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57 ABSTRACT 

Porous collagen fiber matrix including natural leather 
having improved dynamic water resistance and the 
process for making it comprising treating tanned an 
ionically charged water wetted collagen fiber matrix 
with chromium complex and with carbodiimide. 
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1. 

POLYCARBODIIMIDE TREATMENTS 

This invention relates to improved leathers and the 
process for preparation of such leathers. Further, this 
invention relates to a process for improving the dy 
namic water resistance of a porous collagen fiber ma 
trix such as leather. Still further, the invention relates 
to porous collagen fiber matrices having both static and 
dynamic water resistance. 
One of the characteristics of porous collagen fiber 

matrices which makes them eminently suitable for use 
in articles of clothing such as gloves, shoes or garments 
is the ability to transmit moisture vapor from the skin of 
the wearer to the outside, facilitating extended use 
without discomfort. Treatments to improve the protec 
tion of the wearer from the environmental hazards, par 
ticularly liquid water, should not damage this moisture 
vapor transmission characteristic of the collagen ma 
trix. 
Leathers from animal hides can be divided into two 

broad categories. Because grain leathers retain the 
tightly knit external surface of natural hide, they pro 
vide the maximum protection, but tend to be somewhat 
stiff and conform with greater or less difficulty to mo 
tion of the wearer. Suede leathers, those in which the 
surface of the material is abraded to provide a napped 
surface, can be extremely flexible, but tend both to ab 
sorb and to transmit liquid water and, additionally, are 
especially subject to oily and water-born stains. The 
term collagen fiber matrix includes not only natural 
leathers but also certain synthetic leathers. 
Treatment of the leather with Werner complexes, 

particularly of chromium and carboxylic acids and 
more recently of chromium complexes of fluoroali 
phatic carboxylic acids, significantly improves the re 
sistance of leathers to water and oil; however, contin 
ued flexing in the presence of liquid water facilitates 
penetration. It was found, as shown in U.S. Pat. No. 
3,574,518, that a combination of chrome complex plus 
a urethane, where one or the other or both components 
could be fluorinated, provided not only resistance to 
static application of water, but provided very signifi 
cantly improved resistance to passage through the ma 
terial of liquid water under dynamic conditions. Oil re 
pellency is attained only when one or the other compo 
nent contains organically bound fluorine. In the ab 
sence of fluorinated material, neither static nor dy 
namic oil repellency is exhibited. A chrome complex in 
another combination was used in U.S. Pat. No. 
3,668,124. 

It is an object of this invention to provide a process 
for conferring static and dynamic water resistance on 
collagen fiber matrices. Another object of the inven 
tion is to provide collagen fiber matrices and particu 
larly suede leathers having improved retention of static 
and dynamic water repellency after abrasion. Other ob 
jects will become apparent from the reading of this dis 
closure. 

In accordance with these and other objects of the in 
vention, it has now been found that the application of 
the chromium complex of organic carboxylic acid in 
conjunction with a carbodiimide composition provides 
an improved treatment for anionically charged colla 
gen fiber matrices, particularly leathers which show 
both desirable abrasion resistant static and dynamic 
properties and additionally, in some instances, oil re 
pellency. When both carbodiimide and chromium com 
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plex are fluorine free, the leather acquires satisfactory 
static and dynamic water resistance, but is neither oil 
resistant nor oil repellent. It is, therefore, generally de 
sirable that one or the other or both components con 
tain fluoroaliphatic radicals. 
The term fluoroaliphatic radical will be understood 

to refer to a fluorinated, monovalent, non-aromatic, 
aliphatic radical of at least three carbon atoms the 
chain of which may be straight, branched, or, if suffi. 
ciently large, cyclic and may be interrupted by divalent 
oxygen atoms or trivalent nitrogen atoms bonded only 
to carbon atoms. A fully fluorinated group is preferred 
but hydrogen or chlorine atoms may be present as sub 
stituents in the fluoroaliphatic radical provided that not 
more than one atom of either is present in the radical 
for every two carbon atoms and that the radical must at 
least contain a terminal perfluoromethyl group. The 
radical may also include unsaturation between fluori 
nated carbon atoms which may make the material in 
cluding the radical somewhat less stable and in some 
respects more reactive. Saturated fluoroaliphatic radi 
cals are preferred. Fluoroaliphatic radicals of more 
than about 18 carbon atoms generally result in rela 
tively less efficient use of fluorine. 
When fluoroaliphatic carbodiimides are employed, it 

