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This invention relates to leather and fore particularly 15 
to the treatment of leather to render it resistant to water penetration without detrimental modification of its other 
properties. ??- .? .. " - 

Leather is a valuable material, particularly for the manufacture of shoes and other articles of clothing, 'be-20 cause of its pliability and porosity. The porosity is 
important on two scores. In the first place, the pores 
are so fine as to be of some value in: ving the leather s heat insulating properties. Secondly, and inbre'inpor. 
tant, when used in shoes or other ciôse-fitting garments;" 25 
the pores of the leather permit breathing, i.e. the escape 
of water vapor given off by the body, and thus main 
tain the comfort and health of the wearer:Leather 
however, has the disadvantage that the collager fibers 
of which it is composed are hydrophilic in nature; Ac-30 
cordingly, water is taken up quite rapidly by leather and 
freely passes therethrough. . . . r 

Heretofore, because of its importance, extensive re. 
search has been directed toward solution of the problem: 
of producing waterproof leather. These efforts have for 35 
the most part, however, beer directed toward"filling the 
pores of the leather by "stuffing it with oils, greases, 
and/or waxes during its manufacture, by applying "dub 
bing" or the like to finished' leather articles, or by im 
pregnating it, with plastic matérials such as resiis óf 40 
rubber. În the first two methods mentioned practically 
no improvement in waterproofness is obtained unless the 
amount of grease, oil, wax, or similar material placed 
in the pores of the leather is so great, about 50% or 
more, as to completely block the pores. Even with very 45 
large amounts of such pore-filling materials, the improve 
ment in waterproofness is of limited scope and value 
since it is lost when the leather is flexed. This results 
from the fact that, as pointed out above, the leather 
fibers are hydrophilic and during flexing; therefore, the 50 
water either passes through the fibers or through the 
channels where the pore-filling material has ptilled away 
from the pore walls. a ...a - d . . . r 

Leather can be given a rather high degree of water 
proofness by impregnation with resins or rubber. How 55 
ever, the resultant produce is completely non-porduis and 
its flexibility is also reduced. * Both the latter method 
and the "stuffing' referred to above, insofar as they 
block the pores of the leather, are undesirable for many 
purposes, leather which has been rendered eompletely 60 
impervious; for example, being-nio more suitabilès för uiš? * 
in making boots and shoes than sheet rubber. Experit. 
ence: in the armed services and elsewhere has shown: 
conclusively, the necessity of porosity: in footwear and 
the extreme: undesirability of using non-porous footweaf, 65. 
even when it is partially or wholly: waterproof, except.' 
for limited periods of time. " 
An object of the present invention is, therefore; to 

provide leather, which is substantially waterproof tirider 
conditions of use which involve bending and flexing, yet to 
which has a high degree öfs porosity" sô as tõ permiti pas 
sage of water vapor:}; 

Another object of the invention is to provide'leatherii 
which, although resistant: to water: penetration is soft, 
flexible and porous. . . 75 
A further object of the invention is to provide a proc 

ess which will permit simplification of the methods now 
in use for tanning and finishing leather; ; ; ; , - 

Still another object of the invention is to provide leather'. 
which is waterproof but is still flexible at low itefnpera-r'so 
leS' . . 
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Other objects are to provide a treatment for leather 

to render it waterproof which is inexpensive, does not 
involve extensive apparatus, and is permanent ineffect: 
Additional objects will be evident from the following 
specification and claims. 

Applicant has made the discovery that certain deriva 
tives of succinic acid are effective in accomplishing the 
foregoing objects. Among Such derivatives that have 
been found suitable are alkylated succinic acids, such 
as alkyl or alkenyl substituted succinic acids. The sur 
prising effectiveness of such compounds in waterproofing 
leather treated therewith in accordance with the present 
invention will be observed from the following examples: 

EXAMPLE 1 

A piece of finished upper leather 3% x 4% inches in 
size was extracted with petroleum naphtha to remove 
any wax, grease, or oil. It was then treated with 10% 
of iso-octadecenyl succinic acidi in solution in ethyl alco 
hol. After the treating agent had been absorbed in the 
leather, the specimen was heated for about 15 minutes at 
a temperature of 65° C. 
The resistance to water penetration of the leather speci 

men'so treated was determined by a flexing test developed. 
in the leather... laboratory of the National Bureau of 
Standards which subjects the leather to conditions which 
more nearly simulate natural use than former methods. 
In this test, the details of and apparatus for which are 
set forth in an article by Mieth Maeser in the Journal 
of the American Leather Chemists' Association, vol. 
XLII, page 401, et seq., August 1947, leather specimens. 
are continuously flexed while covered with water. The 
time or the number of flexing cycles required for water 
to penetrate a specimen is taken as the measure of its waterproofness. 

