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ABSTRACT: Gelatin has been chemically modified by crosslinking with timethylolphe-
nol (TMP), which represents the smallest molecule of the phelol-formaldehyde resins,
and exhibits high reactivity towards gelatin. Although gelatin is soluble in water in all
proportion, the cured gelatin–TMP blends only swell in water, swellability decreasing
with increasing resin content. They exhibit moderate tensile strength, but very low
elongation at break. Elongation is substantially improved by using a polyethylene
glycol, PEG 400, as cosubstrate to gelatin, which serves as a plasticizer. Binding
efficiency of PEG 400 to the cured blend network, and the water swellability and tensile
properties of the cured plasticized blends have been reported. Some practical advan-
tages and possible areas of application have also been highlighted. © 1999 John Wiley &
Sons, Inc. J Appl Polym Sci 71: 1721–1729, 1999
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INTRODUCTION

Gelatin is a protein that is highly amenable to
chemical modification at a variety of reactive sites
along the chains. One of the most common and
commercially important chemical modification in-
volves crosslinking on gelatin, best exemplified by
the gelatin coating on photographic paper and
films. Crosslinking of gelatin in general ensures
dimensional stability, surface gloss, adhesive
strength to the substrate, and improved resis-
tance to mechanical damage and aerobic biodeg-
radation. The most common crosslinking agents
are aldehydes, formaldehyde1–4 being the most
potent one by virtue of its smaller mass and size,
very high reactivity towards abundant amine
functionalities on gelatin chain, high solubility in

aqueous medium, and being capable of imparting
no undesired coloration to the cured gelatin coat-
ings. But a common disadvantage with formalde-
hyde as a crosslinker is the low hydrothermal
stability of the crosslinks, resulting in slow re-
lease of formaldehyde, which has proven human
toxicity.

Besides formaldehyde and other aldehydes, a
host of other agents have been reported5–19 to be
used for the crosslinking of gelatin. A potential
agent for the crosslinking of gelatin is the phenol-
formaldehyde resin,20,21 which is soluble in water
with or without the aid of an alkali. For PF resins,
solubility in water is drastically reduced with in-
creasing molecular weight. Use of an alkali in-
creases their solubility by producing phenolate
ions. In this regard, trimethylolphenol (TMP) is
particularly suitable as a crosslinker over the con-
ventional PF resins. It has low molecular weight,
has the maximum possible functionality of three,
and is freely soluble in water. It is for these rea-
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sons that trimethylolphenol has been chosen as
the crosslinking agent of gelatin in this investiga-
tion. Trimethylolphenol has been reported to re-
act more completely with proteins than any PF
resins.22 Thus, gelatin–TMP condensates offer
higher resistance to heat and water swellability.
However, some inherent disadvantage with these
condensates is the light yellow to deep brown
coloration imparted by the resin component.

Although the use of PF resin as a potential
crosslinker of gelatin has been reported in the
published literature, systematic studies relating
to the physical, mechanical, and thermal behavior
of the condensates are very lacking. Because of
very high reactivity, lowest molar mass (com-
pared to other PF resins), and greater average
number of reactive functional groups (three
CH2OH groups per phenol moiety in trimethylol-
phenol), it is envisaged that a high crosslink den-
sity on gelatin will be achieved by employing even
a small proportion of TMP. This, in turn, will
induce brittleness (lack of flexibility) into the
blends, which is undoubtedly a practical disad-
vantage. In fact, the cured unplasticized gelatin–
TMP blends have poor tensile properties charac-
terized by low tensile strength, very low elonga-
tion at break, moderately high tensile modulus,
and low flexural strength, which are characteris-
tic of brittle materials. It was, therefore, impera-
tive that a suitable plasticizer be used to improve
the flexibility of the cured blends.

The plasticizer to be employed should prefera-
bly remain chemically bound to the crosslinked
network to check against its loss under usage
condition. Also, it should not impair other prop-
erties of the blends like water swellability and
thermal stability. Several plasticizers23–26 are
known for gelatin. They include ethylene glycol,
glycerol, acetic acid, dimethyformamide, and di-
methylsulfoxide, besides water. We have chosen
polyethyleneglycol (PEG) of various molecular
weights as the plasticizer for the blends, because
of certain advantages it is likely to offer. First,
being a long chain molecule, the plasticizing ca-
pacity of PEG is likely to be better than other
small molecular agents. Second, it is known to
chemically combine with PF–resin. Third, it is
soluble in most of the polar solvents like metha-
nol, ethanol, and acetone, in which gelatin is not
soluble. Thus, any uncombined PEG in a cured
plasticized gelatin–TMP blend can be easily ex-
tracted. Further, it has higher molecular weight
and, hence, much lower volatility, and is freely
soluble in water; but it is much less hygroscopic