is generally found that a given level of static and dy 
namic resistance can be achieved at a markedly lower 
level of fluorine content than is necessary when a 
fluoroaliphatic urethane is used, as in the prior art. Ad 
ditionally, the resistance of the surface to loss of prop 
erties by abrasion, particularly in the case of the suede 
leathers, is greatly improved in the case of the carbodii 
mide-treated leathers. Yet another advantage of the 
present process is that the carbodiimide is preferably 
applied as an aqueous suspension or emulsion, whereas . 
the preferred method of applying the urethane adduct. 
involves the introduction of the material to the tanning 
drum in the form of a solution in a water-miscible or 
ganic solvent, particularly tetrahydrofuran. This sol 
vent is moderately toxic, highly flammable and its va 
pors are very irritating to the workers. The present pro 
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cess thus avoids the hazard and annoyance of using tet 
rahydrofuran. 
The present process is applicable to chrome-tanned 

leathers which have been further treated as by retan 
ning, dyeing, etc., so as to convert the cationically 
charged blue, i.e., chrome-tanned, leather to an anioni 
cally charged leather which appears to facilitate the ac 
ceptance of the present treatment. Suitable materials 
for use as retanning, dyeing, etc. agents will be readily 
recognized by those skilled in the leather arts. 
The weight ratio of chromium complex of carboxylic 

acid to carbodiimide composition used in the process 
of the invention varies broadly within the range of 0.1 
to 10, and preferably 0.3 to 3. As noted above, it is pre 
ferred that one or the other or both include fluoroali 
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phatic groups incorporated in the combination in pro 
portions such that at the pick-up level to be achieved 
there will be at least 0.25% and up to 3.0% by weight of 
carbon-bonded fluorine on the leather and preferably 
from 0.8% to 1.5%. 
Chrome-tanned fat-liquored leather generally fails 

the flex test used in this application at 200 (0.2 x 10°) 
flexes and shows no surface resistance to water or oil. A 
measurable improvement in properties is shown when 
the combined weight of chromium complex and carbo 
diimide compound together amounts to as little as 0.5 
percent by weight of the dry leather. For severe use, 
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such as in suede shoes, about 3 percent by weight of the 
dried leather is required; more than 6 percent by 
weight does not appear to offer additional value for 
most applications. The most useful range of application 
is therefore from about 0.5 to about 6 percent by 
weight of dry leather. 
Any water soluble chromium Werner coordination 

complex of substituted or unsubstituted alkanoic, i.e., 
monocarboxylic, acids or fluorinated alkanoic acid 
which is capable of rendering leather resistant to water 
(i.e., static water resistant) may be used in this inven 
tion. 

Unsubstituted alkanoic acids may contain from about 
eight to 20 carbon atoms per molecule. Substituted al 
kanoic acids may include acids from methanoic to tet 
radecanoic acid having aromatic or fluorinated substit 
uents occupying any position. 
Aromatic substituents are generically of the form 

CH2-6-1, where n is at least 6, m is 1-3 inclusive and 
(2n-6m-1) is a positive integer and include phenyl, 
lower alkyl substituted phenyl, naphthy and the like 
such that the aromatic substituted alkanoic acid in 
cludes a total of seven to 20 carbon atoms and prefera 
bly includes an alkylene chain of at least one carbon 
atom. 
Fluorinated substituents are fluoroaliphatic radicals 

of three to 18 carbon atoms with terminal CF as more 
fully described above, either directly attached to a car 
boxyl group or indirectly attached to a carboxyl group 
through an alkylene chain or through a linking group, 
such as carbonamido or sulfonamido and an alkylene 
chain in proportions such that the fluoroaliphatic sub 
stituted alkanoic acid contains from 10 to 72% carbon 
bonded fluorine. For convenience, these alkanoic acids 
with fluorinated substituents are herein termed 
fluoroaliphatic carboxylic acids, i.e., carboxylic acids 
containing fluoroaliphatic radicals. 
Exemplary carboxylic acid for the formation of chro 

mium complexes suitable for use in the invention in 
clude: 