In an article on page 42 of the ASTM Bulletin for 
December 1947, it is stated with reference to this flexing 
test: . 
"A large number of commercial shoe-upper leathers 

have been tested by the new method. These ieathers 
show, in general, a low water resistance. The average 
resistance of a large number of samples is approximately 
200 cycles or flexes, which would correspond to walk 
ing distance of about 4 mile. Stuffing the leather with 
large quantities of grease does not greatly improve the 
Water-resistance of leather until the amount of grease 
exceeds 50 per cent by weight. Leathers having grease 
contents in excess of 50 per cent are much more water 
resistant and may show resistances exceeding 10,000 
flexes. ... Such leather, however, is not suitable for use in 
shoes or garments because of its impermeability to water 
vapor. 

"Leather - having an appreciable water resistance at 
room temperature shows much less resistance at lower 
temperatures, probably due to increased stiffness and 

This 
finding indicates that waterproofing of shoes at moderate 
temperatures may be: easier than at reduced temperatures, 

"In general, the studies show that leather offers higher. 
resistance to penetration-by water from the flesh side 
than from the grainside. The grain layer represents the 
principal water barrier and is more easily penetrated 
when in the normal position due to the higher stresses 
formed at the creases. 

; "Waterproofing agents tested by the Bureau have been 
foundsto havelittle effect in waterproofing leather. 
Among those tested have been several of the new water 
repellanti Ematerials whose application to shoe-upper 
leather generally fresults in "slightly reducing rather than' 
improving the water resistance. No material has been 
tested which has shown any promise in waterproofing: 
shoeléather; however, some of these materials are effec 
tive for preserving the leather in storage and in service.” 
The specimen of leather treated according to Example. 

1 showed no water penetration on the Maeser machine, 
described in the article referred to above, after more than 1,300 flëkingëycles. : 

EXAMPLE 2. 
A sample of the same type of leather as used in Ex 

ample 1 was extracted with naphtha, dried, and without 
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further treatment, subjected to test in the same manne 
as in Example 1. This specimen showed penetration by 
water in less than 50 flexing cycles. It is evident, there 
fore, that the treatment with the succinic acid derivative 
was very effective in preventing penetration by water 
in the flexing test. 

Other examples of leather specimens treated with 
alkylated succinic acids are set forth below. The speci 
mens used were all approximately 3% x 4% inches in 
SZC. 

EXAMPLE 3 

A piece of upper leather was extracted with carbon 
tetrachloride to remove the grease, etc., and was then 
treated with 5% of iso-octadecenyl succinic acid in a 
carbon tetrachloride solution. It was then heated to a 
temperature of about 65° C. for 15 minutes and sub 
jected to the Maeser dynamic water penetration test de 
scribed above. This specimen showed no penetration by 
water after more than 3,000 flexing cycles. 

Other specimens of upper leather treated in substan 
tially the same way as in Example 3 have shown resist 
ance to water penetration in the Maeser test for periods 
in excess of 6 hours, which corresponds to more than 
31,000 flexing cycles. 

EXAMPLE 4 
A sample of "army upper retan,” i. e. leather which 

had been chrome and vegetable tanned but not "stuffed' 
or impregnated with grease, oil, or wax, was treated in 
its usual moist condition with approximately 6% of its 
dry weight of iso-octadecenyl succinic acid in a carbon 
tetrachloride solution. After being heated at a tem 
perature of 65° C. for approximately 2 hours in an at 
mosphere saturated with water vapor, the specimen was 
dried and was found to be quite flexible. In the Maeser 
flexing test, this specimen showed no penetration by water 
in more than 5,000 flexing cycles. 

EXAMPLE 5 
Another specimen of upper leather which had been 

chrome tanned but not vegetable tanned was treated with 
about 15% of iso-octadecenyl succinic acid in solution 
in ethyl alcohol. After drying at 65 C., the specimen 
was tested in the Maeser flexing apparatus and showed 
no water penetration after more than 5,000 flexing cycles. 

Flexing of leather in the absence of lubrication for the 
fibers of which it is composed produces a large amount 
of internal friction. The "stuffing” of leather has the 
function, aside from blocking the leather pores in an 
ineffectual effort to obtain waterproofness, of providing 
lubrication for the leather fibers. In the tests of appli 
cant's leather waterproofed with derivatives of succinic 
acid it was found that in many cases, because of the small 
amount of treating agent used or because of an inherent 
lack of lubricating properties in certain of the derivatives, 
the leather was insufficiently lubricated. 
As a result, the internal friction of the unlubricated 

leather fibers during the flexing tests produced a weaken 
ing or breakdown of the leather structure which per 
mitted water prematurely to penetrate the specimen in 
spite of the resistance to normal water penetration given 
the leather by the treating material. 
will be noted from the examples, in cases where the 
leather treated according to applicant's invention with 
succinic acid derivatives did not appear to be sufficiently, 

Accordingly, as . 