than other agents like glycerol. Among various
PEGs tested as a plasticizer in this investigation,
PEG 400 appeared to be the best compromise,
considering such factors as (a) moderate plasticiz-
ing ability because of moderate oxyethylene chain
length, and (b) moderately reduced hygroscopicity
(hygroscopicity decreases with increasing molec-
ular weight), which helps in retaining moderately
high residual moisture in the cured blends but
improves upon flexibility without sacrificing
much of its tensile strength.

In this communication we report a comprehen-
sive study on the condensation efficiency of plas-
ticizer as a cosubstrate to the gelatin in the gela-
tin–TMP blends and evaluation of the cured plas-
ticized blends in respect of their swelling behavior
(in water) and tensile properties. A comparison of
the properties of the plasticized and unplasticized
blends is also reported.

EXPERIMENTAL

Materials

Gelatin of bacteriological grade (BDH, M# n , 90,000)
was used as received. Analytical grade polyethyl-
eneglycol of average molecular mass of 400 (PEG
400, s.d. fine chem., India) was used without further
purification. Trimethylolphenol (TMP) was synthe-
sized according to reported methods.27–30

Preparation of Plasticized Gelatin–TMP Blends

Plasticized gelatin–TMP blends were prepared by
adding different wt % of plasticizer on a fixed
weight of gelatin in the blends. Polyethylene gly-
cols (PEG) of various average molar mass like
PEG 200, PEG 300, and PEG 400 were tested for
their suitability as a plasticizer. Among these,
PEG 400 was found to be most suitable. To ascer-
tain the optimum plasticizer loading, the blends
containing various proportion of plasticizer (PEG
400) were prepared, keeping the gelatin-to-resin
ratio fixed at 5 : 5. The plasticizer content was
varied from 10 to 50% w/w on gelatin.

Weighed amounts of dry gelatin and TMP were
dissolved separately in predetermined minimum
volumes of water and concentrated ammonia solu-
tions (25% w/v), respectively. Gelatin was allowed
to swell overnight in water at room temperature
(27°C), which was then homogenized to a clear mo-
bile liquid by continuous stirring at a moderate
temperature of about 40°C by warming in a water
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bath. Exact amount of plasticizer was then mixed
throughly into the gelatin solution by continuous
stirring at room temperature. The ammonical TMP
solution and the gelatin–PEG mixture were then
mixed thoroughly by continuous stirring. The mix-
ture was then suitably diluted with water a give a
total solid content of ; 10% w/v.

Wet films were cast from this solution on a
clean dry glass plate by dipping, followed by slow
evaporation in an oven at about 40°C holding the
glass plate in a perfectly horizontal position. The
glass plates along with the dry adhered films of
the blends were then subjected to thermal curing
in an air oven maintained at 120°C for an opti-
mum period of 4 h. The curing time was optimized
by trial and error to constant weight.

Cured films of the blends of varying composi-
tions were then removed from the glass plate by
immersing them in warm (; 60°C) water for
about an hour, at which time the films easily
peeled off the glass plate. The wet films were then
placed between filter papers and stored in a des-
iccator under mild pressure between two small
rigid steel plates.

Unplasticized gelatin–TMP blends were pre-
pared by casting films from the aqueous ammoni-
cal solution of gelatin and TMP mixtures. Films
were cast to give final compositions in the gelatin-
to-TMP ratios of 10 : 1, 8 : 2, 7 : 3, 6 : 4, 5 : 5, 4 :
6, 3 : 7, 2 : 8, 1 : 9, and 0 : 10, w/w.

Condensation Efficiency of the Plasticizer

The unreacted plasticizer in the cured blends
were removed by subjecting the cured plasticized
films to soxhlet extraction in methanol for 10 h.
The amount of unreacted plasticizer was deter-
mined using the relation:

Percent unreacted plasticizer 5 ~W1 2 W2!100/Wp

where W1 is the weight of the cured plasticized
blend before methanol extraction; W2 is the
weight of the cured plasticized blend after meth-
anol extraction; and Wp is the calculated weight
of plasticizer originally present in W1 g of the
cured plasticized blend.

