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I INTRODUCTION ‘

The tanning industry of the United States is largely
dependent upon imports from foreign markets for its supply
of natural tanning materials. Because of the rising costs
of these imports and with the possibility of a future eritical
shortage due to the destruction of domestie chestnut trees by
the blight, or, due to import failures, the need for some
program to alleviate these conditions is obvious. This research
is part of a program directed toward the development of a
replacement supply of tanning materials to meet this contingeney.

In making a source of tanning materials available one is
led to several possible choices. One direction toward this
goal lies in the cultivation of sources of natural vegetable
tanning in this country and the U. S. Department of Agriculture
is, at present, taking an asetive interest in this development
by eultivating ecanaigre.

The natural tannins are known to eontain phenelic groups
and this knowledge suggests the use of compounds with phenolie
greups as replacement tanning materials. Some such syntheties
have been prepared. Turley (52) has described a phenol aldehyde
condengate which has received commercial acceptance. However,
the greater adaptation of synthetiec tanning materials awaits
the time when suitable materials become more competitive with
natural tanning materials. |

Eeconomically, one logiecally turns to the utilization of
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low cost commercial products, which suggests lignin wastes,
and these materials are not only abundant in this eountry,
but their tamning potential has been widely studied and
definitely demongtrated (28). The utilization of this material
will not only prevent any eritical shortage of tanning materials,
but will alse partially reduce the stream pollution problem
faced by those firms who must now dispose of such wastes. Lignin
wastes, therefore, appear to be a justified raw material for
this program from a practical as well as an economie peoint of

view.

II DEVELOPMENT OF THE RESEARCH

The theories concerning the mechanism of vegetable
tannage are many and varied. In the past, there has been a
general tendency to classify these theories as "echemical®
and "physical". The former necessarily implies a stoichiometrie
relationghip between the tannin and skin substance, while the
physical theory requires tannage to be a surface type of
phenomenen in which ﬁhe adsorption isotherms of Freundlieh
and/or Langmuir are obeyed. As we shall see this distinction
in the tanning theory is no lenger valid,

An excellent review of the literature concerning the
theories of vegetable tannage prier to the last war may be
found in the menograph by MeLaughlin and Theis (29). A more
recent review is that of Shuttlewoerth and Cunninghsm (48) who
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-3e
emphasize the modern Hydrogen Bond Theory of tamnage. Tu and
Lollar also favor this modern eoncept and in their reecent
publieation (563) present rather conelusive evidence toward
its confirmation. Since that theory is fundamental to the
development of this thesis it will be congidered in some
detail.

The hydrogen bond was first postulated by Meere and
Winmill (33). In this type of bond the hydregen atom serves
as the bridging atom between twe other atoms. There is a
eonsiderable amount of evidence that sueh a bond exists,
but its nature is still not completely understood. It is
generally recognized (38,58) that resonance is not a major
factor in the hydrogen bond, but that its particular charaeter
ean be explained by a econsideration of the electrestatic
foreces of the atoms invelved. Thus the only atomg that can
be bridged by the hydrogen atom are the most electronegative
ones: F, O, and N. A

Although there is little valid evidence for the
eontribution of resonance to the hydrogen bond per se, this
does net imply that resonating structures do not influence
hydrogen bonding. In faect, quite the eonverse is true. Jenking
(22) has shown a relationship between resonating structures
involving hydregen bonding and the dissoeciation consiants
of several carboxylie aeids. Gill and Stonehill (15) have
shown that many dyes, the color of whieh has been attributed
to resonance, can form hydrogen bonds. Tu and Lollar (53) have
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shown that only those hydroxy derivatives of benghydrel,
benzophenone, di- and tri-phenyl—éethane, and xanthene which
ean partake of quinoid resonance are tanning compounds. From
& consideration of the resonance gtructure invelved it follows
that this quinoid resonance enhances hydrogen bonding and
thus the significance of hydregen bonding and the tanning
mechanism is demonstrated.

In the heterogeneous system existing during tannage (i.e.
protein, tannins, non-tannins, and solvents) there are many
aetive centers at which it is possible to speculate that
reaction between tannin and collagen oecurs. The free amino
and earboxyl groups, quanidyl groups, hydroxy groups, and
the peptide link itself are all possibilities feor reaetion
loei. As Tu and Lellar (53) point out, sueh heterogeneity
doeg not indicate that vegetable tannage oecurs by a single
meehanism, but their data clearly indicate ihat in the case
of the phemolic tanning materiasls studied, hydrogen bonding
of the phenelic groups of the tannin to the peptide linkage
of the collagen plays a very significant rele.

The chemical elassification of the tannins is
eomplicated by several factors. First, it is not correect to
assume that the structure of any of the vegetable tanning is
explieitly known. Secondly, the most common method of asseying
the tannins ( that is by their upteke on hide powder) is a

very unsatisfactory method. Nevertheless, several elassifications
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have evolved.

FEarly elassification of the tannins was based upon
the color reaetions obtained by treating tannin solutions
with iron salts, or based upen the end produets obtained
by heating the tanning at about 200 degrees C. Since the
impurities in the tanning had the same nuelei and thus gave
the same end products, and alse sinece the color resetions
indicated only free phenelic groups, these classifications
were not satisfaetory. In 1918 Perkin and Everest (41)
clagegified tanning inte three groups: ”

a. Depsides of gallotanning

b. Diphenylmethylolid or ellagitannins

c¢c. Phlobatannin or catechol tannin
However, the most widely aecepted eclassification is that of
Freudenberg (13) and has been used by Nierenstein (35) in
his book coneerning the orgsniec tannins. Under this |
elessgification the tannins eonsist of:

1. Hydrolyzable Tannins

These are cemposed of benzene nuclei united in
a larger complex by ester linkages and are degraded into
simple components by the hydrolyzing sction of aecids or
enzymes.

as Mutual esters of phenolearboxylie aeideg or
with hydroxy acids (depsides). As an example, consider
lecanoic aeid:

H, .
ol Soc 0= 2oon
H H

b. Esters of phenolearboxylic aeids with pely-
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atomic alcokels and sugars. ,
¢. Glucosides of the gallotannin and ellagitannin
types. Figher (9) established that gallotannin, the natural
tannin developed from the depsides, was penta-meta-digalleyl-

a-glucose:
G-or
~0
hF:? IJR H 2 oH oH
RO-5 where R is Ho —t-o ‘
H-C-0OR g"
f i M
C;-‘-H
CH,0R

Nierenstein, however, takes exception to this strueture.
He believes that some of the R groups may be larger than
dimers and consequently, net all of the OH greups need be
involved in the esterification.

Ellagitanninsg, derivatives of ellagie acid

C O, O M
Ho_p—<_ D-oH
oK C—1
o

also oeccur as glucosides and are characterized by the tannin
in myrobalan nuts and by valenia. Chestnut tannin, on the
other hand, yields ellagie acid as well as gallic aeid and
quercitin on hydrelysis, but is generally not considered to

be a glucoside. It has been indicated by Flinn (10) te be
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but it is possible that during the purifieatien of the tannin
for examination, the glueose portion may have been eleaved and

thus lest for identifieation.