CH (CH)COH 
CHCH (CH)(CH)COH 
Cyclo CH (CH)CO, H 
CH(CH)COH 
CH (CH)COH 
CH(CH3)3COH 
CFCH (CH)COH 
CH(CH, ).CH (CH)(CH) CO, H 
CF (CF)SON(CH)CHCOH 
CF(CF)SONHCHCOH 
CFCF)CONHCHCOH 
CF(CF)(CH)COH 
CF(CF). CHCOH 
CF(CF)COH 
(CF) CFCCHCOH 
CF (CF)SONHCHCOH 
(CF)CF (CF),CONH (CH)COH 
CFCF (CFC) (CF),CONH (CH)COH 
CFCFO (CFCFO)CFCON (CH)CHCOH 
(CF)CFOCF (CF)CFO)CF(CF)COH 
(CF)CFOCF (CF)CFO)CF(CF. 
)CON(CH)(CH)COH 

CFN(CH)CHSONHCHCOH 
CFOCHSONHCHCOH 
CFHSONHCHCOH 

F-CF 

CF-CF Y-cf.cf.co.h 
N 1 CF-CF 

The water soluble chromium complexes (prior to hy 
drolysis) must be soluble in water at 120 F. (49 C.) to 
an extent of at least 0.1% by weight. A simple test for 
evaluating the ability of a chromium complex to impart 
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4 
water repellency or resistance to water may be con 
ducted as follows: A 20 gram sample of chrome 
tanned, retanned, colored and desirably fat-liquored 
suede leather and about 100 grams of water are placed 
in a glass container, and the pH is adjusted to 3-4 with 
formic acid. An amount of the chromium complex 
equal to 5% of the dry leather weight is added, usually 
as a 20 to 40 weight percent solution in isopropyl alco 
hol and the mixture is tumbled for 45 minutes at 120 
F. (49 C.). The leather sample is removed and 
squeezed to remove excess liquid. After drying com 
pletely in a circulating air oven at 150 F. (66. C.), the 
sample is tested for water repellency by the procedures 
of ASTM D 1913-6 lT. A spray rating of at least 50 is 
considered to indicate water repellency or static water 
resistance. 
Suitable fluorine-free chromium complexes and their 

preparation are described in U.S. Pat. Nos. 2,273,040; 
2,356,161 (showing chromium complexes of aralkyl 
carboxylic acids, such as those having a phenyl ring nu 
cleus as a substituent on the alkyl group); 2,524,803 
and 2,683,156. Fluorochemical chromium complexes 
and their preparation are described in French Pat. No. 
1396,008, C.g., chromium complex of 
CFCF(CFCI)CFCONHCHCOOH, and U.S. Pat. 
Nos. 2,662,835 (showing fluorinated alkyl carboxylic 
acids in which the alkyl radical can be straight or 
branched chain alkyl or cycloalkyl); 2,934,450, 
3,088,958 and 3,651, 108 (showing chromium com 
plexes of perfluoroether carboxylic acids). Other useful 
fluorinated carboxylic acids which may be used to pre 
pare chromium complexes are described in U.S. Pat. 
No. 3,232,970, perfluoro 3 amino carboxylic acids in 
U.S. Pat. No. 3,471,484 and unsaturated fluoroali 
phatic carboxylic acids in U.S. Pat. No. 3,646,117. It 
will be recognized that the various techniques for pro 
ducing Werner type chromium complexes permit selec 
tion of a wide variety of compounds from which the 
many useful chromium complexes can be prepared. 
Carbodiimides are conveniently obtained by conden 

sation of isocyanates in the presence of suitable cata 
lysts as described, for example, in the patents of Table 
1 and by Campbell et al., J. Org. Chem., Vol. 28, Pages 
2069-2075 (1963). 

Table 1 

Inventor U.S. Patent No. Title 

Balon 2,853.518 Chemical Process 
Campbell and 2,853.473 Production of 
Verbanc Carbodiimides 
Campbell 2.941.966 Carbodiimidc Polymers 
Smeltz 2.94.1983 Urethane-Tcriminated 

Polycarbodiimides 
Hoeschelic 3450,562 Cellulosic Materials 

Coated with an Organic 
Polycarbodiimide 

British 1224,635 Stabilized Polyester 
Patcnt Shaped Articles 

The carbodiimides employed in the invention can be 
of more or less conventional types including terminal 
hydrocarbon radicals or they may include fluoroali 
phatic radicals as noted above. The carbon-bonded flu 
orine of these polymers is included within the totals of 
fluorine applied to the leather, i.e., 0.25 to 3.0% by 
weight. 

