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ABSTRACT : R

A new method of tanning with aldehydes (1) potnted a way
toward the making of sole leather by a rapid process in which con-
ventional vegetable extracts could be partially or fully replaced by
domestic materials.

After adjusting the stock to the proper pH in the manner deseribed
previously, it ts possible to reach a shrinkage temperature of 90°C.
or higher in less than 24 hours by tanning with a mixture of glyoxal
and formaldehyde. Afterwards, it takes only a few hours to ready
the hides for immersion in rockers. Here the pretannage with
aldehyde allows the use of tail liquors that are over 40° Barkometer
strong and also heated to 120°F. In pilot-plant experiments, it
took only 3 to 5 days to obtain full penetration. The largest of
these experiments in which lignosulfonate alone was employed is
discussed in detail. Chemical and physical data concerning the
finished leather are also presented, together with some observations
concerning storageability of leather produced in earlier tests.

The new rapid tannage produces a flexible but sufficiently firm
type of sole leather such as is in demand today, without a sacrifice
of color or heat resistance.

Rt o S

INTRODUCTION

In a previous paper &&:scribing new methods of tanning with aldehydes (1) ;
the 1dea was advanced of employing these in combination tannages using ;
either vegetable extracts or their substitutes and replacement materials. !
Expertments of this kind have been conducted mainly on heavy leather i
which 1s consumed by the Armed Services in Iarge quantities as solmg ma- i
terial. Smce conventional leather of this type is for the most part tanned ;

*Presented at the Fifty-fourth Annual Mceung. Swnmpscott, Mass., May 27, 1958,
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with imported tanning materials, the U. 8. Quartermaster Research & Engi-
neering Center has a strong interest in developing alternate tannages which
would reduce the reliance of cur leather industry on imported tanning ma-
terials. However, unless a new domestic tanning process offers immediate
advantages, for instance by accelerating the tannage or by imparting new
properties to the leather, prospects of arousing interest in it in peacetime
are dubious. Fortunately, these prerequisites seem to be fulfilled in the
present case.

A number of rannery trials exploring the possibilities of starting the
making of sole leather with an aldehyde tannage have been reported in
Footwear and Leather Series Report No. 17, published recently (2). The ex-
perience gained by this test series and by subsequent laboratory experiments
served as the basis for a new set of pilot tests. This paper will describe only
the final experiment, the largest of the four, made on 20 hides. It will stress
the incidental benefits of the new tanning process to the tanner and also
give a full account of the physical and chemical properties of the resulting
leather. Preliminary data in regard to aging properties will be presented
for sole leather produced in earlier tannery trials described in the report
already mentioned {2).

EXPERIMENTAL

An outline of the pilot-plant test is given in Table . The tannage can
be defined in short as a mixed aldehyde tannage followed by filling and
loading with lignosulfonate only. The aldehydes employed were technical
solutions of glyoxal and formaldehyde, in the ratio 6 to 1 which corresponds
approximately to 5 to 1 for the pure aldehydes. The stock consisted of ten

TABLE |
QUTLINE OF RAPID SOLE LEATHER TANNAGE

(AH guantities, unless otherwise staled, are based on 1000 1b, white-weight.)

Alkalizing (in paddie)

Ratio, skin to liquor 1:5 \
Temperature T0°F.
NaHCO, (per 100 gal.) 42 1.
Moles per liter : 0.6
NasCOi (per 100 gal.} 52 1b.
Moles per liter 0.6
Running schedule: run 2 hr.
stop 4 hr,
run 2 hr.

SOLE LEATHER TANNAGE WITH ALDEHYDES 629
TABLE I (Continued)
Tannage (in drum)

Volume of alkalizing liquor transferred 80 gal

Temperature . 70°F.

pH Value 9.3

Normality (total alkali) 1.2

Glyoxal (30%), in 10 gal. water at 75°F. 701b

(in 4 feeds)
Formaldehyde (36%;), minimum 10 1b.
(added with last glyexal feed) o

Running scheduls run (Ist feed) 0.5 hr.
rest 0.5 hr.,
run (2nd feed) 0.5 hr.
rest 0.5 hr.
run {3rd feed) 1.0 hr.
rest 0.5 hr.
run (4th feed) 1.5 hr.
rest overnight
run G.75 hr.