2. Condensed Tannins
These tannins have their nuclei held together by

carbon linkages and thus eannot be hydrely:ed by aeids or
enzymes. This group (eommonly ealled eateehol tannins or
phlebotanning) makes up the majority ef the cemmercisl tannins.
Freudenberg (13) believed that the tannins in this class were
polymers of 3-hydroxy-polyhydroxy flavan. Russell (46) however,
used the chateehin model to develop his theory that the tannins
in this elass are bis-hydroxyflavepinacols and his synthesis
of these materials (46) do in many respects clesely approximate
the natural tannins. Russell aetually elaims the synthesis of
quebracho, wattle and ether tannins.

Quebrache AP

There are however, certain diserepancies such as molecular
size and the phenomenon of phlebaphene condensation that
leaves his synthesis open to question. Further, the recent
work of White (57) has shown natural quebrache tannin to
contain at least 14 entities distinguishable by paper
chromategraphy and solubility studies. Flinan (10) thinks it
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is likely that the condenged tannin molecule is made up eof
long chain polymers with the flavepinacol or an epen ring

form as the basic unit.

C. The Nature of ILignin Wastes

Despite the fact that the synthesis of gymnosperm
lignin has been elaimed by Russell (45), his werk has been
eriticized by sueh lignin experts as Erdtman (7), Brauns (2)
and others and the true structure of lignin remains unknown.
Russell's synthesis censigts of first preparing 2-hydroxy-3-
methoxy-5~-formylacetophenone from vanillin monoacetate by
the Fries rearrangement. This then undergoes repeated inter-
molecular condensation polymerisation (aldelization, less of
water, Claisen cendensation) te give the epen chain structure

which is in equilibrium with the lignin structure:

H3 ﬂ”’r

\_onst
iy L
- Cp=CIT

Russell claims that this preduect is indistinguishable from
natural spruce lignin, but Brauns (2) points out that the
caleulated carbon, hydrogen and methoxyl do notagree well
with the values obtained by actual analysis eof spruce lignin.
Altheugh Freudenberg has not sgpecifically claimed a lignin
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synthesis, he has recently reported (11) the formation of
lignin-like products by the aection of a dehydrase on coniferyl

aleohol. Aulin-Erdtman (1) has also suggested that lignin
formation is probably due to such a reaction. This would lend
support te Freudenberg's conception of the lignin macro-

molecule as being formed from dihydro eugenocl as follows:
CH,
Newt
b ¥

—_ /@\{ﬂ.?
ﬁ?‘o'c>——lz

s
%l G 44

s

D?hﬂm eu7&m:/ D’/'A//"O Gé[/‘d:""/:' Macro mo/f’bu/a

7 so euyffw/

This structure has béen further supported by the ultraviolet

abSmrptian studies of Aulin-Erdtman (1), but she assigns the
~ Freudenberg formula to only a part of the total structure. A
( strueture for lignin that would appesr the explain most of

‘ whax is known sbout its ehemical properties is given by Holger

Erdtman (7) as:

Hg
| ”
cc-¢ % Hy

]
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Not only is the structure of lignin in doubt, but so alse
is its reaction with bisulfite. Erdtman (8) has reaentiy
diseussed the chemistry of the sulfite pulping process in
relation to the sulfonation of lignin. He points out that as
sulfonation ineressed the hydroxyl content decreases and the
conelusion is therefore drawn that the sulfonation process
is essentially a substitution of hydroxyl groups by sulfonie
acid groups. In the first stage of the sulfonation process &
solid lignosulfonic acid of very large molecular weight is
formed. Upon additional sulfonation under the acid conditions
employed in the cemmerecial sulfiting process, the acetal
linkages supposedly connecting lignin units to eaech other or
to carbohydrate units are eleaved. This, of course, liberates
hydroxy groups which impart solubility to the sulfonated
lignin (Kullgren's lignosulfonic aeid). Additional sulfonation
now oceurs with the replacement of the hydroxyl groups by
sulfonic acid groups. A summary of these reactions is given

by Erdtman as:

H 1+t phase SogH Oy
- m_* ;r*””jﬁ — —
o 1400 - .
? éé o ’fﬁgu? kﬁiﬂa
eliviose - Latlvlose
Vlacmi ldksﬁ@dﬁJf?ﬁkwﬁfwaV

Alth@ugh thls meahanism of the sulflting process has its
@pponents, it is hore or less generally accepted as ‘the best

representation of what actually occurs.
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D. e Utili ion of Iignin Tannin

Lignin derivatives have long been studied in
regard to their tanning preperties. One of the earliest
applications of lignin to the leather industry is the patent

- of Mitscherlich (31) in 1878 who pointed out that the waste
sulfite liquer froem the cooking of oak wood could be used as
a tanning agent. Since that time mueh has been publisghed and
the interested reader is referred to the recent article by
Johnson and Marshall (23) for a comprehensive review of the
subject up to 1948. It is of interest, however, to consider
the salient points coneerning the theories of tannage as
related to the application of lignin derivatives to the
tanning industry.

In 1914 Moeller (32) observed that the eembination of
lignosulfonic acids and hide substance is very stable and
that the lignin derivative camnot readily be removed by
leaching with water. Although this stable fixation cannot
be attributed to the reaction between the sulfonic acid
groups of the lignin and the free amino groups of the eollagen
beéause a salt linkage of this type would be expected to be
rdptured by water, the inactivation of these polar groups,
nevertheless, is well established. Evideneé for this ionic
‘type of resction can be found in the work of Gustavson and
Larsson (19) who showed the greatly decreased uptake of
lignosulfenic acid when the free amino groups of the eollagen
were inactivated by synthetic tamming of the sulfonic acid
type. Gustavson also found (17) that deaminated cellagen
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fixed less lignosulfonic acid than the normal material.
Supperting evidenee for this ioniec reaction ecan be found in
the recent publication of Lipsitz, Kremen, and Lollar (28)
who used the ninhydrin reaetion on leather made with a ligno—
sulfonate. Sinee in the ecase of the natural tannins the
reaction was positive, indieating that free amino groups
were present, the inactivation of these groups is inferred
by the negative test obtained in the case of the lignesulfonate
tanned leather. Thus the reaction between the sulfonic acid
groups of the lignin and the hide substance is generally
accepted.

This ionic reaction, however, is not the oﬁly«cembination
that oecurs between lignoesulfeonic acid and hide substance. It
will be recalled from the above that the tanning mechanism
is attributed to hydrogen bonding between the phenolie hydroxyl
groups of the tannin and the peptide link of the protein.
Lipsitz et al. (28) have produced leather from lignosulfenates
that have the "feel" and appearance of vegetable tanned leather.
The conclusion is drawn that this leathering quality ef the
lignin derivatives is due not te amino speecifieity, but "to
some other mechanism". If this conelusion and the theory of
the tanning mechanism is correet, it follows that the "other
mechanism" is, to a great extent, hydrogen bonding at the
peptide link. Opposition to this view has very recently been

expressed by Gustavson (18). Gustavson refers to the work of
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Kremen and Lollar (25) who produced a material with leather
| ¢haracteristics from deaminated calfskin and he argues that
"the lignosulfonate fixed by deamine-collagen is adequately
seccounted for by ionic interaction with the remaining e-amino
groups of lysine residues and the quanidyl groups of the
arginine residues." Such an arguement, however, does not
invalidate the theory maintained by Lellar and his associates
(eg (not simply fixetion) of ligno-

sulfonates is due to hydrogen bonding at the peptide link.
Thus the fact that X leather made from a lignosulfonate does
not have an inereased shrinkage tempersture is attributed to
the few available loei for hydrogen bonding to oecur.

