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Introduction

Natural fat extraction from skins and leathers is mandatory to prevent the
appearance of undesirable effects in finished items. Non-extracted natural fat
is responsible for hard feel, decreased physical resistance and dye stains, and
is also partly responsible for the appearance of the dreaded repousse —a
white veil on the skin surface due to the efflorescence of certain free fatty acids
and/or triglycerides of the skin.

Natural fat content in sheepskin is highly variable and depends on the animal’s
origin, diet, surrounding climate, etc. These contents range from 30% in
Australian or American lamb to 7% in Spanish lamb.

Fat content is much lower in cattle hide. It is estimated at 2-3% and its distribution
in the leather is different from that in sheepskin. However, its removal before
tanning is also mandatory to avoid problems like those found in sheepskin.

The advantages of degreasing before tanning are obvious; indeed, metal soap
formation is prevented and natural fat is removed from the interfibrillary
spaces, thus allowing better and larger penetration of tanning liquids,
fatliquoring agents, dyestuffs, etc. In the past few years, great progress has
been made in the field of degreasing in an aqueous medium, both regarding
the use of less polluting surfactants and the application technology of these
products.

This book offers our best solutions to achieve:

1- Improved degreasing efficacy.
2- Decreased pollution.

This book consists of two parts:
Part I, where Theoretical and Experimental Parts | and Il stem from PhD thesis

“Decreasing the pollutant load in sheepskin degreasing by means of
enzymes”, defended by Ramén Palop at the Autonomous University of




Barcelona in 1999. This same section also includes Experimental Part Ill “A
comparative study of the surfactants most frequently used at C.U.” an
extension and update of the first two parts carried out in February 2016 under
the guidance of Ramén Palop and Olga Ballis and the assistance of Meritxell
Guix and Carles Chiva.

Part Il, where cattle hide degreasing is addressed by Mariana Lorenzo in the
scope of collaboration between Units Sudamericana and CEPROCOR in
Argentina. This study was presented at the IULTCS Congress, held in Brazil in
2015, under the title “Degreasing optimization in cattle hide”.
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1. THEORETICAL PART

1.1. FAT CONTENT IN SKIN

The natural fat content in raw skins varies greatly depending on the animal's
origin. The mean fat values found in the most commonly used skins are

shown in Table 1.

Table 1. Fat content in skins of different origin

New South

Spanish ~ Spanish . . .
Entrefino Merino French English Australia USA Zealand America Russia
8% 12% 20% 25% 30% 38% 35% 16% 20%

Figure 1. Fat cell distribution in a cross section of sheepskin (V.L. Addy)




In live animals, natural fat®3%3" is found at three main locations of the skin
(Figure 1):

a) The sebaceous glands near the pillous follicl
b) The grain-corium junction (40% of total)

c) The subcutaneous adipose tissue adhering at

In addition to the differential distribution of fat along the whole thickness of the
skin, there is also a topographic distribution of the different parts of sheepskin.

Most fat is found in the neck, the butt and the backbone, and a lesser amount
is found in the belly (see Figure 2).

10

Figure 2. Topographic distribution of natural fat in two types of skin: a) very fat,
b) moderately fat (Pankhurst)



In the skin, fat is located inside cells (Figure 3) whose walls are formed by a
protoplasmic envelope surrounded by reticular tissue(4".

Figure 3. Fat cells (in orange) and protoplasmic envelope (in blue) in an adipose
tissue cross section. (x 530) (Addy)

Any satisfactory degreasing process must be preceded by the rupture of the
protoplasmic envelope.

In sun-dried skins fat oozes from the interfibrillary channels and can be eas-
ily extracted. Conversely, in salted skins the cell walls are not as completely
ruptured and therefore surfactants and solvents are not as effective at de-
greasing.

Jordan-Lloyd, Humphrays and Pankhurst(142) studied the amount of ex-
tractable fat in sun-dried sheepskin as compared to salted skins and ob-
tained higher fat removal in sun-dried skins.

MacLaughlin and This!""® showed that 1% sulfuric acid pickling in a 10%
sodium chloride bath followed by storage for approximately 6 weeks leads to
fat cell rupture in sheepskin, with total rupture achieved after storage for 8
months (Figure 4).




Therefore, non-sun-dried skins require special treatment to ensure ruptured
fat cell walls.

Balfe, Bowes, Innes and Please('*® showed that 1% sulfuric acid pickling in
a 10% sodium chloride bath followed by storage for approximately 6 weeks
leads to fat cell rupture in sheepskin, with total rupture achieved after sto-
rage for 8 months (Figure 4).

BEFORE PICKLING 3 WEEK PICKLING

6 WEEK PICKLING 8 MONTH PICKLING

FAT CELL DISTRIBUTION IN A CROSS SECTION OF SHEEPSKIN

Figure 4. Fat cell rupture according to pickling time

This storage period is frequently used in sheepskin, mainly in those originat-
ing from Australia and New Zealand, because they are marketed in this
state.

The chemical composition of this fat varies from one breed to another, and
to a lesser degree between individuals of the same species. A standard
chemical composition is depicted below®:



Cholesterol 7%
Phospholipids 6%

Fatty acids 10%
Triglycerides 54%

Waxes 23%

Figure 5. Chemical composition of sheepskin fat

1.2. SURFACTANTS IN THE DEGREASING
PROCESS

1.2.1. SURFACTANT TYPES

Generically, surfactants are substances that lower the surface tension of
water. Their chemical structure is ambivalent in nature and includes a polar,
hydrophilic (water-soluble) part and a non-polar, lipophilic (oil-soluble) part.
This ambivalence allows surfactants to disperse, emulsify and solubilize
non-polar substances in water and vice versa.

The ability to emulsify non-polar substances depends on the surfactant's
chemical structure, that is, on the constitution of each (polar and non-polar)
part of the molecule, as well as on their relationship, known as hydrophilic-li-
pophilic balance (HLB).




Table 2. Application scale of the HLB values of different surfactants

HLB APPLICATION
2-3 DEFOAMER

3-6 WI/O (water/oil) EMULSIFIER
7-9 WETTER

8-16 O/W (oil/water) EMULSIFIER
13-15 DETERGENTS

15-18 SOLUBILIZERS / EMULSIFIERS

Depending on the ionic character of their polar part, surfactants are classi-
fied as anionic, cationic and amphoteric.

Anionic surfactants have a negative charge in the group:

R-CH,0S0, Na .. ........cooiiiananoii..
R-CH,SO,Na .. ..o
R-CH,OPO, " Na, . ..o

R = Hydrophobic remainder formed by a simple or modified long hydrocar-
bon chain.

Table 3. Cromogenia surfactants

NON-IONIC

NAME Ai‘;‘;;:g;_t)ter Nature HLB
CELESAL DL 85 % ALM-EOM (Low) 10.4
CELESAL K-6 50 % ALM-EOM (Low) + ad 1 10.7
CELESAL K-3 43 % ALM-EOM (Md-high) 14.6
CELESAL K-7 65 % ALM-EOM (Md-high) + ad 2 13.8
CELESAL K-7 CONC 80 % ALM-EOM (Md-high) + ad 3 13.2
CELESAL INP 32 % ALM-EOM (Md-high) + ad 4 12.6

ANIONIC

HUMECTOL AS-21 50 % Dialkyl Sulfosuccinate + ad 5
CELESAL BE-50 40 % Benzene derivative + ad 6

DETERPIEL PF-14 27 % Lauryl ether + ad 7



Non ionic surfactants have a differentiated electrical charge in their hydro-
philic group. They are generally obtained by reaction of ethylene oxide and/or
propylene oxide with organic compounds that have an active hydrogen atom,
such as fatty alcohols, fatty amines, alkyl phenols, fatty acid amides, etc.

R-CH,OH +X CH,-O-CH,— R-CH,(OCH,), OH (Ethoxylated fatty alcohol)

Cationic surfactants have a positive charge in their polar group and are gen-
erally composed of quaternary ammonium salts ionized in solution to yeld an
organic cation.

Amphoteric surfactants contain or may contain, under certain pH condi-
tions, both (anionic and cationic) ionic groups in the same molecule. For in-
stance, betaines, sulfobetaines, etc.

R-CH,-NH-CH,SO,” Na*

A surfactant is able to emulsify, disperse and solubilize non-polar substanc-
es such as fat in water (O/W system).

For effective degreasing, a surfactant must be able to:

1. Penetrate the interfibrillary channels of the skin and reach the fat deposits.
2. Come into close contact with the fat of the skin and emulsify it.

3. Lead the emulsified fat out of the skin.

4. Maintain the stability of the created emulsion during the process.

5

. Not cause any irreversible alteration in the skin structure likely to cause
defects in the final leather.



Non ionic Cationic Anionic

% of extracted fat

Time (hours)

Figure 6. Extracted fat according to concentration and surfactant type on pickled skin

These considerations allow elucidating the surfactants that can be applied in
sheepskin degreasing.

Anionic surfactants, for instance, are strongly absorbed by collagen fibers
and therefore are not available to emulsify skin fat.

McLaren(®® compared many surfactants for aqueous degreasing of pickled
sheepskin and concluded that cationic and non-ionic surfactants were very
poorly absorbed by the skin under acidic conditions. The laboratory results
obtained with three (anionic, non-ionic and cationic) surfactant types in pick-
led sheepskin degreasing are shown in Figure 6.