Percent plasticizer loading on gelatin

5 X
~W1 2 W2!~100fg z X!

W1fg

where X is the original loading of plasticizer as
percent gelatin w/w, and fg is the fraction of gel-
atin in the base blend

5
wt of gelatin

wt of gelatin 1 wt of TMP

Swelling Behavior of Plasticized Cured
Gelatin–TMP Blends

Dimensional stability under hydrothermal usage
conditions were tested for plasticized cured gela-
tin–TMP blends. In a typical test method, a
weighed amount of a cured film of fixed composi-
tion that had been previously dried to constant
weight under specified conditions was kept im-
mersed into 100 mL of boiling water (; 100°C) for
2 h, and then left sealed against aerial microbial
contamination at room temperature for 2 days to
attain equilibrium swelling. The swelled film was
then removed from water and superficially
washed against a draining acetone for a short
period. The surface of the film was then air dried
for a few seconds and then subsequently weighed.
The percentage of swelling was then calculated
using the relation:

percent swelling 5 ~Ws 2 Wi!100/Wi,

and, percent unreacted gelatin 5 100~Wi 2 Wf!/fg

where Wi is the initial dry weight of the cured
blend; Ws is the weight of the cured blend after
equilibrium swelling in water; and Wf is the
weight of the equilibrium swelled cured blend
after drying to a constant weight.

Tensile Properties

Tensile properties of the cured films were mea-
sured on a universal testing machine, Zwick,
UTM No. 1445. All the testings were carried out
under fixed conditions of temperature (27 6 1°C)
and an ambient relative humidity of 75 6 2%.
Before subjecting to mechanical testing, the test
specimens were left for 48 h to equilibrate at the
test temperature and relative humidity. Test
specimens were of approximately 75 3 25 mm
with thickness, varying around 0.25 mm for the
unplasticized and around 0.05 mm for the plasti-
cized blends. Operating conditions were as fol-
lows: grip separation 35 mm, extension rate 50
mm/min, dumb-bell specimen as per ASTM,
D-412, type 2. At least six specimens were tested
for each blend compositions.

RESULTS AND DISCUSSION

Physical Appearance

The cured films, thus obtained, were free stand-
ing, transparent, smooth, and glossy without any
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apparent wrinkles. They were from light yellow to
brown in color, with increasing contents of TMP.
The films were found to be reasonably uniform in
thickness, within the limit of 62% as measured
by a micrometer. The film thickness, however,
varied with composition of the blends.

Crosslinking Efficiency of PEG 400 in the Curing
of Gelatin–TMP Blends

Table I summarizes the crosslinking efficiency of
PEG 400. The base composition of the blend was
kept at a 5 : 5 gelatin-to-TMP ratio. The choice of
this composition has been justified in the course
of discussion in a following section. It is seen from
the data in Table I that complete binding of PEG
400 originally taken could not be effected. In Fig-
ure 1, the extent of PEG 400, cocured with gelatin

at its various levels of initial loading, have been
plotted. There is a critical PEG 400 loading, below
which it could not bind itself onto the cured gela-
tin–TMP matrix. This critical loading is about
5.5% w/w on gelatin. Beyond this critical loading,
the extent of bound PEG 400 increased steadily
with increasing proportion of PEG. The results
indicate that possibly PEG 400 has lower reactiv-
ity than gelatin in its condensation with TMP. It
may be mentioned that PEG 400 is difunctional
with two hydroxyl groups at the chain ends,
whereas the gelatin chain is multifunctional, in-
volving a large number of pendent reactive func-
tionalities like ONH2, OOH, OCOOH, etc.

Swelling Behavior of Plasticized Cured
Gelatin–TMP Blends

The results of the swelling behavior of the unplas-
ticized cured gelatin–TMP blends in water have
been presented in Table II and those of plasticized
blends in Table III. Because PEG 400 has been
used as a cosubstrate to gelatin, the original gel-
atin to TMP ratio of 5 : 5 has been redesignated as
modified substrate to TMP ratio. This modified
substrate to TMP ratio is not a constant quantity
but varies with PEG 400 loading as a cosubstrate.
The swelling behavior of these cured plasticized
blends have been compared with the swelling be-
havior of gelatin–TMP blends of the same TMP
contents, which have been computed from the
data obtained from the swelling behavior of cured
unplasticized blends (Table II, Fig. 2).