In general, carbodiimides formed from diisocyanates 
with or without monoisocyanates, are represented for 
convenience by the general formula: 

B-N=C=N-A), N=C=N-B 
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where n is 0 or an integer from 1 to at least 20 and is 
preferably from 0 to 10. A and B are organic groups as 
defined below. The A groups or B groups may each be 
the same or different. Carbodiimides in which n is 20 
and higher are useful but offer no known advantages. A 
groups are divalent, B groups monovalent and both are 
free from readily hydrolyzable groups other than isocy 
anate, isocyanate-reactive active hydrogen atoms and 
preferably free from non-aromatic unsaturation. 
Because the monovalent B groups terminate the car 

bodiimide molecule at each end, the relative propor 
tion of monoisocyanate to diisocyanate used in the re 
action determines the average value of n in the above 
formula, O when no diisocyanate is used upwards so 
that with about 10 mole percent of monoisocyanate in 
will average about 20, as will be readily apparent. 

In the above general formula, A is a divalent organic 
group, which may include pendent fluoroaliphatic radi 
cal, linking successive carbodiimide groups when n is l 
to at least 20. Illustrative linking groups include alkyl 
ene, such as ethylene, isobutylene, and the like of two 
to about 10 carbon atoms, aralkylene, such as 

O 

20 

-CHCHCH-, of up to about 10 carbon atoms, po 
lyoxaalkylene such as -(CHO). CH-, containing 
up to about five oxa groups and combinations of the 
various types. It will be recognized that the A group is 
preferably the residue of an organic diisocyanate, that 
is, the divalent radical obtained by removal of the iso 
cyanate groups from an organic diisocyanate which 
may include fluoroaliphatic groups. Suitable organic 
diisocyanates may be simple, e.g., tolylene diisocya 
nate, or complex, as formed by the reaction of a simple 
diisocyanate with a di- or polyol in proportions to give 
an isocyanate-terminated polyurethane. 
Although the carbodiimides generally and preferably 

include divalent A groups, some of the A groups can 
be, for example, trivalent or tetravalent, derived from 
triisocyanates or tetraisocyanates such as polyme 
thylenepolyphenyl isocyanate, C.g., 
OCNCHCHCH(NCO)CHCHNCO. When A is 
trivalent or tetravalent, branched or even crosslinked, 
polycarbodiimides result. A mixture of A groups con 
taining the trivalent groups can be used to provide 
branched polycarbodiimides which retain the desirable 
solubility and thermoplasticity of the linear carbodii 
mides from divalent A groups. 
Upper limits of the sizes of A and B groups are such 

that the carbodiimide groups (-N=C=N-) constitute 
about 10% or more of the molecule except for terminal 
and pendent fluoroaliphatic radicals present. 
Substituents may be present in A groups provided 

they contain no isocyanate-reactive hydrogen atoms; 
that is, groups such as -OH are normally excluded. Sim 
ple unsubstituted organic linking groups free from non 
aromatic unsaturation are preferred. The organic link 
ing group depends on the diisocyanate compound em 
ployed such as: 

CaF7 
so 

-Cahs (CH3)NHCO2C-H.fc-H.0-CHN(CH3)ceh- y 

and CH -et-( )-cis - 
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The terminal groups, or B-groups, are monovalent 

radicals usually of monoisocyanate compounds which 
may be aliphatic as CHg-, aralkyl as CHCH-, aryl 
as Chis-, and preferably fluoroaliphatic such as 
CFCH-, and CFCHOCNHCH (CH)-, (de 
rived from tolylene diisocyanate and 1,1-dihydroper 
fluorooctanol). Numerous other terminal groups are 
operable in the process of the invention. The B group 
can be derived from a diisocyanate by a reaction which 
is terminated before all -NCO groups are consumed 
and results in B groups containing -NCO radicals, e.g. 
OCNCH3(CH)- from tolylene diisocyanate or 
OCNCHCHCH- from xylylene diisocyanate. 
A particularly preferred class of carbodiimides is that 

in which the “B” moiety is derived from a fluoroali 
phatic radical-containing alcohol by reaction with one 
mole of fluorine-free diisocyanate such as toluene di 
isocyanate, hexamethylene diisocyanate, or xylylene 
diisocyanate (OCNCHCHCHNCO). 
While the type of carbodiimide is shown as the reac 