In addition to the surfactant type, other factors have an influence on aqueous
degreasing with surfactants. These factors are:

1°- pH: Optimal pHs (maximum emulsifying efficacy of the surfactant) usual-
ly range from 5 to 6, and therefore skins must be depickled before or during
degreasing.

2°- Sodium chloride content: The use of baths with high salt contents
causes salted-into, i.e. a fastest penetration of the surfactant into the skin on
account of decreased solubility in water, thus reaching fat more efficiently.
The disadvantage is that emulsions are more unstable. However, both fac-
tors can be used if good process control is ensured.



3°- Surfactant concentration (g/l): Because the amount of extracted fat is
increased by increasing the surfactant concentration, an approximate water
content of 60-80% at the beginning of degreasing is recommended.

4°- Degreasing duration: Reaching steady state requires a minimum
amount of time that will depend on the conditions used (speed, concentra-
tion, temperature, drum type, etc.).

5°- Temperature: The amount of fat extracted with surfactants is increased by
increasing temperature. On account of its chemical composition, the melting

point of skin fat ranges from 38 to 42°C, and liquefied fat is required for effec-
tive degreasing.

Degreasing efficiency was studied by comparing a medium-chain fatty alco-
hol (ALM) and a long-chain fatty alcohol (ALL) at different oxyethylenation
degrees. As shown in Figure 7, the highest ALM efficacy is reached at 12
Ethylene Oxide Moles (EOM).

HLB= 14.6

Extracted fat %

Ethylene Oxide Moles

Figure 7. Degreasing efficacy according to the degree of oxyethylenation of the fatty
alcohol



The strong dependence of degreasing efficacy on EOM content can be inter-
preted in terms of the hydrophilic-lipophilic balance (HLB) of surfactants. The
HLB of a surfactant expresses the balance between the size and the strength
of the surfactant groups. Thus, low-EOM surfactants are predominantly lipo-
philic in nature.

P.J. Waters('*®» extended his study on optimal HLB to unit surfactant mixtures).

ALM Unit ALL Unit ALM Mixture ALL Mixture

% of extracted fat

Figure 8. Degreasing efficacy according to the HLB of ethoxylated fatty alcohols

It is concluded that surfactants with HLB similar to the material to be emulsi-
fied do emulsify very well. This efficacy, however, is reduced in case of sig-
nificant HLB differences between the material and the surfactant.

The efficacy of a system formed by mixtures of two surfactants at 45°C for
six hours is shown in Figure 8.

Mixtures were obtained at the following ratios: 100%-80%-60%-40%-20%-
0%. As shown in Figure 8, the pure unit surfactant (ALM) has an efficacy
similar to that of the mixture at a ratio of 60A+60B (point nr. 1).



The ALL unit component is somewhat less effective than the corresponding
mixture at the same HLB (14.8) (point nr. 2).

As shown in both Figures 7 and 8, maximum degreasing efficacy is obtained
with the medium-chain fatty alcohol (ALM), with 12 EOM and HLB of 14.8.

This phenomenon was extensively studied by J. Poré(1%2 (183 who named
"RHLB" the HLB required to emulsify a specific fatty matter. In his paper,
each fatty compound and each type of natural fat has a different "RHLB", for
which reason, one should not use same type of emulsifier to degrease
sheepskin, Cattle hide, pigskins or hides from other animals.

Professor Heideman(*" reported degreasing efficacy values of 40% with
medium-chain alcohol with 12 EOM in depickled New Zealand skins.

Enzymatic degreasing can be performed by using the lipase/emulsifier, pro-
teasel/lipase, phospholipase/emulsifier or phospholipase/lipase systems.

In the lipase/emulsifier system, the application of a specific lipase for sheep-
skin and cattle hide degreasing was studied®). This type of lipase can be
used at pH and temperature ranges of 3-13 and 25-30°C, respectively.

Lipases and phospholipases are enzymes of the esterase class. However,
while lipases react with triglycerides, phospholipases attack phospholipids.

Reaction products are composed of glycerides, monoglycerides, diglycer-
ides, fatty acids and soaps that are easily emulsified by surfactants.

The reaction between triglycerides and lipases is outlined in Figure 9.



DIGLYCERIDS

MONOGLYCERIDS

GLYCERIDS
TRIGLYCERIDS
FATTY ACID SOAPS
(NO SOLUBLE)
. (SOLUBLE)
Figure 9.
Reaction of triglycerids
and lipases

Some lipases preferably hydrolyze the C,,-C, , short chains, while other li-
pases hydrolyze unsaturated long chains such as those of oleic and linoleic
acid. There are also other types of lipases that attack triglycerides at the C,
position, and others do so at the C, position.

Because lipases tend to react in the water/oil interface, their activity can be
influenced by the presence of surfactants, by mechanical action (stirring)
and, in general, by anything that changes the emulsion particle size.



Figure 10. Free fatty acids can be visualized by saponification with lead ions. Fatty
acid distribution can be observed in the lipase-treated sample (15) and the untreated
Reference (16)

To break apart phospholipids such as lecithin, a Phospholipase is required.
This phospholipase is known as Phospholipase A1, A2, C or D depending
on the site where the reaction takes place (Figure 11).

HaoC O-—_i O—CHz>—CH2N+CH3)3

Figure 11. Reaction point between Phospholipase and Lecithin




Phospholipases A, are used for degreasing. They react with the phospholip-
ids that form the cell membranes that contain the fat and yield isophospho-
lipids, fatty acids and fatty acid soaps as reaction products.

ISOPHOSPHOLIPID

PHOSPHOLIPID

PHOSPHOLIPASE A,

FATTY ACID SOAPS

(NO SOLUBLE)

(SOLUBLE)

Figure 12. Reaction of phospholipids with Phospholipase A,



Figure 13. Fat cell packs before (A) and after (B) treatment with Phospholipase A2
using Sudan |V as differential dye (x40)

Figure 13 depicts a pack of intact fat cells in their natural state. On the right,
the result of the attack of Phospholipase A,, which breaks apart much of the
protoplasmic envelope and thus allows fat to come out.

Table 4. Cromogenia lipases

ENZYME TYPE AND USE
DEFAT 50 LIPASE for neutral/alkaline medium
DEFAT 70 AL LIPASE for acidic medium

DEFAT 80 PA PROTEASE for acidic medium




2. EXPERIMENTAL PART I.
Variable optimization

One of the first questions we asked ourselves when we started this book
was: ¢What substrate that is uniform enough can we use as starting
substrate?

The bibliographic search conducted on this subject always refers to taking
samples "from the most representative parts of the skin(*¢'3®)". However,
how can we ensure a specific degreasing efficacy if analyzing the same
piece of skin before and after degreasing is impossible?

Pr. Heideman4" provides a statistical response: "The high dispersion of fat
in the skin hugely increases the number of skins required to obtain reliable
mean values. With such dispersion, it is estimated that 40 skins are required
for each variable, that is, 20 skins to ascertain the initial fat content and an-
other 20 skins to ascertain the final fat content.” Thus, the large number of
variables involved makes this system practically inapplicable to our work.

The papers by Mc Laren V.T.("®® and P.J.Waters(* led us to prepare the
following standard substrate:

Twelve English domestic sheepskin in the pickled state at pH=2.5 and weight
16 Kg (22°C and 60% RH) were used.

These skins were die cut into pieces using a 30 x 3 cm stencil with 1 x 2 cm
subdivisions by means of the "ATOM" press available at the laboratory. All
these small pieces were further homogenized in a DUPLEX-2 drum for 48
hours.



Figure 14. Pieces that compose the substrate

We thus obtained 16 Kg of substrate composed of 1-cm? pieces from which
6 samples were obtained. Fat analysis according to the Official Method
(IUC-4) was performed.

2.2. METHOD USED

SIMPLEX-4 drum batteries were used for the process defined in Figure 17.
In order to omit the lack of mechanical action in the drums of such small skin
pieces, rubber stoppers were placed in each drum to enable hitting and me-
chanical action.

Figure 15. A SIMPLEX-4 drum battery Figure 16. DET-GRAS (Fat extractor)




Values of 11% of fat with a maximum deviation of +/- 0.5% were obtained,
thus ensuring assay reproducibility.

Importantly, however, this "standard substrate" is valid only in comparative
studies and is not valid to assess whole skins; indeed, die cutting breaks the
cell membranes that contain the fat cells.

While the amount of extracted fat is appreciably lower than the amount of
natural fat in whole skins, die cutting the skin exerts pressure on it and the
fat on the surface is thus lost during skin handling (weighing, etc.) before
placement in the treatment drums.

A balanced, maximum efficacy combination of ethoxylated medium-chain
fatty acids (ALM) at a medium/high degree of ethoxylation, called CELESAL
K-3, was used

The influence of bath and skin pH has been widely studied37 141. 142),

All the authors consulted agree that the best degreasing efficacy is obtained
in depickled skins. However, most of these authors report a wide pH range
(between 4 and 6).

