5). The product of the
first stage was then refluxed for 15-20 min under acidic
condition (pH=5.5). The resulting product from second
stage reaction was made slightly alkaline (pH= 8.0) and
was vacuum distilled at 10 mm of Hg in the tempera-
ture range of 60-70oC. The final product was obtained
as brownish syrup. Five different resin samples were
prepared by varying the wt% of resorcinol from 5-25
%. The prepared RSUFC resins are coded by putting
numbers as the suffix corresponding to amount of
resorcinol in each and are listed in Table 1.

Composite Fabrication
The prepared resins were employed for the fabrication
of glass fibre reinforced composites (GFRC) and jute
fibre reinforced composites (JFRC) by maintaining
resin: fabric ratio to be 40:60 and 60:40, respectively.
The GFRC and JFRC were made by dry lay-up prepreg
technique by utilizing the prepared resins and p-toluene
sulphonic acid (PTS) as curing agent. The resin compo-
sition containing curing agent (1% on wt. basis of
resin) was dissolved in minimum quantity of methanol.
The solution was then applied to 15 pieces of glass fab-
ric (150 mm × 150 mm) by hand lay-up technique and
dried at room temperature for 30 min. The prepregs
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were then stacked between two flat steel plates using
teflon sheet as the mould-releasing agent and heated in
an oven maintained at 120oC. After attaining the gel
state it was compressed at a pressure of 70 psi. After
completion of cure cycle (about 25-30 min), the mould
was cooled in air to room temperature. The prepared
sheets were cut into different required dimensions for
the measurement of various mechanical properties and
chemical resistance test. Similarly JFRC were also fab-
ricated by following the same method but 10 pieces of
the jute fabric of the same size.

Characterizations
The free-formaldehyde and free phenol contents of the
prepared resins were respectively determined by the
sodium sulphite method [18] and Koppeschaar method
[19] as described below. The results are presented in
Table 1. 

Sodium Sulphite Method [18]

The sample (~2 g) was accurately weighed into a 250
mL conical flask and dissolved in 100 mL of alcohol.
The solution thus prepared was neutralized with 0.5N
sodium hydroxide solution using thymolphthalein blue
as the indicator. In another 100 mL beaker, 25 mL of
saturated sodium sulphite solution previously neutral-
ized with 0.5N sodium hydroxide solution using thy-
molphthalein blue indicator was taken. Exactly 10 mL
of 0.5N hydrochloric acid was added to it and the solu-
tion was allowed to cool. This acid sulphite solution
was transferred to the sample solution, mixed well and
titrated rapidly against 0.5N sodium hydroxide solution
to the faint blue colour. The blank experiment was also
performed simultaneously. 

The free-phenol content of the prepared resins were
determined by the Koppeschaar method [19] and listed.

Free-phenol Content [19]

The percentage free phenol was determined by follow-
ing the  Koppeschaar method [19] as described in
ASTM-D 1312.The test material (~2 g) was accurately
weighed into a 1-L round bottom flask equipped with
standard taper joints. A volume of 100 mL of 10%
acetic acid solution was added to it. Exactly 500 mL
content was steam distilled into a 500 mL volumetric
flask. The distillate was allowed to cool slowly and the
volume was made upto the mark by double distilled
water. A 50 mL aliquot was transferred to a 250 mL
stoppered conical flask and treated with 50mL of 0.1N
bromide-bromate solution and 10 mL of concentrated
hydrochloric acid. The flask was well stoppered and set
aside in the dark for 30 min. A volume 10 mL of 20%
potassium iodide solution was added to it at a time. The
liberated iodine was then immediately titrated against
0.1N sodium thiosulphate solution using starch as indi-
cator which was added towards the end point. Similar-
ly the blank determination was also made at the same
time.  

Viscosity Measurement    

The viscosity of all the resin samples was determined
by a suspended level Ubbelohde viscometer using
DMSO as the solvent at 30±0.1oC. The values of intrin-
sic viscosity [η] for the prepared  resins are shown in
Table 1.

