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ABSTRACT

Composite blends were formulated from guna prateihllose based biomaterials. The
blends ratios prepared using solution method talywe blends ratios of (90/10 to
0/100).These were subjected to soil burial tesisnf20 days through 80 days. FTIR
analysis was carried on the composites and degialéeds. The results obtained from
FTIR analysis confirmed the degradability of thdypter (guna protein/cellulose) by
chemical changes in terms of appearance and simagteh peaks. Remarkably, peaks
were newly indicated at 703¢hand 861crit respectively. These absorption bands were
ascribed to C-H aromatic bending and C-H bendisgeetively. Consistency in peaks
at a frequency of 2966ctascribed to C-O Group was recorded for all the dleiios.
Aldehyde group stretching at a frequency of 1715evmas also observed for degraded

blends.
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INTRODUCTION

The problems of non-biodegradable plastics wasteaies a challenge due to its
negative environmental impact. In this sense, lgoaldable polymers from natural
sources have been receiving much attention lateéytd their biodegradability in sail,

biocompatibility, environmentally friendly charaadsgics and above all non-toxicity (3).

Biodegradable composites made entirely from nataraterials such as corn, wheat,
protein etc, are recyclable and no additional enasgrequired to break down the
materials. However, the commonly used syntheticympels like polyethylene,
polypropylene etc are normally non-biodegradablelennenvironmentally triggered
condition and persist for a long creating cyclesvakte and waste disposal problems
(4).Therefore, uses of green polymeric materialseeislly renewable polymers and
polymer materials are most encouraging from théogooal, economical, environmental

protection and as well as resource recycling pafiniew (5).



Biodegradable polymers derived from renewable soulave many functional
properties; a remarkable property is recorded tkaging as carry bags for delivery of
food stuff, clothes, gifts and other perishable ooodities. The uses of plastic shopping
bags are now a day to day practice in many cowntrfi¢he world (5).

Consequently, growing concerns the world over agamds to the persistence of
synthetic polymers have generated increased pabticscientific interests regarding the
use and development of biodegradable polymers alogcally useful alternative to
synthetic polymers which must still retain the dedichemical and physical properties
of conventional plastics, thus providing a solution the existing severe problems of
plastic waste. In this regards, cellulose as amadut biopolymer in the productions of
polymeric materials such as load bearing comporfédaress and other applications that
require stiffness (2).Mixtures can be used as né&wmaéterials for producing new
process able polymeric materials that hopefullyspes biocompatibility properties.
Polymer blending is designed to produce materiatls optimized chemical, structural,

morphological, biological as well as mechanicalpgamies (13).

For the reasons mentioned above, there is conbidermterest to develop
environmentally-friendly, fully biodegradable “grée composites using yearly
renewable (sustainable) plant-based fibres ands€$4); (15) ;( 16); (17) ;( 18) ;( 19);
(20) and (21)).

Results of these investigations revealed that gmmnposites obtained from Guna
protein/fabrics and soy protein/yarns are of gnegtrovements in terms of mechanical
properties as well as the plausibility of using t@mposites (soy protein/yarn) for
secondary structural applications such as door lpaared packaging (22).The use of
other protein source like soybeans for example Wit%o protein content with even at a
lower functionality of approximately 2.5(23) showedsults that are indicative of
increased mechanical properties in terms of modsluisable for packaging.Guna
protein as a biopolymer has 60% (24; 25) proteinte&at over soy beans coupled with
reported higher functionality suggests better prijge in the finished composites.

Greater functionality implies possibility of bettaixing/blending of composites thereby



reducing the problems of phase separation, leadirgyeater improvement in terms of

performance and improved properties

FTIR is a dependable tool in the determinationglatidation of molecular structures
and applications. Some researchers (9; 10) hawwtegpthe use of FTIR in study of

natural polymers and protein material.

Based upon these considerations, FTIR was usadcess the molecular interaction of

GP/CF composites in their various blends and dexdpiéty in various days.

2MATERIALS AND METHODS
2.1MATERIALS

A plain woven 100% cotton fabric of commercial atyalvas obtained from the market
(Jimeta ultra-modern market).Gur@itfillus vulgaris) is obtained from farm lands in
Jimeta.

