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ABSTRACT

concerned with using glutaraldehyde, by itself and in
sombination with chrome, in the tanning of side upper leather. Using a
full side per tgst, data were obtained on rate of tanning. Properties
»f the leather, |particularly perspiration resistance, were evaluated.

Grain split pickled sides were tanned with glutaraldehyde alone at
about pH 4.5 as well as 8.0. Amount and rate of glutaraldehyde fixa-
don increased with increasing pH and concentration. Similar results
were obtained [in the simultaneous tannage with glutaraldehyde and
shrome, the pH range being that most desirable for chrome fixation.
Slutaraldehyde| was fixed more rapidly than chrome. An attractive
srocedure for the chrome combination tannage is retannage of grain
split chromed sides with glutaraldehyde. Fixation was rapid particu-
arly at elevated temperatures, ie., in the neighborhood of 130°F.
(54°C.). The shrinkage temperature of the chrome-glutaraldehyde com-
bination tannage is essentially determined by the chrome content of the
leather.

Glutaraldehyde alone or in combination with chrome produced mel-
low leather. Tjghtness of grain of chrome leather was not sacrificed.
The tannage lends itself admirably to the finishing operations, such as
fatliquoring, coloring, finish coating, etc., given to conventional chrome
leather. This leather showed excellent resistance to deterioration by
perspiration.

P .

INTRODUCTION

Previous studies have demonstrated the versatile tanning action of glutaral-
dehyde and the desirable properties it imparts to the leather (1-6). Our earlier
work, limited to sheepskins, showed that this new leather was improved with
respect to resistance to deterioration by various reagents, particularly perspiration.
Hence, this tannage offers considerable promise for application to shoe upper
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FIGURE 3.—Tanning rate. Retan of chrome stock with glutaraldehyde (Expt. 18 and 19,
Table I). DBW = drained blue weight.

Figure 3 presents data from two additional tests: lone at elevated temperature,
the other at pH of about 7. In both tests glutarald hyde was fixed very rapidly.
Retannage of chrome stock at its normal pH (2.9 3.6). with glutaraldehyde at
a temperature starting at about 140°F. (63°C.) and dropping to about 120°F.
(47°C.) resulted in an uptake of over 80% of the % glutaraldehyde originally
in the feed (solid points, Fig. 3). Retannage at rgom temperature but at pH
values near neutrality also was efficient and rapid (dpen points, Fig. 3). In both
tests fixation appeared to be complete within 3 hours with efficient use of glu-
taraldehyde. Of course, it is realized that retannir g chrome leather at pH of
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Previous results have indicated that uptake of glutaraldehyde by chrom=d
stock was essentially the same as that by pickled stock.

Simultaneous tannage with glutaral ehyde and chrome.—In this series
of tests pickled sides were tanned simultane usly with glutaraldehyde and chrome
(Crt++) under various conditions. That |is, the tanning liquor contained both
glutaraldehyde and chrome. Apparently these two tanning agents are compatible.
The tanning solution contained 6% (based on pickled weight) each of a 33%
basic one-bath chrome tan and the commarcial glutaraldehyde solution (Expt.
1, 2, 4, and 5, Table II) or 6% glutarald hyde and 4% chrome (Expt. 3, 6, 7,
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FIGURE 5.—Tanning rate. Simultaneous chrome—élutaraldehyde tannage (Expt. 5, Table
1I).
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and 8, Table II). As before, the data in Table II were recalculated to give
the percentage of tanning agent unused, and this jwas plotted against time to give
the rate of tanning curves in Figs. 4, 5, and 6.

Figure 4 summarizes the data obtained at p

of about 3 using sodium bi-

carbonate. The glutaraldehyde disappeared mor rapidly, hence was fixed at a
greater rate, than chrome under our conditions. In a 24-hour run, approximately
70% of the glutaraldehyde and 45% of the chrome in the feed was fixed at this
PH. A maximum shrinkage temperature of 92°C. (198°F.) was reached in

about 8 hours.
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imultaneous chrome-glutara‘ldehyde tannage (Expt. 7 and 8,
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FIGURE 9.—Tanning rate. Glutaraldechyde alone (Expt. 13, 14, and 15, Table III).