This low degree of hydrogen bonding potential is evident
from a comparison of the natural tannins with the various
lignin derivatives. In the former case, an abundance of
phenolic hydroxyl groups is evident, while the lignin deriva-
tives have a scarcity of these groups or other hydrogen
bonding funetions.

In view of this interpretation, it is felt that proper
chemical modification of lignin derivatives will lead te an
improved product that will overcome the objection of the
unmodified material and will meet the minimum requirements
negessary for the production of a commereial leather. Obviously,
it will be necessary to modify these materiale in such a
manner that their ability to hydrogen bond at the peptide link
will be heightened and their natural affinity for combination
with the free amino groups decreased.
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D. Ihe Predicted Modificationg
As has just been poiﬁted out, the theory of tannage
suggests te the chemist a modification of lignin derivatives
in such a manner as to inerease their hydrogen bonding ability

at the peptide link of the skin protein. The various methods

of modification will, of courge, depend upon the type of
lignin derivatives available. Sinece the use of any such

modified material by the lesther industry will depend upon
the aveilablility of the raw materials, s program of such
modifications must limit the substances to be investigated to
commercially available and preferably low cost lignins. In
addition, these commercial ligninsg must also meet the
requirement of having a fairly constant compogition so that
reproducibility of any chemiefd.process will be obtained.
Lignin products are now being prcduced in this country that
very nearly meet the stated requirements: for example, a
magnesium lignosulfonate which is a by-product of the sulfite
process of wood pulping (21) and two alkali lignins, obtained
from the soda pulping process (42) are available. |
Having established a satisfactory source of raw material
we can turn our attention to the specific chemical reactions
that will convert lignin wastes to satisfactory tanning
materials. On the basis of the gpecificity of the lignosulfonates
for free amino groups of the hide protein and the fact that
leathering properties are imparted to the skin by hydrogen
bonding at the peptide link, it is not difficult to predict
the type of chemical modification best suited to this purpose.
There ie another factor that must be considered, however, when

ehemically modifying these materials. The tanning extracts
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that are used today sare walter soluble materials and all
tanning procedures and equipment are geared to an aqueous
tannasge. The lignosulfonic acids are water soluble by virtue
of their sulfonic acid groups and so let ug first congider
these materials with regard te their possible chemical
modifications.

A chemical modification that would reduce the amino
specifieity of the lignosulfonates and subsequently enhance
hydrogen bonding ability is that of minimum desulfonation.
This would involve only partial removal of the sulfonic acid
groups so that water solubility would net be too greatly
reduced. Another method of decreasging emino specifiecity and
ereating additional hydrogen bonding possibilities would be
the condensation of the sulfonic acid groups with phenolic
substances to form sulfones. Recent German work (36) en the
gulfone bridge type of synthetic tamnin supports the view .
that this type of modification will increase the tanning
potential of lignin materials. In addition, the particle
sige of the lignin units will be inereassed whieh is presumed
to be asdvisable. Such a modification, however, will probably
result in a water insoluble material and thus it will be
necessary to subject the product to a minimum sulfonation to
regain water golubility. _ |

Another possible modification of the sulfonic acid

group of the lignosulfonates is the cenversion to the
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sulfonamide through the sulfonyl ehloride. Aliphatic sulfonyl
chlorides have very recently assumed considerable importance
as tanning materialg; A lignosulfonyl chloride, however, by
virtue of its affinity for amine groups would not be expected
to produce a "full" leather of the sole leather type, but it,
too, may be useful in the production of other leathers. The
lignosulfonamide, on the other hand, has greater possibility
for combination at the peptide link and might possibly be of
value in heavy lesther tanning.

The modifications of the lignosulfonates Jjust discussed
are unique in that they concern the sulfonic acid portion of
the molecule. Other types of modification are, of course,
possible and should be included in any program designed to
improve the tanning potential of the lignin wastes. The removal
of methoxyl groups in the lignin material, for example, would
increase the phenolic hydroxyl content. Costwise, this
operation might be difficult to Jjustify and other effecis on
the lignin molecule may be too drastic. However, it would
seem wise to consider this posgsibility. The lignosulfonic
acids as well as the alkali lignins eontain several reactive
aleoholic groups whose chemical reactivity permit combination
with carboxylic and sulfonic acid chlorides to form esters.

By proper selection of the acid chloride the phenolic hydroxyl
groups of the lignin can readily be increased. Lignin ethers

can be prepared to give similar results. Lignin derivatives

can be readily nitrated and here, too, the degree of hydroxylation
might be increased through diasotization of the reduced nitro
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derivative.

A disadvantage inherent to the alkali lignins is their
water insolubility. Because of the comparatively large size
of the lignin molecule it would appear reasonable to assume
that the discussed derivatives of the alkali lignins are also
water insoluble. Even though solvent tannage has been success-
fully accomplished in the laboratory (44), the tammer is not
yet prepared for such a revolutionary change from his present
methods. Water solubility could no doubt be imparted to
these derivatives by a minimum sulfonation procedure, and
although this process would involve an additional cost factor,
the produect may still meet the economic requirements of a
replacement tenmnin. From this viewpoint the lignosulfonic
acids may offer a distinct#dvantage.

¥, Plan of the Research

The chemical modifications Jjust discussed are many
and varied and will require considerable time for their complete
evaluation. The plan and purpose of this program is fourfold, wviz:

1. To obtain a preliminary evaluation of some of these
predieted modifications eof the lignin derivatives. This was
accomplished by preparing the derivatives and subjecting them
to the evaluation by tanning ealfskin squares with them. The
tanned squares were then examined with regard to "feel",
shrinkage temperature, and general appearance.

2. To select those derivatives with the greatest
promige and further study them by meansg of a calfskin piewve
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tannage. This permitted a more completeanalysis of their
tanning potential by means of leather analysis, microscepie
exsmination and resistance to proteolytic enzymes.

3. To obtain fundamental chemical information
concerning the most promising derivatives. This ineluded
elemental analysis whererequired (i.e. sulfur, magnesium, ete.)
and functional group analysis (i.e. methoxy and hydroxy).

4. To correlate the infermation in 2 and 3 with the

postulated theory of the tanning mechanism.
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IIT EXPERIMENTAL
A. Prepsration of the Derivatives

Three types of commercial lignin materials were
used in the following synthesis. These consist of:

1. Meadol--~ a purified hardweod lignin

2+ Indulin-- & purified alkali softwood lignin

3. Marathon Tan A-- a magnesium lignosulfonate
regulting from the sulfite process of wood cooking.
These names will be used as an aid in elassifying the

derivatives prepared.
All of the derivatives to be described were evaluated

in regard to their tanning potential. The data for this
evaluation will be found in Tables I-A, I-B, and I-C.

1. Meadol Derivati

a. Meadol-poly-2,4 digxﬂrogx@gnzga&g

Lignin esters have been described by Lewis, Brauns et al.