The following method was used:

Reference weight = pickle + 50%
100% Water at 37°C and 6°Be
5.0% CELESAL K-3(m.a.)
Run 60 min
Adjust pH with sodium formate and sodium bicarbonate for each variable

Run 3 hours

Figure 17. Standard method used



The values in our assays ranged from 3 to 7 using 5% CELESAL K-3 (m.a.).

% EFFECTIVENESS

Figure 18. Influence of pH on degreasing efficacy

As shown in Figure 18, the amounts of fat extracted at pH 3 and 4 are very
low (11 and 14%, respectively). At pH 5, however, the amount increases up
to 25%. From then on (pH 6 or 7) efficacy is significantly increased up to
55% and 58%, respectively.

The process depicted in Figure 17 was applied, with CELESAL K-3 concen-
trations ranging between 0 and 7%(m.a.).

% EFFECTIVENESS

% CELESAL K-3

Figure 19. Influence of Celesal K-3 concentrations on degreasing efficacy



As shown in Figure 19, the greater the concentration, the greater the de-
greasing efficacy. This increase, however, is relatively small at values be-
tween 5 and 7.

Importantly, in the assay without Celesal K-3, an efficacy of 12% (an efficacy
even greater than that obtained at pH = 3 with 5% Celesal K-3) was obtained
merely by depickling at pH = 7 and washing with water at 37°C.

The optimal conditions for application (pH =7, Celesal K-3 concentration =
5%(m.a) were selected from the above assays, with times between 4 and 24
hours based on the process described in Figure 17.

As shown in Figure 20, degreasing efficacy shows little variation as of 4
hours and the variation is even smaller between 8 and 24 hours.

% EFFECTIVENESS

Time (hours)

Figure 20. Influence of time on degreasing efficacy



Assays were performed with (active at neutral pH) lipases on skins previous-
ly neutralized at pH = 7. The degreasing process was run with 5% Celesal
K-3(m.a.) for 4 hours.

% EFFECTIVENESS

% DEFAT 50

Figure 21. Influence of neutral lipases on degreasing efficacy

As shown in Figure 21, degreasing efficacy is increased with increasing con-
centrations of lipase and reaches steady state at values of 3%. As compared
to the efficacies obtained in previous treatments, these efficacies have in-
creased considerably.



3. EXPERIMENTAL PART Il .
Process optimization

3.1. SUBSTRATE AND PROCEDURES

Seven English domestic sheepskin in pelt weight were used. Upon the com-
pletion of the Soaking-Dehairing-Liming-Bating-Washing phases, the left
halves underwent pickling with the Reference (Figure 22).

. Figure 22. REFERENCE pickling

28

Skin nr. 1 = Reference pickling + Phospholipase A2 — Standard degreasing
Skin nr. 2 = Reference pickling + DEFAT 80 PA — Standard degreasing
Skin nr. 3 = Reference pickling + DEFAT 70 AL — Standard degreasing
Skin nr. 4 = Reference pickling — Standard degreasing

Skin nr. 5 = Reference pickling + Phospholipase A, + DEFAT 80PA +
DEFAT 70 AL — Standard degreasing + DEFAT 50

Skin nr. 6 = Reference pickling + Phospholipase A2 + DEFAT 80 PA —
Standard degreasing

Skin nr. 7 = Reference pickling — Degreasing (kerosene + nonylphenol 8
EOM)

Figure 23. Design of the variables applied



Upon completion of the relevant process, skins halves were dried, die cut,
reduced to powder, and homogenized. Four fat determinations were perfor-
med in each half skin according to analytical method IUC-4.

Samples of (non-decanted) residual baths were taken at the end of the pro-
cess for COD evaluation.

LAY DOWN ON BEAM FOR ONE WEEK

Standard degreasing:

Figure 24. Standard degreasing process




% EFFECTIVENESS

SKIN Nr.

Figure 25. Influence of the process on degreasing efficacy

Maximum efficacies (78 and 88%) were obtained in skins 3 and 5, which in-
cluded lipase treatment. The third best efficacy was obtained with standard
degreasing with kerosene and nonylphenol in skin 7 (72%).

The process of skin 5, however, is practically unfeasible because Phospho-
lipase A-2 costs 1,500 €/liter. Also, this process involves adding acid pro-
teases (DEFAT 80 PA) and neutral lipases (DEFAT 50). In comparison, pro-
cess 3 is much simpler, cheaper, and offers very good efficacy (78%).

The addition of acid protease and/or phospholipase A,, either in isolation or
jointly (skins 1, 2 and 6), does not substantially increase the efficacy of de-
greasing (skin 4: reference).

It can be deduced that the action of acid pickling as fat cell rupturing agent
is not improved by the action of phospholipases or by acid proteases. How-
ever, both acid (3) and neutral lipases are highly effective in rupturing triglyc-
erides and therefore add to degreasing efficacy (skin 3).

Regarding COD, the baths at the end of the main degreasing were analyzed
without product decanting to avoid supernatant emulsion losses (para evitar pér-
didas de la emulsion que sobrenada).



COD (thousands) p.p.m.

SKIN Nr.

Figure 26. Influence of the process on Chemical Oxygen Demand

Maximum pollution is obtained with the kerosene + nonylphenol (nr. 7) pro-
cess (63,000 p.p.m.), followed by processes 3 and 5.

As shown in Figure 26, the greater the degreasing efficacy, the greater the
COD. However, the process performed with kerosene —with an efficacy
somewhat lower than that of process 3 and considerably lower than that of
process 5— yields considerably higher COD values (63,000 ppm).

Thin layer chromatography (TLC) of fat extracts shows very strong staining
of natural fat (R) in the triglyceride region.



Figure 27. Influence of the process on the composition of the fatty extract

As shown in Figure 27, (lipase containing) processes 3 and 5 produce weak
staining in the triglyceride region and process 5 shows very weak staining in
the rest of its column. Also, processes 1, 2 and 4 produce medium staining in
the triglyceride region and quite weaker staining in the rest of components.

3.2. SUBPRODUCTS OF THE DEGREASING
PROCESS

The pollution originated at degreasing with surfactants is caused by two fac-
tors: the residual surfactant that remains in the bath (A) and the fat-sur-
factant emulsion (B).

A) Residual surfactant

The evaluation of the environmental pollution®” caused by surfactants is
based on two parameters: the product's own toxicity and its concentration in
the environment, including its biodegradability and the rate and the mecha-




nisms by which the products degraded in the environment and all intermedi-
ate components can actually be degraded in the process.

The toxicity of the different surfactants in water is primarily measured with
two parameters:

On the one hand, the BSBT% parameter, which consists of the sum of pa-
rameters(’®® to measure the total degradation of all organic components,
such as biochemical oxygen demand (BOD), dissolved organic carbon
(DOC), total organic carbon (TOC), carbon dioxide (CO,), and chemical ox-
ygen demand (COD).

Table 5. Non-ionic surfactant biodegradability

SURFACTANT BSBT %
Nonylphenol 9 EOM 6-7
Fatty alcohol 5 EOM 1-3
Fatty alcohol 10 EOM 2-3
Fatty alcohol 14 EOM 3-4

On the other hand, the LCo parameter, which is equivalent to the maximum
concentration at which a school of fish can live without any individual dying
off. The lowest values indicate that fish start dying at that concentration (poi-
sonous values), while the highest values indicate much lower toxicity.

Table 6. Non-ionic surfactant toxicity

SURFACTANT LCo (g/l)
Nonylphenol 9 EOM 9
Fatty alcohol 5 EOM 60-70
Fatty alcohol 10 EOM 65-75
Fatty alcohol 14 EOM 65-75

Importantly, achieving good and fast biodegradability (low BSBT%) is better
than achieving low toxicity because poor biodegradability leads to lethal con-
ditions faster than a simple increase of the surfactant concentration.



B) Fat-surfactant emulsion

In the degreasing process double walled drums are key to achieve maxi-
mum skin washing efficacy and maximum bath exhaustion and, if possible,
lead the bath to decantation.

Washing in short, high-mechanical.action baths is more effective because
lower flows are treated. Importantly, the grain must not suffer during this
process and accordingly a balance between mechanical action and bath
duration should be sought. Slip agents can also be used to avoid friction in
the grain layer.

The assays performed have allowed defining a process with 70% efficacy
and 50,000 p.p.m. COD, thus being more effective than kerosene + nonyl-
phenol. However, for this process to be industrially applicable, all the physi-
cal-chemical properties of skin must be checked to be at least equal to the
properties known so far. To do so, a number of comparative assays involving
degreasing with kerosene + nonylphenol (nr. 7) and degreasing with en-
zymes (nr. 3) were performed.

Six pickled English domestic skins were split in half along the backbone for
maximum symmetry. The left halves were degreased with kerosene + nonyl-
phenol and the right halves underwent process nr. 3 (pickling + DEFAT 70 AL).
After degreasing the skins were tanned with 33°Sch chrome salt, neutral-
ized and fatliquored separately but with the same process. Skins were then
dried and led to the crust state (llevadas al estado de crust).