Fig. 9. It is evident that the rate of fixation, as well as amount fixed, increased
with increasing pH. It is noted that at pH about 8.5 the glutaraldehyde, when
used at the 12% level, was virtuglly exhausted from the feed within 4 hours.
At the higher levels of glutaraldehyde in the-feed, equilibrium was not reached,
and fixation appeared to occur slowly after an initially rapid rate.

The shrinkage temperature showed a gradual increase when 12% glutaralde-
hyde was used in the feed. In the case of 24% and 36%, however, a maximum
Ts of about 84°C. (183°F.) was attained almost from the very beginning of
the tannage (within 0.5 hour). It appears evident that 24% or more of glutaral-
dehyde solution is excessive for tanning. Bated stock would be a convenient raw
material .for tanning at this pH ;| however, because of the high reactivity of
glutaraldehyde in alkaline medium, care must be exercised to avoid drawn grain.
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FIGURE 8.—Tanning rate. Glutaraldehyde alone (Expt. 16 and 17, Table III).

The results obtained at pH of 4.8 with two levels of glutaraldehyde, namely,
12% and 24% of the commercial solution based on the pickled weight, are sum-
marized in Fig. 8. At the lower aldehyde leyel 10% of the glutaraldehyde added
remained unused, whereas at the higher level 30% of it was unused. Thus, ef-
ficiency on the basis of glutaraldehyde was 90% and 70% respectively. Even
without the benefit of the mechanical action of a pack, maximum fixation was
achieved in 8 hours; however, it is noted that maximum Ts was attained sooner,
ie, in about 4-5 hours. The shrinkage temperature reached a maximum of
about 83°C. (181°F.) at this pH. From |a practical standpoint one may also
conclude that 249% glutaraldehyde is an excessive amount.

The results at pH of about 8.5 with 12%, 24 9%, and 36% of the commercial
glutaraldehyde solution( based on pickled |weight of side) are summarized in
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TANNING WITH GLUTARALDEHYDE

the data on uptake of glutaraldehyde at pH about 8.5 is presented
ay. In this case the amount of glutaraldehyde (25% solution)
culated as percent of the pickled weight, was plotted against time.

t uptake increased with increasing concentration of glutaraldehyde;
ency decreased. It appears that at the high concentrations equi-

ot reached in 24 hours, and fixation continued slowly. The quan-

of the fixation was lost at the high concentrations, showing that
mmercial solution is an excessive amount. Thus, at the 36% level

lightly more than twice that at the 12% level even though three

aldehyde was present in the feed. The shrinkage temperature of

owever, was not materially increased by this higher fixation of

RECOMMENDED TANNING PROCEDURES

v are procedures suggested for effecting the glutaraldehyde tannage
r in combination with chrome. These procedures are described for

her ; however, the principles can be applied to the tanning of other
ase of the procedure deserves mention once again. “Setting” the
ting the stock rest overnight in tanning liquors containing gluta-
be avoided, since streaks develop in the leather. The tanned stock
hed thoroughly to remove unbound glutaraldehyde. The tannage
t wash can easily be completed within a period of about 2 to 8
ng on the procedure, so that this complication need not be en-

for retanning with glutaraldehyde.—The following is a rec-
cedure for retanning chrome leather with glutaraldehyde. This
ure has been adapted for commercial use in tanning side leather.

Wrung blue stock (after neutralization) 100%
Water (preheated to 145°F. or 63°C.) 100%
Glutaraldehyde (25% solution) 10%
Salt |(optional) 6%
Sodiym bicarbonate (optional) 0.4%
Drum 2 hr.; pH 3.0; float temp. 125°F. (52°C.)
Wiash 1, hr.; T, 222°F. (106°C.)
This procedure was run on a laboratory scale only (one side). The. use of

salt is probably of doubtful value when retanning chromed stock. The only
function of the bicarbonate is to maintain the pH at a level suitable for a par-
ticular chrome tannage (after neutralization). In many cases, the bicarbonate
probably can be omitted. In commercial practice where full drum loads would be
involved, 1 hour of drumming may be sufficient.
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Procedure B (4cid side) :

Pickled | stock 100%
added to solution of :
Water 100%
Sodium chloride 10%
Glutgraldehyde (25% solution) 15%
Drum 1|hr.
Add:
Sodium acetate 49%
Drum 7|hr.; pH 4.8; Ts 81°C. (178°F.)
Wash 1, hr.

