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Abstract

Enzymic processing of chrome shavings has been shown to be a viable treat-
ment of this waste product. Proteolytic enzymes, active at moderate tempera-
tures, are effective in solubilizing the protein and, since the reaction takes place
at an alkaline pH, the chromium remains insoluble. Various alkalinity-inducing
agents, such as magnesium oxide, alone or in combination with calcium hydro-
xide, sodium hydroxide or sodium carbonate, can be employed to maintain
the optimal environment for enzyme hydrolysis. These systems can be tailored
to match the varied chrome-recycling steps that different tanneries employ.
Some of these systems have improved the rate of solubilization of the shavings
while lowering the required amount of enzyme, thus making the process more
cost-effective.

Introduction

It has been documented in the literature, including recent reports on work from our
laboratory “'®that chrome shavings can be treated with enzymes to recover a soluble
protein Wthh may have commercial use, and a chromium cake, which has the potential
to be recycled by the tanning industry or used in other industrial applications. The methods
that were developed at this laboratory have shown that shavings can be subjected to
moderate pretreatment temperatures and that the enzyme can be added at these temper-
atures, thus eliminating the need to cool the reaction mixture - a waste of energy and a
time-consuming step.

Our preliminary investigations used calcium hydroxide to control the pH . We were
able to achieve 78% solubility of the shavings when 6% of an alkaline proteolytic enzyme
was used for hydrolysis. We report here the results of our attempts to achieve higher
solubility and at the same time use of lower amounts of enzyme, thus making the treatment
more cost-effective.

The chemistry of magnesium oxide is similar to that of calcium oxide. It has been
documented in the literature that shavings can be treated at 300°C. andaat 150 atm. in the
presence of magnesium oxide for the purpose of chromium recovery ~, and hydrolyzed
at 100°C. with sodium hydroxide, when magnesium oxide or calcium oxide are present
This paper will describe the results of our experiments using magnesium oxide at more
moderate temperatures to achieve the highest solubility with lower amounts of enzyme



than previously reported. Since precipitation of the chromium, in an industrial recycling

system can be carried out using magnesium oxide as well as a variety of other alkaline

agents, we will show the results of our experiments using these compounds with enzyme

and the improvement in solubility that results when these other agents are used in conjunc-
" tion with magnesium oxide.

Experimental

MATERIALS

Chrome shavings were obtained from a commerical tannery and were stored at 4°C.
until use.

Alcalase®* (alkaline protease) was obtained from Novo Nordisk Bioindustrials, Inc. (Dan-
bury, CT). It is a proteolytic enzyme with optimal activity at pH 8.3-9.0 and a temperature
of 55-65°C. It is supplied both as a granular solid (adsorbed onto an inert carrier), which
is standardized to contain 2.0 AU/g (Anson Units/g), and as a Niquid, which is standardized
to contain 2.5 AU/g.

Magnesium oxide was obtained from J.T. Baker Chemical Co. (Phillipsburg, NJ) and
from Martin Marietta Magnesia Specialities (Hunt Valley, MD) as MagChem 508%,

PROCEDURE

The chrome shavings were suspended in 500% float. Zero to 6% magnesium oxide
alone, or in combination with calcium hydroxide, sodium hydroxide or sodium carbonate,
was added. The samples were shaken in a Fisher Versa-Bath®* S, model 224, and heated
at 60.5°C. for 30 min. Zero to 6% solid Alcalase® was added and the samples were further
incubated for 180 min. The samples were filtered under vacuum through Whatman #1
filter paper, using porcelain funnels. The residue was weighed after being dried in a
gravity oven at 50°C. for 19 hr. The percent residue was calculated based on the dry
weight of the shavings (measured separately). Part of the magnesium oxide and lime
remained insoluble throughout the treatment. Inert enzyme carrier and the insoluble
magnesium oxide and lime contributed to the residue, so controls were run to correct the
_ residue weight.

Results and Discussion

Preliminary experiments on the enzymic treatment ‘of chrome shavings used calcium
hydroxide for pH adjustment. In these experiments, the inital pH of the reaction, or the
holding pH, was about 10.5. As the reaction proceeded, the pH fell to about 8.3. These
reactions were carried out at temperatures which ranged from 55 to 75°C., with optimal
reaction temperature at about 60-63°C. It was found that, under these reaction conditions,
6% enzyme was needed to achieve the highest solubility, about 78%. We felt that the
solubility could be improved and, at the same time, the amount of enzyme could be
reduced. The following experiments describe how this goal was attained. Magnesium oxide
is similar in its chemistry to calcium oxide. It has a very low solubility in water at 25°C.,
but differs from lime in that the solubility increases slightly with an increase in temperature.
Preliminary experiments with magnesium oxide showed that it could possibly be used for
pH adjustment of chrome shavings prior to enzyme hydrolysis.