Figure 2 shows that beyond an original loading
of about 18%, the swelling increases linearly with
PEG 400. This indicated that plasticized gelatin–

Table I Condensation Efficiency of PEG 400 as a Cosubstrate to Gelatin in the Blend of 5 : 5 Gelatin-
to-TMP Ratio

Weight of Cured Plasticized Blends

Original PEG
400 Loading

(% w/w on Gelatin)

Before
Methanol
Extraction

(w1/g)

After
Methanol
Extraction

(w2/g)

Loss of PEG
(% w/w on

Cured Blend)

PEG 400
Loading (%

w/w on
Cured Blend)

Modified
Substrate to
TMP Ratio

(w/w)

0 4.96 4.96 0 0 5 : 5
10 1.508 1.459 3.20 3.28 5.1 : 4.9
15 1.466 1.416 3.41 7.68 5.2 : 4.8
20 1.555 1.492 4.05 11.2 5.3 : 4.7
30 1.587 1.512 4.73 19.12 5.4 : 4.6
40 1.395 1.323 5.16 27.61 5.6 : 4.4
50 1.337 1.302 5.45 36.38 5.8 : 4.2

Figure 1 Binding efficiency of PEG-400 to gelatin–
resin blend (5 : 5).
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TMP blends still retains perceptible hydrophilic-
ity but of a much reduced magnitude compared to
the corresponding unplasticized blends (Table
III). This may be attributed to much reduced hy-
drophilicity of PEG 400 compared to the base
substrate, gelatin. An interesting observation is
the occurrence of a minimum in the PEG 400
loading at around 5.5%. The observation is some-
what unusual, but can be explained on the follow-
ing premises. It is possible that PEG 400 itself
may bind through its terminal hydroxyl groups
onto the gelatin chain through some chemical re-
actions like esterification, with the pendent acid
groups on gelatin chain. This may significantly
attenuate the hydrophpilicity of gelatin. Further,
PEG 400 may act as a stronger solvating agent for
gelatin compared to water, and thereby effec-
tively shield gelatin against hydration in aqueous
medium. When the gelatin chains are maximum

solvated by PEG 400 (which is believed to occur at
around 5.5% of PEG 400 loading), the percent
swelling goes down to a minimum value of about
15%. Beyond this critical PEG 400 loading, the
normal hydrophilicity of PEG 400 contributes to
gradual increase in percent swelling.

Tensile Properties of Unplasticized Blends

Table IV lists the tensile breaking stress and the
percent elongation at break data averaged over at
least six specimens of each blend. The extent of
scattering has been shown as error bars along
with the average values in Figure 3. In spite of
wide scattering, a definite trend is clearly re-
flected as the blend composition is varied. Blend
composition was varied between 1 : 9 and 6 : 4 of
the gelatin-to-TMP ratio. With the increase in
gelatin content, the breaking stress gradually in-

Table II Equilibrium Swelling of Unplasticized Cured Gelatin–TMP Blends

Blend
Compositions

(Gelatin :
TMP, w/w)

Initial Weight
(wi/g)

Weight of
Swelled Film

(ws/g)

Percent
Equilibrium
Swelling 5

{(ws 2 wi)/wi}
3 100

Weight of Swelled
Film after Drying

to Constant
Weight (wf /g)

1 : 9 3.62 3.72 2.2 3.61
2 : 8 8.35 9.07 8.6 8.35
3 : 7 1.54 1.72 11.7 1.54
4 : 6 4.92 5.96 21.1 4.92
5 : 5 5.45 7.08 30.0 5.46
6 : 4 4.30 6.28 46.0 4.29
7 : 3 4.93 8.13 65.0 4.91
8 : 2 3.99 10.97 175.0 3.54

Table III Swelling Behavior of Plasticized and Unplasticized Cured Gelatin–TMP Blends

Original PEG
400 Loading
(% w/w on
Gelatin)

Modified
Substrate to
TMP Ratioa

(w/w)
Initial Weight

(wi/g)

Weight of
Swelled Film

(ws/g)

Swelling (%
w/w on

Cured Blend)

Swellingb of
Unplasticized

Blends (%
w/w on

Cured Blends)

0 5 : 5 5.45 7.08 30.0 30.0
10 5.08 : 4.92 1.46 1.72 17.9 31.0
15 5.18 : 4.82 1.43 1.65 15.4 32.0
20 5.26 : 4.74 1.39 1.65 18.7 33.0
30 5.44 : 4.56 1.53 1.87 22.2 36.0
40 5.61 : 4.39 1.67 2.07 24.0 38.0
50 5.77 : 4.23 1.30 1.65 26.9 39.5

a Data from Table I.
b Data computed from Table II.
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creased from about 15 Mpa for 1 : 9 blends to a
maximum of about 37 Mpa for 5 : 5 blends. On
further increase of gelatin content, the stress reg-
istered a decline to about 30 Mpa for the 6 : 4
blends.