In the procedures given above there is considerable latitude for modification,
primarily because glutaraldehyde is an effective tanning agent and tans over a
wide range of pH|. Equally good leather resulted whether the tannage was con-
ducted on the acid side (pH 4-5) or on the alkaline side. The advantage in
bringing the tannage to the alkaline side is to obtain more efficient use of glutaral-
dehyde. Any alkaline type reagent, such as formate, acetate, borax, or bicarbon-
ate, can be employed as long as the desired PH can be attained. Tannage on
the alkaline side i parts a somewhat darker shade to the leather as compared to
tannage on the acid side.

When glutaraldehyde is used as the only tanning agent, 15% of the 25%
commercial solution is recommended to obtain a full tannage on sides. This
amount corresponds to only 3.8% of glutaraldehyde on an anhydrous basis.
With the chrome |combination 6% to 10% of the commercial glutaraldehyde
solution was effectjve in imparting the desirable properties of glutaraldehyde to
the leather. Pretanning with glutaraldehyde probably is the most attractive pro-
cedure for carrying out certain combination tannages. This is particularly true
for the combination tannage with vegetable tannins. The glutaraldehyde pre-
tannage serves to greatly accelerate the penetration of the vegetable extracts.

PROPERTIES OF THE LEATHER

General.—At the end of the 24-hour tannage the sides from each test dis-
cussed above were |processed into finished side leather with regular packs in a
tannery. No difficulty was encountered in the conventional side leather post-
tanning operations,| such as coloring, fatliquoring, staking, and finishing, given
to these experimental leathers. A tannery sorter rated the break and grain
strength of these legthers mostly as good, and as judged by the sorter, the leathers
were satisfactory. The leathers judged best were, in general, those from the tests
in which conventional chrome-tanned stock was retanned with glutaraldehyde.
This is fortunate from the practical standpoint since, in many respects, this pro-
cedure for tanning|is preferable. The maximum benefits of both chrome and
glutaraldehyde can thus be achieved.
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Procedure for simultaneous tannage.—In general the glutaraldehyde is
added to the conventional one-bath chrome solution, and the tanner would pro-
ceed as with his normal chrome-tanning procedure. The procedure below is rec-
ommended for tanning hides or skins simultapeously with glutaraldehyde and
chrome.

Pickled stock (drained) 100%
Water 100%
Chrome tan 8%
Glutaraldehyde (25% solution) 6% to 8%
Sodium chloride 6%
Drum 1 hr.; pH 3.0; float temp. 819,
Sodium bicarbonate 0.3%
Drum 1 hr.; pH 3.3; float temp. 83°F,
Sodium bicarbonate 0.259
Drum S hr.; pH 3.1 ; float temp. 93°
Wash 1, hr.

In following this procedure a tanner would mploy his regular chrome-tan-
ning procedure with the following exceptions: (@) 6-10% (on the skin weight)
of commercial glutaraldehyde solution is added t¢ the float along with the basic
chrome sulfate; and (&) the stock should not [remain at rest in the tanning
liquor overnight, since this produces streaks in the leather. The shrink test will -
be essentially equivalent to that attained with chrome alone. It is usually de-
sirable to reach a shrinkage temperature above the boil to insure adequate up-
take of chrome.

Procedures for tanning with glutaraldehyde alone
Procedure 4 (alkaline side) :

Pickled stock 100%
added to solution of :
Water 100%
Glutaraldehyde (25% solution) 15%
Sodium sulfate (anhyd.) 10%
Sodium bicarbonate - 0.8%
Drum 2 hr.

Ist hr.; pH 5.0; Ts 69°C, (156°F.)
2nd hr.; pH 4.5; Ts 72°C. (162°F.)

Add (after 2nd hr.)

Sodium bicarbonate 5%
Drum 5 hr. ; pH 8.3
Wash 1 hr.; Ts 83°C. (181°F.)
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Chemical and physical data.—Chemical |analysis of the finished leathers
is presented in Table IV. The leathers tanned with glutaraldehyde alone showed
a higher moisture content after conditioning at 50% relative humidity and 73°F.
than did those containing chrome. Moisture cpntents of leather from the glu-
taraldehyde-chrome combination were intermediate to those of the leathers from
chrome or glutaraldehyde alone. Glutaraldehyde-tanned leather absorbs water
readily. However, the incorporation of chrome will reduce this.