{26). Their method of preparation was to react an'aliphatic
acid chloride with the hydroxyl groups of the Mesdol in the
presence of pyridine. To employ this method for the synthesis
of a polyhydroxy aromatic acid ester of a lignin material
would be most impractiecal because it is doubtful that the
acid chloride of 2,4 dihydroxy benzeic acid (beta-resorcylic
acid) could successfully be prepared. Therefore a method of
direct esterification was used. This congisted of refluxing

the lignin produet with the aeid in dioxane solution in the
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bulb portien of a Soxhlet extraetor and shifting the
equilibrium by allowing the condensed dioxane vapofs
containing the water of reaction (B. P. dioxane 101° C.) te
pass through anhydrous sodium sulfate placed in the extractor
eup.
20 g. of Meadol were dissolved in 200 ml. of dioxane,

| 14.7 g. of beta=-resorcylie acid and 5 ml. of coneentrated

~ hydroehloric acid added. The mixture was refluxed in the bulb
portion of a Soxhlet extractor for 16 hours allowing the
condensate to pass through the cup which was packed with
anhydrous sodium sulfate. After cooling, the solution was
slowly poured into ether while stirring vigorously and the
precipitate filtered, washed with ether, and dried in

veacuum over sulfuric acid. Yield of product: 20 g.

b. Demethylated Meadol
Moore, Wright and Hibbert (33) describe a procedure for

the demethylation of a spruce lignin. The method was applied
to Meadol and its details follow:

20 g. of air dry Meadol was dissolved in 1600 ml. of
glacial acetic acid, 200 ml. of 57 per cent hydriodic acid
(Sp. G. 1.7) added and the mixture refluxed for two hours in
an atmosphere of carbon dioxide. After concentration of the
solution to about 200 ml. it was poured into € liters of O.1 N
gsodium bisulfite solution. This decomposed the excess hydriodie

acid and caused the lignin material to be precipitated. The
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precipitated material was separated by ecentrifugation,
washed with water, and dried in air.

The dried material was then extracted with ether to
remové eny tar-like products and the tar free derivative
disselved in glacial acetic acid and refluxed in the presence
of zine dust to remove any iodine in the lignin material.
After filtering the residuel gine from the solution, it was
poured (after first concentrating it to 200 ml.) into 2 liters
of water. The precipitate was centrifuged, washed with water
and dried over sulfuric acid in a vacuum degiccator. 6 g. of

& dark brown powder was obtained.

| Aromatic chlorime compounds can be hydrolyzed to phenols
and thus a hydrolysis product of a chlorinated lignin might
have an inereased number of phenolic groups. To prepare such
a product, Meadol was suspended in water at 80° C. and chlorine
passed through. The chlorinated product was then subjected

te hydrolyeis by refluxing with alkali. After cooling, the
modified lignin was recovered by pouring the solution inte
acid, filtering the precipitate, washing and drying in air.

d. Alkaline Hydrolysis Product o E
Peniston and McCarthy (40) have cleimed the conversion
of methoxyl groups in spruce lignin to phenolic hydroxyl groups
by a mild alkaline hydrolysis. Meadol was therefore subjected
to a 10 per cent sodium hydroxide solution and refluxed
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for skout four hours. The solution was dropped into a
hydrochloric acid solution, the preecipitate filtered off,
washed with water and dried in air.

Reid, Dryden, and Aronoveky (43) show that monoethanolamine
condenses with corncob lignin and the condensate can bel
remethylated. They conclude therefore, that the condensate

- has a greater number of hydroxyl groups present. Although
it is believed that the interpretation of their experiment
is open to some question, this reaction was employed in this
research with alkali lignin by adding monoethanolamine -
t0 a dioxane solution of Meadol and the condensed'prodnet
filteréd 6L, washed with water and dried in air.

100 g. of Meadol (dried im vacuum over sulfuric acid) and
@39® &. of Resorcinol were intimately mixed and placed in a
tﬁo necked flask fitted with a water cooled reflux condenser
and a thermometer. 100 ml. of ethyl ether was edded and '
thén 10 ml. of a concentrated hydrochloric acid. After refluxing
for three hours, the het resinous mass was poured inte
vigorously stirred water.

The brown precipitate was allowed to settle, washed with
water several times by decantation, filtered, washed repeatedly
with water and dried in vacuum. 10 g. of vacuum dried materisl

was obtained,
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2. Indulin Derivatives

a. Indulin Do 11—2,4 dihydroxy benzoate
20 g. of Indulin was treated exactly as was Meadol.

A yield of 24 g. of air dried préduct was obtained.

b. Demethylated Indulinm
The‘proeedure for deﬁetpylation #As essentially that
aeséribed for Meadol. A sodium fusion of the material before
deiodination and a subsequent test for iodide with silver
nitrate was negative. There was no need therefore for the

deiodination procedure. 19 g. of demethylated Indnlin was
obtained from 20 g. of the original lignin.

¢, Aluminum Chlori reated Indulin

It is well known that anhyarous aluminum chloride is a
good demethylating agent (20). It was hoped that it could
be made té convert the aromatic methoxy groups of lignin
to phenolic hydroxyl groups. Indulin was suspended in nitro-
benzene, aluminum chloride added and the mixture refluxed
for an hour. The modified lignin was then filtered off,
washed with ether and air dried.

d. Phosgphoric Acid treat

100 per cent phosphoric acid is repartea to convert
aromatic ethers to phenols (51). Approximately pure phosphorie
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aeid was prepared by the addition of phosphorous pentoxide
to 85 per cent phosphoric acid until the specific gravity
of the pure acid was obtained. A check by titration indicated
a purity of 98.6 per cent. When Indulin was suspended in this
acid and heated; considerable frothing occurred. The lignin
material was recovered by pouring the mixture into water,
filtering off the product, washing with water and drying in

air.

e. Rearrangement of Ether gtructure of Iignin to Phenolic
Alkyl-phenyl ethers undergé rearrangement in the presgence

of certain reagents to form substituted phenols (6). Sinece
lignin is sald to consist of a phenyl«propyl-ether‘type
structure (12) it is conceivable that certain reagents might
produce a lignin derivative with a greater phenolic coantent.
A mixture of glacial acetic and sulfurie acids is an effective
agent for this rearrangement and it was therefore employed
with Indulin by adding the lignin to the aeid mixture and
hesting. The gummy precipitate formed was sepsrated by pouring
into water, filtering, washing with water and drying.

f. Hydrolf¥zed Chlorinated Indulin
Indulin was chlorinated and then hydrolyzed exactly as

was Meadol. The product obtained4was recovered and dried in
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the manner previously employed.
g. Condensation with Phenol

5 g. of Indulin was dissolved in 60 g. of Phenol and
12 ml. ethyl ether and 1 ml. concentrated hydrochloric acid
added. After refluxing for one hour, part of the excess
phenol was removed by vacuum distillation and the rest
separated by dissolving the reaction mixture in 150 ml. of
dioxane and adding that solution dropwise into 1500 ml.
of water. The precipitate was filtered off, washed with ethyl
ether, petroleum ether, and dried in air to yield 7 g. of
material. |

h. Condengation with orein
Indulin was condenged with resorcinol in exactly the
same manner deseribed for Meadol. The resulting product

had characteristics similar to the other resorcinol-lignins.

i. Alkaline Hydrolysig Product of Indulin

Indulin was hydrolyzed with 10 per cent sodium hydroxide
exactly as was Meadol. The resulting solution was adjusted
to proper pH (5.0) and used for the preliminary tennage.

3. Derivatives of Magnesium Lignogulfonate

a. Alkaline Hydrolysis Product
As already noted, Peniston and McCarthy (40) have shown
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that mild alkaline hydrolysis of a spruce lignosulfonate
results in demethylation with an increase in phenolic groups.
Magnesium lignosulfonate was therefore subjeeted to alkaline
hydrolyseis in the manner previously described for the alkali
lignins.

| b. Hydriodiec Acid treated Product

An attempt was made to demethylate magnesium lignosulfe-
onate in the menner used for the alkali lignins. It was
observed that although the lignesulfonate was soluble in
57 per cent hydriodic acid, coagulation occurred upon heating
and the product became very difficult to handle. For this
reason an aqueous medium was used. The precipitate formed
after refluxing the lignosulfonate with hydriodic acid was
separated by centrifugation, treated with a solution of
sodium bigulfite to remove iodine and then washed with water,
filtered, washed agein and air dried. When an aqueous

suspension of the material was tested with silver nitrate

no precipitate was obtained..