Assorted chemicals of analytical grade supplie®btish drug House (BDH) were used
and these included ethanol, acetic acid, potassiilmydrogen phosphate, magnesium
sulphate, sodium silicate hydrogen tetraoxosulpkidie acid, hydrogen peroxide, and
sodium hydrogen. Other materials used includedlldi$t flower pots and pH meter.

Also used was SHIMADZU 8400S fourier transformefilarred spectrophotomer.

A2ETHODS

2.2.1 Sample Preparation

The method described by (1) as modified by (12) adapted for the resin preparation.
Blends of GPR/CF composite were prepared by fitskinding the modified resin and
water in the ratio of 1:10 of Guna protein resinP®&)/ water to obtain various

proportions of the blends of water in the proparsi®/100 t0100/0.
2.2.2 Biodegrduhity Studies

Samples of 10cm in length and 2.5cm (width) wene and prepared from all the
composite composition and prepared in accordanteetmethod described in section 2
of (ASTMD790).



The composite blends were buried in composteldoddained from a farmland filled
into pots to their capacities. The soil pots caritaj the samples were kept in laboratory
and moisture maintained by sprinkling moistureegjutar intervals. The excess water

was drained from a hole at the bottom of the pot.

The degradation of the samples was determinece@ilar intervals of 20days by
carefully removing the samples from the soil andtiyewashing them with distilled

water to remove the soil from the samples. These wen dried in an air oven at’&d

for 24h.The samples were then kept in polythena bagl needed for further analysis

2.3 CHARACTERIZADN

Fourier transformed infra-red spectrophotometerlRFTSHIMADZU MODEL 8400S
with the wave number range of 4500 to500cwas used to obtain the spectra of the
various ratios of the composites blend and degramedposites at NARICT Zaria
driven by a computer. The analysis is carried oth beat and degraded samples and
also reference samples for mixture comparisoneajthalitative assessment of chemical
change. The test analysis using the FTIR is camwmcheat samples of both degraded
and neat blends without mixing with chemicals twidvinterference. These were
mounted on to the instrument and the frequencyannsmittance were automatically

plotted and printed out via a computer.

3.RESULTS AND DISCUSSIONS
3RESULTS

From Table 1 the spectral data indicated bandswtwuld be ascribed to C-H, COOH,
Amidel and 11(N-H) groups which are usually protessigned bands and are given the
nomenclatures used in this text in accordance witénsity of the observed bands,
ketone and bands ascribed to Amide 1, carbonybnieetand carboxylic groups were
registered as reported in the studies of (8) ahdif@ication of Amidel band was at a
wave number of 1600cnhwas registered in control. This band was alsoicafgd in
composite ratios 40/60 at a frequency of 1622 '@nd ratio 30/70 at wave number of
3550 cnt indicative of N-H group stretching which could agributed to O-H stretch
and COOQOin ester group which is also reported in the stwidie(27) and(28). A band of



C=C stretch was observed on the spectra of congpaaiios 20/80 and 80/20 arising
from the wave number of 1693 &miThere was a band of arising from C=0 which was

ascribed to carbonyl stretch in the blends whi€his is shown in Tablel

Table 1: Spectral analysis of pure composite Blends

Tentative
Blend Ratio Spectral8s (crt) Assignment of Band
100/0 1709 C=0(Stretch)
90/10 1765 C=0(Stretch)
80/20 1693 C=0O(Stretch)
70/30 3550 N-H(Amide)
60/40 1621 C=0(Stretch)
50/50 1600 N-H(Amide)
40/60 1623 C=0(Stretch)
30/70 1600 N-H(Amide)
20/80 1693 C=0(Stretch)
10/90 1754 C=0(Stretch)
0/100 1785 C=0(Stretch)

Table 2 represents the FTIR results of degradedposites of various ratios for a
period of 20 days. From the spectra, there wedeations of carbonyl group stretch at
a medium of 1709 cthin all the blend ratios. There was the appearafidevo new
peaks at the wave numbers of 860’ cancmi and 706 crif in all the blends ascribed to
aromatic bending and C-H bending respectively. Akpef high intensity of 2956 ¢t
ascribed to Chlistretch was also observed in the sample blendseThas peak arising
from the band of 1713 chwhich could bascribed to carbonyl group or ketone group
in all the blends. The intensity of these peaksewawever reduced peaks due likely to
protein dispersed on the surface of the cellulos¢éerial as reported in the studies of
(11).