As can be seen in Table IV, the strength prpperties of glutaraldehyde-tanned
leathers were comparable to conventional chrone leather. There is no indication
of cracky grain in these leathers.

Shrinkage temperature.—The shrinkage femperature of the finished leath-
ers tanned with glutaraldehyde alone were in the range of 80°-83°C. (176°-
181°F.). If this is lower than desired, the T's tan easily be increased by a com-
bination tannage. The Ts of the combination tannage with chrome is essentially
governed by the amount of chrome that is fixed. The leathers given the simul-
taneous chrome-glutaraldehyde tannage showed| a Ts ranging from 76°-90°C.
(169°~194°F.). 1In these tests the amount of basic chrome sulfate was only
4-6% on the pickled weight. The low amount of chrome used in this simulta-
neous tannage resulted in a low Cr.O; content of the leather (i.e., 1.48-2.10%),
and this is the reason for the relatively low Ts of the leather. Leather with-
standing a boil can be obtained easily when increased amounts of the basic chrome
tan are used in the simultaneous tannage. Retannage of a full chrome leather
with glutaraldehyde gave shrinkage temperatires above the boiling point of
water, as expected. The chrome leather was commercial blue stock with a2 Cr.Os
content of 4.40%, and of course, this itself showed a Ts above the boil, i.e.,
104°C. However, the finished leather from this stock was below the boil, whereas
the finished leather from glutaraldehyde-retanned chrome stock remained above
the boil. Generally, a full chrome tannage is |desirable in the glutaraldehyde-
chrome combination-tanned leather.

Mellowness.—Glutaraldehyde, when used #s the only tanning agent, pro-
duced a mellow leather and also imparted mellowness to chrome leather as well.
Mellowness, without loss of tightness of grain, seems to be a characteristic given
to chrome leather when glutaraldehyde is incorporated in the tannage. The
mellowness was not markedly changed by wetting and drying of the leather.

Perspiration resistance.—A notable property of glutaraldehyde-tanned
leather is its outstanding resistance to deterioration by perspiration (3,4), a prop-
erty important in footwear application. All of the [side leathers from our tests using
glutaraldehyde in the tannage showed good resistance to a synthetic perspiration.
The test method was essentially that described by Roddy and Lollar (10). As
judged visually, the leathers tanned with glutaraldehyde were resistant to this
test, and this property was carried over to the leathers given the glutaraldehyde-
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chrome combination tannage (Fig. 11). The [leather produced by retanning
chromed stock with glutaraldehyde appeared tq show the optimum resistance
to deterioration by this test. Previous results from our laboratory have shown
that glutaraldehyde in the tannage also produces leather with increased resistance
to deterioration by alkaline agents such as soap (3, 4).

%‘
CHROME CHROME + GLUTARALDEHYDE

FIGURE 11.—Perspiration test on shoe upper leather.

Color.—Glutaraldehyde alone imparts a cream|to light-tan color to the leather,
while in combination with chrome a bluish-gréen color results. Thess color®
properties do not interfere with coloring except fto modify the shade somewhat
as compared to conventional chrome leather. This is true especially for pastel
shades. With a proper pigment finish, a suitable perspiration-resistant white
leather can be produced.
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Dr. FiLacHioNE: That is right.

Dr. LoLLAR: So that you were using basically 115% chrome oxide on that
basis and 6% commercial glutaraldehyde solution. Did you carry on any experi-
ments in which the ratio was compared? If so, what influence did this have on
the mellowness and break of the leather?

Dr. FiLacHioNE: No, we didn’t carry out any experiments along that line.
We arbitrarily selected 6% of each. We did change the concentration in the
case of the tannage with glutaraldehyde ®lone and in the case of retannage
chrome leather. '

Dr. Lupwic SELIGSBERGER (Quartermaster Research & Engineering Center,
Natick, Massachusetts) : I would like to ask whether there is a lower limit to
the amount of glutaraldehyde in leather where perspiration resistance is still
effective and also whether the artificial perspiration solution contained urea and
lactic acid.

Dr. FiLAcHIONE: It contained lactate.

Frep Luvist (Eastern Regional Research Laboratory) : This was similar to
a synthetic perspiration solution used by Roddy and Lollar in their deterioration
studies on chrome leather.