Curing Procedure

The prepared resins were successfully cross-linked
isothermally by using PTS and hexamine as the curing
agents at 120oC. The time required by the resin-curing
agent system to attain gel state was recorded as the gel-
time. These isothermal curing characteristics are also
furnished in Table 1. 
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Resin code
Resorcinol to wt. of

urea (%)

Free-formaldehyde

content (%)

Free-phenol

content (%)

Intrinsic viscosity

η (dL.g-1)

Gel time (min)
PTS Hexamine

120oC

RSUFC-5

RSUFC-10

RSUFC-15

RSUFC-20

RSUFC-25

5

10

15

20

25

2.13

1.71

1.33

0.99

0.73

0.48

0.76

1.39

1.68

2.09

0.220

0.252

0.304

0.396

0.487

43

38

32

24

21

49

40

35

31

25

Table 1. Percentage free-formaldehyde, free-phenol, viscosity and gel time for the prepared resins.



Infrared Spectroscopy   

The FTIR spectral analysis was carried out on a Nico-
let Impact 400-D spectrophotometer by applying resin
samples as a thin film on a KBr disk. The spectra of
cured resins were recorded by forming their pellets in
spectroscopic grade KBr. Some important IR-charac-
teristic bands of the representative samples are listed in
Table 2, and the corresponding spectrograph is present-
ed in Figure 1.

Differential Scanning Calorimetry(DSC)

The other useful thermal and kinetic parameters were
determined by employing DSC on Dupont 9100 DSC
module on the dynamic run under nitrogen atmosphere
at a heating rate of 10oC/min. The DSC parameters
were determined by Borchardt Daniels Method [20].
The DSC results of three selected representative resin
samples are depicted in Table 3 and Table 4. The corre-
sponding DSC thermograms are presented in Figure 2.

Thermogravimetric Analysis(TGA)

The TGA of three selected representative resin sam-
ples, isothermally cured, was carried out using univer-
sal V2.6D TA-instrument under nitrogen atmosphere at
a heating rate of 10oC/min. The Broido method [21]
was employed for TGA calculations. The usual thermal
parameters obtained from TGA are presented in Table 5
and Table 6. The corresponding thermograms are pre-

sented in Figure 3. Integral procedural decomposition
temperature (IPDT) was determined by using Doyle’s
method [22].

Composite Testing

The composites from a single batch were tested for
their mechanical properties according to American
Standards for Testing Materials (ASTM). Three test
pieces of required dimensions for each test were cut
according to the ASTM. The average of three tests was
recorded for each parameter.
- The measurement of flexural strength and inter lam-

inar shear strength (ILSS), were carried out using
Dutron�s testing machine model number 13D
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Table 2. Important IR-characteristic bands observed for resins.

UF-Pure

(cm-1)

CUF-Pure

(cm-1)

RSUFC-5

(cm-1)

CRSUFC-5

(cm-1)
Probable assignment

3375

2965

1669

1555

1387

1145

-

1279

1024

1460

-

3368

2938

1655

1555

1390

1145

1313

1266

1024

1460

-

3380

2936

1660

1557

1395

1147

-

1268

1011

1456

759

3335

2932

1662

1501

1380

1138

1313

1250

1017

1462

755

ν N-H vibration in 2o- amine.

ν sym. CH mode of CH2 of ether, CH2OH and N-CH2.

ν C=O vibration in -CONH2 (amide I).

NH- bending vibrations (NH-CO) in 2o-amine (amide II).

CH bending vibrations in CH2/CH2OH/N-CH2-N

ν asy. Vibration in   N-CH2-N.

-OH deformation of CH2OH.

O-H bending mode of phenol.

ν C-O vibration of ether.

Twisting -CH2 mode of the methylene

(-N-CH2 -N-), -CH mode in CH2O; N-CH2-N.

-CH bending vibrations, o-substituted benzene

Figure 1. FTIR Spectrum of CRSUFC-5 resin sample.



according to ASTM D-790 and ASTM D-2344,
respectively.

