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Abstract

The Michael Reaction has been used with an acrylic-acid derivative to provide
additional carboxyl binding sites on collagen during processing of hides into
leather. The crosslinked product had a higher shrinkage temperature and a
considerably lower lysine and hydroxylysine content than conventionally proces-
sed hides. Subsequent tanning led to a higher chrome uptake than that found
in the untreated control. The results indicated that both direct crosslinking
and improved chrome tanning are possible with this derivative but that these
are accompanied by some loss of tensile strength.

Introduction

Modification of collagen by reaction of its side-chain amino groups with acrylic com-
pounds has been the subject of recent research at our laboratory. As a result of this
investigation, Feairheller and coworkers have shown that the Michael Reaction can be used
for addition of B-carboxyethyl acrylate or acrylamide derivatives including N-hydro-
xymethylacrylamlde to collagen. Koenig and Friedman have discussed the application
of this reaction to modification of protems ’. Thus, the reaction of N-hydroxymethylac-
rylamide with amino side chains of lysine and hydroxylysine residues in collagen would
proceed as follows:

Il
PROTEIN - NH, + CH, = CH - C - NH - CH, - OH —~

]
PROTEIN - NH - CH, - CH; - C - NH - CH;OH

Presumably, further reactions can occur with the newly-formed derivative and additional
acrylic groups. The use of bifunctional acrylic compounds, also offers the opportunity to
crosslink hide collagen and should lead to an increase in shrinkage temperature and
increased resistance to putrefaction. Thus, bifunctional acrylic compounds are gotentxal
novel tanning agents. This has been confirmed in the research previously cited . With
B-carboxyethyl acrylate, the Michael Reaction leads to a collagen derivative with additional
carboxyl groups and with subsequent improvement in chrome tanning . ®



The compound diacrylamidoacetic acid (DAAA), whose structure is shown below, ap-
peared to offer a means for attaining both increased crosslinking of collagen (by reaction
with two acrylic groups) as well as formation of carboxyl-bearing derlvauves It has been
reported to impart durable-press properties to cotton- -polyester textiles” and to have been
used as a crosslinking agent for cellulosic fiber”. Ideally, DAAA addition to collagen
should lead to higher shrinkage temperatures and improved chrome tanning.

i
CH, = CH-C-NH
CH - COOH DAAA
CH, = CH - ﬁ -NH
O
Experimental

MATERIALS AND METHODS

All chemicals were commercial grade and were used as received. Diacrylamidoacetic
acid (DAAA) was purchased from Aldrich Chemical Company**, Milwaukee, Wisconsin.

In a typical laboratory-scale experiment, 40.0 g of delimed cowhide was cut into strips
measuring 2.0 cm by 10.0 cm and added to 200 ml of water containing 2.0 g of sodium
sulfate (5% of hide weight) to control swelling under alkaline conditions and 0.12 g (0.3%
of hide weight) of Triton X-100 (Rohm & Haas Co.). Appropriate amounts of DAAA (3%,
5%, or 10% of hide weight) were added and dissolved in sufficient sodium hydroxide to
achieve complete solution of the DAAA and to reach a pH of 12.0. The reactions were
carried out in 1-L glass bottles on a tumbling machine at 48 rpm at room temperature
(20-25°C). The tumbling was stopped periodically in order to check the pH and to remove
samples for measurement of shrinkage temperature. Additional amounts of sodium
hydroxide were added if necessary for maintaining an alkaline pH, and the reaction
generally continued for 24 hours.

In simulated pilot-plant runs, a limed side was used. Deliming was carried out with
magnesium sulfate and the procedure with DAAA was followed as described above. The
hide was subsequently pickled, chrome tanned, retanned, fatliquored and finished into
crust leather.

Shrinkage-temperature measurements were carried out on the strips of hide using typical
industry equipment. Stress-strain values were obtained with an Instron Tester, Model No.
1122 with sandpaper grips. Acoustic-emission data were determined as described by
Kronick and Thayerm) on Physical Acoustic equipment (Princeton, NJ), comprising a Locan
AT-2 analyzer with a Model 1220A preamplifier, LA/DAQ software, and a 150 KHz
transducer clipped to the center of the sample through silicone grease for acoustic coupling.
The amplitude window was set between 25 and 75 dB. Amino-acid analyses were carried
out on a Beckman Model 119 CL analyzer.