4. 
lesser inherent lubricating quality are also improved by 
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lubricated for practical use, it was further treated with . 
a small amount of lubricant. 
As the numerous tests at the Bureau of Standards, 

referred to above, have conclusively shown, small 
amounts of ordinary lubricants for leather have no 
significant effect in preventing water penetration of 

These prior tests were confirmed by tests made. 
by applicant on the lubricants employed by him which 
leather. 

included several types of hydrocarbon oils, neat's-foot oil, 
glycery mono-oleate and oleic acid. From these tests, 
it was determined that in no case did oil or grease lubri 
cants alone, even when used in amounts as high as 20%. 
based on the weight of the leather, give leather resistance 
to water penetration in the Maeser test of more than 175 
flexing cycles. 

75 

80 
When adequately lubricated, as for example with 0%. 

of mineral oil, specimens treated like the specimen used 
in Example 3 have shown no water penetration after 
more than 62,000 flexing cycles. The results with sub 
stituted succinic acids of shorter chain length and thus of 85 

leather so treated will be much high 

the addition of lubrication as shown by the following, 
example. 

EXAMPLE 6 

A specimen of finished eather extracted with carbon 
tetrachloride to remove the grease, wax, etc. therein was 
treated with 10% of n-tetradecenyl succinic acid in car 
bon tetrachloride solution. After heating for approxi 
mately 30 minutes at 65 C., 10% of light mineral oil 
was added to the specimen. This specimen showed no 
water penetration after more than 7,500 flexing cycles. 

Even though in some cases applicant's waterproofing 
derivatives of succinic acid are not themselves effective, 
(at least in the amounts necessary to give waterproof 
ness), to provide adequate lubrication for the leather, it 
will be recognized that there is a great advantage in being 
able to provide waterproofness of leather with a small 
amount of a treating material and subsequently or simul 
taneously to obtain adequate lubrication with far smaller 
amounts of oils, or other lubricating materials than have 
been customarily used in the past. Such a dual treat 
ment is important in connection with the waterproofing 
of leather to be used at low temperatures such as are 
encountered in Arctic regions or in the stratosphere. 

Leather for such use should be flexible at low tempera 
tures and yet at higher temperatures should be resistant 
to penetration by water. The ordinary oils and greases 

, which have previously been used to give flexibility to 
leather have not only given substantially no waterproof 
ness to leather at ordinary temperatures, but have be 
come brittle and hard at low temperatures and thus made 
the leather non-flexible. By the practice of the present 
invention leather may be rendered waterproof by a small 
amount of a succinic acid derivative. 
cated with an oil having a very low pour point will retain 
its flexibility attemperatures as low as -70° C. More 
over, because of the small amounts of Waterproofing and 

, lubricating agents which are required, the porosity of 
er than that of the 

ordinary "stuffed' leather. Since it is well recognized 
that under Arctic conditions boots and shoes must be 
porous so that the water vapor from the feet may be 
carried away and not freeze in the footwear, leather 
????d by the dual process described above is of great 
Wale 

It has also been found that alkylated succinic acids 
can be water solubilized by reaction with volatile bases 
and thus leather can be treated therewith without the 

50 use of an organic solvent. 
EXAMPLE 7 

Ten percent of n-octadecenyl succinic acid was 
rendered water soluble by treatment with ammonia and applied in water solution to a specimen of upper leather, 
degreased in the same manner as in Examples 1 and 3. 
During a period of heating at 65 C. the ammonia was 
driven off and the specimen was then further treated by 
impregnating it with 10% of mineral oil. The treated 
'specimen showed no. water penetration in the Maeser 
flexing test after more than 2,100 flexing cycles. 

EXAMPLE 8 
A specimen of leather which had been chrome tanned 

and subsequently re-tanned with vegetable tanning mate 
rial, but not "stuffed,' was treated in water with 8% of 
isoroctadecenyl succinic acid which had been rendered 
water soluble or dispersible by reaction with morpholine. 
The treated leather was kept for about 2 hours in an 
atmosphere saturated with water vapor at 65° C. during 
which time the morpholine was driven off. After drying, 
the specimen was subjected to the Maeser flexing test. 
No water penetration occurred with this specimen in 
more than. 5,000 flexing cycles. . . . 

it will be understood that alkylated succinic acids may 
also be applied to leather as anhydrides, hydration of the 
anhydrides after application producing the acid for im 
parting waterproofness. In the following example one 
method of using an anhydride is illustrated. 