Drum speeds 1st day 7-8 rpm
2nd day 17-19 rpm

Firal shrink temperature 190°F.

Lowering pH Value (in drum)

Discard one third of liquor

Suliuric acid 90 1b.

Total running time 2.5 hr.

Final pH value (liquor} 3.8

Retannage (in rockers)

Tanning material

Sodium salt of hard-

wood lignosulfonate

1st Rocker
Barkometer 45°
Temperature 120°F.
pH value 2.6
Days in rocker 1

2nd Rocker
Barkometer 60°
Temperature 120°F.
pH value 2.2
Days in rocker 1

3rdt Rocker
Temperature (at start, {alling to room temperature) 120°F,
Barkometer Liquor from 2nd rock-

er, not strengthened

Days in rocker

3
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sides taken after dehniring and fleshing, ten sides after bating, and the
matching sides after further deliming in dilute acid.

In the new tanning process the hides, according to Table 1, pass through
four stages. The first stage has the function of equilibrating the hide with
a non-swelling alkalizing liquor as postulated in the original paper (1). Ina
sole leather tannery, because of the scarcity of drums, paddles were used for
this trearment. The liquors were made up from sodium bicarbonate and soda
ash in the ratio that they are present in sodium sesquicarbonate, i.e., I mole
NaHCO, to 1 mole Na,CO,. This latter compound may, of course, also be
used. Other ratios of the two alkalies have been tried only experimentally. As
Table I shows, the quantities employed corresponded to an initial normality
of 1.8 with respect to total alkali and gave a pH of 9.5 and a nermality of 1.6
as determined by titration afrer equilibrium with the hides was reached. How-
ever, in the interest of economy a normality of 1.2 has been successfully used.

In Iaboratery experiments the alkaline bath was reused 6 to 8 times with-
out materially reducing the pI or impeding the tanning action. Its strength
was brought up by simply adding dry sodium bicarbonate and soda ash, in
the ratio 4 to 5, which is the same as in sodium sesquicarbonate.

The buffering capacity of bicarbonate prevents the glyoxal from under-
zoing decomposition by the Cannizzare reaction, which becomes prevalent
at pH values above 9.5, For the same reason good lime removal by washing
the dehaired or even the bated stock is beneficial.  Since in the pilot-plant
test under discussion some hides were more thoroughly delimed than others,
the lime content of the glyoxal tanning bath was probably lower than it
would have been in the presence of only unbated srock. Maintaining a
temperature of less than 85°F. in the tan drums is essential for the success
of the tannage. In the light of evidence in the literature (3) it is not sur-
prising that heating-up of the drums to 95°F. or more should be avoided.
Practical steps to assure this included keeping shelves and pegs in the drums
at a minimum and meoving the stock intermittentdy at low speed, as Table
I shows.

The length of pretreatment required in 2 tannery (in paddles) for full
penetration of the hides with alkali has not been investigated systemarically.
Instead, the alkalizing operation always was started on Friday, with oe-
casional agitation over the week end. In laboratory tests, however, some
intermittent paddling at night was sufficient to reach equilibriumy, within
24 hours. On the other hand, this goal could be obtained in drums, in labora-
tory as well as in tannery tests, by moving the stock at about 18 rpm for only
21% hours on the first day and another hour the next morning.

In earlier experiments with glyoxal the hides assumed a yellowish color
in. the outer layers but stayed cream-white in the center even though the
shrinkage temperatures rose to 190°F. It was found, however, that by the
addition of 1%, formaldehyde a uniform light color can be obtained through-
out the heaviest part of the hide.
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Orher acids besides sulfuric acid, notably formic and hydrochloric acid,
have been used successfully during the third stage of the process for lowering
the pH after the tannage. In earlier trials the spent liquor from the tannage
was discarded before lowering the pH of the stock, and a freshly prepared
sodium chloride or other salt solution was added prior to neurtralizing the
hides. It was found, however, that this step was unnecessary. The cvo-
lution of carbon dioxide during acidification can be better controlled in drums
which are open on both sides. Caution is required to avoid losses in the tub
or damage to the drum.