Results and Discussion

Amino-acid analysis of hide samples after treatment with DAAA showed that lysine and
hydroxylysine content were reduced considerably from corresponding values of untreated
samples. These results were m accord with those obtained previously with acrylamide and
N~hydroxymethylacrylam1de . The chromatogram.of a hydrolysate of the treated sample
showed that the apparent methionine peak increased about fourfold, indicating that a
new component was eluting at the same time as methionine. In addition, the appearance
of two new very small peaks was noted. Table I compares the lysine, hydroxylysine, and
methionine content of treated and untreated samples. The results clearly show that the
lysyl residues of the hide reacted irreversibly with DAAA.

TABLE I

Amino Acid Analysis (mole percent) of Modified Collagen

Component Control Hide Treated with 5% DAAA
LYSINE 3.12 0.17
HYDROXYLYSINE 0.73 0.11
METHIONINE 0.76 . 2.97

Shrinkage temperatures of hide samples treated with 3%, 5%, and 10% DAAA (percen-
tages based on hide weight) were raised to approximately 75°C, an increase of 20C°. These
values, however, dropped to their original levels upon subsequent acidification prior to
chrome tanning. Although the amino-acid analyses indicated the stability of the reaction
of collagen with DAAA, it appears that acidification causes a change ir. the treated hide.
This effect will be the subject of future investigation.

After chrome tanning, the Cr,O3 content of the treated hides was determined and
compared with that of chrome-tanned hides that had not been treated with DAAA. For
each DAAA level (Table II), the CryO3 content was at least 30 percent higher in hides
reacted with DAAA, showing the efficacy of the presence of additional carboxyl groups.

TABLE II

Cr;05 Analysis After DAAA Reaction

3% ' 5% 10%
DAAA DAAA DAAA
Treated 4.54% 4.50% 3.76%
Control 3.48% 3.37% 2.88%
Increase 1.06% 1.13% 0.88%
% Change +30.5 +33.5 +30.6

from Control -

Shrinkage temperatures of the finished hides were consistently higher if they had been
treated with DAAA (110°C vs 105°C for the control), but stress-strain properties revealed
that the DAAA reaction had led to appreciable decreases in initial modulus, tensile strength,



and work to break. The percent elongation, however, remained essentially unchanged.
See Table III and Figure 1. The decreases in strength might be caused by the necessity
for effecting the Michael Reaction under strongly alkaline conditions for an extended
period of time, although all the materials had been previously limed. Also, considerable
swelling occurred in spite of the addition of sodium sulfate.

TABLE III

Variation of Stress-Strain
Properties with DAAA Treatment

% Initial Tensile Elongation Workto
DAAA Modulus Strength at Break Break
(MPa) (MPa) (%) (MPa %)
0 21.9+4.9 16.7x1.8 454+4.5 334.0£41.7
3 12.2+1.3 4.9+08 37.6+5.1 102.4+25.6
5 8.6+3.0 5.0+0.8 48.210.7 ) 112.5+31.4
10 12325 7.3+5.8 46.7+14.5 126.6+42.2

FIG. 1. — Stress vs Strain After DAAA Treatment.
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The shapes of the stress-strain curves of the treated materials as shown in Figure 1 are
different from those of the untreated. The latter display a region with increased slope
that begins at about half the final elongation. This is taken to mean that there is a second



deformation process at high deformations in the untreated material that is lost in the
treated. The acoustic-emission data, however, show that the steeply rising part of the
stress-strain curves of the ‘control leathers is an interval of high-energy acoustic pulses
(Figure 2). We have shown previously(s) that such pulses are characteristic of breaking
fibers. These fiber-breakage emissions also appear on the second half of the stress-strain
curves of the treated leathers as well as the control. Although the average number (over
the respective samples) of acoustically detected fiber breakages was greater in the treated
samples than in the controls, 3617 vs 29+ 15 (in arbitrary units), the difference is not
statistically significant. The difference in shapes of the stress-strain curves, therefore,
would seem to have no fundamental significance beyond that indicated by the reported
mechanical parameters.

FIG. 2. — Energy of Acoustic Pulses Emitted During Stress - Strain Test (10% DAAA).
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Conclusions

Diacrylamidoacetic acid can be used under Michael reaction conditions to effect the
addition of acrylic groups to amino side-chains of collagen. The resulting crosslinked
leather shows increases in shrinkage temperature and chrome uptake but these attributes
are accompanied by some loss of physical strength, which limits the practicality of the
method. The use of more than 3% of DAAA (based on hide weight) appears to be unneces-
sary.
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