- The measurement of Izod impact strength of v-
notched specimen was carried out according to
ASTM D-256 using Zwick D-7900 impact machine.

- The rockwell hardness was measured according to
ASTM D-785 on RAS/SL No. 4471 rockwell hard-
ness tester.

- The resistance to chemicals of the composite speci-
men was measured according to ASTM D-581. The
composite specimens (10 mm × 10 mm) were
immersed at room temperature for a week in various

chemicals.
The results of the mechanical properties and chem-

ical resistance are furnished in Table 7 and Table 8,
respectively.

RESULTS AND DISCUSSION

In order to achieve the target of producing low
formaldehyde emitting resin compositions, we opted
for casein, which is very well known to undergo reac-
tion with the aldehydes [17, 23]. The preliminary char-
acteristics of the resin samples are listed in Table 1. The
decrease in percentage free-formaldehyde content with
increase in the resorcinol percentage, i.e. from 0% to
25% in the reaction mixture is very evident. This sug-
gests that resorcinol also participates in polycondensa-
tion reaction by utilizing formaldehyde for cross-link-
ing. But this resin samples have casein as the extra mol-
ecule to be incorporated during synthesis. Casein also
does take part in the reaction by utilizing formaldehyde
for cross-linking and thereby consuming the excess of
formaldehyde to deplete percentage free formaldehydeFigure 2. Dynamic DSC scans of RSUFC resin samples.
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Figure 3. Thermograms of cured RSUFC samples under

nitrogen atmosphere.

Table 3. Thermal parameters evaluated from single DSC scan for resin samples.

Resin code
Temp. at which curing

started, Ti (oC)

Peak exotherm tem-

perature, Tp (oC)

Temp. of complete

curing, Tf (oC)

Cure range,

Tf -Ti (oC)
Cure time (min)

RSUFC-5

RSUFC-15

RSUFC25

244.97

254.71

185.65

259.23

267.74

227.21

278.26

276.08

263.04

33.29

21.37

77.39

27.8

27.6

26.3

Table 4. Kinetic parameters evaluated from single DSC scan

for resin samples.

Resin code

Activation

energy, E

(kJ mol-1)

LogZ

(min-1)

Order of

reaction, n

Heat of

reaction ∆H

(J.g-1)

RSUFC-5

RSUFC-15

RSUFC-25

826.4

524.1

134.6

81.46

51.01

13.81

4.06

1.54

2.21

75.8

153.5

102.4
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value in the resin samples. From Table 1, the percent-
age free-phenol is found to be increased as resorcinol
content increases from 0-25 % in the reaction mixture.
This increase in resorcinol content among the resin
samples clearly suggests that resorcinol and urea are
not only responsible for cross-linking but casein also
does react with formaldehyde. Thus excess of
formaldehyde is consumed to deplete percentage free
formaldehyde in the resins even with higher free phe-
nol content.

The values of intrinsic viscosity were found to
increase with increase in the percentage of resorcinol
content. Increase in viscosity also suggests the
enhanced resistance of the resin solution to flow. The
resin samples also have casein as the extra component.
Increase in viscosity can also be ascribed to the incor-
poration of casein molecules in the resin matrix, which
increase the average size/average molecular weight of
resin samples. 

The detail revealed from examination of the IR
spectra is summarized in Table 2. Due to complexity of
structure in the polymer, the absorption frequencies are
broad in case of resin spectra. Broadening may also be
observed due to the presence of byproducts in the resin,
such as water and excess formaldehyde, which allow
hydrogen bonding with the reactive functional groups
like -CH2OH, NH2 and -NH present in resin samples.