EXAMPLE 9 
A piece of "army upper retan' leather was treated with 

7% of the anhydride of iso-docosenyl succinic acid ad 
mixed with 15% of lubricating oil. The treated speci 
men was heated for 2 hours at 65 C. in an atmosphere . 

Such leather lubri 
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saturated with water vapor. In the course of this heat 
treatment, the anhydride combined with water to form 
the acid. After drying the leather was tested for re 
sistance to water penetration and it was found that after 
more than 10,000 flexing cycles, no water had penetrated 
the specimen. . 

Also suitable for use in carrying out the objects of the 
present invention are the acid- or half-esters of alkylated 
succinic acids with both mono- and polyhydric alcohols, 
where such half-esters have a low affinity for water. 
Examples of the use of such half-esters follow. 

EXAMPLE 10 

Aspecimen offinished upper leather was extracted with 
carbon tetrachloride and was then treated with 10%, of 
the half-ester of isopropyl alcohol with n-octadecenyl 
succinic acid in solution in carbon tetrachloride. After heating for 30 minutes at 65 C. the specimen was lubri 
cated with 10% of light mineral oil and tested in the 
Maeser dynamic testing machine. The specimen showed 
no appreciable. water penetration after 4,000 flexing 
cycles. 

EXAMPLE 11 
A sample of leather similar to the sample used in 

Example 10 was similarly extracted and was then im 
pregnated with 10% of the n-decanol half-ester of n 
octadecenyi succinic acid in a carbon tetrachloride solu 
tion. The specimen was kept at a temperature of 65 
C. for about 2 hours in an atmosphere saturated with 
water vapor and, after drying, was tested for water 
penetration. The specimen showed no penetration of 
water after more than 5,000 flexing cycles. 

EXAMPLE. 12 

A specimen of leather degreased as in the preceding 
examples, was treated with 10% of the half-esters, formed 
by reacting, n-hexadecanol with a mixture of the anhy. 
drides of n-hexyl succinic acid, n-hepty succinic acid 
and n-octyl succinic acid. After being heated for about 
2 hours in an atmosphere saturated with water vapor at 
a temperature of 65 C., this specimen was dried, treated 
with 5% of lubricating oil, and tested for water pene 
tration. No penetration occurred in more than 2,500 flexing cycles. 

EXAMPLE. 13 

A. piece of upper leather degreased by extraction with 
carbon. tetrachloride was treated with 10% of the half 
ester of n-hexadecanol with n-decyl succinic acid in a 
carbon tetrachloride solution. After heat treatment in 
the same manner as in the previous example, the leather 
was dried, further treated with 10% of lubricant and tested for resistance to water penetration. No penetra 
tion occurred in more than 5,000 flexing cycles. 

EXAMPLE 14 

A sample of upper leather which had been chrome 
and vegetable tanned but not "stuffed" was treated by 
applying to it 20% of the glyceryl mono-ester of n 
octadecenyl succinic acid in chloroform solution. After 
being held for 2 hours in an atmosphere saturated with 
water vapor at 65° C., the specimen was dried and tested. 
in the Maeser“ machine. Water penetration was ob 
served in less than 100 flexing cycles. The low resist 
ance to peneration by water of the specimen is believed 
to be due to the fact that the mono-glycerol ester of 
octadecenyl succinic acid, because of the extra hydroxyl 
groups in the compound, has a rather strong affinity for 
Water. 

In the following example there is employed another 
glyceryl ester which, having only one hydroxyl group, is 
less hydrophilic than the ester in the preceding example 
and is, therefore, effective in waterproofing leather. 

EXAMPLE 1.5 
Twenty percent of the half-esters produced by reacting 

glycerol mono-oleate with the anhydride of n-octadecenyl 
succinic acid was applied in a chloroform solution to 
a leather specimen of the same type as used in Example: 
14. After such application the leather was held in an 
atmosphere saturated with water vapor at a tempera 
ture of 65 C. for 2 hours, and then, after drying, was 
tested for water penetration. No penetration occurred 
in more than. 13,000 flexing cycles. 
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cated with 10% of oil. 

The water resistant character of leather treated in 
accordance with Example 15, is shown by the following. 

EXAMPLE 16 
The specimen from Example, 15, after removal from 

the Maeser testing machine, was boiled in water for 
about 15 minutes. It was then dried and was re-tested in 
the Maeser machine. The test was stopped after more 
than 5,200 flexing cycles, no water having penetrated the specimen. 

Applicant has also found the acid- or half-soaps, or 
salts, which are obtained by neutralization of one of the 
carboxyl groups of an alkylated succinic acid with a base. 
to be quite effective in rendering leather waterproof. 
The following series of examples sets out a number of 
the tests: made with such half-soaps or salts. 