Two of these skins (4 halves) were used to evaluate:

— Chrome oxide (Cr,0,) in the tanned skin

Degree of white

Light fastness

Temperature fastness



The four remaining skins (8 halves) were neutralized, dyied and fatliquored.
After drying and conditioning, the following was evaluated:

Tensile strength (IUP-6)
Color (E*)

Color levelness (AE)

Degree of softness (IlUP-36)

The values obtained are summarized in Table 7 below:

Table 7. Physical-chemical properties

()
7] - - @ = wn =
o 2S¢ 58 88 2E 59 2. © @
~ c® =0 e s 52 E5 0o
S £ ;-3 E‘:Z T § 85 S9 4 g
PROCESS = r=r ] < ) Es 12 w®° =0
© ; g+ 42 §¢0 UJQ g n
LEMEEIDS g o g 9 220 37 11 706
Nonylphenol ’ - -

Enzymatic 4 40 5,8 6 222 37,7 0,7 7604

— The quantity of fixed Cr,O, is somewhat higher in the enzymatic process.

— The degree of white is also somewhat higher in the enzymatic process.

— Good light fastness values are obtained in both processes (Section 4.2.5),
somewhat better in the enzymatic process.

— Good temperature fastness values are also obtained in both processes,
significantly better in the enzymatic process.

— Tensile strength values are also somewhat better in the enzymatic pro-
cess.

— The E* values that define color are also very similar. Color levelness, how-
ever, shows substantially different values in favor of the enzymatic pro-
cess.



Color levelness is defined as the color variation (AE*) measured at different
parts of the skin surface; the lower the difference, the better the levelness.

Twenty E* readings were performed in each comparative half skin in both de-
greasing processes. Maximum deviations were A 1.1 and A 0.7 for kerosene
+ nonylphenol degreasing and enzymatic degreasing, respectively.

As far as feel is concerned, measuring with the Softness Tester allows nu-
merical quantification of this value (admitted IUP-36 standard).

Twenty readings were performed in each comparative half skin: a degree of
softness of 7 with maximum deviation of 0.6 A was obtained in kerosene +
nonylphenol degreasing, and a degree of softness of 7.6 with maximum de-
viation of 0.4 A was obtained in enzymatic degreasing.

As seen, most values are generally somewhat better in the enzymatic pro-
cess. Most significant, however, is the improved skin LEVELNESS provided
by enzymes, as evidenced by the lower deviations obtained after 20 read-
ings. This may be related to the higher uniformity obtained with enzymatic
degreasing.

Many studies listed in the References include pre-degreasing treatments
with polyphosphates®?®), potassium aluminum silicates® or aluminum salts".

Applications with aldehydes have been most widely studied. However, only
a few authors®'™ mention fiber separation as a mechanism to improve de-
greasing efficacy. Most authors(:5"".'4 point out the advantages of increasing
degreasing temperature up to 40-45°C to approach the melting point of nat-
ural fats, thus making the process of emulsion with surfactant much more
effective.

We have worked with skins pretanned with RETANAL TAL fixed at pH = 4.5
with sodium formate and sodium bicarbonate; a shrinkage temperature (St)
of 72°C was reached after 2 hours.

Another assay was performed on skins pretanned with RETANAL DFS NEW.
Treatment was started on pickled skin at bath pH = 2, which was then raised
to 6.5 with formate, sodium bicarbonate and sodium carbonate; a shrinkage
temperature (Ts) of 60°C was reached after 2 hours (at pH 6.5).



Upon the completion of both pretanning processes, skins were degreased
with 5% CELESAL K-3 according to the following formulas:

Pickled skin pH 2.7
Dose on pickle weight + 50%
200% Water at 35°C and 6°Be

6.0% RETANAL TAL

Run 45 min
2.0% Sodium formate
Run 15 min
X% Sodium bicarbonate
Run 45 min. Adjust pH = 4.5
Run 2 hours. St =70°C
Drain bath
100% Water at 40°C (maintained)
5.0%(m.a.) CELESAL K-3
Run 60 min
3.0% Sodium bicarbonate
Run 3 hours. pH = 6.5
Drain bath
300% Water at 40°C
Run 20 min

Drain bath

Figure 28. Process with RETANAL TAL pretanning



Pickled skin pH 2.7
Dose on pickle weight + 50%
200% Water at 35°C and 6°Be

2.0% RETANAL DFS NEW
Run 45 min
2.0% Sodium formate
Run 15 min
4.0% Sodium bicarbonate
Run 45 min. pH = 6.5
Run 2 hours. St =60 °C
Drain bath
100% Water at 40°C (maintained)
5.0%(m.a.) CELESAL K-3
Run 4 hours. Drain bath
300% Water at 40°C
Run 20 min

Drain bath

Figure 29. Influence of pretanning on degreasing efficacy

As shown in Figure 29, the efficacies of all three degreasing systems are
very similar, but COD values (Figure 26) are decreased by 20%.



An overview of all (enzymatic and with pretanning) degreasing systems is
shown in Figure 30.

1. Ref. pickling — Standard degreasing

Ref. pickling + DEFAT 80 PA — Standard degreasing

Ref. pickling + DEFAT 70 AL — Standard degreasing

Ref. pickling + DEFAT 80 PA + DEFAT 70 AL — Standard degreasing
Ref. pickling — Degreasing with Pretanning agent RETANAL DFS New
Ref. pickling — Degreasing with Pretanning agent RETANAL TAL

Ref. pickling — Kerosene + Nonylphenol

© N o g kr w0 D

Ref. pickling + DEFAT 80 PA + DEFAT 70 AL — Standard degreas-
ing + DEFAT 50

Figure 30. Degreasing processes used

% EFFECTIVENESS

PROCESS Nr.

Figure 31. Comparison of all degreasing processes used



Because industrial practice involves pickling and marketing skins with a sim-
ple standard formula, the technician's task will focus on the processes of
degreasing with pretanning. Among these, the recommended process is
number 5: pretanning with RETANAL DFS New (70% Efficacy).

Should the technician get to conduct the whole process (including pickling)
with very fatty/greasy skins (pieles muy grasas), process number 8 is recom-
mended (88% Efficacy).



4. EXPERIMENTAL PART IlI .
Comparative study of the surfactants most
commonly used at C.U.

The degreasing obtained with process number 5 (pretanning with RETANAL
DFS New) is the simplest, easiest to apply one. We shall thus define it as the
"Maximum-efficacy sheepskin degreasing process" (see Figure 32).

Pickled skin pH 2.7

Dose on pickle weight + 50%
200% Water at 35°C and 6°Be
2.0% RETANAL DFS NEW
Run 45 min
2.0% Sodium formate
Run 15 min
4.0% Sodium bicarbonate
Run 3 hours pH = 6.5. Uniform cut (Corte Uniforme). St =60°C
Drain bath
100% Water at 40°C (maintained)
5.0% SURFACTANT(m.a.)
Run 4 hours
Drain bath
300% Water at 40°C

Run 20 min. Drain bath

Figure 32. Process used in the study of different surfactants



A comparative study of the (non-ionic and anionic) surfactants most com-
monly used at Cromogenia, as well as a surfactant-free reference assay,
were performed.

Table 8. Surfactants used

NON-IONIC
NAME Ve NATURE EFF('(f/if‘CY
CELESAL DL 85% ALM-EOM (Low) 57
CELESAL K-6 50% ALM-EOM (Low) + ad1 62
CELESAL K-3 43% ALM-EOM (Md-high) 70
CELESAL K-7 65% ALM-EOM (Md-high) + ad2 75
CELESAL K-7 Conc 80% ALM-EOM (Md-high) + ad3 80
CELESAL INP 32% ALM-EOM (Md-high) + ad4 59
ANIONIC
HUMECTOL AS-21 50% Dialkyl sulfosuccinate + ad5 55
CELESAL BE-50 40% Benzene derivative + ad6 40
DETERPIEL PF-14 27% Lauryl ether + ad7 77
REFERENCE 12

ALM = Medium-chain fatty alcohol

EOM (Low) = 4.5-5,5

EOM (Md-high) =11-12
ad1-ad2-ad3-ad4-ad5-ad6-ad7 = Additives

The relevant additives are considered to be part of the active matter.



1°-

20

3°-

40-

5°-

CELESAL DL and CELESAL K-6 differ only in the addition of an addi-
tive (ad1) to CELESAL K-6. This addition increases efficacy from
57% to 62%.

CELESAL K-3 has the same chain as CELESAL DL (ALM) but a high-
er number of ethylene oxide moles, thus increasing efficacy from
57% to 70%.

CELESAL K-3, CELESAL K-7, CELESAL K-7 conc. and CELESAL
INP have the same chain (ALM) and the same number of ethylene
oxide moles (Md-high). Adding the additive (ad2 and ad3) to CELE-
SAL K-7 and CELESAL K-7 conc. increases efficacy from 67% to
75% and 80%, respectively, with ad3 being somewhat more effective.
However, adding ad4 to CELESAL INP reduces efficacy to 59%,
probably because ad4 is less effective than the base.

HUMECTOL AS-21 AND CELESAL BE-50 have low efficacy (55%
and 40%, respectively), while Deterpiel PF-14 has high efficacy
(77%). Importantly, the latter produces foam and therefore should be
used together with defoamers.

The surfactant-free reference has an efficacy of 12% on account of
the action of washings with water at 38- 40°C. This value is consistent
with that obtained in the study performed 15 years ago (see Section
2.5 of this book).