However, spectra of cured resins showed sharper char-
acteristic absorption peaks in this region. In the UF-
pure (urea-formaldehyde) resin, a medium absorption
peak is observed at 3375 cm-1, which is characteristic
absorption of the NH-stretching mode for -NH2 group.
Similar absorption bands for CUF-pure (Cured-UF),
RSUFC-5, CRSUFC-5 (Cured-RSUFC), were record-
ed in the same region. A medium absorption band in all
resin spectra appears in the range of 2970-2850 cm-1,
which is ascribed to the symmetrical C-H stretching
mode of CH2 of ether, CH2OH and N-CH2. A very
strong absorption band is observed around ~1660 cm-1

in all the spectra, which may be assigned to the C=O
stretching (amide-I) in -CONH2 group. The strong
absorption bands around 1550 cm-1 may be due to -NH
bending mode in 2

o

-amine (amide-II). The 1
o 

-amino
groups first form methylol derivatives with formalde-
hyde. The cross-linking between two such methylol
groups provide ether linkages (-CH2-O-CH2) to which
-NH is attached on both the sides [24]. A weak absorp-
tion band at 1470-1460 cm-1 may be due to -CH mode
in -CH2O, N-CH2-N. The weak absorption bands
around 1400-1390 cm-1 for all polymer samples may
be ascribed to C-H bending mode in - CH2 /-CH2OH /
N-CH2-N. The medium absorption band appearing in
the region of 1150-1130 cm-1 may be assigned to asym-
metric stretching vibrations of -N-CH2-N-. The medi-

Table 5. Thermal parameters of cured RSUFC resins from TGA under nitrogen

atmosphere.

Ti = Initial decomposition temperature; Tmax = Temperature of maximum decomposition; Tf = Final

decomposition temperature;  T10 = Temperature at 10% weight loss; E = Activation energy; IPDT =

Integral procedural decomposition temperature.

Resin code Ti (oC) T10 (oC) Tmax (oC) Tf (oC) IPDT (oC) E (kJ.mol-1)

RSUFC-5

RSUFC-15

RSUFC-25

198.2

214.3

225.0

210

220

220

315.0

334.5

359.1

787.5

788.9

789.7

448.3

474.9

484.3

47.51

50.12

53.64

Table 6. Percentage weight loss of cured RSUFC resins at different temperatures from TGA.

Resin code
Percentage weight loss

Residue (%)
100 (oC) 200 (oC) 300 (oC) 400 (oC) 500 (oC) 600 (oC) 700 (oC) 780 (oC)

RSUFC-5

RSUFC-15

RSUFC-25

3.87

2.96

2.34

8.97

7.92

7.71

43.91

42.86

33.77

57.65

54.89

57.70

66.54

64.23

63.69

78.04

74.21

68.53

93.98

86.64

79.43

94.52

93.88

91.09

5.48

6.12

8.91



um bands ~1260-1250 cm-1 may be ascribed to C-O
stretching and O-H bending modes present in phenolic
moiety. The medium band at ~1300 cm-1 appears main-
ly due to the -OH deformation in -CH2OH formed due
to formylation reaction. The strong absorption peaks at
~ 1024 cm-1 in the spectra of all polymers are assigned
to C-O stretching. The band indicates the presence of
ether linkage (CH2-O-CH2) due to cross-linking reac-
tion during condensation. The band at ~760-790 cm-1

generally indicates several types of aromatic ring sub-
stitutions. This band may favour the formation of 4,6-

dihydroxymethyl-resorcinol derivatives. These absorp-
tions may be due to C-H bending vibrations of aromat-
ic ring. The small peaks observed around 2750-
2500 cm-1 in the spectra of RSUFC resins may be due
to S-H and S-S stretching vibrations of methionine and
cystine present in casein. 

The isothermal curing study was performed with
two different cure agents. The data is presented in Table
1. The study showed that gel-time was found to
decrease sharply with increase in the resorcinol content
in the resins. This decrease in gel-time may be due to
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Table 7. Mechanical properties of GFRC and JFRC composites from UF and various RSUFC resins.

GFRC = Glass fibre reinforced composites; JFRC = Jute fibre reinforced composites.