There was a peak at 1033 ‘awhich could beascribed to C-H group alkane stretch
observed in the blend ratio 50/50.This was howebserved in the ratio 0/100 double
peak at increased intensity arising from a bandildf7 cmwhich could be ascribed as

to C-H groupThis shown below in Table 2



Table2: Spectral Analysis of Degraded blends Burietbr 20days

Blend ratios Spectral Bands (cf) Tentative Assignment of Bands
100/0 1706 C=0( Ketone Stretch)
1028 C-O( Ketone Stretch)
846 C-H (Bending)
1396 O-H( Bending)
2956 CHgy( stretch)
90/10 1713 C-H(Stretching)
864 C-H(Stretching)
1714 C=0(Stretching)
80/20 1714 C=0(Stretching)
795 C-H(Stretching)
1117 C-H(alkane stretch)
70/30 1714 C=0(Stretching)
794 C-H(Stretching)
854 C-C(Stretching)
60/40 1714 C=0(Stretching)
849 C-C(Stretching)
50/50 1033 C-O( stretch)
1714 C=0(Stretching)
40/60 849 C-H(Bending)
30/70 863 C-H(Bending)
20/80 863 C-H(Bending)
10/90 863 C-H(Bending)
0/100 863 C-H(Bending)

The FTIR spectra of samples subjected to buriabdesf 40days is shown in Table 3
below. From the table, there were two new peaksratuced intensity of 695¢hand
861cm® which could be ascribed to aromatic C-H stretchimyd C-H bending
respectively. There was a medium band at 17T4@msamples ratios 70/30, 40/60
which could be ascribed to carbonyl group stretghinkewise, a high intensity band at
a wave number of 2929 ¢hwhich could be ascribed to GHtretch was observed on
composite samples of 100/0.



Table 3: Spectral Bands of Degraded Blends Buoned®days

Blend ratios Spectral Bands enfative Assignment of Bands
100/0 1034 C=0(Stretch)
1435 C-H(Bending)
2929 CHy(Stretch)
90/10 1715 C=0 (Ketone Stretch)
1118 C-H (Bending
704 C-H(Bending)
863 C-H (Bending)
80/20 1703 C=0 (Ketone Stretch)
70/30 863 C-H (Alkane Stretch)
704 C-H (Stretching)
1715 C-H (Bending)
1118 C=0 (Ketone Stretch)
60/40 1704 C-H (Alkane Bending)
50/50 1707 C-H (Alkane Stretch)
1034 C=0 (Ketone Stretch)
864 C=0 (Ketone Stretch)
40/60 1713 C-H (Alkane Stretch)
1115 C-H (Alkane Bending)
1032 C=0( Ketone Stretch)
865 C-H (Akane Stretch)
30/70 1714 C-H (Bending)
1114 C=0( Ketone Stretch)
1593 C-H (Alkane Stretch)
1029 C-O ( Stretch)
695 C-H (Stretching)
861 C-H (Bending)
20/80 803 C-H (Bending)
704 C-H (Stretching)
1024 C-H (Alkane Stretch)
1118 C-O (Stretch)
1715 C=0 (Ketone Stretch)
10/90 695 C-H (Stretching)
862 C-H (Bending)
1716 C=0( Ketone Stretch)
1580 N-H((Amide Bend)
1110 C-H (Akane Stretch)
0/100 1709 C=0( Ketone Stretch)




Table 4: Spectral Analysis of Degraded Blends Bufe 60days

Blend Ratios Spectral Bands (&jn Tentative Assignment of
Bands
100/0 1710 C=0O(Amide Stretching)
854 C-H(Bending)
603 C=0(Ketone Stretch)
90/10 1035 C-O ( Stretching)
1435 C=C (Aromatic Ring
Stretch)
80/20 785 C-H (Stretching)
854 C-H(Bending)
1114 C-H (Alkane Stretch)
1711 N-H (Amide Stretching)
70/30 704 C-H(Stretching)
803 C-H (Bending)
1118 C-H (Stretching)
60/40 854 C-H (Akane Stretch)
603 C=0 (Ketone Stretch)
1117 C-H (Stretching)
1706 C=0 (Ketone Stretch)
50/50 1037 C-O( Stretch)
40/60 1716 C=0 (Ketone Stretch)
703 C=0 (Ketone Stretch)
861 C-H (Alkane Bending)
1113 C-H (Alkane Stretch)
30/70 702 C-H (Stretching)
860 C-H(Alkane Bending)
1715 C=0(Ketone Stretch)
1025 C-O ( stretch)
20/80 1035 C=0(Ketone Stretch)
10/90 1712 C=0(Ketone Stretch)
1115 C-H (Alkane Stretch)
802 C-H(Bending)
678 C-H(Plane Stretch)
1710 N-H(Amide Stretching)