tion product of diisocyanates, branched carbodiimides 
are perfectly satisfactory. Such materials are derived, 
for example, from the reaction of monofunctional alco 
hols or monofunctional fluoroaliphatic radical-contain 
ing isocyanates with tri- or tetraisocyanates, preferably 
in combination with diisocyanates. 
The B moieties may be the same or different and may 

comprise mixtures of fluorinated and fluorine-free ter 
minal radicals. The molecular weight of the carbodiim 
ide is relatively unimportant. It should, however, be 
sufficiently high to provide a material which melts 
above about 35° C. and below about 200° C. Lower 
melting materials tend to give an undesirable 'greasy" 
character to the leather surface and materials melting 
above 200° C. provide a leather which is less retentive 
of properties after abrasion. 
While the "B" groups have been discussed as derived 

from isocyanates by reaction with alcohols, they can in 
general be derived by reaction with any suitable 
fluoroaliphatic or hydrocarbon compound having an 
active-hydrogen containing terminal group such as a 
hydroxyl group (-OH), a carboxyl group (-COOH), 
mercapto group (-SH) or amino group (-NHR), in 
which R is hydrogen or lower alkyl of 1-5 carbon 
atoms. The following compounds both fluoroaliphatic 
and fluorine-free hydrocarbon are representative only 
of those which may be incorporated in 'B' groups. 

Fluoroaliphatic connpounds 
CF,(CF):SON(CH4)CHCHOH 
CF(CF)SON(CH)CH (CH)CHOH 
CFa(CF)SO.N(CHCH)CHCH-OH 
CF(CF)SON(CH3CHCH (CHOH 
CF(CF)SON(CHCH)CHCH-OH 
CF(CF)SON(CHCHCHCHCHOH 
CF(CF)SON(CHCHCHCHCHCHCHOH 
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GH, 
CF(CF)SON(CH)SH 
CFa(CF)SON(CH)CHCOOH 
CF(CF)SON(CH)(CH)OH 
CF(CF)SON(CH) (CH)OH 
CF (CF)SON(CH)(CH)OH 
CFa(CF)SON(CH)(CHOH 
CF (CF)SON(CHCH)CHCHNH 
(CF (CF)SON(CHCH) CHCHN 
CF(CF)SON(CHCH)CHCHN(CHH 
CFa(CF)SON(CH)CHCHSH 
CFCFCFSON(CH3CHCHOH 
CFO(CFO)CFCONHCH OH 
CFa(CF). SON(CH.)CHOCHCHCHOH 

CFCFF F. 

t—t e? Yncf.cf.sosch.ch.choi 
crer S F , 
CFCF (CF,Cl) (CFCF)CFCON(CH)CHC 
HOH 

CF(CF)SOCHCH-OH 
CF(CF)SON(CH3)CHCHSH 
(CF)CF (CF)SON(CH)CHCHOH 
CFCON (CH)CHOH 
CF (CF). CHCHCH-OH 

Hydrocarbon compounds 
CH(CH)CHOH 
CHCHOHCH 
(CHCHCHCH)NH 
CH(CH)COOH 
CH(CH)CHOH 
CHCHOH 
CHCHCHCHCHOH 
CHOH. 
CH(CH),SH 

Each of the above compounds can be reacted in suit 
able proportions with a polyisocyanate to produce a 
monoisocyanate. 
Preferably, fluoroaliphatic radicals contain a termi 

nal CF group and contribute from 5 to 50 percent by 
weight of carbon-bonded fluorine to the carbodiimide 
or to the metal complex in which they occur and at 
least 0.25% of carbon bonded fluorine in the solids as 
deposited on leather in the process of the invention. 

In treating the collagen type fiber matrix with the 
aforementioned carbodiimide and chromium complex, 
anionically charged tanned material (after coloring and 
fat liquoring) which has been water-rinsed and is still 
wet, preferably with approximately an amount of water 
equal to the weight of dry leather, is conveniently used. 
The wet processing of leather in a tannery or leather 