In regard to the elongation at break, a distinct
trend is again apparent, which is, however, oppo-
site to the one observed with the breaking stress.
In general, the elongation decreased with in-
crease in gelatin content, from about 9% for 1 : 9
blends to about 5.7% for 5 : 5 blends. Beyond the
5 : 5 gelatin-to-TMP ratio, the elongation in-
creased again to about 8.3% for the 6 : 4 blends.
Low values of elongation of the blends are repre-
sentative of ideal elastic behavior of the materi-
als. The experimental stress–strain curves (Fig.
4) clearly show almost linear Hookean behavior
up to the breaking point without any marked
impression of plastic flow. Data in Table II and
Figure 3 show that equilibrium swelling of the
blends is small and almost linear up to an in-
creased gelatin-to-TMP ratio of 5 : 5, beyond

which equilibrium swelling increases sharply
with increasing gelatin content. This clearly
shows that the blends with a gelatin-to-TMP ratio
greater than 5 : 5 have much higher proportions
of retained moisture. This moisture may very ef-
fectively act as plasticizer to the matrix. It may be
mentioned that these water molecules are not
covalently bound to the crosslinked gelatin net-
work, and are quite labile within the matrix of the
blends. As a result, they offer unrestrained plas-

Figure 3 Tensile properties of cured unplasticized
blends at various gelatin to resin ratios. Temperature,
27°C; relative humidity, 75 6 2%.

Figure 4 Typical tensile stress–strain profile of cured
unplasticized gelatin–resin blends. Base blend compo-
sition, 5 : 5 gelatin to resin ratio; Temperature, 27°C;
relative humidity, 75 6 2%.

Figure 2 Variation of equilibrium swelling of the
cured plasticized gelatin–resin blends with PEG-400
loading. Temperature, 27°C.

Table IV Tensile Properties of Cured
Unplasticized Gelatin–TMP Blends

Blend
Compositions

(Gelatin : TMP)

Tensile
Strength

(MPa)

Elongation
at Break

(%)

1 : 9 15.21 9.40
2 : 8 22.60 7.50
3 : 7 27.47 6.00
4 : 6 34.34 5.14
5 : 5 37.28 5.70
6 : 4 30.40 8.27
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ticization of longer gelatin chain segments (be-
cause of lower crosslink density at lower resin
contents) between two successive crosslink sites.
This enhanced plasticization results in lower ten-
sile strength and higher elongation at break. The
observed tensile properties of the blends, there-
fore, can be explained in terms of two important
parameters, viz., the crosslink density in gelatin,
and the retained moisture content. In general, a
decrease in crosslink density tends to increase
tensile strength and decrease elongation. On the
other hand, retained moisture content (which in-
creases with decrease in crosslink density) tends
to plasticize the matrix, bringing about a decrease
in tensile strength and an increase in elongation.

Tensile Properties of Plasticized Blends

As discussed in an earlier section, the blends offer
an optimum gelatin-to-TMP ratio of 5 : 5 in re-
spect of their tensile properties (Table IV, Fig. 3)
and equilibrium swelling (Table III). The studies
on the tensile behavior of plasticized blends have,
therefore, been made at only one blend composi-
tion of 5 : 5 of the gelatin-to-TMP ratio.

Table V summarizes the data on tensile
strength and elongation of the 5 : 5 gelatin–TMP
blends with varying PEG contents. As will be
apparent from Figure 5, the extent of scattering of
the data is far less compared to that recorded with
unplasticized blends. A definite trend in the vari-
ation of breaking stress and elongation with PEG
content is also clearly reflected in Figure 5. In
general, the tensile strength registered a sharp
and almost linear increase with PEG content up
to about 19% (on gelatin). Beyond this, the
strength again fell off. The increase in tensile
strength is quite steep, and is more than 80% over

the control 5 : 5 blend. The elongation at break
also followed a parallel trend, the highest elonga-
tion recorded being about 22.5% at about 19%
PEG loading, which is about 300% increase over
5.7% recorded for the control 5 : 5 blend.