855 C-H (Bending)




Table 4 above shows the FTIR spectra data of dedgradmposite samples ratios 100/0
to 0/100 buried for 60days. From the figures, akpafal712 crit for ratio 40/60 and on
0/100 ratio at a wavelength of 1715 ‘trascribed to amide N-H group stretch was
detected.

A wave number of 2965cmwas observed which is present in other sample ratios
investigated and could be ascribed to C=0 stréfefp new wave numbers 703¢m
ascribed to C-H aromatic stretch and 86Zcascribed to C-H bending were mostly

observed in the entire blends.

There was a peak arising from a wave number of4dmit which could be ascribed to
amide N-H group stretch and another sharp peakngrisom a wave number of
2966cmt  ascribed to C=O stretch was observed in all sheples. A further
observation showed two new peaks at 703cascribed to C-H aromatic stretch and the

other at 861cm ascribed to C-H ring bending was observed in tiizeesamples.

The extracted spectral bands of biodegraded cotepsmmples ratios 100/0 to 0/100 for

80 days are shown in Table5 below.

From Table 5, it was observed that there was aeajance of a new peak at a wave
number of 1110cth which could be ascribed to C-O stretch on the dletio 40/60.
Also a band at 2961cfmascribed to O-H stretching was observed.

There was a peak at 1715¢mscribed to C=0 ketone, also observed were consiste
appearance of two new peaks of weak intensity @mOand 854cmascribed to C-H
aromatic stretch and C-H alkane bending respegtiwrelcomposite ratio 30/70.This
could be attributed to the onset of degradatiorctvicould lead to rupturing of the C-H
bonds in the blend 30/70 due to presence higheuatad Guna protein(GP).This may
have resulted in the creation of a large surfaea &r micro-organisms to act on the
composite blends as reported in the studies of (27)

There was also the presence of peaks at the mawbers 2111cth and 2264cnl

ascribed to C-H alkane stretch in the entire blenidse peak at wave number of



2264cm® could be attributable to asymmetric stretching aitan of CH closely
followed by second peak attributable to symmetization s reported in the studies by
(11) and(27)The bending and wagging vibrations of iivhs raised the wave numbers

or bands in all other blendEhis is shown in table 5.

Table 5 Spectral Analysis of Degraded Blends Burietbr 80days

Blend ratios Spectral Bafuis™) Tentative Assignment
of Bands
100/0 1716 C=0O(Ketone stretch)
859 C-H(Alkane stretch)
704 C-H(Bending)
90/10 1714 C=0 (Ketone Stretch)
80/20 1714 C=0 (Ketone Stretch)
70/30 1715 C=0 (Ketone Stretch)
704 C-H(Stretching)
854 C-H(Stretching)
60/40 1713 C=0 (Ketone Stretch)
50/50 1036 C-O(Stretch)
40/60 1713 C=0 (Ketone Stretch)
30/70 1712 C=0 (Ketone Stretch)
20/80 850 C-H (Bending)
673 C-H ( Stretch)
1711 C=0(Stretch)
1116 C-H (Alkane Stretch)
847 C-H (Bending
680 C-H(Stretching)
10/90 1727 N-H (Amide Stretching)
0/100 1713 N-H (Amide Stretching)
1117 C-H(Alkane Stretch)
1025 C-H(Alkane Stretch)

In all the spectral data, the degradation of GP¢GRposites is indicated by the band
intensity corresponding to C-H bending deformatianlarations in CH groups ((1714,
802 cm) .The intensities of C=0 stretch show decreass afodegrading (1785, 1714



cm?). The changes in the C=0 band are associated chiéinges in the number of
carboxylic end groups in the polymer chain duringlrelytic degradation as well as
cycles of microbial attack (7). There was also i&t ghintensity to a higher wavelength
of N-H group (1600, 1715 cm) structure which is also reported by (8).The clesnig
the number of carboxylic groups that may have tedufrom the changes in C-H
stretching as the days of degradation slightlyeased. This indicate that the cellulose
may have ruptured, therefore paving the way formapigms to attack the chain easily
(9); 1).Two peaks which were originally presentI8803 cnt) characteristics of plane

stretch and bending respectively slightly increaa®the days of degradation.