5. CONCLUSIONS

- The higher the pH, the higher the degreasing efficacy.

- The higher the concentration of CELESAL K-3, the higher the efficacy,
with steady state being reached as of 4-5% of active matter.

- Degreasing efficacy increases with time, with steady state being reached
within 6 to 8 hours.

- Degreasing efficacy increases with enzymatic pickling with acid lipases,
more so when neutral lipases are added when degreasing at neutral pH.

- Pretanning with RETANAL TAL and with RETANAL DFS NEW improve
efficacy because degreasing can be performed at 40-42°C.

- Because pretanning with RETANAL TAL changes the characteristics of
the skin to a greater extent (more cationic), pretanning with RETANAL DFS
NEW is recommended.

- The maximum efficacy of the surfactants currently manufactured by
Cromogenia Units is that provided by CELESAL K-7 conc.




6. REFERENCES

Dempsey, M-J. Soc. Leather Trades = Chemists, 43 434 (1959)

O’Flaherty F. Roddy, W.T. y lollar R.M. The Chemistry and Technology of
Leather. vol. |. Reinhold Publishing Corporation. New York (1956) pag. 194

Grassmann W. Handbuch der Gerbereichemie und Lederfabrikation,
vol. | 10 parte, Srpinger Verlag, Viena (1944)

Leder und Hautemarkt, num. 3.20 (1957)
Stirtz T. Das Leder, 10, 25 (1959)

Strandine, E.J. De Beukelaer, F.L. y Werner G.A. J. A.
Leather Chemists=Assoc. 52, 407 (1957)

Stuart L.S. y Frey, R.W. Ibid. 35 414 (1940) via (2)

Pektor V. y Navratil. V. Koarstvi 6, 149 (1956) via. J. Am. Leather Chemists
Assoc. 52 407 (1957)

Stuart, L.S. y Frey. R.W. J. Am. Leather Chemists = Assoc. 33 198 (1938) via (2)
Fredholn H. Das Leder, 7 81 (1956)

Winnaker K. Chemische Technologie vol. Il pag. 496 C.Hamser Verlag. Munich
(1954)

Stather F. y Herfeld H. Coll. 333 (1935)
Kuntzel A. Bol. Asoc. Quim. Esp. Ind. Cuero 10, 180 (1959)

Loewe H. Einfiihrung in die chemische Technologie der Lederherstellung,
Roehter Verlag. Darmstad (1959)

O=Flaherty F. Roddy W.T. Lollar R.M. The Chemistry and Technology of
Leather, vol. I. Reinhold Publ. Corp. New Yourk (1956)

Wilson J.A. The chemistry of Leather Manufacture, 22 ed. vol. | Reinhold Publ.
Corp. New York (1928)

Grassman W. Handbuch der Gerbereichemie und Lederfabrikation,
vol. | 22 parte pag. 39 Springer Verlag. Viena (1939)

Roddy, W.T. y Hermoso R.P. J. Am. Leather Chemists. Assoc. 38, 98 (1943)
Lollar, R.M. y Wilson C.G. Ibid. 51, 206 (1956)

Stather F. Gerbereichemie und Gerbereitchnologie, Akademie Verlag (1951)
DRP 369587; via (10)

Kintzel A. Das Leder, 4 293 (1953)

Riess, C. Ibid. 5, 221 (1954)

DRP 288095; via (10)

DAS 1022350; via Das Leder 9 45 (1958)

DAS 1022748; via Das Leder 9, 69 (1958)



27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

DAS 1046251; via Das Leder, 10 70 (1959)
Artigas J.M. Bol. Asoc. Quim. Esp. Ind. Cuero 8, 124 (1957)
McLaughlin y Theis. The Chemistry of Leather Manufacture (1945)

Bhaskaran R. Sen. S.N. y Das B.M. Bull. Central Leather Research Inst.
Madras 3, 115 (1950) via. J. Soc. Leather Trades = Chemists, 41 329 (1957)

Thuau U.J. Revue Tech. Ind. Cuir 43, 41 (1951)

Dempsey B.M. J. Soc. Leather Trades Chemists 40, 287 (1956)

Burton D. Ibid. 42 403 (1958)

Hauck R. J. Am. Leather Chemists. Assoc. 53, 676 (1958)

Appel R. Das Leder 8, 1 (1957)

Kosmann. Tonindustrie Ztg. 44, 55 (1920)

Gratacos E. Bol. Asoc. Quim. Esp. Ind. Cuero, 7 227 (1956)

Marriot R.H. J. Inter. Soc. Leather Trades = Chemists, 12 216 281, 342 (1928) via (5)

McLaughlin G.D. Highberger H. y Moore K.J. Am. Leather Chemists.Assoc.
23, 345 (1927)

O’Flaherty F. y Roddy W. Ibid. 30, 53 (1934)
Zahn H. Text. Rdsch. 12, 611 (1957)

Swan, J.M. Proc. Intern. Wool Text. Res. Conf. Australia (1955) vol. C, pag. 25;
via Hildebrand D. y Zahn, H. SVF-Fachorgan, num 6 13 (1958)

Booth H. J. Soc. Leather Trades = Chemists 40, 226 (1956)

Theis, E.R. y Ricker M.O. J. Am. Leather Chemists = Assoc. 36, 62 (1941)
Merrill H.B. Ibid. 23, 230 (1927)

Sagoschen A. Coll. 171 (1943)

Goetz A.W. Rev. Tech. Ind. Cuir, 43, 67 (1951)

Kuntzel A. Histologie der tier. Haut, pag. 63 Dresden (1925), via (10)
Conaberre G. y Merry W. J. Soc. Leather Trades = Chemists, 26 99 (1942)
Philips, H. Nature 138, 121 (1936)

Michealis, L. J. Am. Leather Chemists.Assoc. 30, 557 (1935)

Speakmann J.B. y Wehwell C.S. J. Soc. Dyers Colourists, 52 380 (1936)
Stather F. y Herfeld H. Coll. 317 (1934)

Grassmann W. Das Leder, 6 142 (1955)

Hormann H. y Schubert B. Ibid. 9, 265 (1958)

Kintzel A. Chem. Ztg. 525 (1936)

Roddy, W.T. y O=Flaherty F. J. Am. Leather Chemists = Assoc. 34, 671 (1939)
Koppenhoefer M. Ibid. 34, 240 (1939)



Kerese |. Comunicacion del VI Congreso de la Union Inter. Soc. Quim. Ind.
Cuero, Munich (1959)

Kuntzel A. y Philips J. Coll. 267 (1932)

F.P. 1086758; via Das Leder, 8, 22 (1957)

Green G.H. J. Soc. Leather Trades Chemists 42, 304 (1958)

Kahne F. Das Leder 8, 117 (1957)

Maxwell M.E. y Lennox F.G. J. Soc. Leather Trades Chemists, 28 190 (1944)
Green G.H. Ibid, 39, 20 (1955)

Boidin, J. Prevot, J y Ginisty A.M. Bull. Assoc. franc. Chim. Cyir, 21, 247 (1959)
Grimm O. Das Leder, 10, 244 (1959)

O. R6hm DRP 268873

DBP 1026038; via Das Leder, 9, 165 (1958)

Grimm O. Das Leder, 9, 302 (1958)

Fraenker-Conrat H. Cooper M. y Olcott H.S. J. Am. Chem. Soc. 67, 950 (1945)
Highberger J.H. y Retzsch C.E. J. Am. Leather Chemists = Assoc. 33, 341 (1938)

Haworth R.D. Peacock D.H. Smith, W.R. y Mac Gillivray R. J. Chem.
Soc. 2972 (1952)

Highberger J.H. y Retzsch C.E. J. Am. Leather Chemists. Assoc. 34 131 (1939)
Highberger J.H. y Salcedo I.S. Ibid 35, 11 (1940)

Nayudama Y. Jayarama S.K. y Brishnan Ibid. 52, 238 (1957)

Grignard V. Precis des Chimie Organique pag. 438 Musson et Cie. Paris (1958)
Theis, E.R. y Blum W. A. J. Am. Leather Chemists = Assoc. 37, 553 (1942)
Gustavson K.H. Kolloid Z. 103, 43 (1943)

Theis, E.R. y Kleppinger C.T. Am. Leather Chemists. Assoc. 42, 591 (1947)

Gustavson K.H. Advances in Protein Chemistry Vol. 5, pag. 353, Academic
Press Inc. New York (1949)

Windus W. J. Am. Leather Chemists = Assoc. 47, 87 (1952)

Bose S.M. y Joseph K.T. Ibid. 52, 200 (1957)

Kuntzel A. y Nungesser Das Leder, 2, 233 (1951)

Seligsberger L.S. y Sadlier C. J. Am. Leather Chemists. Assoc. 52, 2 (1957)

Seligsberger L.S. Mann, C.M. y Clayton H. J. Am. Leather Chemists = Assoc.
53, 627 (1959)

Fein, M.L. y Filachione E.M. Ibid. 52, 17 (1957)

Filachione E.M. Harris E.H. Fein M.L. Korn, H.A. Naghsky J y Wells, P.A. J. Am.
Leather Chemists.Assoc. 53, 77 (1958)

Wells P.A. et al. US Patent 2886401 (marzo 1959)



90.
91.