100 g. of dry magnesium lignosulfonate was intimétely
mixed with 100 g. of Resorcinocl, 100 ml. of ethyl ether and
10 ml. of concentrated hydrochloric acid were added and the
mixture refluxed at 120-160° C, for two and one-half hours.
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While still molten, the plastic mess was dropped into water,
the preeipitate filtered off, washed thoroughly with water
and dried in air to yield 80 g. of materisl.

All of the lignin derivatives prepareﬁ,were subjected
t0 a preliminery evaluation of their tanning ability by
means of tannage of calfskin squares. Since most of the
products obtained were insoluble in water, it was necessary,
in thgéea%nstances to employ a solvent system of tannage.
Tu.ana Lollar (53) have shown that methanol is the most
satisfactory solvent and it was therefore selected for use.
The procedure for tannage was essentially that used by Tu
and Lollar (53) and consisted of immersing several acetone-
dehydrated calfgkin gquares (prepared as deseribed by
Lipsitz, et al. (27) ) in a 20-40 per cent methanel
solution of the lignin derivative. After penetration hed
aeeurréd {16-24 hours), the squares were pleced in water for
geveral hours to permit fixation to occur and then the pieces
allowed to air dry in the dark overnight or longer.

Where a water soluble material was evaluated, a single
bath tannage wag conducted in an aqueous system, the pH being
gradually reduced from 5.0 to 3.0 before removal from the
tanning liquors.

| The dried squares were then examined visually for nfeel®

and appearance and a shrinksge temperature determination also
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made on the Theis Shrinkage Meter. The results will be
found in Table 1l-A, I-B, and I-C.

C. Ihe
Solubility

It is readily observed from Teble I that five of

the lignin derivatives produce leather with desired
characteristics and deserve further gtudy. These are:

(1) demethylated Meadol

(2) demethylated Indulin

(3) the resorcinol-Meadol condensate

(@) the resorcinol-Indulin condensate

(5) the condensate of resorcinol with magnes-
ium lignosulfonate ,
All of these products were, therefore, prepared on a larger
scale, but under essentially the same conditions as previously
described.

None of these materials, however, is soluble in water.
Under the present commercial tanning conditions it is
essential to the successful development of any commercial
tannin that the substance be soluble or at least dispersable
in aqueous system. Since the cheapest available source of
lignin is the magnesium lignosulfonate, itsderivative was

chosen as the most 1ogiéal"material for solubilization studies.
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A common method of imparting water solubility is by
sulfonation. One method of sulfonation is by reaction with
bisulfite and when successful, is simply carried out. A
preliminary experiment in which the magnesium lignosulfonate
condensate was refluxed with a sodium meta-bisulfite solution
indicated that a water soluble product resulted.

In order to determine the optimum concentration of
bisulfite required a series of reactions at varying bisulfite
concentrations was allowed to proceed, and after cooling,
calfekin squares immersed in the resulting solution and the
shrinkage temperature of the tanned squares determined. The
experimental data will be found in Table II.

It is evident from Table II that bisulfiting at the
5 per cent level ig most effective. Subsequent bisulfiting
of the insoluble condensate was carried out at this concentr -
ation and the tanning potential of the soluble derivative

evaluated.

In addition to the five lignin derivatives tabulated
above, the water soluble product was included in this more
complete evaluation. For this evaluation of these promising
derivatives, pieces of acetone-dehydrated calfgkin (about 3"
by 5") were subjected to tannage. The water insoluble materials
were employed in a manner identical to that used for the

ealfgkin square tanmage, the skin to tannin ratio being 2:l
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and a volume to skin ratio of 10:1. In the case of the water
soluble derivative, & single bath tannage at pH 5.0 was used.
The skin to tsnnin ratio was also 1l:1, bul the solution to
skin ratio was 20:1.

After tannage, the pieces were bleached, fatliquored
and dried in the menner deseribed in a previous publication (28).

The leathers thus produced were then examined with regard |
to the usual eriteria of leather quality. This consisted of:

1. Visual obsgervation for color and general leather
character » 7

2. A modified A.L.C.A. leather analysis. This consisted
of determining hide substance, grease, and ash in the usual
manner and determining water solubles by means of Wilson-Kern
washing with water. | |

3. Microsecopic examination. Histological examination of
eross~-sections was made for tannin and fatliguor penetration.
In addition, the cross-sections were subjected to the ninhydrin
test as deseribed by Lipsitz et al. (28).

4. A shrinkage temperature determination on the Theis
shrinkage meter.,

5. A determination of the leathers' resistance to
proteolytie attack and a leather msde from magnesium ligno-
sulfanate alone was also evaluated for éomparison. The
method employed is that reeently developed by Undeutsch (54).
Essentially it is conducted in the following manner:
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About 0.5 g. of finely ground leather gsample is weighed
into two bottles. Into dne bottle 25 ml. of a 0.2 per cent
solution of trypsin in 0.1 N sodium bicarbonate is added
and the same amount of a similsr tryptic enzyme solution
which has been inactivated by boiling introduced into the
second bottle. Both bottles are then agitated at 104° F. for
18 hours. After the digestion has occurred the solutions sare
made up te 250 ml. in volumetric flasks, filtered with
suction, the filtration being aided with "Celite®. 50 ml.
of the filirate are then pipetted into tared dishes for
solids determination. The difference in golids between the
control and experimental sample divided by the dry sample
weight represents the degree of tryptiec hydrolysis.

The resultg of this evaluation together with the data
obtained from the other indicated studies will be found in
Table IIT which also lists the properties of leather made
from an unmodified magnesium lignosulfonate.

E. Fundamental Studieg of the Modified Ligning

1. Determination of Homo-or Heterogeneit;

Accurate interpretation of analytical results depend
upon the use of samples representative of a homogeneous
entity. It was therefore necessary to determine the homo-
or heterogeneity of the lignin derivatives and since ‘the
resorcinol-condensates appeared to be the most promising

derivatives, those materials were subjected to ascending,
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one dimension paper chromatography. Two solvent mixtures
for development of the chromatograms were used: (1) the
butyl alcohol-acetic acid-water mixture (4:1:5) used by
Partridge (39) and also by White (57) who separated quebracho
tannin into many components with this mixture and ¢2) a 3:l
mixture of ethyl acetate and methyl alcohol used by Grassman
{(16) in his work on vegetéble and gynthetiec tanning. Strips
(2.5 by 30 cm.) were cut from Whatman #2 paper which was
extracted with methanol to remove a fluoreseent impurity and
spotted 2.5 cm. from one end with 0.5 ml. of solution
containing 10-15 micregrams of solids. The strips were then
suspended in the solvent mixtures in a clesed container
(a covered battery jar was used) and the developing liquid
allowed to rise. When the advancing front had travelled two-
thirds of the length of the strip, the strips were removed,
air dried and examined under ultraviolet light.

Table IV indicates the results obtained and it is
evident from the two bands obtained in the case of the
magnesium-lignosulfonate-resorcinol condensate, that it is

composed of at least two components.