EXAMPLE 1.7 
A specimen of finished chrome and vegetable tanned 

upper leather was degreased by extraction with carbon 
tetrachloride and was then treated with 10% of the po tassium half-soap of iso-octadecenyl succinic acid dis 
solved in carbon tetrachloride. After heating at ap 
proximately 65 C. for 30 minutes, the specimen was 
lubricated with 10% of oil and tested for water penetra 
tion. After more than 20,000 flexing cycles, no such 
penetration had occurred. 

EXAMPLE 18 
The half-soap of lithium iso-octadecenyl succinic acid 

was prepared and applied in solution in carbon tetra 
chloride to a degreased upper leather specimen in an 
amount equal to 10% of the weight of the leather. After 
treatment in the same manner as in Example 17, the 
specimen was tested for water penetration in the Maeser 
machine and it was found that, after more than 3,500 
flexing cycles, no water had penetrated the leather. 

EXAMPLE 19 
A piece of upper leather which had been subjected 

to both chrome and vegetable tanning but which had 
not been "stuffed" was treated with 15% of the lithium 
half-Soap of n-tetradecenyl succinic acid in solution in 
chloroform. The specimen was then held in an atmos 
phere Saturated with water vapor at 65° C. for about 
2 hours, dried, and tested for water resistance. After more than 1,300 flexing cycles in the Maeser testing machine, no water penetration had occurred. 

EXAMPLE 2.0 
Ten percent of the barium half-soap of iso-octadecenyl 

succinic acid was applied in carbon tetrachloride solution 
to a Specimen of degreased upper leather. The speci 
men, after heating for 30 minutes at 65° C., was lubri 

In the Maeser water penetration 
test, the specimen was subjected to more than 23,000. flexing cycles without water penetration. 

EXAMPLE 21 
A sample of degreased upper leather was treated with 

10% of the cadmium half-soap of iso-octadecenyl suc 
cinic acid in a carbon tetrachloride solution. The speci 
men was dried at 65 C. for 30 minutes and was then 
lubricated with 10% of oil. No water penetration was 
found after more than 41,000 flexing cycles. 

EXAMPLE 22 
A degreased upper leather specimen was treated with 

10% of the half-soap produced by reacting lead acetate 
with iso-octadecenyl succinic acid, the half-soap being 
dissolved in carbon tetrachloride. The solvent was the 
driven off during heating for about 30 minutes at 65° 
C. This specimen showed a good resistance to water 
in the Maeser test, no penetration occurring after more 
than 2,500 flexing cycles. 

EXAMPLE 23 
A piece of upper leather degreased with carbon tetra 

chloride was treated with 5% of its weight of the zinc 
half-Soap of iso-octadecenyl succinic acid dissolved in 
carbon tetrachloride. After driving of the solvent dur 
ing heating for about 30 minutes at 65 C., the specimen 
was tested for water penetration. No penetration oc 
curred...in more than 2,000 flexing cycles. 
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EXAMPLE 24 
Another specimen of degreased leather was treated with 

2% of the Zinc half-soap of iso-octadecenyl succinic acid 
dissolved in carbon tetrachloride, heated in the same 
manner as in the preceding example, and lubricated with 
10% of oil. This specimen showed no penetration by 
water after more than 2,600 flexing cycles in the Maeser 
testing machine. 

EXAMPLE 2.5 
Five percent of the zinc half-soap of iso-octadecenyl 

succinic acid was applied in a carbon tetrachloride solu 
tion to a piece of degreased leather. The solvent was 
driven off during heating for 30 minutes at 65° C. The 
treated leather was then further treated by the applica 
tion of 10% of oil as a lubricant and tested in the Maeser 
machine for waterproofness. After more than 60,000 
flexing cycles, no water had penetrated the leather. 

EXAMPLE 26 
A piece of degreased upper leather was saturated with 

a carbon tetrachloride solution containing 10% of the 
weight of the leather of the aluminum half-soap of iso 
octadecenyl succinic acid. The treated specimen was 
heated at 65 C. for 30 minutes and was then lubricated 
with 10% of oil. In the Maeser flexing test, no pene 
tration of the leather by water occurred in more than 
2,500 flexing cycles. 