It is desirable to bring the pH down to the vicinity of the range prevalent
in the rocker retannage, which is about 2.6, If'the pH of the hides is lowered
to 3.5 to 4.0, the pH of the rockers will not rise unduly. Exclusive of neces-
sary steps to make the measurements, this pH can be reached within 2 hours.
Another half hour of drumming has essentially the purpose of making sure
equilibrium has actually been attained. Once the proper amount of acid
for a given load has been found, the sampling for pH measurements at fre-
quent intervals can be dispensed with. In the final stages a single feed
of acid must be no larger than 1% on the white weighe. It is also necessary
to cut a sample taken from the butt area of a hide into little cubes and to
shake them in a small volume of water for several minutes in order to deter-
mine the pH of the stock more correctly than by taking the pH of the liquor
in the drum.

Rinsing of the stock before placing it in the rocker vats is favored in order
to avoid the accumulation of salts in the retan liguors but has not been
practiced in most tannery trials. Wringing-out under high pressure has been
found very effective in removing excess salts and also in promoting pene-
tration of the tan liquor in the vars.

Laboratory trials showed that under a given setr of conditions, as in a
rocker system, the type of lignosulfonate employed determines the degree of
tannage obtainable. On the basis of 2 number of small-scale tests the sodium
salt of hardwood lignosulfonate was selected for the 4 pilot-plant tests of
which ‘this paper describes the last one, in preference to the sodium salt of
softwood lignosulfenate and to the magnesivm salt.  All 3 types, incidentally,
form viscous pastes when mixed with water in equal proportions, in con-
trast to the unfractionated spruce extracts which give very fluid solutions.
The low affinity of these raw, unfractionated liquors for hide substance is
well known.

Since the final experiment was twice as large as the preceding three, it
required two rocker vats. The hgnosulfonate liguor left over from the
earlier tests was strengthened by fresh material until a barkometer reading
of 457 was reached. It was heated to 120°F. and at the same time adjusted
to pH 2.6 by additions of sulfuric acid, and then fed to the vats which had
a capacity of 400 gal. each. The next day the liquor was returned to the
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storage tubs and strengthened with 300 1b. fresh lignosulfonate to read
60° Bk. The pH which was now 3.2 was lowered to 2.2 by the additton of
about 20 th. concentrated sulfuric acid per 1000 Ib. white-weight. The liberal
use of sulfuric acid for lowering the pH in the rocker vats has the purpose of
increasing the degree of tannage. Maximum fixation of lignosulfonate,
according to many investigations, can only be attained in the vicinity of
pH 2 (4) or at most pH 2.5 (5). In order to avoid acid deterioration of the
resulting leather, the pH must be raised again in the oil wheel. As Table
IT shows, the 3 sides retanned with a blend of spruce and vegetable extracts
acquired a2 higher pH than the lignosulfonate-retanned sides when oil-
wheeled together, because of the initial pH difference.

TABLE 1I
ANALYSES AND TESTS ON RAPID-TANNED SOLE LEATHERS

Beamhouse Treatment

a b c d
3 backs, Matching ! back ¢ach, Matching
dehaired backs to dehaired, backs 1o

an (a). bated bated. (), with
fleshed and delimed  delimed  same beam-
house treat-
merts
Domestic extract (lignosulfonate) 1900 100 100 30
in rockers, %
Analyses of compasite samples*
Water solubles, % 4.7 3.9 1.4 24.3
Hide substance, % 47.8 48.9 50.1 44 .4
Grease, % 2.9 3.4 3.2 2.6
Insoluble ash, % 0.3 0.3 0.3 0.2
Degree of tannage 50.8 48,0 50.0 64.2
pH value 3.3 3.3 34 3.7
Physical tests
Compressibility, % .7 5.9 10,9 9.5
Drensity 0.93 0.93 0.94 0.87
{Shrink temperature
in water 78°C. 79°C. 81°C. 92°C.
in glycercl—water {3:1) 85°C. R7°C. —_— ——
tThickness, in irons 9.6 9.5 9.6 10.1%
tBursting strength, 1b. per in. thickness 1250 1300 1220 1300
tWater absorption, % 47.8 47.0 45.9 \ 41.3

*From A, C, and ] locations (Fed. Spec. KK-L-311a). Alt analyses and ali physical tests excent density,
shrink tempernture, and bursting strength were made by methods of KK-L-31ta.
{Initial values, obtained on butt areas selected for aging tests.