In the first set of experiments, from 0 to 6% magnesium oxide was added to the shavings.



As seen in the insert in Figure 1, the initial pH values ranged from 3.3 to 9.2 and the
final pH values ranged from 3.8 to 8.5 Five to six percent magnesium oxide provided the
optimal pH range for the enzymic hydrolysis to take place.

FIG. 1. — Effect of magnesium oxide concentration, expressed as percent of wet weight, on the solubility of chrome
shavings.
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FIG. 2. — Effect of Alcalase® concentration, expressed as percent of wet weight, on the solubility of chrome shavings.
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The main objective of this research was to make the treatment more cost-effective by
reducing the amount of enzyme needed, at the same time retaining or improving the
efficiency of the reaction. As seen in Figure 2, 0 to 5% enyzme was added in the presence
of 5% magnesium oxide. Eighty percent solubility was achieved when only 1% enzyme
was used. Solubility increased little as concentration of enzyme was increased above 1%.

We have found that multiple feeds of enzyme improve the efficiency of the reaction
due to the fact that the activity of the enzyme falls off quite rapidly at the temperature at
which we are running these reactions. A total of 1 to 2% enzyme added in multiple feeds
is as effective in solubilization as a single feed using 6% enzyme. This indicates that the
large amount of enzyme is being wasted by inactivation at the high temperatures.

Magnesium oxide is more expensive than lime. We felt that by running combinations
of lime and magnesium oxide we could optimize the effect of the magnesium ion while
at the same time utilizing the higher alkalinity provided by the lime.

In the next set of experiments, we used from 0 to 6% lime in combination with 0 to 5%
magnesium oxide. Six percent Alcalase® was used with all combinations. Figure 3 gives
the solubilities of chrome shavings when the shown combinations were used for pH adjust-
ment. Correlation studies were run to see what effect final pH, magnesium oxide and/or
lime have on solubility. The following correlation coefficients, r, were calculated, where
p = probability and n = number of observations:

Final pH (r = 0.876, p < 0.0001) n = 42
MgO (r = 0.762, p < 0.0001) n = 42
Lime (r = 0.45, p <0.003) n = 42

It appears that final pH and magnesium oxide have a high correlation with solubility.
When lime is used the correlation with solubility is lower.

FIG. 3. — Effect of varying magnesium oxide and lime concentrations, expressed as percent of wet weight, on the solubility
of chrome shavings and on the initial and final pH values of the treatment.
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Those magnesium oxide-calcium hydroxide combinations from the previous study which
gave the highest solubility were subjected to varying enzyme concentrations. Again, as
seen in Figure 4, there was a marked improvement in solubility, even when the lower
concentrations of enzyme were used.

FIG. 4. — Effect of Alcalase® concentration, expressed as percent of wet weight, in the presence of varying magnesium
oxide (expressed in Mg) and lime (expressed as Ca) combinations,on the solubility of chrome shavings.
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Sodium hydroxide and sodium carbonate are two of several chemicals that are used to
precipitate chromium when chromium recycling is used in the tannery. It would be of
benefit to the industry if the pH-adjusting agent were similar to that used in precipitation.
In the following experiments, these two compounds were used alone and with magnesium
oxide to see what effect they would have on the solubility of chrome shavings.

In the first set of experiments, from 1 to 5% sodium hydroxide, in the presence of 1%
magnesium oxide, was used to adjust the pH of the shavings. Six percent Alcalase® was
used for hydrolysis and the temperature was maintained at 60.5°C. The magnesium oxide
was added first and the reaction was run for 30 min. Then the sodium hydroxide was
added and the reaction was again run for 30 min. The holding pH was measured and
then the enzyme was added. Figure 5 gives the results of these experiments. The insert
shows the effect of the sodium hydroxide concentration on the pH. The initial pH values
for the first three concentrations gave a pH range that was too low for optimal enzyme
activity. The 5% concentration gave an initial pH of about 10.8, and this is dangerously
close to inactivating the enzyme. Four percent sodium hydroxide provided the optimal
pH range for the enzyme.



FIG. 5. — Effect of sodium hydroxide concentration, in the presence of 1% magnesium oxide and expressed as percent
of wet weight, on the solubility of chrome shavings and on the initial and final pH values of the treatment.
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In the next set of experiments, from 4 to 10% sodium carbonate was used, in conjunction
with 1% magnesium oxide, to adjust pH. Again, the magnesium oxide was added first,
and after 30 min the sodium carbonate was added. Six percent Alcalase® was used for
hydrolysis. Figure 6 shows the results of these experiments. The insert shows the pH range
for these sodium carbonate combinations. The lower concentrations gave initial pH values
that ranged from 8.2 to 9.2 and final pH values that ranged from 7.9 to 8.3 and were too
low for optimal enzyme activity. Nine to ten percent sodium carbonate provided an optimal
pH environment for the enzyme.