2. Separation of the Components in the Msgnesium Ligno-

sulfonate-Regoreinol Condensate :
Preliminary experiments with a chromatographic

column of ealcium cerbonate indicated also that two substances

were present. Both materials were methanol soluble, but one
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fluoresced with a yellow color when its methanol solution
was placed under ultraviolet light while the other substance
gaﬁe a blue-white fluorescence. Neither calcium carbonate,
alumine, nor hide powder produced a completely satisfactory
chromatographie column, but the hide powder column indicated
that the use of hide powder in a batch treatment might
preferentially adsorb one of the components. It should then
be possible to leach off the fraction adsorbed on the hide:
powder with a 50-50 water-acetone mixture which Merrill (30)
has shown to be very effective in removing many tannins
from hide powder. Details of the method employed follow:

312 g. of a grease extracted, methanol washed hide
powder was wetted with water and allowed to stand for 30
minuteg, After filtering with suction the hide ﬁewder was
added to 5 liters of methanol containing 18.7 g. of the
magnesium-lignosulfonate-regorcinol condensate and the
mixture was stirred vigorously for one hour. The tanned
hide powder was washed once with methanol and allowed teo air
dry overnight. The filtrates were combined for further

treatment.
The air dry tanned hide powder was then extracted by

repeated shakings with four 2 liter portions of 50-50 acetone~
water mixture. Although all of the material was not removed,
the fourth extraction removed very little material. These

extracts were then concentrated to yleld 6.4 g. of material
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(designated 106-T) which represents 34.2 per cent of the
amount taken (18.7 g.) When dissolved in methnnﬁl the
material exhibite a blue-white fluorescence under ultra-
violet light.

The filtrate and waghing which contain the material
not adsorbed by the hide powder were combined and concentrated
to yield 3.9 g. of solids which is 20.9 per cent of the
total amount taken (18.7 g.). This material when dissolved
in methanol exhibited a yellow fluorescence under ultra-
violet light. Each of these fractions were sgain chromato-
graphed and in each case a single band was obtained. Thus
it appears that a separation was achieved.

3. Chemical Analygis of the Derivatives and Fractions

In order to have a better knowledge of the comp-
osition of the modified lignins it was necessary to subject
them to elemental and functional group analysis. Since
the structure of the lignins employed is unknown and the
fundamental unit quite large (about 840) little value
could be obtained from the usual carbon-hydrogen analysis.
Of much greater interest are such functional groups as
methoxyl and hydroxyl and the elements of sulfur and

magnesium in the case of the magnesium lignosulfonate

derivatives. The methods employed for these analyses follow:
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a. Methoxyl:

The standard method (T2M-43) of the Technical
Association of the Pulp and Paper Industry was used (50).
Essentially it is a modified method of Viebock and Schwappach
(55).

b. Hydroxyl:

The method used was that described by Siggia (49)
and taken from the publication of Ogg, Porter and Willits (37).
It consists of acetylating the materisl with a known amount
of scetic anhydride and determining the excess by titration.

¢. Sulfur

The method of Salvesan and Hogan (47) was used for
sulfur analysis. It is a wet oxidation method (perchloric-
nitric acids) with subsequent precipitation of barium sulfate.

d. Magnesium:

Magnesium was determined in the solution obtained
by the perchloric-nitric acid oxidation. 8«hydroxyquinoline
was used as deseribed by Kolthoff and Sandell (24).

The results of these analysis will be found in Table V.
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IV DISSCUSSION

It is interesting to note in Table I-A and I-B that
the lignin-poly-2,4 dihydroxy benzoates produced leather
samples that had good appearance, but no increased shrinkage
temperature, At first this might appear contradictory to
the hydrogen bonding theory of the tannin mechanism since
phenolic hydroxyl groups have been added to the lignins.
Tu and Lollar (53) have shown that tanning properties cannot
be expected from meta substituted phenoliec hydroxyl groups
nor can they be expected from aromatic hydroxy carboxylic
esters. The carbonyl group of the ester linkage limits to
a large degree the quinoid resonance in the resorcinol ring
and therefore the hydrogen atoms of the hydroxyl groups
have little tendency to hydrogen bond. This interpretation might
be gquestioned on the grounds that hydrolyzable tennins are
‘aromatie hydroxy carboxylic esters and that they do convert
hide protein into leather. But the additional fact remains
that Lipsitz et al. (27) have recently shown that chestnut
tannin, a representative of the hydrolyzable tannins, doés
not make a leather that resists proteolytic attack. This
raiges the interesting question as to whether or not other
tenning in this class exhibit the same characteristics. It
is true that this class of tanning produces leather with

an elevated shrinkage temperature (although chestnut tanned
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leather has, in general, a lower shrinksge temperature than
leather made from the condensed tannins type; viz. quebracho
and wattle) and explenation for the tanning ability of
chestnut cen be found in the quercitin part of the chestnut
tannin, which structure is potulated by Flinn (10). This
poly-hydroxy-flavanone structure contains phenolic hydroxy
groups which can take part in quinoid resonance and are
therefore loci of hydrogen bonding. Thus the hydrogen bond
theory adequately accounts for the facts observed.

A mild alkaline hydrolysis of the lignins might be
expected to produce suitsble tanning materiels since, as
already noted, Penigton and McCarthy (40) have shown that such
treatment increases the phenolic hydroxyl content and decreases
the gulfonic acid character of the lignin. Unfortunately,
this treatment also results in considerable breakdown of
the lignin material. It is well known that particle size of
the tamning maicrial is an important factor in affecting a
tannage. Very probably, the failure to obtain a satisfactory
tanning material from an alkaline hydrolysis modification is
the result of such extreme lignin breakdown.

The fact that some of the other modified lignins failed
to yield the desired improvement in tanning ability must be
attributed to the possibility that reaetion occurred other

then was expected. Since the structure of the lignin materials
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ie not known and since its chemical properties are not
completely understood, unexpected and unexplaineble reactions
are quite possible. Nevertheless, the lignin derivatives
which were promising in the preliminary evaluation and which
were selected for complete evaluation did fulfill the pedict-
iong made in regard to the improvement of tanning potential.

Teble IIT indicates the data obtained from the complete
evaluation of the modified lignins. It is evident that the
demethylated ligning produced leather with a poor general
appearance, but which did have an elevated shrinkage temperature
and was considerably more resistant to tryptic attack than
~the lesther made from the unmodified lignosulfonate. The
leathers made from the resorcinol condensate derivatives are,
in general, excellent in regard to visual observation and
“feel® characteristics. They, too, have an elevated shrinkage
temperature and are quite resistant to tryptic attack, having
the same range of hydrolysis as vegetable tanned leathers (54).