92.

93.
94.
95.
96.
97.
98.
99.

100.
101.

102.
103
104.

105.
106.

107.
108.
109.
110.
111.
112.

113.
114.
115.
116.
117.
118.

Seligsberger L.S. Tanning Heavy Leather with Aldehydes enero 1958, pag. 22

Beebe, Happich, Naghsky y Windus. A Dyaldehyd Pretannage for Rapid
Vegetable Tanning of Sole Leather, comunicacion presentada en la Asamblea
ALCA (1959)

Gustavson, K.H. The Chemistry of Tanning Processes, Acad. Press. Inc. New
York (1956)

Laserre R. Bull. Assoc. Franc. Chim. Ind. Cuir, 21 222 (1959)
Theis E.R. J. Am. Leather Chemists = Assoc. 40, 136 (1945)
Thomas A.W. y Foster B. J. Am. Chem. Soc. 48 489 (1926)
Green, R.W. J. Am. Chem. Assoc. 75, 2728 (1953)

Thomas, A.W. y kelly W. Ind. Eng. Chem. 18, 625 (1926)
Hilpert, S. y Brauns F. Coll. 64 (1925)

Stecker H.C. y Highberger J.H. J. Am.
Leather Chemists = Assoc. 37, 226 (1942)

US Patent 2028014

Brown, J.B. White, M.F. Roody W.T. y O = Flaherty F. J. Am. Leather Chemists
= Assoc. 42, 625 (1947)

Immendoérfer E. Das Leder 1, 39 (1950)

. Patterson G.H. J. Am. Leather Chemists = Assoc. 44, 2 (1949)

Loewe H. Einfuihrung in die chemische Technologie der Lederherstellung,
pag. 113, E. Roether Verlag Darmstadt (1959)

Nursten H.E. J. Soc. Leather Trades = Chemists, 44, 182 (1960)

Statner F. Gerbereichemie und Gerbereitechnologie, Akademie Verlag, Berlin
(1951)

Herndi J. Leather Trad. Rew. 125, 15, 45, 103, 150, 183 (1957)
Lischer E. Chem. Rundschau 9, 469 (1956)

Gazulla F.J. Bol. Asoc. Quim. Esp. Ind. Cuero 10, 242 (1959)
Wicjerstaff T. Am. Dyestuff Reptr. 47, 33 (1958)

Miré P. Quimica e Industria, 6, 195 (1959)

Seidenfaden W. Kiintsliche organische Farbstoffe und ihre Anwendung
pag. 137, 191, Ferdinand Enke Verlag, Stuttgart (1957)

Lassmann W. Das Leder 6, 5 (1955)

Sandoz Vademecum. Tinture du Cuir, pag. 24

Orro G. Das Leder 4, 1 (1953)

Otto G. Bol. Asoc. Quim. Esp. Ind. Cuero, 19 322 (1959)

Hodgson y Marsden J. Soc. Dyers Colourists 60, 214 (1914), via (8)
Schramek y Rimmler. Kolloid-Beih. 47, 133 (1938), via (8)



Ratgeber fiir die Lederindustrie, Badische Anilin- und Soda-Fabrik A.G.
Lederfarbefibel, Badische Anilin- und Soda-Fabril A.G.
Wicki R. Bol. Asoc. Quim. Esp. Ind. Cuero 9, 247 (1958)

Winnaker K. y Weingaertner E, Tecnologia Quimica, tomo V, 30 parte,
pag. 593. Editorial Gili, S.A. Barcelona (1961)

Ender, W. y Miiller A. Melliands Textilbenchete 19, 65 161, 272 (1938), via (16)
I.C.I. Ltd. Technical Information (Dychouse), num. 451
Casty R. SVF 13, 586 (1958)

Loewe H. Einfiihrung in die chemische Technologie der Lederhersteling.
Eduard Roether Verlag, Darmstad (1959)

Petri, E.M. y Stavermann A.J. Dsic. Farad. Soc. 13 (1952), via (12)
Ellis, S.C. y Pankurst K.G.A. Disc. Fard. Soc. 16, 425 (1952), via (12)
Gustavson K.H. J. Am. Leather Chemists = Assoc. 47, 425 (1952)
Otto, G. Coll. 509 (1938)

Otto, G. Das Leder 3, 121 (1952)

F.F. 1083952; S.P. 292381; D.B.P. 832438, via (4)

Otto G. Das Leder, 6, 130 (1955)

La precurticion como via de la mejora ecoldgica. Xavier Marginet. AQEIC
n1 3 Pag. 115-118 (1992)

Desengrasantes poco contaminantes. Diversos procedimientos de
desengrase en piel pequena, sin disolventes. J. Garcia Brufau. Il Congreso
Mediterraneo. Palma de Mallorca. 1985

Desengrase de piel pequefia con disolventes y tensioactivos. X. Bunyol. Il
Congreso Mediterraneo. Palma de Mallorca. 1985

Desengrase de piel pequefa con tensioactivos. A. Trius. Il Congreso
Mediterraneo. Palma de Mallorca. 1985

Desengrase de piel pequefia. Generalidades. J. DSoler. Il Congreso
Mediterraneo. Palma de Mallorca. 1985

Evaluacion ecoldgica de los engrasantes y tensioactivos para la industria del
cuero y la peleteria. HH Friere y P. Gode. AQEIC n° 1, pag. 30-33(1992)

Biodegradation des agents de surface. C. Paquat. Dept. Lipochimie. CNRS.
Technicuir. Pag. 49-55 (1972)

El desengrase en humedo de pieles ovinas piqueladas. E. Heideman.
Symposium AIICA. Febrero (1984)

Chemistry and Technology of leather. Vol 1 Pag 455-480. Kenthg GA
Pankhurst

Zur Nassent fettung von fellen hauten und leder. R. Nowak. XIV Congreso
Internacional IULTCS. Pag. 58. Barcelona (1975)



144.
145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Desengrase. | Parte. G. Oliver AQEIC n1 6 Pag. 142-158 (1974)

A study aqueous degreasing of australian wooley sheepskin using non-
ionic surfactants. Part |. Effect of surfactant type and treatment conditions.
P.J. Waters and S.M. Price. CSIRO. Australia JSLTC Vol. 75

Pag. 197-202 (1991)

Surfactantes rapidamente biodegradables para desengrase. La tendencia
futura del procesado de cuero. Dean T. Didatto. Carl F. Watson. XIl Congreso
Latinoaméricano. Pag. 135-142. Buenos Aires (1992)

Desengrase de pieles mediante lipasas microbianas. Valero F Cot Sola. XXI
Congreso IULTCS T. 2 17 Pag. 505-526. Barcelona (1991)

Le dégraissage enzymatique des peaux de mouton. A Voulliermet. CTC Lyon.
Technicuir n° 4 Pag. 64 (1982)

Estudio sobre el desengrase de pieles con lipasas microbianas. K. Yesoda.
CLRU Madras India Leather SCI 29, pag. 77-86 81978)

Introduccién al desengrase enzimatico de pieles lanares para peleteria.
T. Wiecko. VI Cont. Lat. Americano Q. Ind. Cuero 1/5; 1-10 (1978)

A review of the use of enzymes in the tannery. M M Taylor JALCA
Vol. 82 153-164. 1987

Studies on enzymic unhairing and degreasing for production of leather. W.
Madhavakrishna. Bull. Cent. Leather Research. Madras 5. 351-6 (1959)

Eficacia de los métodos de desengrase de pieles. M. Portavella. M. Solveila.
A.Ylla. V Cong. Lat. Americano Q.T. Cuero. Uruguay. Diciembre 1976

El empleo de solventes organicos en la Industria de Peleteria. K Wunderlich.
AQEIC n1 6. Pag. 169-175. 1977

Procedimiento poco contaminante para el despiquelado y desengrase de piel
pequefia. HH Friese. Das Leder 31-3, 44-46 (1980)

An ecologial improved procedure for depickling and degreasing skins. HH
Friese and W. Prinz. Leder 31 (3) 344-346 (1980)

Desengrasado de piel de oveja. Estudio comparativo para aplicaciones
comerciales. K. Sterkg. Berol Vem A B Box 851. Sterrungrend, Suecia

Resultats preliminaires d=une étude sur les bains residuaires de dégraissage
aux solvants. Mme Foladier. Technicuir n1 4 pag. 70. 1973

Comparaison of methods of degreasing employing anionic and non ionic
accesory agents. R F Inés and Pankhurst JSLTC XL-99 10-1956

Degraissage en milieu aqueux des peaux en tripe dans | = industrie du cuir.
G. John. Rev. Techn. Ind. Cuir. Vol. LXXVII 352-354 (1985)

Investigation of wool detergents. A. Wojcicka. Polish Tech XLIX 137-139
81963)

Commen dégraiser les peaux picklées et prétannés a I=eau chaude. J. Pore.
Rev. Tech. Ind. Cuir. Pag 2-26 1987



Quelques considerations sur le degraissage de peaux picklees. J. Poré
Pg. 220-222, 251-253, 301-303. Rev. Tech. Ind. Cuir (1986)

Solvent free degreasing of pickled leathers with Briner Recover. J. Poré.
Technologie Conciarie. n° 7 pag. 134-136. 1992