FIG. 6. — Effect of sodium carbonate concentration, in the presence of 1% magnesium oxide and expressed as percent
of wet weight, on the solubility of chrome shavings, and on the initial and final pH values of the treatment.
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FIG. 7. — Effect of magnesium oxide concentration with 4% sodium hydroxide or 10% sodium carbonate, all expressed
as percent of wet weight, on the solubility of chrome shavings.

90

N ®
e__.°

% Solubility
2]
@

of Shavings

o
@

—=— 10% Na,CO,
—— 4% NaOH

6% Alcalase® 60.5°C

S
)

1.5
% MgO



We were interested in the amount of magnesium oxide that would be needed to give
the highest solubility with the optimal amounts of sodium hydroxide and sodium carbonate.
In this set of experiments, from 0 to 2% magnesium oxide was added to the reaction
mixture. Figure 7 shows the results of these experiments. It appears that the 1.5% concen-
tration of magnesium oxide should give optimal solubility of about 84% when used in
conjunction with sodium hydroxide and sodium carbonate. The values shown in Figure
7 also indicate that in the absence of magnesium oxide we achieved 70% solubility with
sodium hydroxide and 77% solubility with sodium carbonate. In our previous work with
lime, no matter how we altered conditions, we could not achieve higher than 78% solubility.
It appears that the presence of magnesium oxide helped to achieve the high solubilities
reported above.

The final set of experiments addressed the minimum amount of enzyme that would be
needed with the optimal amounts of sodium hydroxide and sodium carbonate in the
presence of magnesium oxide. As seen in Figure 8, 3% enzyme was needed to achieve
84% solubility when sodium hdyroxide was used. The insert shows that, when the 1% and
99 additions were used, the pH did not drop and the enzyme was probably inactivated.
Possibly, when using sodium hydroxide, magnesium oxide in higher than 1% amounts
should be used with less sodium hydroxide to obtain pH control. Figure 9 shows that 1%
enzyme, in the presence of sodium carbonate and magnesium oxide, gave 81% solubility
and the insert shows that the pH range was optimal for the enzyme.

FIG. 8. — Effect of Alcalase® concentration with 4% sodium hydroxide, in the presence of 1% magnesium oxide and
expressed as percent of wet weight, on the solubility of chrome shavings and on the initial and final pH values
of the treatment.
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FIG. 9. — Effect of Alcalase® concentrations with 10% sodium carbonate, in the presence of 1% magnesium oxide and
expressed as percent of wet weight, on the solubility of chrome shavings and on the initial and final pH values
of the treatment. ’
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Magnesium oxide gives greater solubility under the conditions specified than does lime.
Observation of the shavings during the holding period — that time when the pH and
temperature are adjusted to optimal for the substrate being treated — suggests that they
are being totally disrupted, to the point that it appears that hydrolysis has begun. This is
not so, for filtration and subsequent drying of the residue does not show any increase in
solubility over that of a control. When the enzyme is added, however, one can observe an
almost immediate reaction; the solution may foam and the yellow protein color begins to
show.

The above conditions and observations apply only to chrome shavings and not to tear-offs
or pieces of blue stock, which may be mixed in with the shavings. Nor do these conditions
apply to shavings from blue stock that may have had extraordinary treatment prior to
tanning or have had a tanning step that might have introduced extra crosslinks to the
collagen. These types of substrates will necessitate an adjustment in the treatment and will
be the topic of a future publication.

Conclusion

Various alkalinity-inducing agents can be used to adjust pH to optimum values for
enzymic hydrolysis of chrome shavings. It has been shown that magnesium oxide, alone
or in combination with calcium hydroxide, sodium hydroxide or sodium carbonate, will
increase the efficiency of the solubilization and, at the same time, reduce the amount of
enzyme needed, thus making the treatment more cost-effective. These various alkalinity-in-
ducing agents will enable the tanneries to tailor the process to their individual chromium-re-
cycling step. The present findings are the subject of a patent application.
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Discussion

DRr. Kris BIENKIEWICZ (Leather Research Institute, Lodz, Poland): Two questions: Who
is the producer of the enzyme, and what is its origin?

Ms. TAYLOR: The enzyme that we used in these experiments is from Novo Nordisk and
is of bacterial origin.

Dr. TILMAN TAEGER (Rohm, Germany): There are several alcalases on the market.
Which one did you use and what is the concentration of the enzyme?

Ms. TAYLOR: We used the solid which is 2.0 Anson units. In the final experiments we
used 2.5 L, which is the liquid enzyme.