Resin code

Flexural strength

1014 (MPa)

Flexural modulus 

1016 (MPa)

Rockwell hardness,

R

Izod impact
(kJ/m2)

ILSS
107 (Pa)

GFRC JFRC GFRC JFRC GFRC JFRC GFRC JFRC GFRC JFRC

UF-Pure

RSUFC-5

RSUFC-10

RSUFC-15

RSUFC-20

RSUFC-25

1.881

1.493

1.336

1.236

1.113

0.949

0.959

1.003

0.868

0.792

0.723

0.646

0.813

1.027

0.870

0.796

0.728

0.637

0.827

0.697

0.672

0.635

0.537

0.483

175

168

158

140

132

128

167

153

141

134

127

121

213

221

321

448

559

694

59

101

131

176

206

234

0.516

0.766

0.682

0.601

0.522

0.415

0.480

0.708

0.629

0.571

0.464

0.393

Table 8. Chemical resistancy of the composites from UF and various RSUFC resins.

G =  Glass fibre reinforced composites; J = Jute fibre reinforced composites; A = % Change in weight; D = Destroyed; B = %

Change in thickness; NA =  Not affected.

Solvents
UF-Pure RSUFC-5 RSUFC -15 RSUFC -15 RSUFC - 20 RSUFC -25

G J G J G J G J G J G J

25% H2SO4

15% HCl

5% HNO3

5% NaOH

25% CH3COOH

H2O

A

B

A

B

A

B

A

B

A

B

A

B

D

D

D

D

12.834

13.143

D

D

21.413

20.981

8.411

21.981

D

D

D

D

D

D

D

D

11.432

9.872

14.734

10.103

D

D

13.701

3.106

6.107

2.303

D

D

2.031

1.986

0.311

NA

D

D

D

D

D

D

D

D

3.432

2.107

0.641

NA

D

D

12.868

3.081

5.801

2.103

22.801

6.507

2.434

1.643

0.286

NA

D

D

14.611

3.961

6.841

2.856

21.646

5.963

3.201

2.007

0.606

NA

14.410

4.206

11.761

2.961

5.782

2.061

22.763

6.107

1.946

1.432

0.242

NA

16.701

4.662

12.701

3.422

6.433

2.561

21.844

5.432

3.038

1.987

0.573

NA

12.711

3.886

10.942

2.432

5.423

1.901

18.942

5.846

1.211

1.271

0.219

NA

13.701

4.108

10.646

3.076

6.061

2.107

19.641

5.316

2.996

1.636

0.516

NA

9.646

3.432

8.601

2.167

4.881

1.432

16.401

4.332

1.076

1.091

0.203

NA

11.946

3.772

9.432

2.945

5.846

2.003

17.710

5.033

2.731

1.553

0.432

NA
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more reactivity of resorcinol towards formaldehyde.
When resorcinol percentage increases, more and more
phenol is available for cross-linking, and hence gel-
time decreases towards higher resorcinol content in the
resin samples. The gel-time using PTS was found to be
lesser than that for hexamine. This showed higher reac-
tivity of resins towards acid curing agent. 

The DSC scans obtained for the prepared resins
were almost similar in general shape, giving an
exotherm in some definite temperature range (Figure
2). This indicates that the exotherm obtained in all the
resin systems was due to the curing reaction. From
these DSC scans the temperatures at which reaction
was initiated (Ti), had attained a maximum (Tp), and
was completed (Tf) along with the usual kinetic param-
eters were evaluated by applying Borchardt Daniels
method. These important parameters are listed in Table,
3 and 4, respectively. The cure range (Tf-Ti) and cure-
time were found to be in the range of 21-77oC and 26-
28 min, respectively. These data finds its invaluable
position as it implies the curing conditions to be main-
tained during fabrication of fibre reinforced composite
from the resin samples covered under the study. 