Contribution a I=étude des dégraissage de peaux emploi des agents de
surface. J. Poré. Rev. Tech. Ind. Cuir n1 8-9. Pag. 451-458 (1975)

Le freon dans le dégraissage des peaux de mouton. M Alvy. Technicuir
pag 57 (1987)

Noveau procéde de dégraissage des peaux par la flugene 11. Christine
Godawa M Delwar. A. Garec. Technicuir (1987)

Bafle, Bower, Innes Plears JSLTC 23, 329 (1940)

McLaren K J Int. Sco. Leather Trds=Chemists 31062 (1947)
Roberts J Int. Soc. Leather Trds=Chemists 18-397 (1934)
R. Palop. AQEIC 112-121 (1994)

R. Palop. AQEIC 152-161 (1994)

V. Addy. BLC Leather (32) (1994)

V. Addy. World Leather (100) (1997)

McLaughlin, G.D. JALCA 19,439 (1926)

Bafe M.P. Bower J.H. JSLTC, 24, 329 (1940)

Roberts F.T.; JSLTC, 18 397, (1934)

Pankhurst, K.G. JSLTC, 30, 355 (1946)

Beakbanne M.E.; Progress in Leahter Science pag. 315 London (1948)
Adam N.K. JSDC 53, 121, (1937)

Carrie, A. baxters; Trans. Faraday Soc. 40, 546 (1944)
Pankhurst K.; Trans. Faraday Soc. 40, 565 (1944)

Mitton, R. JSLTC, 37, 331 (1953)

Gapur D. Lollar R.M., JALCA 43, 710 (1948)

McLaren JLSTC, 31, 62 (1947)



A

1. THEORETICAL PART

1.1. FATTY MATTER PRESENT IN THE SKIN

In cattle hide, fatty matter is basically distributed in two well-differentiated
areas:"®)

a) In the fleshings or tallows, adhered to the external part on the flesh side.

b) In the sebaceous glands and dermal tissue (in red in Figure 33).

PAPILLARY AREA
GRAIN

GRAIN-
CORIUM
JUNCTION

CORIUM

FLESHINGS

Figure 33. Fat distribution in cattle hide



While the total amount of fat in intradermal tissue and sebaceous glands
depends on the animal's origin, size, diet, etc., most authors establish a per-
centage of 2-4% of the total components of the leather.® ®

These same authors define the chemical composition as follows:

TRIGLYCERIDES 80%
DIGLYCERIDES 7.0%
MONOGLYCERIDES 6.0%
FREE FATTY ACIDS 5.1%
PHOSPHOLIPIDS 1.0%
ESTERS 0.9%

Table 9. Chemical composition of fat in cattle hide

Importantly, while fat distribution is different at the different areas of the skin,
the adipose tissue is mostly composed of triglycerides and diglycerides.
Waxes predominate in the grain side —that is, the sebaceous glands— while
the intermediate corium area (zona intermedia corium) abounds in phospho-
lipids and esters®.

On account of the larger triglyceride ratio in cattle hide (80%) as compared to
sheepskin (56%), the different stratigraphic distribution and the different pro-
cesses undergone (there is no preservation pickling (piquel de conservacién)
in cattle hide), the degreasing method varies according to skin type.

The fact that the amount of intradermal and sebaceous gland fat is quantita-
tively small (2-3%) cannot be underestimated. Indeed, sebaceous gland fat
may lead to poor dehairing, and intradermal fat may cause lime and/or chrome
soap stains.

The fleshings and tallows that remain in the skin during the soaking, dehair-
ing and liming processes hinder the penetration of water and alkaline prod-
ucts, thus making emulsification indispensable to allow deep, uniform soak-
ing and effective fleshing.
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Fatin fleshings is a true barrier to soaking and consequently to good mecha-
nical fleshing.

Figure 34. Fleshings hinder water penetration during the soaking process

Among all skin fats, those in the sebaceous glands must be removed during
the dehairing process to facilitate hair removal, while dermal tissue fat com-
ponents must be removed before the tanning process to prevent chrome
soap formation.

In the liming process® free fatty acids are converted into insoluble calcium
soaps; in the deliming and bating process, soap calcium is solubilized and
extracted in the form of calcium and ammonium salts. This part of the pro-
cess offers the best conditions for fat component removal: pH = 8 and tem-
perature = 35-37°C.

RAW SKIN — UNHAIRING / LIMING / DELIMING / PICKLING — TANNING

TRIGLYCERIDES — FATTY ACIDS (Ca SOAPS) — FATTY ACIDS — Cr SOAPS

Figure 35. Beamhouse processes and fat component variation

While the use of lime alone has shown to neutralize fatty acids at the epider-
mis and the corium®®, triglycerides are not saponified in lime baths. Howev-
er, using sodium sulfide in the unhairing bath together with lime increases
the saponifying effect on triglycerides. Saponification is intensified with in-
creasing concentrations of sodium sulfide, and the addition of appropriate
surfactants helps remove fat during the liming process.



2. EXPERIMENTAL PART®

The purpose of this study was to compare the fat component composition in
tallows and intradermal tissue to define which surfactant is most appropriate
for fat removal, and to assess the influence of lipase enzymes (DEFAT-50)
on degreasing efficacy.

Because both (tallow and intradermal tissue) raw materials contained a cer-
tain amount of water, they were frozen until use. During application fats un-
derwent different conditions, and therefore extractions were performed with
samples prepared as follows:

1. Tallow: extraction was performed as is, with fat being removed according
to the method described below (Tallow extract)

2. Intradermal fat extraction was performed in two different ways:

The Bligh and Dyer method (Bligh, G. E., et al. 1959), an adaptation of the
Folch method (Folch, J.et al.1957), was used.

The method consists in wet homogenization of intradermal fat with methanol
and chloroform at ratios suitable to form a single water-miscible phase. Upon
the addition of chloroform and water, the two phases are separated with lipid
materials in the chloroform layer.



Samples obtained:

Tallow (T)
Intradermal fat (IF)

Intradermal limed fat (ILF)

A sample of 30 grams of fat was heated at 40°C until liquefied and 10 ml of
ethanol were added for emulsification. Then, 35 ml of "miliRo" water were
added slowly with stirring (also at 40°C) and the pH was adjusted between
10 and 12 (with NaOH).

(1:10 diluted) lipase was then added at 0.3 ml and allowed to react for 2
hours at 40°C with stirring. Upon time completion, it was extracted with hex-
ane in a separating funnel and taken to the rotavap for solvent extraction.

Samples obtained:
Tallows with enzyme (TE)
Intradermal fat with enzyme (IFE)

Intradermal limed fat with enzyme (ILFE)

The procedure of reference was performed according to (AOAC) 969.33 (1990).

Analysis: 14-B FID Detector, Shimadzu GC, DB-Wax 30 m x 0.32 mm ID x
25um column. Quantification was performed with a standard 37 fama MIX
Supelco fatty acid solution.



FATTY ACID MP (°C)

MYRISTIC 14:00 54.4
PALMITIC 16:00 62.6
STEARIC 18:00 69
MYRISTOLEIC 14:01 -4
PALMITOLEIC 16:01 1
OLEIC 18:01 13
LINOLEIC 18:02 5

Table 10. Melting point of different fatty acids

TALLOW TALLOW + ENZYME
TGS TOTAL PROFILE MP (%) TOTAL PROFILE MP (%)
(g/100 g) (%) °C (9/100 g) (%) °c

Myristic 14:00 3.17 5.01 2.72 3.2 5.18 2.81
Myristoleic 14:01 0.81 1.13 - 0.82 1.04 -
Pentadecylic 15:00 0.43 0.63 - 0.45 0.64 -
Pentadecanoic ~ 15:01 0.11 0.18 -- 0.12 0.18 -
Palmitic 16:00 213 26.69 16.42 21.39 27.87 17.4
Palmitoleic 16:01 2.65 3.34 - 2.75 3.08 -
Margaric 17:00 1.46 1.18 - 1.51 1.14 -
Heptadecanoic  17:01 0.78 0.79 - 0.8 0.66 -
Stearic 18:00 16.97 17.07 11.83 17.13 17.91 12.45
Oleic 18:01 31.05 42.79 5.46 32.05 41.17 5.34
Linoleic 18:02 0.74 1.18 - 0.75 1.12

TOTAL 79.52 100 36.4 80.97 100 38

Table 11. Fatty acid composition in tallow and tallow + enzyme



The composition of total fatty acids is slightly increased with enzymatic treat-
ment (DEFAT -50) (1.8%).

In tallow and tallow + enzyme, myristic, palmitic, stearic and oleic acid are
most commonly found.

Bearing in mind the melting points of each acid and their ratio in each sub-
strate, tallows melt at 36.4°C and tallows + enzyme melt at 38.0°C (see Ta-
ble 9). This variation is due to the slightly increased ratio of fatty acids with
high melting point (myristic, palmitic and stearic) and a slightly decreased
ratio of oleic acid (low melting point).