Dr. FiLacHIONE: I have forgotten the J;omposition of the synthetic perspira-
tion.

Dr. WarrLace Winbus (Eastern Reg‘ifnal Research Laboratory, Philadel-
phia, Pennsylvania): It contains some urea; however, the urea content was
fairly low, about 1 gram per 600 ml.

Dr. FiLacHiONE: The lactate content Mas quite high—about 50 grams of
sodium lactate per liter of solution.

Dr. SeLIGSBERGER : How low can you go %n glutaraldehyde?

Dr. FiLacHIONE: We can’t put a figure on how low you can go. We have
run tests using 6% or 12% of the commercial glutaraldehyde solution. At the
6% level, we sometimes failed to get a good perspiration resistance test.

To be o the safe side we preferred to use 10% to 12% of the commercial
solution which, of course, is three-fourths water. On a dry basis you are really
using only 215 % to 3% glutaraldehyde.

Dr. StussiNGs: I would like to.ask what the general economics of this type
of retannage is in comparison to the retannage for leather of this character and
I would like also to know if there is any effect from this retannage in terms of
flank fill or improvement in the flank pocket or improvement of the character
of the leather in that area as related to a|pure chrome-type leather.
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Dr. FrLacHIONE: Regarding the economics, the only iriformation we have
available is the cost of| the glutaraldehyde, and 1 think we have a reliable source
for that information right here in the audience. Would Mr. Aldrich of Union
Carbide Corp., Chemidals Division, care to comment ?

RoeerT Hart AvrpricH (Union Carbide Corporation): The price of the
25% glutaraldehyde olution for the leather industry is 13 cents a pound in
bulk quantities. We s¢e no raising of this price now or in the long-term future.
We actually anticipat¢ that our costs and prices will drop as the volume of busi-
ness rises. It has to be sold in a 25% solution because it is unstable at higher
concentrations.

Dr. FILACHIONE:
ticular filling effects i

egarding your other question, we haven’t noticed any par-
the flank areas from our tests.

Dr. StusinGs: The reason I asked was that it is fairly simple for tanners to
make a mellow leather which is primarily a straight chrome leather. This, ap-
parently, is one of the attributes of the glutaraldehyde tannage. Do you feel
there is any contribution to leather character other than mellowness with gluta-
raldehyde or would tanners have to use other materials from a practical view-
point?

Dr. FiLacuioNE: | Glutaraldehyde gives a good feel to leather. In combina-
tion with chrome there seems to be no sacrifice in tightness of grain with respect
to additional mellowness. Then also I would expect improvement in perspira-
tion resistance.

Dr. LoLLar : Werk these leathers buffed in finishing?

Dr. FiLacHioNE: I am not certain, but I think they were full grain. Do
ally?

Dr. Winpus: I think most of them were buffed. In connection with your
question, Dr. Stubbings, we might cite an earlier example on sheepskins where
glutaraldehyde found its first application. It was found that glutaraldehyde mel-
lowed the backbone [and shoulders and gave the skin a more uniform feel with-
out making the skins stretch any more. Hence, the sorting value was actually
higher.

Dr. STUBBINGS: [Do you think the same thing is true on sides?

you happen to recall;

Dr. Winpus: I doubt this would be as big a factor.
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Dr. R. M.

DISCUSSION

LLAR (Armour Leather Company, Chicago, Illinois): I cer-

tainly would like to extend the thanks of the association to Dr. Filachione and
his associates of the Eastern Regional Research Laboratoy.

In these days of the need for new effects in leather to take advantage of our
marketing opportunities, we certainly need the type of work that is represented
by this continuing program at the Eastern Regional Research Laboratory.

I would like to ask a couple of questions with reference to the comparative

properties of the
you mentioned th
lowness. Do you

imultaneous glutaraldehyde tannage and chrome tannage. Now,
at the glutaraldehyde used as a retannage tended to give mel-
get the equivalent mellowness in the simultaneous tanning?

Dr. FiLACHIONE: As far as I remember, the mellowness did not seem to be
particularly influenced by whether we tanned the side with the two simulta-

neously or as a 1
chrome stock wit

etannage with glutaraldehyde. Generally, the retannage of the
h glutaraldehyde rated better than the simultaneous tannage,

and our perspiration test was significantly improved when we carried out the

two tannages step

wise.