EXAMPLE 27 
The mixture of half-soaps produced by reacting a long 

chain aliphatic secondary amine with a mixture of 
n-decenyl and n-dodecenyl succinic acids was dissolved 
in chloroform and a piece of degreased upper leather 
was saturated with sufficient of the solution to leave 
approximately 10% of the reaction product in the leather. 
After being heated at 65 C. in an atmosphere saturated 
with water vapor for 2 hours, the specimen was dried 
and lubricated with 10% of oil. In the Maeser testing 
machine no water penetration of the leather occurred 
after more than 1,300 flexing cycles. 
As previously mentioned, the permeability of leather 

to water vapor is of great importance where the leather 
is used in making articles of clothing such as shoes. 
Where leather is treated in accordance with the usual 
procedure by "stuffing” so that large amounts of oil, 
grease, and/or wax fill the pores of the leather, the water 
vapor permeability is very low. In the following table, 
the permeability of upper leather treated in various ways 
is shown, the figures given being the grams of water 
as vapor passing through the leather specimens in a 
period of 100 minutes under the same controlled condi 
tions. The results of Maeser flexing tests on these sam 
ples are also given. 

Table 

Water 
Wapor, Water Penetration, 

grams 100 Flexing cycles 
nin. 

"Stuffed' leather---------------------- - 084 ? L?SS tham 100}. 
Heat treated'stuffed' leather--------- 26 D0. 
Degreased leather, heat treated.--------- ,48L Do. 
Degreased leather treated with 25% of .365 ore thani,300. 
iso-octadecenyl succinic acid and 
then heat treated. 

1 Test stopped after 15 minutes with no penetration. 

The heat treatment, referred to in the table consisted 
in heating the leather to approximately 65 C. for 30 
minutes. The degreased leather was obtained by re 
peatedly extracting stuffed leather with petroleum 
naphtha. The iso-octadecenyl succinic acid was applied 
to the leather in substantially the same manner as set 
out in Example 5. 

It will be seen from the data in the table that the 
degreased and heat treated leather has a very good 
permeability to water vapor but no resistance to penetra 
tion by liquid water. The "stuffed' leather has a per 
meability of approximately 76 that of the degreased 
leather, while heat treatment of the "stuffed' leather 
reduces the permeability still further by melting the im 
pregnating grease etc., and compacting it in the pores. 
However, neither the original "stuffed' leather nor the 

O 

20 

40. 

O 

5 

GO 

65 

7 5 

SO 

8 
same leather heat treated had significant resistance to 
Water. penetration. On the other hand, the degreased 
leather which had been treated in accordance with the 
present invention had, even after heat treatment, a per 
meability which was more than 75% as great as that 
of the degreased leather and a high resistance to water penetration. 

It will be evident, therefore, that the treatment of 
leather in accordance with the present invention to render 
it resistant to water penetration is extremely valuable 
since the water vapor permeability of leather so treated 
is many times greater than that of "stuffed' leather which 
is ordinarily used. 
The resistance to water penetration imparted to leather 

by impregnating it with derivatives of succinic acid in 
accordance with the present invention is maintained over 
E. periods of time as shown by the following exam 
ples: 

EXAMPLE 28 
The specimen of Example 1, after storage for over six 

months atroom temperatures with varying humidity con 
ditions, was, without any further treatment, re-tested in 
the Maeser machine. No water penetration was observed 
after more than 5,000 flexing cycles. 

EXAMPLE 29 
The specimen of Example 5, after storage for over six 

months atroom temperatures with varying humidity con 
ditions, was, without any further treatment, re-tested for 
resistance to water penetration. No penetration was ob 
served after more than 5,000 flexing cycles. 
As pointed out above, alkylated succinic acids, as well 

as the half-esters and half-soaps or salts thereof may 
be used in carrying out the waterproofing of leather in 
accordance with the present invention. However, as 
was previously mentioned, the derivatives of succinic acid 
used must have a very low affinity for water in the 
form in which they remain in the leather. The longer 
chain length alkylated acids are quite satisfactory in this 
respect and it is possible, as shown in the foregoing ex 
amples, to form with alkylated acids having shorter 
carbon chains half-esters or half-soaps which are very 
effective. 

While not intending to be bound by any theory con 
cerning the manner in which the succinic acid derivatives 
produce waterproofness of leather, it is believed, from 
observation of the many tests which have been carried 
out, that a reaction occurs between the free carboxyl 
group or groups of the succinic acid derivatives and either 
the fibers of the leather or, in certain cases, with the 
chrome or other metal complex which has been pro 
duced in the leather by reaction of chrome or other 
? tanning solutions with the collagen of the leather 

S. 