The yield obtained and the degree of tannage was, in‘all
cases somewhat low which is a reflection of the high hide
substance value. Unfortunately the results of the ninhydrin
reaction are not as definite as one would like. Only in the
case of the bisulfited-resorcinol-condensate was there a

decided blue coloration. In the other instances, the leather
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eross-sections were so dark that no blue coloration coﬁld be
seen. There was, however, a decided further darkening of
these cross-sections when treated with the ninhydrin reagent
which would indicate a positive reaction. The interpretation
of the positive reaction is that inactivation of the free
amino groups of the hide protein has not occurred and therefore
the tanning mechanism does not involve reaction at these loei.
The significant data obtained in the test is that the bisulf-
ited-resoreinol condensate produced a positive reaction
in contrast to the unmodified magnesium lignosulfonate tannage.
Since the bisulfited-resorcinol condensate is the result of
increasing the hydrogen bonding loci of the magnesium ligno-
sulfonate this is additional evidence that the basic conten-
tion of the tanning mechanism (i.e. hydrogen bonding) is
of congiderable gignificance. ,

Table V indicates the snalyticsal data obtained from the
modified lignin derivatives. The analysis of the demethylated
lignin derivatives (Table V-A) indicates that the hydridoedic-
acid treatment reduced the methoxy content about 12 per eent.
Although only & small increase in hydroxy content is evident
it must be remembered that treatment with hydriodiec acid
destroys the aliphatic hydroxyl groups and thus the per cent
hydroxyl represents phenolic hydroxyl. In addition to
destruction of the aliphatie hydroxyl groups, considerable
degradation of the lignin probably occurred since the lignin
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structure is reported to contain ether linkages in its
fundamental unit (21). This breakdown is reflected in

the rather poor leather quality obtained from tannage

with these materials. Thus, the only conclusion warranted
is that the phenolic hydroxyl content has been considerably
increased with a subsequent increase in sghrinkage temperature
and resistance to tryptic attack of leather made from such
modified lignins.

The analysis of the Meadol-resorcinoel condensate is
compared with that of #eadol in Tekble V~-B. If one assumes
that the literature is correect and Meadol has a unit weight
of 860 and that this unit contains 6 methoxy groups (26),
some interesting calculations can be made. It follows from
the nature of the modification that the number of methoxy
groups was not affected and therefore, the unit weight of
the Meadol-resoreinol condensate can be calculated thus:

6 x 31 x 100 = per cent methoxy = 14.5
Unit Wt.
Unit wt, = 1285
From this unit weight, the number of hydroxyl groups present
in the Meadol derivative can be obtained.

No. of OH groups x 17 x 100 = per cent OH = 17.0

1285
No. of OH groups = 12.9 or 13
Therefore, sinee five hydroxyl groups are present in the

unmodified Meadol, eight hydroxyl groups must have been added
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by the reaction. .41-

As afurther check on this conclusion it is found that
the unit weight of the Meadol derivative is 1300 if four
resorcinol molecules have been added per 860 unit:[860+(4 x 110)] =
1300, This is a good check on the value ealcﬁlated from the
analytical data. Thus it appears that the reaction Between
Meadol end resorcinel involves the addition of four resercinol
molecules per lignin unit of 860 and the data further suggests
that the reaction does not invelve hydroxyl groups.

Similar reasoning from the analytical data for the Indulin
resorcinol condensate (Table V-C) indicates that six hydroxy
groupe have been added per Indulin unit of 840. The unit weight
calculated from the analytical date is 1410 which is in agree-
ment with the value obtained (1390) on the assumption that
five resorcinol molecules combine with Indulin. Thus it would
appear that the reaction between Indulin and resoreinol involves
the addition of five resorcinel molecules per lignin unit of
840 and that four hydroxyl groups are involved.

The interpretation of the analytical data obtained in
the case of the magnesium lignosulfonate resorcinol condensate
(Table V-D) is limited because the material is not homogeneous.
The two fraetions that have been obtained are decidedly
different, but no other conclusions about them can be made.

Of considerable interest however, are the hydroxyl to

methoxyl ratios of the water insoluble and bisulfited derivatives.

Agein making the logical assﬁbtion that the
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methoxyl content should not change with bigulfiting it is
at once apparent from the ratios that the hydroxyl groups
were not affected by the sulfiting reaction since, if they
had been, a decrease in the ratio would have been noted.
Bucherer (4) and'Fuchs and Elgner (14) found that resorcinol

can be sulfonated with bisulfite and postulated that the

reaction would involve the tautomeric enol form as follows:

OH SO s
. .3Nbﬁ
SOz
Nags W

The resulting product has one sulfonic acid group firmly

attached to the ring and the other two are bisulfite addition
compounds of carbonyl groups. Wise (58) points out the fact
that the ratio of the firmly bound to the loosely bound
sulfonic scids is not comparable to that indicated by the
above equation and conecludes that this is strong evidence
against this concept of the reaction between bisulfite and
lignin. But, even if this reaction were to occur at the
condensed resorcinol groups it is true that the hydroxyl

to methoxyl ratio would not change, but the resulting compound
would not be g tanning material because the aromatic
character of the hydroxyl groups no longer exists. Since

the bisulfited derivative has good tanning ability, the
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original deduction that the hydroxyl groups are not iavélved
in the bisulfiting reaction would appear to hold.

As a general conclusion, it is evident that this
program for the improvement of the tanning potential of
lignin derivatives is well founded. It is obvious, however,
that additional research must be carried out to make any
process toward this goal economically sound. It is felt
that the next logical step should be directed toward this

end.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



—dl -

V SUMMARY |

The hydrogenvbond theory of tannage suggests that
modified lignin derivatives are a potential source of
tanning materials. Three typesg of commercially available
lignins have been subjected to chemical modifications
designed to increase their hydrogen bonding ability. The
derivatives thus obtained were given a preliminary evaluation
by means of a ealfskin square, solvenf tannage and the
most promiging derivatives selected for further study.

In addition te the water insoluble promising derivatives,

vigs

a. a demethylated alkali hardwood lignin

b. a demethylated alkali softwood lignin

¢. a condensate of resorcinol with an alkali hardwood
lignin

| d. a condensate of resorcinol with an alkali softwood

lignin

e. a condensate of resorcinol with a magnesium ligno-
sulfonate,
a water goluble derivative was also prepared by bisulfiting

the resorcinol-magnesium lignosulfonate condensate. These
six lignin derivatives were used to tan pieces of calfskin

and the resulting leathers given a complete evaluation in
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regard to shrinkage temperature, general leather "feel®
and appearance, chemical and microscopic analysis, and
resistance to proteolytic enzymes.

In sddition to the above evaluation, fundamental
information concerning the derivatives themgelves was
obtained. This consisted of elemental analysis (Mg and S
where necessary) and functional group analysis (OCHS and
OH). A study was algo made of the homo- or heterogeneity
of the compoundg by paper chromatogrsphy and where a
geparation of the components was made, each fraction was
also subjected to chemical ansalysis.

The data obtained in this investigation permit the
following conclusions to be made:

1. As predicted, increasing the phenolic hydroxyl
content of lignin derivatives converts them to tanning
materials. This is additional evidence for the significance
of hydrogen bonding in the tanning mechanism.

2. Leather produced from such modified lignins have
leather character not obtained from the unmodified ligno-~
sulfonate tannage, i.e. increased shrinkage teperature
and resistance to enzymatic hydrolysis.

3. lignineresorcinol condensates are better tanning
materials than demethylated lignins.

4. A bisulfited magnesium lignosulfonate-resorcinol

condensate is an excellent water soluble tanning material.
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5. The reaction between sodium bisulfite and the
magnesium lignosulfonate condensate does not involve hydroxy
groups.

6. The reaction between an alkali hardwood lignin and
resorcinol results in the introduction of four resorcinol
molecules per lignin unit and the data suggests thet the
hydroxyl groups are not involved.

7. The reaction between an alksli softwood lignin and
resorcinol results in the addition of five resorcinol
modecules and the data suggests that four hydroxyl groups
are involved.