finishing house is normally conducted in a tanning 
drum. A conventional wood tanning drum is approxi 
mately 4.5 meters in diameter and 2.4 meters in length 
and contains baffles to tumble the contents while the 
drum is rotated. During drum rotation, the mechanical 
tumbling of the hides tends to produce an increase in 
temperature, and it is common practice to heat the 
drum charge to the desired temperature and thereafter 
permit the tumbling to proceed without temperature 
control. The drum is initially charged with from 230 to 
460 kg. of chrome tanned, shaved and split leather 
stock. Water is added in an amount from about one 
half the weight of leather stock (“short float") to a 
weight about equal to that of the leather stock ('full 
float"). Retanning chemicals, such as quebracho ex 
tract or neutral formaldehyde based resin synthetic tan 
ning agents or dialdehyde tanning agents may then be 
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8 
added. After tumbling for a period of time, the spent 
float liquor is removed and the stock is rinsed. This 
leaves the leather anionically charged. Usually the 
stock is dyed, preferably with an acid or direct dye sys 
tem, and rinsed. The dyed stock is treated with a fat li 
quor containing e.g., materials of the sulfonated sperm 
oil type or sulfonated neatsfoot type and is then thor 
oughly rinsed. Water is added in an amount equal to 
one-half the leather stock weight and the stock is tum 
bled at 110°F. (45° C.) for about 5 minutes. The pH of 
the float liquor is then checked and adjusted to pH 
3.0-3.5, if necessary, e.g., with concentrated formic 
acid, and tumbling is continued until the pH remains 
constant within this range. The desired amount of chro 
mium complex, typically as a 20 to 40 percent by 
weight solution in water isopropanol, is then added to 
the drum and the stock further tumbled for 30 to 60 
minutes, usually at a temperature in the region of 45 
C. until the foam disappears. The desired amount of 
carbodiimide, generally in the form of a 20 to 40 per 
cent aqueous emulsion, is added to the drum contain 
ing the stock, the stock being tumbled for an additional 
30 to 60 minutes at about the same temperature. If nec 
essary, a test for exhaustion of the carbodiimide may be 
conducted by moistening a piece of filter paper with a 
sample of the float liquor, drying, and placing a drop of 
water on the dried paper. If the float liquor is properly 
exhausted, the water will immediately soak into the pa 
per. After draining the float liquor, the leather stock is 
removed for finishing in the normal manner. Alterna 
tively, the chrome complex and carbodiimide may be 
combined as a solution or aqueous suspension and the 
stock treated with both simultaneously. The sequential 
treatment with aqueous liquors is generally more effec 
tive and is preferred. 
The invention is now further illustrated by a number 

of examples. Some of the examples, as will be indi 
cated, are for comparison with prior art and some illus 
trate the process of the invention and leather treated by 
the process. In these examples, leather samples are 1.2 
to 1.6 mm. thick brushed pigskin in speciments 150 
mm. X 200 mm. The leather is chrome-tanned, re 
tanned with a neutral synthetic tanning agent (such as 
sulfonated naphthalene-formaldehyde condensate) 
colored with acid dye (grey-green) and fat-liquored. 
The samples are treated at 50 C. from a short aqueous 
float in which the pH is adjusted to 3.0 to 3.5 with for 
mic acid prior to addition of carbodiimide and chro 
mium complex. 
After treatment, samples are rated for dynamic water 

resistance, static oil and water resistance and surface 
oil repellency. Insofar as possible all treatments are ap 
plied to leather samples having as nearly identical prop 
erties as possible, but it will be recognized by those hav 
ing skill in leather technology that leather samples may 
vary widely in properties even when taken from the 
same hide. Accordingly, although the numerical results 
fairly represent relative ratings of the samples tested, 
repetition of these tests at other times may mot dupli 
cate numerical results but should place analogous sam 
ples in the same relative positions. This is the nature of 
working on materials subject to much natural variation. 
Likewise, repetition of the tests in other sueded leath 
ers, e.g., calf, kid, steer, horse, chamois, etc., will give 
substantially the same relative positions. 

Static oil and water resistance are measured by an ab 
Sorption test using 50 mm. X 50 mm. squares cut from 
a treated Sample. Squares are weighed, weighted and 
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hung in the respective liquids. For oil resistance, the 
sample is suspended in mineral oil for 10 minutes so 
that the upper edge is 6 mm. below the surface of the 
oil. For water resistance, the sample is suspended in 
water for 1 hour with the upper edge 25 mm. below the 
surface. The squares are then removed, blotted lightly, 
reweighed, and the increase in weight expressed as a 
percent of the original weight. No allowance is made 
for soluble components in the leather which may be ex 
tracted. 
Dynamic water resistance is measured in a Maeser 

Flex Tester on 115 mm. X 115 mm. samples in accor 

W. 