On the third day, the liquor was reheated, its temperature having dropped
20°F. overnight, but no other adjustments were made. Rocking was con-
tinued for 2 more days, while the liquors assumed rocom temperature and
their tannin content dropped from 5.35 to 5.0%.
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Three sides were retanned separately in a blend consisting of 70%, vege-
table extracts and 309 hignosulfonate. Here, too, the liquor was 45° Bk.
strong, but the pH was lowered only to 3.9. Heat was applied as in the
other rocker vats. The length of the retannage was the same so that these
sides could be reunited with the others for the subsequent operations.

After rinse-rocking for 1 hr. in water of 120°F,, the bellies were cropped
off. The backs and bellies were bleached and wrung in the usual manner,
oil-wheeled, and loaded separately. Conventional loading marerials were
employed, except for Orotan, which replaced the imported vegetable extract.
Only 2.5%, of the syntan on the wrung weight was employed. In order to
raise the pH of the leather above 3, an additjon of 19, of anhydrous sodium
acetate on the wrung weight was given. The oil was reduced to 1}4% on
the wrung weight in order to compensate for the greater softness to be ex-
pected as a result of the aldehyde pretannage. All subsequent operations
were conventional.

ANALYSES AND TESTS

The leathers were analyzed and tested, with the results reported 1 Table
I1. All the tests except for density, bursting strength, and shrink tempera-
ture were made by the methods prescribed by Federal Spectfications KK-L-
311a. Density was obtained by dividing the weight of the die-cut specimens
for compressibiliry by their volume before compression. The burst figures
were obtained with the 1/8" plunger (6) on a converted Mullen Tester.
Correct shrinkage figures were obtained only after soaking 14"'-wide strips
of leather for 16 hours in individual test tubes while applying a vacuum.
Water absorption was determined on 6" x 17’ specimens by allowing them o
dry out in a conditioned room between each of the 3 half-hour immersions
of which the test consisted. Table II shows only the percentage of water
absorbed during the first immersion, since the subsequent immersions did
not cause the figures to rise matertally. In some instances, they even dechined
somewhat.

RESULTS AND DISCUSSION

Probably the most remarkable property of the finished leather was its
flexibility, which is on the order of the flexible-type sole leather currently in
demand. Color and appearance of the grain are rated good by experienced
tanners. No drawing and wrinkling was evident in the bend area, and only
a relatively small amount in the flanks and shoulder region. Most of the
figures for chemical and physical data, shown in Table 1I, conform to ac-
cepted standards for sole leather. Compressibility, for instance, 1s near
10%,. The exception is the low degree of tannage for the leather produced
with purely domestic materials. Many investigations in the past have
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indicated that high degrees of tannage are, as a rule, unobrainable {4, 5, 7}
with lignosulfonate alone even under optimum conditions.  When the blend
containing only 309 of lignosulfonate was used, the degree of rannage rose
a full 14 points, accompanied by a marked increase in density. However,
as demonstrated in laboratory tests, the degree of tannage can easly be
raised with lignosulfonate alone. A value of 64 has been reached by strength-
ening the rocker vat on the third day to 80° Bk. By comparison, the blend-
ing of more syntan (Orotan) with the unfractionated type of lignosulfonate
vsually employed for loading was less effective. In the leather the com-
position of which is reported in Table I, the small percentage of the syntan
that was used cannot have raised the degree of tannage more than 2.8%.

Another difference between the group retanned with lignosulfonate alone
and the sides retanned with a blend is apparentin the higher water absorption
of the former. However, as Table II shows, this difference between the
matched sides {¢) and (d) was ne more than 109,

On the other hand, the water absorption was higher by comparison with
conventional tannages, which confirms cbservations by earlier workers (8, 9).
Since all soles for military footwear have to be oil-treated (10), 1t was of in-
terest to observe the effect of this treatment on the water absorption. We
found that a pickup of about 129 of a commercial product suitable for this
treatment resulted in lowering the warer absorption to about 15%, which 1s
within the range for conventional sole leather.