Regardless of what the actual action is, the succinic 
acid derivatives are firmly held in the leather. Referring 
back to Examples 15 and 16, it will be seen that the 
treated specimen, after being boiled in water, was still 
very resistant to water penetration. Other specimens 
have, after impregnation with succinic acid derivatives, 
been extracted with organic solvents and found to stili 
be so water resistant as to show no penetration by 
water in the Maeser test after thousands of flexing cycles 
as, for instance: 

EXAMPLE 30 
The specimen used in Example 9 was dried and ex 

tracted with chloroform. After redrying, it was rein 
Serted in the Maeser machine for further test for water 
resistance. The test was stopped after more than 30,000 
flexing cycles with no evidence of water penetration. 
The tests set forth in the preceding examples clearly 

indicate that by the treatment of leather with succinic 
acid derivatives, in accordance with the present inven 
tion, the leather fibers have been changed by rendering 
their surfaces hydrophobic instead of hydrophilic. Sup 
port is given to this conclusion by the fact that when 
oil as a lubricant is applied to leather which has been 
Waterproofed by previous treatment with succinic acid 
derivatives, the oil is absorbed and spreads in the 
???????????? much more readily than it does with untreated 
?3?161°? 

leather fibers have been rendered oil receptive. 
As a result of this change in the surface character of 

Such behavior is strong evidence that the 
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the leather fibers, an oil, lubricant applied to leather 
water-proofed with succinic acid derivatives will be held 
in the leather more permancntly and, by... thus providing 
better lubrication of the leather fibers, will result in the 
leather having improved wearing. : quality. It has also 
been found that the succinic acid derivatives employed 
for waterproofing leather are effective to inhibit the 
browth of fungi on the leather when it is exposed to 
moist atmospheres for prolonged periods of time. This 
characteristic is important as the mildewing or molding 
of leather is a serious problem in damp climates where 
the use of waterproof leather will often be required. 

... In the article referred to above describing the Maeser 

10. 

the leather during heating and, as will be noted above, 
the heating may in such cases be carried out in an at 

testing machine, it will be noted that the Maeser test 
also involves a 'determination of the weight of water 
penetrating the leather during a predetermined number 
of flexing cycles. No figures are available on the amount 
of water penetrating the samples mentioned in the ex 
amples given above, since in only a few cases had any 
water penetrated the specimen of leather before the test 
was stopped. Since, by applicant's invention it is possible 
to produce porous leather which is wholly impenetrable 
by water under the conditions of the Maeser test for 
periods of time so much longer than any leather hereto 
fore known, the amount of water which may eventually 
pass through the leather is a negligible factor in the 
usefulness of the treated leather. 

In treating leather in accordance with the present in 
vention to render it waterproof, the succinic acid deriva 
tives employed may be applied to the leather in a num 
ber of different ways, the choice of which depends upon 
the condition of the leather, the apparatus available, and 
the type of succinic acid derivative used. Thus, in some 
instances, application of alkylated succinic acids or their 
anhydrides solubilized with ammonia, morpholine, or 
other similarly volatile base, may be employed where it 
is desired to avoid the use of organic solvents. The 
succinic acid derivatives used are all soluble in an or 
ganic solvent such, for example, as carbon tetrachloride, 
chloroform, trichlorethylene and alcohol and may, there 
fore, be applied very conveniently in solution. In other 
cases, water emulsions of the treating agents may be 
used, or, where the succinic acid derivatives or their re 
???ve anhydrides are liquids, they may be applied di 
rectly. 
Any lubricant which may be desired or necessary for 

the leather may be applied before, after, or in conjunc 
tion with the succinic acid derivatives employed. The 
lubricant must, of course, be water insoluble, since other 
wise it would not be permanent, but it may be applied 
as such or may be applied in solution in an organic solvent 
or as an emulsion in water. It is to be noted that "stuffed' 
leather, without extraction of the oil, grease, etc., in 
corporated therein, can be rendered very resistant to 
water penetration by treatment with applicant's water 
proofing materials. Since, however, the permeability to 
water vapor of the "stuffed' leather is already very low, 
the usefulness of such treatment is small. 

It has been determined by research workers in the 
leather field that autoxidation of lubricants present in 
the leather to form peroxides and low molecular weight 
water soluble acids is one of the principal causes for 
the deterioration of leather. Oxidation may also cause 
breakdown or decomposition of certain of the succinic 
acid derivatives which may be used in the waterproofing 
of leather. The stability of such lubricants and deriva 
tives may be increased and their breakdown or oxidation 
retarded or completely prevented by the incorporation of 
a small amount of an anti-oxidant. An anti-oxidant which 
is particularly suitable for this use because of its lack i 
of odor and color is 2,6-di-tert-butyl-para-cresol. The 
stability of the succinic acid derivatives may also be in 
creased in many cases by hydrogenation thereof. 

it will be seen from the foregoing that the method 
of treating leather with the waterproofing compounds 
of the present invention may be varied as required by 
circumstances or as convenient. It should be noted, 
however, that leather treatment with succinic acid de 
rivatives to obtain porous, waterproof leather is pos 
sibie without substantial modification of the present 
method of manufacturing leather by substituting such 
treatment for the "stuffing' step of the present method. 

it is important, of course, to secure uniform treat 
ment of the leather by obtaining even distribution of 
the succinic acid derivative therein. Heating the 
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... tribution therein. 
reaction of the treating agent with the leather or tan 

10 
leather, after application of the succinic acid deriva 

...tive being used for waterproofing, has been found ad 
vantageous for this purpose. It is believed that the 
heating assists the spreading of the treating agent 
throughout the leather and this insures its uniform dis 

It is also considered likely that any 

ning materials which does occur is promoted or has 
tened by the heating. 