In contrast to un-degraded blends, the degradasadb| showed bands at 1026 to 1038
cm® (C-O stretching /side-chain vibrations) as cladfiby the following; in 20days of
degradation (50/50 blend at1033 ‘tin 40days of degradation (50/50 at 103Z¢cm
30/70 at 1029 cihand 20/80 at 1024 cfrespectively), in 60days of degradation (50/50
at 1037 crit, 30/70 atl025 cih ) and lastly at 80 days of degradation in the
blends(50/50 at 1035 ¢hy 0/100 at 1025 ci). The shifts in most peaks towards higher
wave-numbers may signify the shortening of polylmamds finally leading to rupturing
of polymer composite bonds. Thus, the FTIR studieshe neat and buried samples
suggest strongly that some chemical changes hangred in some cases indicative of
microbial attack and therefore samples prepared aanenable to biodegradation

although more work is required.

GICLUSION
Collecting the above results of the investigatioasied out on the GP/CF composite,

the following conclusions could be made:

() The FTIR measurement for neat blends have lmdxserved to show peaks at the
wave numbers of (1785-1715&n which signifies the formation of esters betwéles
O-H groups of cellulose and COOH of the Guna pmtshowing not only physical but
also chemical changes. These values however, sedlea blends as the compositions

and days of burial tests were varied.



(i) The increase of peaks of (1714-16008rm pure blends and subsequently in
degraded blends also signifies degradation.

(i) Chemically modified biomaterial Cellulose, et in this research work has
enhanced biodegradation of bio-composite produted s CF/GP composite. The
results in this study therefore demonstrated thecieficy of the modification of
cellulose as an efficient means in enhancing bicatipility.

(iv) The biopolymers used in this research work barharnessed in sustainable manner
for composite production .It has been reported tit@tuse of biopolymers in composites
production is of great advantage over conventionfbssil based sources. This is due to
the fact that the planCitrillus vulgaris) is an all year crop grown in most parts of the

north and west of Nigeria and even neighboring ttesmand states.

The development of bio-composite in a sustainabéamar is still a grey area in the
research community. If the technology is to be toutise, then the main focus of bio-
composite is the biodegrading of both the matrid #me reinforcement phases. This
together with compatibility of the matrix phase aethforcement observed in this work
leads to the success of producing a complete brada@jle composite as observed in the

final product.



REFERENCES

1 Huang, X. & Netravali, A. (2009). Biodegradableen composites made
using bamboo micro/nano fibrils ahe@mmically modified soy protein
resinCompos. ci. Technol., 69(7-8), 1009-1015.

2 Kong,J., and Yu, S.,(2007).Fourier Transform&dalred Spectroscopic
Analysis of protein secondary structures.Acta Biogba et Biophysica sinica,
39(8),549-559.

3 Murphy,W,L., Kohn,D.H.,Mooney,D.J. Journal Bioth&es. 50(2000)50-
58.

4 Ojumu, T.V., Yu, I, Solomon, B.O. Productioh
polhydroxyalkanoates, a Bacterial BiodegradaloligrRer
African Journal OF Biotechnology, Vol3, Nol, 20Pg,18-24.

5 Stern, I.C Greening Up by Cutting Down on BtaBags. The New-York
Times,http:// WWW.nytimes.com/2007/08/05/nyregionBgion/nyregionspecialal2/05
Rbags.html? Pagewanteds=1=1, Retrieved 8 April 2011

6 Thakore, I. M., Desali, S., Sarawade, B. D. &iD8. (2001). Studies on
biodegradability, morphology and thermo heetdcal properties of
LDPE/modified starch blendsur. Polym. J., 37(1), 151-160.

7  Chlopek J., Morawska-Chochol A., Paluszkiewicz &vdrska J., Kasperczy J.,
Dobrzyn “ski P.: FTIR andNMR study of poly(lacido-glycolide) and
hydroxyapatite implant degradation undéerivo conditions.”

Polymer Degradation and Stabili84, 1479-1485(2009).

