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Gelatin (Bloom strength-1835, Pharmaceutical
grade), methanol, monomer (2-hydroxyethyl-
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Background

The gelatin, a natural protein, biocompatible, biodegradable,

edible, and soluble at the body temperature, which undergoes
gelation at temperatures just above ambient. It 1s obtained by
selective hydrolysis of collagen, which 1s a fibrous material that
occurs 1n skin, bones and connective tissues of animals [1]. This
biomaterial can be used as scaffolds in tissue engineering, and
nanotechnology and micro-fabrication techniques applied to
biomaterials are reviewed [2,3]. It can also be used for nerve
regeneration. This polymer has putative bio-adhesive properties
which could culture with neuron or Schwann cells to advance
nerve axon regeneration [4]. It has been found that gelatin gels
can be cross-linked by gamma-ray or electron beam that can
control the enzymatic degradability over a wide range of
degradation. Through the past few decades, HEMA 1is drawing
the i1nterest their biocompatibility makes them excellent
candidate for the preparation of biomedical and pharmaceutical
components [5]. HEMA, a vinyl monomer, is used as a
coupling agent for natural fibres like jute, cotton, silk etc. [6-9].
So, 1n this study we have used HEMA for grafting [10,11].

Furthermore, composite materials are widely used 1n
civil, industrial and military applications mainly because of
their excellent tensile and bending properties. Though synthetic
fiber-reinforced thermoplastic composites attracted much
attention due to its better durability and moisture resistance
properties, the manufacture, use, and removal of traditional
composite structure made of glass, carbon and aramid fibers are
considered negative due to growing environmental
consciousness. Due to the fact, alternative reinforcement with
natural fiber in composites has gained much attention having
low cost, low density, CO, neutrality, biodegradability and
recyclable nature [12]. Among all the natural fibers, jute
appears to be one of the most useful, inexpensive and
commercially available lignocelluloses fiber. High-energy
gamma radiation has been employed successfully for significant
physical and chemical changes as well as changes 1n surface
structure and surface energy of the fibers.

Purpose

The study deals with the development of a new method to
enhance and improve the flexibility and mechanical properties
of gelatin films. Another, aim 1s to develop and characterize
cross-linked gelatin films with water soluble monomer 2-
hydroxyethyl methacrylate (HEMA) using Co 60 gamma
radiation.

In addition, the advancement of a new method enhancing and
improving the mechanical properties of jute reinforced
polymeric composite materials.

methacrylate), photo-initiator (Darocur-1664) were purchased
from E. Merck, Germany.

Jute fabrics (bleached commercial grade made of tossa jute)
were obtained from Bangladesh Jute Research Institute
(BJRI), Dhaka, Bangladesh. Polypropylene was collected from

Polyolefin Company Ltd., Singapore.
CHOH H OH N !HCHCTCHC'—H—CH—!—Nq
e =T é s e
- %L LTV P @
i CHOH = E: L_U "
|
i n =
Scheme 1. Monomeric units of b-D- Scheme 2. Structural unit of Gelatin.

glucopyranose of jute.

Different formulations were prepared on weight basis and the films were
made by casting. Films soaked in formulations and then 1rradiated by a
Cobalt-60 gamma irradiator. Mechanical properties of both treated and
untreated samples were analyzed by suitable techniques.

TABLE 1 TABLE 2
Composition of different monomer formulations (%ow/w) Composition of HEMA blended gelatin formulations
. — (%ow/w) for film preparation
Formulations ~ HEMA ~ MeOH  Photo-initiator
Formulations HEMA Gelatin Water

Sl 10 88 2 - 0 - s

) ) )

g; ig :iz ) B2 20 15 65

) ; B3 30 15 55
M 4 3t 2 B4 40 15 45
83 50 48 2 BS 50 15 35
Composition of different Composition of HEMA
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(Yow=w) (%w=w) for film preparation

Results and Discussion
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Scheme3: Probable free radicals
generated from HEMA with the
exposure of gamma radiation.
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Schemeb5: Cross-linking of gelatin in
agueous medium with HEMA with the
exposure of gamma radiation.
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FIG. 1. Polymer loading (mass gain?a) of gelatin films with respect to

monomer (HEMA) fomulation at 10 min soaking time against wotal dose
(krad) of pamma radiation.
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FIG. 3. Tensile modulus (MPa) of the pelatin films against total dose
[krad) of pamma radiation with respect to monomer formulation at
10 min soaking Bme.
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FIG. 5. Tensile strenpth (MPa) of the HEMA blended gelatin films
against total dose (krad) of gamma radiation with respect Lo different
blending formulations.
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FIz. 7. Elongation at break (%) of the HEMA blended gelatin films
against Lotal dose (krad) of gamma radiation with respect 1o different
blending formulation.
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FIG. 8. Onset of melting point (%) of pure gelatin films and gamma
rradiated gelatin films at different doses.
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FIG 10.Tensile strength (TS) of irradiated
composite against radiation dose.
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Scheme 7.Modes of free radical generation on
irradiated jute fiber. Radicals are formed after C—
H, C—O or C—C bond cleavages: (A) hydrogen and
hydroxyl abstraction, (B) cycle opening and (C)
chain scission.
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Scheme4: Proposed mechanism for the
reaction of HEMA with the amine
groups on gelatin to form cross-links.