WI. 

W. 

dance with ASTM method D-2099-70. 
Surface oil repellency is measured in accordance 

with Test 1 18-1966T of American Association of Tex 
tile Chemists and Colorists on 120 mm. X 150 mm. 
samples before and after abrasion. In this test higher 
numbers indicate superior oil resistance. The abrasion 
is carried out by brushing the sample back and forth 
with moderately fine (80 grit) sand paper in one direc 
tion, rotating the sample 90 and brushing back and 
forth again until the surface is entirely covered, then 
brushing five times back and forth in each direction 
with a brass bristle brush. 

In all the following examples, a fluoroaliphatic group 
containing chromium complex is used with certain ex 
ceptions (Runs 3, 4 use none; 2 is a control with hydro 
carbon complex and 7 and 19 are run with hydrocar 
bon complex). The fluorine containing complex (FCC) 
used here as exemplary is N-ethylperfluorooctanesul 
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10 
fonamido acetic acid complexed with three moles of 
chromium hydroxy dichloride. The hydrocarbon chro 
mium complex (HCC) used in Runs 2, 7 and 19 is my 
ristic acid with two moles of chromium hydroxy dichlo 
ride. 
One urethane (designated I) is used for comparison 

purposes, viz. 
. (CFSON(CH3)CHOCNHCCH)CHNH 
COC Hai 

Eight carbodiimides (designated II through IX) are 
used to demonstrate the invention. All contain 
fluoroaliphatic groups except for VIII. The several 
structures and individual designations are: 

CFSON(CHCHOCNHCHCCH)N=C=NCH3(CH)NHCOCHN(CHs) 

CFSO 

CFSON(CHs)CHOCNHCH(CH) N=C=NCH3(CHa))aNHCOCHN(CHs) 

CFSO 

CFSON(CH)CHOCNHCHCCH)N=C=NCHCCH) lsNHCO.C.H.N(C.H.) 

CFSO 

CFSON(CH)CHOCNHCH(CH)N=C=NC HCH)NHCOCHN(CH) 

CFSO 

CFSON(CH)CHOCNHCH(CH) N=C=NCH(CH)NHCOCHN(CH) 

CFSO 

CFSON(CH)CHOCNHCHCCH) N=C=NCHCCH))NHCOCHN(CH) 

CFSO 

VI. 
CHOCNHCHCCH)N=C=NCH(CH)NH 
COC Har 

IX CFSON(CH)C. 

EXAMPLE 

This example serves to provide comparisons at vari 
ous levels of application between the compositions 
used in the invention including Carbodiimides II and 
analogous compositions using Urethane I. Samples are 
prepared and tested as described above. Except as indi 
cated by footnotes or annotations, the total of carbodi 
imide or urethane (column headed "adduct') plus 
chromium complex (FCC except where noted as HCC) 
is 2% by weight of dry leather. Slashes are used to sepa 
rate data pertaining to Carbodiimide II from those on 
Urethane I, i.e., Run 3 is for II; Run 4 for I. 

Table I 

F Static Surface oil repellency Static Dynamic Water 
... O oil Before After water Resistance 

Run adduct leather uptake 7: Abrasion Abrasion uptake a (Maeser Flex X 10) 

s O O60 63 2- O 65 3. 
s O 0.00 75 O O 84 2 

314 0.8610.72 5f 414- 513- 445 1317 
l4f a 0.33 0.2010.18 2/11 2-12- 3-13- 481.48 10.5 
1515 O.7b 0.4010.35 1318 3/2+ 4-fl- 44.159 810.5 
6111 0.3 0.6910.67 22/35 514 110 43151 813 
1710 0.7 0.7310.68 1215 3-2- 2-fl- 44,156 219 
1819 1.0 0.7610.69 Of 17 413 3-f2- 36,53 416 
7977 3: * 0.5610.47 104 3-f- 4--1- 481.58 12 
2016 3 0.7910.70 15/20 514 512- 42136 612 
218 1.7 0.8310.7 0.71 1 if 515 4-f3- 47158 81 
221 12 2.7 0.16|0.40 1 Of 15 413- 512 28140 315 
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Table l-continued 

AF Static Surface oil repellency Static Dynamic Water 
oil Before After Witt Resistance 

Run adduct leather uptake 7 Abrasion Abrasion uptake a ( Maeser Flex X ()) 

2313 4.0 0.3810.10 912 414- 514 34140 42-fl3 

Controls in adduct, with FCC. with HCC 
** with CC 
'-Total (S. 
--Total .00 
-Total 4.0, 
-Total 6.t, 

EXAMPLE 2 

This example illustrates various compositions of the 
invention using Carbodiimides II through IX. All are 
employed at a level of 2% by weight of dry leather of 
which two thirds ( 1.7%) is the carbodiimide and the 
balance of (0.7%) is the fluoroaliphatic chrome com 
plex designated FCC. 