The PEG loadings referred to here correspond
to the ones calculated as chemically bound PEG
after extraction of the original cured blends with
methanol. The plasticized blends up to about 19%
PEG loading were all found to be transparent,
while those with higher PEG loading (up to
; 36%) were all translucent, the transparency
decreasing with increasing PEG loading. Further,
it has been shown that plasticized blends have
considerably lower moisture retention capacity
compared to their unplasticized analogs. These
two facts possibly suggest that at higher PEG
loadings, phase separation of the plasticizer
might have taken place. This phase separation
may be attributed to its incomplete chemical
binding to the crosslinker (i.e., only one terminal
hydroxy group being used for condensation with
TMP), which allows it to segregate within the
matrix.

Another possibility is that PEG content of
about 19% on gelatin is just sufficient to effect
maximum solvation to the crosslinked gelatin
chain segments. Any excess over this amount may
segregate as a separate phase to make the blends
translucent. This phase segregation might be re-

Figure 5 Tensile properties of cured plasticized
blends at various PEG-400 loadings. Base blend com-
position, 5 : 5 gelatin to resin ratio. Temperature, 27°C;
relative humidity, 75 6 2%.

Table V Tensile Properties of Cured
Plasticized Gelatin–TMP Blends

PEG Loading
(wt % on Gelatin)

Tensile
Strength

(MPa)

Elongation
at Break

(%)

0 37.28 5.7
3.28 46.1 13.3
7.68 51.68 15.0

11.2 55.87 17.5
19.12 67.5 21.6
27.61 47.14 15.7
36.38 26.0 5.0
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sponsible for generating local stress that eventu-
ally leads to lower tensile strength and elonga-
tion.

In this context, the role of water and PEG 400
as plasticizers may be contrasted. In explaining
the tensile behavior of unplasticized blends at
higher gelatin contents beyond the 5 : 5 gelatin-
to-TMP ratio, it was argued that the higher mois-
ture contents were responsible for decrease in
tensile strength and increase in elongation. In the
case of plasticized blends, however, the trend is
reversed; the higher the plasticizer content (with-
out any phase segregation up to about 19%), the
higher were the elongation and tensile strength.
This apparent anomaly is readily rationalized if
one looks into the state of existence of the plasti-
cizing moieties in the matrix. In the case of water,
the molecules are small, mobile, and only quasi-
bound to the matrix by the force of solvation,
without any firm covalent bonding. In the case of
PEG 400, the molecules are long, flexible in re-
spect of chain bending, and hence, capable of sol-
vating the gelatin chains, but bound to the matrix
by a firm chemical bond at either or both termi-
nals of the chains. As a result, water offers only
plasticization but no reinforcement to the matrix.
Further, this plasticizing effect of water is percep-
tible only at higher gelatin content. On the other
hand, PEG offers both plasticization and rein-
forcement.

GENERAL REMARKS AND CONCLUSIONS

The present study shows that a fairly homoge-
neous, glossy, transparent films can be obtained
from gelatin–TMP blends, that offer significant
hydrothermal stability in respect of retaining
shapes and sizes. Appreciably low moisture up-
take and moderate tensile properties make these
blends particularly suitable for use as a coating
material onto polar substrates like paper and cel-
lulosic fabrics with improved mechanical strength
and surface gloss. A simple coating technique to
which the blends are amenable and strong adhe-
sion between the substrates and the blends would
be the added attractions in such applications as
biodegradable agricultural mulch, strong and
moisture resistant packaging materials, protec-
tive and attractive coating for book covers, and
also as moisture-resistant binders for match stick
heads. Ordinary papers coated with the blends
have been found to develop a high-surface gloss,
and improved tear strength, and resistance to

moisture, but with yellow to brown hues, depend-
ing upon the TMP content of the coated blends.
This color development, though apparently disad-
vantageous, may very well help in imparting com-
posite color to the coated paper to improve its
aesthetic appeal. Thus, an originally blue colored
paper may develop a pleasant glossy turquoise to
light green shade on being coated with a 5 : 5
gelatin–TMP blend. The coating has been found
to very strongly adhere to paper but rendered the
paper to some extent brittle. Sharp folds on the
paper left permanent cracks and general irrecov-
erable loss of gloss along the folds.

Admittedly, brittleness of the cured blends is
the greatest disadvantage. But plasticization of
the blends with suitable agents to any optimum
level, may significantly overcome this difficulty.
Low-grade gelatins and animal glues that are
simply regarded as waste may be rendered more
usable by blending and curing them with TMP.
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