The claims that have been advaneed for the oil treatment mentioned
were of a modest nature as far as longer service of treated soles is concerned
{11}. Impregnation of soles with blends of polyisebutylene or butyl rubber
and resin is said to extend wear much longer (12). These treatments were
developed by the National Bureau of Standards for crusted stock only,
because finished sole leather ordinarily 15 too dense for an effecrive impreg-
nation. We have found that this is not the case with the leather rtanned by
the new process, using lignosulfonate as the enly rocker material. Impreg-
nations were carried out on pieces or cut soles, which gained 15 to 359, in
weight after immersion for 1 hour in solutions of different resins like chose
derived from southern pine wood. One of these, Vinsol¥, which is insoluble
in the petroleum solvents customarily used, could be dissolved i tetrahydro-
furfuryl alcohol, except for a very small residue. After impregnation with
these resins water absorption was drastically and permanently \reduced,
but the flexibility was not affected. A

For the stability of leather in storage, no two properties are more im-
portant than resistance to thermal shrinkage and fiber strength. In the
past, sole leather has been studied for aging effects under favorable condi-
rions, as in cool warehouses (13}, but not under conditions closely corre-
sponding to various environments in which leather footwear would be stored

*Hercnles Powder Company
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for issue to military personnel. Such warchouse conditions simulating three
different climates have been created in the climatic chambers of the Quarter-
master Research & Engineering Center (14).

Specimens of the sole leather represented by the figures of Table II have
already been stored in these climatic chambers. Initially, as can be seen in
Table I1, the shrinkage temperature in water of the fully domestic leather
was approximately 80°C. and was 7°-8°C. higher in the presence of 75%
glycerin.  This difference recails recent observations (15} that the Ts of
chrome leather in pure glycerin was 12°-22°C. higher than in water. With
conventionally tanned vegetable leather the difference is more modest; the
regular product of the factory where the tgnnery trials took place had a
Ts of 92°C. by the glycerin-water method prescribed by Federal Specification
KK-1-311a, and 2 Ts of 90°C. in plain water. Evidently Ts measurements
in the glycerin-water mixture do not reflect the true heat resistance of any
kind of leather, although the increases in Ts in presence of glycerin differ
from tannage to tannage. Proper wetting-back of heavy leather presents
additional difficulries. Since the Federal Specification is rot, as a rule,
applied to sole leather, it does not suggest that these pitfalls exist. Once an
effective method of wetting finished sole leather had been found, the results
obtained were consistent. Table II shows that increasing the quantity of
lignosulfonate in the rocker fram 30 to 100%, caused a marked decline of the
Ts in water. By comparison, the small differences in Ts among the beam-
house treatments are probably without significance. Neither did the beam-
house treatments seem to influence the other chemical and physical properties
listed in Table II.

Aldehyde-tanned and vegetable-retanned sole leather produced in earlier
tannery trials has been retested after one year in the storage chambers.
The tannages in question have been described in the report mentioned earlier
(2). Regular sole leather obtained from two different tanneries was aged
under the same conditions.

The results for bursting strength are compiled in Table III. Most of the
leathers showed moderate to large gains. Since 16 specimens were tested
before and 16 after aging, and since the distances between the test sites were
only about 1 inch, it scemed highly improbable that the strength increases
could be artributed to positional variations. In order to prove this point,
an analysis of variance was conducted. The T values, also shown in Table
II1, indicate a high degree of probability that most gains in strengeh are
indeed “real”; statistically insignificant gains and losses occurred only with
a few leather specimens aged under temperate summer conditions and
with all § aldehyde leathers aged in the tropical chamber. Interestingly,
the 3 leathers of tannery B lost significantly in strength under desert condi-
tions. Other trends, especially differences among the various aldehydes
used, may appear after more extended storage. Observations showing that
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maximum strength may not be reached for some time after leather has been
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4. The cheapness of lignosulfonate compensates for the cost of the pre-
tannage.

5. The number of hides in the process of being tanned and the extract
requirements are smaller, resulting in considerable savings.

6. Because no liquors are weaker than 42° Bk, laboratory control work is
less complicated.

'The findings in this report arc presented before final evaluation of the
leathers in shoes, in order to give the tanner an opportunity to familiarize
himself with the process tn peacetime and to adapt it to present needs. This
is expected to aid in demonstrating the feasibility of the process and to make
it available in case of an emergency when reliance on domestic materials
hecomes smperative.
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DISCUSSION

A. N. Kay (Howes Leather Company, Inc.): 1 always feel privileged 1o
be asked ro lead the discussion of what I may term a “practical” paper, for
the ultimate purpose of all our studies is to help the tanner make better and
cheaper leather more quickly. Unfortunately, though of understandable
necessity, the results of most of our practicaltork cannot be published, and
it is usually only when someone like the Q.M.C. or one of our suppliers
tackles such problems that we have the opportunity of equating in public
our science with practical leather-making. The excellent paper we have
just heard is one such opportunity, and I hope we will make the most of it.