From TGA data (Tables 5 and 6), the temperature at
which degradation started (Ti) suggests the temperature
value which can be withstood by the polymeric sample
without undergoing any type of thermal degradation.
The values of Ti are found in the range of 198-225oC.
It increases with increase in resorcinol content along
the series. This indicates increase in the temperature,
which can be withstood by the resins without undergo-
ing any thermal degradation with the enhanced incor-
poration of resorcinol in the resin samples. The temper-
ature at maximum weight loss designated as (Tmax) is
observed to be quite high around 314-360oC and it is
also found to  increase with increase in resorcinol con-
tent along the series. This indicates increase in thermal
stability of the modified resins with increment in resor-
cinol content. This is also an indication of achievement
of novel resins with comparable thermal stability, with
25% casein percentage in the resin samples. At 780-
800oC about 5.48% residues was found for RSUFC-5
resin sample. The residues for RSUFC-15 and RSUFC-
25 were found to be 6.12% and 8.91%, respectively.
This higher residual content of resin sample containing
higher resorcinol percentage indicates improvement of
thermal stability as resorcinol percentage increases

from 0-25% in the resin samples, as depicted in Table
5. The usual thermal parameters from TGA are includ-
ed in Table 6. The integral procedural decomposition
temperature (IPDT) values remained in the range of
448-484oC for the resins. The values for activation
energy (E) remained in the range of 47-54 kJ.mol-1.
The final decomposition temperatures (Tf) and temper-
ature at 10% weight loss designated as (T10) were
respectively found to be in the range of 780-800oC and
210-220oC. The results from TGA thus suggest that
incorporation of resorcinol and casein in the UF-resin
does affect the thermal stability to enhance it to some
extent.

The mechanical properties of GFRC and JFRC fol-
low almost similar trend (Table 7). As resorcinol con-
tent was increased, the flexural strength, flexural mod-
ulus, and rockwell hardness were found to decrease.
Izod impact strength was found to increase with
increase in resorcinol content. This result shows the
enhancement in toughness of the composite material
with increase in the resorcinol concentration in the
resin matrix.

The chemical resistancy of the composite speci-
mens was also found to be excellent as shown in Table
8. All GFRC and JFRC samples showed excellent
resistance towards common organic solvents, which
was found to increase with increase in resorcinol con-
tent. The percentage change in weight is observed to be
well with in the maximum limit of 0.8%for acetone,
carbon tetrachloride, methyl ethyl ketone, toluene,
methanol and 25% ethanol. The thickness of the speci-
mens cut from the fabricated composites remained
unaffected in these solvents. GFRC & JFRC exhibited
somewhat poor resistance towards mineral acids and
alkali but it was also found to be improved to some
extent with increase in resorcinol content.

CONCLUSION

The decrease in percentage of free-formaldehyde and
increase in percentage of free-phenol, with increase in
resorcinol content along resin samples confirms that
casein molecules also do take part in the reaction by
utilizing the excess formaldehyde for cross-linking.
Increase in viscosity suggests the enhanced resistance
of the resin solution to flow. The IR-spectral study of
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resin samples strongly confirms the presence of sec-
ondary amine and methylene bridges together in the
sample. This is an indication that the primary amino
groups has involved themselves in the reaction and
have been set randomly in the cross-linked structure.
Isothermal curing data show decrease in the gel-time
with increase in the percentage of resorcinol content,
showing greater reactivity of resorcinol towards cross-
linking reaction. Thermal parameters show increase in
initial decomposition temperature (Ti) and maximum
decomposition temperature (Tmax), as the resorcinol
content increases. This may be considered as the
enhancement in thermal stability with the incorporation
of resorcinol and casein in urea-formaldehyde resin.
The lower percentage weight loss of resin sample con-
taining highest resorcinol percentage indicates increase
in thermal stability by incorporation of resorcinol and
casein. The mechanical properties of GFRC and JFRC
follow almost similar trend. The Izod impact strength
was found to increase with resorcinol content. This
strength shows the enhancement in the toughness of the
composite material with increasing the resorcinol con-
tent. The chemical resistance of the composites was
also found to be excellent towards common organic
solvents and also found to be improved towards the
mineral acids.
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