In many cases, it is desirable to prevent drying of 

mosphere saturated with water vapor. While the tem 
perature of such heating, when used, is not critical so 
far as the invention is concerned, the use of very high 
temperatures must, of course, be avoided since the 
leather would be damaged thereby. When heating 
leather to which a succinic acid derivative has been ap 
plied for waterproofing, it is particularly important that 

20 the leather should not be heated above the temperature 
at which it will shrink. The shrinkage temperature of 
leather varies in accordance with the tanning process 
which has been used and, accordingly, the heating tem 
peratures permissible in any particular case will de 
pend upon the type of leather and the previous tanning 
treatment. 
The amounts of succinic acid derivatives which have 

been found most effective in rendering leather resistant 
to water penetration vary to some extent with the type 
of leather and the particular succinic acid derivative 
employed. Good results, however, have been obtained 
with amounts as low as 2%, based on the original 
weight of the leather, although with such low amounts 
of treating agent additional lubricant is always neces 
sary to make the leather pliable. 
The use of succinic acid derivatives in amounts greater 

than 15% to 20% of the weight of the leather has not 
been found to add materially to their effectiveness in 
preventing water penetration of leather. Therefore, 
although the use of larger amounts is not deleterious 
from the standpoint of water penetration, it is in most 
cases undesirable since the high permeability to water 
vapor of leather treated in accordance with the pres 
ent invention will obviously be somewhat reduced if 
amounts of treating material larger than necessary for 
imparting resistance to water penetration are put into 
the leather. 
The leather used in the examples of this application 

has been leather of the type used for shoe uppers since 
the Maeser testing machine is particularly adapted for 
determining the resistance of such leather to water pene 
tration. Other types of leather are, however, susceptible 
to treatment in accordance with the present invention 
to make them waterproof. Thus, a shoe can be made 
in which not only the uppers, but also the sole are im 
penetrable by water and other leather products can be 
made waterproof. 

In the foregoing specification, there has been de 
scribed applicant’s novel and useful method of pro 
ducing highly porous leather which is extremely resist 
ant to Water penetration even under the severe condi 
tions imposed by the Maeser testing machine. It will 
be understood that the invention is to be construed 
broadly and that failure to specifically point out all of 
the applications thereof which will be apparent to those 
skilled in the art is not intended as an abandonment 
thereof. On the contrary, it is intended that the in 
vention should only be limited by the appended claims. 
What is claimed is: 
1. The method of making leather resistant to water 

penetration which comprises introducing into the leather 
a monomeric, acidic succinic acid derivative having low 
water solubility selected from the group consisting of 
succinic acids and the anhydrides, half-esters and half 
soaps of said succinic acids, said derivative containing 
an organic hydrophobic waterproofing group substituted 
on a non-acidic carbon atom of succinic acid. 

2. The method according to claim 1 wherein the suc 
cinic acid derivative is alkylated. 

3. The method of making leather resistant to water 
penetration which comprises introducing into the leather 
an alkylated succinic acid having low water solubility. 

4. The method of making leather resistant to water 
5 penetration which comprises introducing into the leather 
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a half-ester of an alkylated succinic acid having low 
water solubility. 

5. The method of making leather resistant to water 
penetration which comprises introducing into the leather 
a half-soap of an alkylated succinic acid having low 
water solubility. 

6. The method of making leather resistant to water 
penetration which comprises introducing into the leather 
the anhydride of an alkylated succinic acid which has 
low water solubility. 

7. Leather impregnated with a monomeric, acidic 
succinic acid derivative having low water solubility and 
selected from the group consisting of succinic acids and 
the anhydrides, half-esters, and half-soaps of said suc 
cinic acids, said derivative containing an organic hydro 
phobic waterproofing group substituted on a non-acidic 
carbon atom of succinic acid. 

8. Leather according to claim 7, wherein the succinic 
acid derivative is alkylated. 

9. Leather impregnated with an alkylated succinic 
acid having low water solubility. 

10. Leather impregnated with a half-ester of an al 
kylated succinic acid having low water solubility. 
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11. Leather impregnated with a half.soap of an al 
kylated succinic acid having low water solubility. 
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