Dr. LoLrar: I would assume that the chrome leather on the basis of shrink-
age characteristics contained more chrome oxide on the hide substance basis than

you ever secured

in your simultaneous tannage. Was this true?

Dr. FiLacuioNE: That’s true, Dr. Lollar. The chrome content of the simul-

taneous tannages

where we had 6% of one-third basic chrome sulfate was about

half of the chrome content of the regular chrome retanned with glutaraldehyde.

It was about 2%
in the other. Of ¢

so this compensate

Dr. LoLLAR:
chrome. I presum

of Cr,;O: in the simultaneously tanned leather and about 4%
ourse, the glutaraldehyde itself does give mellowness to leather,
s for the lack of Cr.Os.

In your simultaneous tannage you used 6% of one-third basic
e this was a 25% chrome oxide material ?
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The data obtained at pH| of about 4 with formate buffer is shown in F ig. 5.
As expected, the rate of fixation and the amount fixed were increased over those
at the lower pH shown in Fig. 4. Here about 80% of the glutaraldehyde and
60% of the chrome was fixed, and the shrinkage temperature reached 96°C.
(205°F.).

Data at two pH levels with sodium acetate as the buffering agent are shown
in Fig. 6. In these cases about 90% of the glutaraldehyde and 80% of the
chrome present in the feed was fixed. In these experiments only 4% chrome, on

the weight of the side, was ysed instead of 6% as above, and the shrinkage tem-
perature reached only 92°C.| (198°F.) in these tests. As shown in our previous
paper (4), the shrinkage temperature of the glutaraldehyde-chrome combina-
tion tannage is substantially |the same as that of the corresponding chrome tan-
nage alone. However, the rate of attainment of maximum shrinkage temperature
is increased by glutaraldehyde.

The tanning rate data obtained in a small pack of six sides is presented in Fig.
7. This test simulated conventional practice more closely because the tanning
agents (6% of each) were gdded to pickled stock, and the pH was then raised
gradually with bicarbonate to about 3.1 (final value). Total tanning time was
only 7 hours. ‘

It is interesting to compare the rate curves with those shown for the one-
side test (Fig. 4). The beneficial effects which may be attributed to mechanical
action are evident. Fixation |of each tanning agent was somewhat higher in 7
hours than the fixation in 24 hours in the single-side test. Thus, in the small-
pack test, 35% of the chrome and 65% of the glutaraldehyde was fixed. This
is to be compared to 25% of the chrome and 45% of the glutaraldehyde fixed
in 7 hours in the single-side |test (7 hour points in Fig. 4). Obviously, from a

practical standpoint, running times can be considerably shorter and fixations

higher than indicated in the single-side tests.

Tannage with glutaraldehyde alone.—In this series of tests the stock used
was grain pickled sides obtained from a side leather tannery. Glutaraldehyde at
two pH levels (4.8 and 8.5) and three concentration levels (12%, 24%, and
36% of commercial solution)| was the only tannage given to this stock. In Table
III is summarized the glutaraldehyde content of the tanning solutions at various
time intervals. As before, the fraction of glutaraldehyde unused was calculated
and plotted against time to give the tanning rate curves in Figs. 8 and 9. Also

included are the curves showing the increase of shrinkage temperatures.
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about 7 is not norma commercial procedure, However, conventional chrome-
tanned stock after ne tralization can easily be retanned in a short time with

100

T 1 1 1
PH=3.4-3.] (NaHCO3) -

100

80 t

CHROME (6% DPW)

20 .

(o) | | ] | |
0] 5 10 15 20 25

| TIME, HOURS
*IGURE 4—Tanning rate. Simultaneous chrome-g]utara]dehyde tannage (Expt. 4, Table
1I).
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4.8% when 6% of |the commercial glutaraldehyde solution was used in the feed

chrome side. Calcujjted on the blue-weight basis, this corresponds to fixation of
and 6.5% when 109 of the commercial solution was used.

| I ] 1
. Ho -
&
- |05-i. — " . ]
~ 100 ] I ] I
100y ‘ T T T T

pH=4.3 (SODIUM FORMATE)

®
(®}

o0
O

H
®}

\\\\lozoab

UNUSED GLUTARALDEHYDE y %
n
(o]
I

] 1 1
o 5 10 15 20 25

TIME, HOURS

o

FIGURE 2.—Tanning [rate. Retan of chrome stock with glutaraldehyde (Expt. 9 and 10,
Table I). DBW = drained blue weight.