Those of us who have had the privilege of studying the earlier report re-
ferred to, realize very clearly that the deceptively casual simplicity of the
present work is the result not of happy chance but of a tremendous amount
of careful experimentation and study. In addition to the aldehydes listed
in Table II many others were investigated, with and without vegetable,
chrome, and zirconium retannages. Perhaps mere important is that the
conditions required for proper leathering (as distiner from mere combination)
were also worked out. The success obtained is clearly evident in the data
here presented and, what is more important, in the leather available for
inspection. It is not surprising that the leather has such a delightful flexi-
bility; conventional leather, analyzing 45-50% hide substance, would be
equally flexible and show an equally high water absorption. What is sur-
prising and important, I feel, is the low compressibility figure.

The work can be criticized on the grounds that the leather will not meert
Federal specifications. To the extent that the water absorption is far too
high, such criticism has a certain validity, but as Dr. Seligsberger has shown,
such-leather would be a “narural” for impregnation treatments.

The inability to meet the chemical specifications merely ponts up the
dilemma facing the user and producer of sole leather. Lacking a reliable
laboratory performance test, as the Bureau of Srandards and the Q.M.C.
are the first to admit, chemical testing (plus water absorption and coem-
pressibility) is the only way we now have of maintaining quality, and the
specification limits are necessarily based on those obrained on good-quality
conrventional sole leather, If these leathers perform as well as might be
inferred from the compressibility figures—and I hope Dr. Seligsberger will
publish the performance results as soon as they become available—I have
firele doubt that provision will be made in the specifications to accommodate
this type of tannage.
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It is interesting to nore that Dr. Seligsherger finds that lignosulfonares
lower the shrink temperature. In blends with conventional materials one has
tended—at least | have—to assume that this is largely due to a sorr of “di-
lution” effect combined with the lack of “bridging” characteristic of ligno-
sulfonates. Yet, here we have the same effect on an already stable tan-
nage and one which is about as close to being covalent as one could hope for.

There 1s some evidence that, while lignosulfonates (in conventional tan-
nage) do not fix in great amount, that quantity which is, is fixed very
firmly indeed. Is it possible that the lignosulfonate has some special power
of stripping off even covalently fixed tamning agents? T wonder if Dr. Seligs-
berger has any thoughts on this?

Dr. $xL16sBERGER: I don't think there is any stripping off of covalently
fixed formaldehyde. As we know, the formaldehyde leather does not have
to contain even 1%4 or 29 to shrink at 887 to 90°. It is remarkable thar the
smallest amount of formaldehyde will produce a shrink temperature so
high. So I do not rthink the lowering of the shrink temperature is 2 stripping
effect. It is rather a combined effect of two tannages which, we find, some-
times increases and sometimes lowers the shrinkage of the final leather.

L. M. Wairmore (Leas & McVitty, Inc.): This is a very interesting piece
of work, and I think the results on lignosulfonate indicate the usual trend.
There is a distinct imit to the degree of rannage you can get with ligno-
sulfonates. You have a hatrack, so to speak, and a lot of small molecules
hanging on there, rather than the high-tannin polymers. It is a “natural”
for impregnating work, where you are not interested in the high degree of
tannage. You get the results of wear and whatever characteristics you
want without the high degree of tannage. In the past, the high degree of
tannage has been necessary, and probably in this case the blending of even
more vegetable tannin with lignosulfonate would be satisfactory.

Dr. Suu-Tune Tu (United Shoe Machinery Corporation): I would like
to ask Dr. Seligsberger why he uses glyoxal in combination with formalde-
hyde. What is the advantage of introducing glyoxal, since formaldehyde is
much cheaper? Is there anything that formaldehyde would not do alone?

Dr. Sericsnercer: The main reason was that we had the impression
that the glyoxal leather is fuller. Glyoxal is 2 slightly bigger molecule. Also,
the color is not pure white, and a p{.lre white color is not exactly what the
sole leather tanner is used to.

Pr. Tu: Of course glyoxal is a bifunctional aldehyde, besides having a
larger molecule. Does the bifunctionality have anything to do with the
later treatment?

Dr. Sevicseercer: I don’t think so.