8. The magnesium lignosulfonate-resorc¢inol condensate

- 1s a mixture of two components. Preferential adsorption
of one fraction permits a separation ylelding two distinet

fractions.
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vTable I-A

Preliminary Evaluation of the Tanning

Potential of Modified Lignin Derivatives

Lignin Derivative

Meadol-poly-2,4 Dihydroxy-
benzoate ;

Demethylated Meadol

Hydrelysis product of
Chlorinated Meadol

Alkaline hydrolysis product

Condensation product with
ethjenolamine

Resorcinol~Meadol Condenssate

Q._@in Source =~ Meadol

Type of Tannage “Feel"”
Solvent Excellent
Solvent Excellent
Aquecus Fair
Solvent Good
Solvent Poor
Solvent Excellent

Color Shrinkage Temperature
Tan 67°C,
Dark brown 81
Very dark 62
brown
Brown 66
Dark brown -
Tan 806
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?s.l_;le I-B

Preliminary Evaluation of the Tanning Potential of

Modified Lignin Derivatives

_I:_i_@in Source - Indulin

_Lz._gxin Derivative

Indulin~poly-2,4 dihydroxy
benzoate , Solysp‘;

Demethylated Indulin Solvent

Aluwninur Chloride treated
Indulin Solvent

Phosphoric Acid treated
Indulin Solvent

Rearrsngement of Ether Structure
to Phenolie¢ hydroxyl , Solvent

Hydrolyzed Chlorinated Indulin Solvent

Phegol-lndulin Condensate Solvept
Resorcinol Indulin Condensate Sqlvent
Alkeline hydrolysis product Solvent

Type of Tannage  "Feel"

Very good

Excellent
Falr
Poor

Good
Feilr
Good
Excellent

Fair

Color Shrinkage Temperature
Brown 65°C.
Dark brown 85
Black 62
Black -
Brown 64
Black 57
Brown 70
Ten 78
Black 61
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Table I~

w 53 -

Preliminery Evaluation of the Tanning Potential of

Modified Lignin Derivatives

Lignin Source - Magnesium mgxesulfbnate

~ lignin Derivative Type of Tannage "Feol" Color Shrinkage Temperature
Alkaline hydrolysis pro- ) :

duct ‘ i Aqueous Fair Tan 68
Hydriedic acid treated

produet Solvent Very poor Black --
Resorcinol~Condensate Solvent Excellent Tan 81



Table II

Concentration Studies for Optimum Bisulfiting Conditions

Magnesium Lignosulfonate-Resorcinol

Condensate taken--«--- - 1 1 2 e e o o 3.0 g.
Aqueous solution volume-=-=-- = v o o e e —————— - o o e -===30,0 ml.
Reflux timee==-—wcccrec e nn e e e - o e e e 24.0 hrs.
Concentration of Shrihﬁage
dium Bisulfite* Temperature
1% 74 °cC.
2 75
3 7
5 80
10 i
15 | 76
20 75

* Bagsed om lignin derivative
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Gomplete Evaluation of Leathers :}‘Xidak from Modified Lignins
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Resorcinel Bisulfited
, ' Resorcinol Resorcinol Magnesivm = Resorcinol

o Demethylated Demethylated Meadol Indulin Lignosulfonate Magnesium = Magnesium
Tanning Material Meadol Indulin Condensate Condensate Condensate Lignosul fonate Iignosulfonate
!ield% (hide ' ' : ,
substance basis) 160 162 164 169 187 164 192
Fullness Poor Poor Good Good Good Excellent Excellent
Firmmess 81, stiff 81, stiff Firm Firm Firm : Firm Firm
Coler Brown Brown

) Black Black Tan Brown Brown Tan Tan

S};Ifin];age T. °C. 77 77 83 85 88 79 ‘ é8 -
Moisture % 10.1 10.4 9.j6‘ 8;8 10.2 10.0 11.1
Total Ash**% 6.91 0.02 0.04 0.06 0.11 0.82 0.7
Hide Substance™*% 62.4 66.7 61.0 59.2 63.8 61.1 52;1
Chleroform Extract**y 4.7 4.5 7.8 85 4.3 3.4 4.4
Water Solubles*% 3.0 8.7 9.9 7.3 8.0 12,1 2.3
Combined Tannip**% 29.9 269 _ 21.% 25;2 23.8 22;7 40;1
Degree of Tammage*'? 48.0 39.5 © 36.0 42.5 37;4 37.1 7.6';8
Tryptio Hydrolysis 22.5 11.1 2.3 8.7 5.4 o ‘5;9 - 43;2
Tannin Penetration Excellent  Excellent Excellent Excellent Excellent Light through
Hinhydrin Reaction +? +? +? +9 +17 eex:ter _

4+ Analysis on dry basis
? Leather too dark for absolute detection of blue coloration, but derkening ocourred

ogg-
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Iignin Derivative

Resoreinol—rndulin
Rosprcigol-}{eadol

Resorcinol~Magnesium
Lignosulfonate

Fraotion 106-T

Fraction 106-K-T

~ Table IV

Paper Chromatography of Modified Lignins

Developing Mixture

Bthyl Acetate-Methanol

(3:1)

N-Butyl Alcohol-Acetic Acid-Water

(4:145)

Rf. 7Visible Color Color under Ultraviolet Rf, Visible Color Color under Ultraviolet

1.0

1.0
1.0
1.0

1.0

Orange

Orange

Orange

Or_tu;ge

Orange

Yellow

Blue~white

Blue-~whibe

Blusewhite

Blue~white

1.0
1.0
1.0
0,98
1.0

1.0

Orange Yellow
Orange Yellow
Colorless Blue-white
Orange Yellow

Orange Yellow
Orange Yellow

”93-
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| Table V-A
Analysis of Demethylated Lignin Derivatives
(A1l data on dry basis)

Indulin Demethylated Indulin

% Methoxy 13.9% 1.1
% Hydroxy 14.5 15.8
adol Demethylated Meadol
% Methoxy 21.6 9.2
% Hydroxy 9, 9%* 14.7

*Tdentical to value found in the manufacturers bulletin (5)
**Calculated from literature statement of 5§ OH groups

per lignin unit of 860 (26)
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Table V-B

Analysis of Meadol and the Meadol Resorcinol Condensate
(All data on dry basis)

Meadol Resoreinol Meadol

% Methoxy 21.6% 14.5

% Hydroxy 9.9% 17.0
Table V-C

Analysis of Indulin and the Indulin Resoreinol Condensate
(All data on dry basis)

Indulin BRegorcinel Indulin
% Methoxy 13.9 8.8

% Hydroxy 14.5 16.8

* Taken from literature (26)
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Table V-D

Analysis of Magnesium Lignosulfonate Derivatives
(All data on dry basis)

Derivative gMg %S HOCH:; %OH OH: OCHg
Magne sium |
Lignosulfonate 2.5 6.5 10.0 11.0 - o

Magnesium Ligno~
sulfonate Resorecinol

C@m@n&&te 902 2.0 709 16.6 3.8 ¢ 1
Bisulfited Magnesium

Lignosulfonate

Resorcinol Condensate  --- 4.2 7.2 16.9 4.3 : 1
Fraction 106-T* - - 1.3 7.4 16,1 wmee- -
Fraction 106-N-T¥%* ———  0.94 8.1 18:8 wmmmm—m

* A methanol solution of this fraction gave a blue-white
fluorescence when placed under ultraviolet light.
** A methanol solution of this fraction gave a yellow

fluorescence when placed under gltraviolet light.
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