DOI: 10.1016/j.polymdegradstab.2009.05.010

8 King,J., and Yu, S.,(2007).Fourier Transformefld-red Spectroscopic Analysis of
protein secondary structures.Acta Biochimica ebpBiysica sinica,39(8),549-559.

9 Kokot, S., Czarnik-Matusewicz, B., and Ozaki]Wo-dimensional correlation
spectroscopy and principal component analysis esuafi temperature
dependent IR spectra of cotton-celluldBmpolymers 2002, 67,

456-469.

10 Ibrahim, M., O. Osman, A. Mahmoud, 2011. Speciopic Analyses of Cellulose
and Chitosan: FTIR and Modeling Approach. Compuedr. Nanosci., 8:117-123.



11  Nashy, E., O. Osman, A. Mahmoud, M. lbrag2@12. Molecular Spectroscopic
Study for Suggested Mechanism of Chrome Tannecdhkeabpectrochimica Acta Part
A. 88: 171-176.

12  Hamidu, A.A. The effects of Resinationtba properties of cellulose.
Journal of Scientific and Industrial Stugji®ol 7, No2 (2009) PP 61-67

13 El-bahy, G .S.,El-sayed, M., Mahmoud Ad,&weily N.M.Preparation and
Characterization of Polyvinyl Alcohol/Gelat8lends. Journal of
Applied Science Research, 8(7):3544-3551220

14 Netravali. A.V. and Chabba, S., Composites@seener, Materials
Today. April (2003). Pp 22 — 29.

15 Nickel. J. And Riedel., Acitivities in Biomposites, Materials Today, April
(2003), pp. 44 — 48.

16 Goda, K., Kitamura, Y, and Ohgi, J.,Greemposites with Bamboo fibres,
second International Workshop on‘Green’ compog2€94), pp. 96 — 100.

17 Takagi, H., Winoto, C.W., and Netravali, ATdnsile Properties of starch-Based
“Green” composites. Reinforced with Randomly OrgehDiscontinuous Mao Fibers,
First International Workshop on ‘Green’ Composii@f02), pp. 4 — 17.

18 Okubo, K, and Fujii, T., Eco-composites udgagnboo and other Natural
Fibres and their Mechanical properties. First imégional Workshop
on ‘Green’ composites. (2002). Pp. 17 — 21.

19  Yamashita, N., Okuto, K, and Fujii, T., @é&pment of Advanced
Composite materials using micro-fibrillated cedlsg, second Z
International Workshop on ‘Green’ Composites, @0@p. 1 -7.

20 Thomas. S., Natural Fiber Composites. fidwe millennium
material.Second international Workshop on “Green”
composites,(2004)ppl-7

21 Lodha. P and Netravali, A.N., Thermal anccNanical Properties of
Green Plastics Molded from Stearic Acid Modiffedy Isolate, (2004)
Industrial Crops and Products.

22 Abubakar A. H. and B.A Aliyu. QuantitaiDetermination of  Carboxylic
Groups in Guna Proteir€{trillus vulgaris).lIJPBS, VOL.2, ISSU 2, April-
June2012.p280-283.

23 Guo, A,, I. Javni, and Z. Petrovrigid pol yurethane foams based on
soybean oil.Journal of Applied Polymer Science, 2000(2): p.467-473.



24 Abubakar Ahmed Hamidu, B.A Aliyu,J.T Barmifa®\.Osemeahon.Studies of
The Swelling Properties of Guna Protein/CellulosecBmposites. Indian Journal of
Applied Research.Vol2, issue 5, May 2013.p512-514

25 Abubakar Ahmed Hamidu,Buba Ardo Aliyu,Jeff@isware Barminas,and S.A
Osemeahon.Studies on the Mechanical and Biodegtiagl&voperties of Guna
Protein/Cellulose Based BiocomposiRE?BCS April-june 2013,VOL.4, issue2,p484-
491

26 Muyonga, J.H., C.G.B. Cole, & K.G. Duodu,020 Fourier transform infrared
(FTIR) spectroscopy study of acid soluble collaged gelatin from skins and bones of
young and adult Nile perch (Lates niloticus).FodeRistry, 86: 325-332.

27 LiuY, G.L., J.E. Kennedy, C.L. HigginbothamA. Cahill, G.B. McGuinness,
2010. Thermal behavior andmechanical propertigghgsically crosslinked
PVA/Gelatin hydrogels. Mech Behav Biomed Mater2(0®-209.