Scheme6: The sequence of reactions for
the cross-linking of HEMA with gelatin at
different sites with the exposure of
gamma radiation.
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FIG:. 2. Tensile strength (MPa) of the pelatin flms against tolal dose
(krad) of gamma radiaticn with respect to monomer formulation at
10 min soaking Bme.
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FI5. 4. Elonpation at break {34) of the gelatin films against towal dose=
(krad)} of pamma radiation with respect to monomer formulation at
10 min soaking time.
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FIG. 6. Tensile modolus (BFa) of the HEMA blended pelatin films

arainst total dose (krad) of gamma radiation with respect to different
blending formulation.

TABLE 3
Tensile propertics of the pure pelatin ilm and the gelatin
films irradiated under gamma radiation at different doses

Tolal Tensile Tensile
dose sirength modulus Elongation
(krad) {MPa) (MPa) at brealk (%)
b} 27+2 100112 4432
50 37T L2 200112 6+2
100 42+ 2 350112 T2
250 3842 300 +12 6.5+2
300 3612 280112 6.5+2
400 3542 26012 6B5+2
500 35412 250112 6B5+2

[mP =5 =B

Temperature ["L']

Omn Set Glass Poimt Off Set

Fli5. 9. Thermal properties of the pure and grafied gelatin flms; P refers
to pure gelatin film. S refers to gelatn films soaked in 2006 HEMA rra-
diated at 100 krad. B refers to 20%: HEMA blended pelatin filons irradiated
at Dy krmd.
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FIG 11.Bending strength (BS) of irradiated
composite against radiation dose.
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Scheme8: A possible reaction mechanism
between jute and PP due to gamma radiation.
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FIG11: Tensile modulus  FIG 12: Bending FIG13: Water uptakes  FIG14: Loss tangent vs.
(TM) of irradiated modulus (BM) of of composites (both temperature curve of
composite against irradiated untreated and untreated (C-0) and
radiation dose. composite against treat.ed) against treated (C-3)
R B BRI soaking composites at 500krad of
time. total dose at frequency
10kHz
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FIG 15: Dielectric constant vs. FIG16: SEM images of untreated (a) and 1000krad
temperature curve of untreated (C-0) gamma treated (b) jute fabrics.

and treated (C-3) composites at
500krad of total dose at frequency
10kHz.

o TS, TM and elongation at break (%) of gelatin films were found to be
27MPa, 100MPa and 4%.

o After irradiation the mechanical properties increased significantly.

o Gelatin films soaked in formulations; 2-hydroxyethyl methacrylate (HEMA)
(10- 50%, by wt), methanol and photo-initiator, then, treated by gamma ray
which revealed the TS and TM of the films reached a peak of 47MPa and
840MPa, respectively, at 100 krad for 20% HEMA solution.

o With a series of gelatin blended solutions (10-50% by wt) of HEMA; again
soaked and stood the TS and TM of the gelatin films to be 50MPa and
1050MPa which indicates changing properties.

o Also, the thermo-mechanical properties; the on set and off set of melting point
and the glass point were increased for the treated films compared to untreated
films.

o The maximum on set of melting point of the soaked and blended gelatin films
were 71.8 °C and 75.2 °C, whereas for the pure film it was 51.3 °C.

[l In case of composite materials, investigation showed that irradiated jute
fabrics/irradiated PP-based composite produced the highest mechanical
properties at 500krad of total dose compared to the non-irradiated jute
fabrics/irradiated PP and irradiated jute fabrics/non-irradiated PP-based
composites.

| | Mechanical properties such as TS, TM, BS, BM and IS of the treated

composites were found higher than that of untreated composites.

|| The dielectric constant and loss tangent of the composites is found to depend

on temperature.

| | Phase transition, likely ferro-to paraelectric transitions takes place in the
composites (both treated and untreated) in the temperature range 80-651°C.

L] The dielectric constant and loss tangent of the composites increased as a result
of irradiation.

L] Therefore, gamma irradiation is one of the powerful sources to improve the
mechanical and dielectric properties of the hessian cloth reinforced PP
composites.
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