Figure 2 summarizes the data on aldehyde fixation by chromed stock at pH of
4.3 and shows the more efficient and more rapid uptake of glutaraldehyde at
this higher pH value. Calculated as before, uptake on the blue-weight basis was
5.2% at the lower level and 8% at the higher level of glutaraldehyde. The
shrinkage temperature of the chromed stock was virtually unchanged by re-
tannage with glutaraldehyde.
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leathér. In the present paper the use of glutaraldehyde alone or in combinatior.
with-.chrome was extended to cow sides under variolis conditions, and the prop-
erties of the leathers were evaluated.

EXPERIMENTAL

Tannages.—The general procedure was similar to the full skin tests reported
for sheepskins (2, 3, 4). The stock was the grain from lime-split cattlehides ob-
tained in the pickle or in the blue from a side leather tannery. In most instances
the stock in a 6% salt solution was buffered overnight to the desired. pH before
the tanning agents were added. The tanning agents of interest in this study were
the commercially available 25% aqueous glutaralde yde and a one-third basic,
one-bath chrome tanning agent, Tanolin R*. This buffering procedure is not
recommended as a practical tanning procedure, but|it was selected because it
permitted maintaining the pH reasonably constant throughout the run to deter-
mine the rate of tanning at a given pH. In order more nearly to approach tan-
nery practice the tests were on a scale of one side per test. They were carried out
in a drum, 16” wide and 5 in diameter, rotating at |8 rpm during the day and
4 rpm for the 16-hour overnight period. A word of caution is in order here.
Hides and skins cannot be “set” overnight in a liqupr containing a.significant
amount of glutaraldehyde without streaking the leather. However, as shown
later, the tannage with glutaraldehyde can easily be completed in a few hours,
eliminating the need for overnight treatment. '

Uptake of tanning agents was determined by analysis of the tanning liquor
at various time intervals as described previously (2, 7) to provide data on rate
of tanning. Samples from the neck area of the side were taken at the same time
intervals for determination of the shrinkage temperature.

Evaluation of leather.—At the end of the 24 hpurs of tanning, the sides
were washed, brought to a pH of about 4, washed |again, and processed into
finished side upper leather with regular packs at a side leather tannery.

Chemical data were obtained on the finished leathers by Official Methods of
Analysis of the ALCA (8). Physical properties were measured using Tlest
Methods of the ASTM (9). Perspiration resistance was estimated in the same
manner as described in previous publications (3, 4).

DISCUSSION OF RESULTS

Retannage of chromed stock with glutaraldehyde.— This procedure for
effecting the glutaraldehyde-chrome combination tannage will be very attractive
to many tanners. Retannage is fairly common practicé in side leather tanning.
It also provides the tanner with a degree of flexibility in| lines of leather products.

In this series of tests grain sides in the blue, obtained from a tannery, were

*Mention - of brand or firm names does not constitute an endorsement by the Department of Agriculture
over others of a similar nature not mentioned.



_ TANNING WITH GLUTARALDEHYDE 380

retanned with glutaraldehyde under various conditions. As mentioned above,
the blue stock was |brought to the pH desired for the test before the addition of
the glutaraldehyde| for convenience in maintaining the preselected :pH value.

The uptake of glutaraldehyde by the blue stock can be obtained from the data
in Table I. This is more clearly seen in the curves shown in Figs. 1-3, which
are simply the percentage of unused glutaraldehyde plotted against time. The
uptake of glutaraldehyde by the chrome-tanned stock appears to follow essentially

%

pH=3.4 (NaHCO3)

10% DBW

20

UNUSED GLUTARALDEHYDE,

0 1 ! ! |
o) 5 10 15 20 25
TIME, HOURS

FIGURE 1—Tanning rate. Retan of chrome stock with glutaraldehyde (Expt. 11 and 12,
Table I). DBW = drained blue weight.

the same course a§ that by untanned stock. At pH of 3.4 (Fig. 1), from the
amount unused at|the 24-hour point, we can see that 80% at the lower level
and 65% at the higher level of glutaraldehyde in the feed were fixed by the