5 

Static Surface oil repellency 
?:F oil before after 

Run Carbodiimide on leather uptake abrasion abrasion 
24 O.79 s 5 5 
25 0.70 5 4. -- 
26 w 0.6 21 4 ()-- 
7 W O8) 12 5 5 
8 V ().7 8 4- 3 
9 w O.63 4. -- 
30 W O3 9 
3. X ().55 11 --- 3. 

II. fluoroaliphatic carboxylic acid having at least 
one terminal CF group and containing from 10 
to 72% of carbon-bonded fluorine in fluoroali 
phatic groups. 

B. an aqueous float liquor containing carbodiimide 
containing about 10% or more by weight of 
-N=C=N-groups in the weight of the molecule 
excluding terminal or pendent fluoroaliphatic radi 

Static Dynamic Watcr 
wat Resistance 

uptake a (Meser Flex X 0) 

16 
4. 6 
3. 36 
29 4 
32 24 
3. 2-4 4. 
48 9 
3. 13 

It will be evident that Carbodiimide VII (which con 
tains no fluoroaliphatic radicals provides improved dy 
namic water resistance but only limited surface oil re 
pellency and for this reason, fluoroaliphatic carbodii 
mides are usually preferred. 
What is claimed is: 
1. Process for improving the dynamic water resis 

tance of porous anionically charged collagen fiber ma 
trix comprising treating said matrix, while water wet 
ted, consecutively or concurrently with: 
A. an aqueous float liquor containing a water soluble 
chromium complex of substituted or unsubstituted 
alkanoic acid 

and 
B. an aqueous float liquor containing carbodiimide 
having a content of --N=C=N-groups of about 
0% or more by weight in the weight of the mole 

cule excluding terminal or pendent fluoroaliphatic 
radicals. 

2. Process for improving the dynamic water resis 
tance of porous anionically charged collagen fiber ma 
trix comprising treating said matrix, while water wet 
ted, consecutively or concurrently with: 
A. an aqueous float liquor containing a water soluble 
chromium complex of 
I. aliphatic carboxylic acid of eight to 20 carbon 
atoms unsubstituted other than by aromatic 
groups CnH2n-6m - where n is at least 6 and in 
is an integer from 1 to 3 inclusive and 
(2n-6-1 ) is a positive integer. 
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cals, said carbodiimide being represented as: 
B-N=C=N- A N=C=N-B 

where it is 0 to 20 and A and B are respectively diva 
lent and monovalent organic radicals free from 
readily hydrolyzable groups other than isocyanate 
and are free from isocyanate-reactive active hydro 
gen atoms; 

the weight ratio of said chromium complex and said 
carbodiimide being from 1:9 to 9:1 and the combined 
weight of said chromium complex and carbodiimide in 
said float liquors being from 0.5 to 6.0% based on the 
dry weight of said collagen fiber matrix. 

3. Process according to claim 2 wherein the carbodi 
imide contains fluoroaliphatic radicals giving from 5 to 
50% by weight of carbon-bonded fluorine. 
4. Process according to claim 2 wherein the carbodi 

imide is free from non-aromatic unsaturation in the or 
ganic radicals. 

5. Process according to claim 2 wherein the anioni 
cally charged collagen fiber matrix is retanned and 
dyed leather. 

6. A collagen fiber matrix comprising, in insolubil 
ized form, from about 0.5 to 6.0% by weight on a dry 
basis of the combination of a water soluble chromium 
complex and carbodiimide in proportion of 9:1 to 1:9. 

7. Collagen fiber matrix according to claim 6 wherein 
the insolubilized combination of chromium complex 
and carbodiimide provides 0.25 percent or more car 
bon-bonded fluorine based on the weight of the colla 
gen fiber matrix. 

8. Collagen fiber matrix according to claim 6 wherein 
sueded leather constitutes the matrix. 
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