INTRADERMAL TISSUE INTRADER oo *
TOTAL PROFILE MP (%) TOTAL PROFILE MP (%)
FATTY ACIDS
(100g) (%)  C  (g00g) (%)  °C
Myristic 14:00 244 3.96 2.15 277 4.21 2.29
Myristoleic 14:01 0.78 1.23 - 0.88 1.22 -
Pentadecylic 15:00 0.31 0.49 -- 0.36 0.51 --
Pentadecanoic  15:01 0.07 0.1 -- 0.08 0.12 --
Palmitic 16:00  20.71 26.6 16.65 23.72 28 17.57
Palmitoleic 16:01 2.82 4.1 - 3.25 4 -
Margaric 17:00 1.32 11 - 1.55 1.2 --
Heptadecanoic  17:01 0.9 1 - 1 1 -
Stearic 18:00 14.04 13.8 9.6 15.73 14.5 10.09
Oleic 18:01 30.05 46.5 6.04 33.36 44.2 5.74
Linoleic 18:02 0.46 0.85 - 0.52 0.8 -

TOTAL 73.9 100 34.4 82.8 100 35.6



INTRADERMAL TISSUE INTRADERMAL TISSUE

LIMING LIMING + ENZYME
TOTAL PROFILE MP (%) TOTAL PROFILE MP (%)
FATTY ACIDS
(100g) (%)  C (900G (%)  °C
Myristic 14:00 2.89 4.46 242 3.32 4.43 2.4
Myristoleic 14:01 1.07 1.52 - 1.22 1.47 -
Pentadecylic 15:00 0.4 0.58 -- 0.44 0.55 --
Pentadecanoic  15:01 0.11 0.16 0.13 0.15 --
Palmitic 16:00  21.01 257 16.08 24.09 25.52 15.96
Palmitoleic 16:01 4.18 5.27 - 4.72 5.16 -
Margaric 17:00 1.3 1.03 -- 1.53 1.05 --
Heptadecanoic  17:01 1.15 1.17 - 1.33 1.17 -
Stearic 18:00 12.05 11.2 7.86 14.32 11.6 8.07
Oleic 18:01 35.6 47.9 6.24 41.23 48.07 6.24
Linoleic 18:02 0.51 0.8 - 0.61 0.82 --
TOTAL 80.31 100 32.6 92.95 100 32.7

Table 12. Fatty acid composition in intradermal tissue with different treatments

The total fatty acid ratio is increased from 73.9% to 82.8% by enzymatic
treatment (DEFAT-50), with a 12% increase. This increase is only 7%
(80.31%) with liming treatment. When enzymatic treatment is preceded by
liming, the total amount of fatty acids is increased up to 92.95%, i.e. 25.7%
total increase of total fatty acids.

The different fatty acid rates in tallow and tissue are shown in Tables 11 and
12. Acids with the highest melting point (myristic and stearic) are more pre-
dominant in tallows. Palmitic acid remains as is, whereas the acid with the
lowest melting point (oleic) is predominant in tissue. Consequently, the melt-
ing point in tissue is 2°C lower than that in tallow.



Tissue treatment with enzymes (DEFAT -50) also increases the rate of fatty
acids with high melting point, which is increased by 1.2°C and thus follows
the same tendency as in tallows.

Tissue treatment with lime decreases (high melting point) palmitic and stear-
ic acids and also (low melting point) oleic acid. This results in limed tissue
melting point being decreased by 1.8°C. Enzymatic treatment of limed tissue
has no influence on the final melting point.

These small variations in fatty acid compositions —and hence in the melting
points of the different substrates— are of paramount importance in applica-
tion processes. Indeed, soaking, unhairing and liming are performed at tem-
peratures ranging between 25-29°C and bating is performed at 38°C.
Therefore, the lower the melting point, the higher the efficacy of the

degreasing surfactant (limed tissue + enzymes = 32.7°C).

2.2.7. EXTRACT COMPOSITION

Thin-layer chromatography was performed to ascertain the qualitative com-
position of each extract.

Figure 36. Thin-layer chromatography of extracts

TG = Glycerides (standard reference)

FFA = Free fatty acids (standard reference)



1 = Tallow

2 = Tallow + Enzyme

3 = Tissue

4= Tissue + Enzyme

5= Limed tissue

6= Limed tissue + Enzyme
Extract composition matches that of glycerides, and the ratio of free fatty
acids is close to nil. Small differences between extracts at the low part of

glycerides are found, probably due to the small variation in fatty acid types
as shown in Tables 8 and 9:



3. SURFACTANTS STUDIED

In the references”, many studies focus on sheepskin degreasing —12%
fatty matter in Spanish lambs and up to 30% in Australian and New Zealand

lambs.

Regarding cattle hide, however, references are more scarce®. The differenc-
es from sheepskin lie in the content of natural fat and its distribution in the skin.
Also, as far as application is concerned, cattle hide degreasing is performed in
the soaking-liming and bating processes, that is, at alkaline or neutral pH.

A medium-chain fatty alcohol with four degrees of oxyethylenation was se-

lected (Table 13).

Table 13. Fatty alcohols selected

Ethylene Oxide Moles HLB

Sample nr. TYPE (Chain length) EOM

Medium-chain fatty

1 alcohol Very low (2.5-3)(MB) 6,9

2 Medium-chain fatty Low (5,5-6) (B) 10,4
alcohol

3 Mediur chal fatty Medium (8,5-9,5) (M) 12,8

4 Medium-ohain fatly  egiumihigh (12-13)M-A) 14,6

5 Additivated Medium/High (11-12) + ad3 11,4

medium-chain alcohol

Product

Experim.

CELESAL DL

Experim.

CELESAL K-3

CELESAL K-7
CONC

The method consisted in assessing the stability (values of 0-5) over time (24
hours) of emulsions resulting from adding 20 ml of a 5% surfactant solution
(active matter) at a temperature of 22°C to 1 g of each substrate.



STABILITY

Figure 37. Influence of the degree of oxyethylenation of a medium-chain fatty
alcohol on stability with extracts of the different substrates

The results suggest the absence of influence of the degree of oxyethylena-
tion on tallow (seb) and tissue (tej).

In the rest of substrates —tallow with enzymes (seb+enz), tissue with en-
zymes (tej+enz), limed tissue (tej enca) and limed tissue with enzymes (tej
enca+enz)— the maximum stability is obtained with medium-chain fatty al-
cohols with low EOM.

This study justifies the use of CELESAL DL (corresponding to the fatty alco-
hol with low degree of oxyethylenation (B) of Figure 37) as degreasing agent
in beamhouse processes.

While CELESAL K-7 has a medium/high degree of oxyethylenation, the addi-
tive makes its HLB higher than that expected from its degree of oxyethylena-
tion. That is why it is also very effective against cattle hide fat.

CELESAL DL was used as comparative, additive-free agent vs. experimen-
tal agents. However, CELESAL K-6 —more effective on account of the addi-
tion of additive ad1— can also be used.

The same assay was performed with HUMECTOL AS-21 to ascertain its
stability with the different substrates.



STABILITY
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Figure 38. HUMECTOL AS-21 stability values

As shown in Figure 38, its stability is very high with all substrates. These
values indicate its suitability as a tallow emulsifier to facilitate wetting, but
also as a degreasing agent of limed leather treated with DEFAT-50.




4. COMPARATIVE RESULTS BETWEEN
SHEEPSKIN AND CATTLE HIDE

In addition to ascertaining the different parts were fat is found and the chem-
ical composition thereof, the present study also showed that ideal degreas-
ing surfactants are different in sheepskin (optimal HLB = 14.6), while in
cattle hide this value is 10.5 for the same type of fatty alcohol.

Maximum efficacy is obtained with CELESAL K-7 conc. (Medium/high de-
gree ethoxylated fatty alcohol + ad3)

The best fat stabilities are obtained with CELESAL DL/ CELESAL K-6 (Low
degree ethoxylated fatty alcohol + ad1) and CELESAL K-7 CONC.

Just as a reminder:

J. Poré studied this phenomenon thoroughly and named “RHLB”
the HLB required to emulsify a specific fatty matter. Each natural
fat type has a different “RHLB”, and therefore one should not
use the same type of emulsifier.




5. CONCLUSIONS

-Treatment with DEFAT-50 at the different phases of the process increa-
ses degreasing efficacy.

-The melting point of fats indicates that the highest degreasing efficacy
is obtained at the BATING phase.

-CELESAL DL/CELESAL K-7 CONC. is the most stable degreasing
agent in cattle hide.

-HUMECTOL AS-21 has maximum stability with the extracts of the differ-
ent substrates.
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SURFACTANTS

Non-ionic

CELESAL K-3 = Ethoxylated fatty alcohol (Medium/high degree)

CELESAL K-7 = Ethoxylated fatty alcohol (Medium/high degree) + ad2
CELESAL K-7 Conc = Ethoxylated fatty alcohol (Medium/high degree) + ad3
CELESAL DL= Ethoxylated fatty alcohol (Low degree)

CELESAL K-6 = Ethoxylated fatty alcohol (Low degree) + ad1

Anionic
HUMECTOL AS-21 = Dialkyl sulfosuccinate + ad5
CELESAL BE-50 = Benzenesulfonic derivative + ad6

DETERPIEL PF-14 = Lauryl ether sulfate derivative + ad7

ENZYMES

DEFAT -50 = Active lipase in neutral medium
DEFAT 70 AL = Active lipase in acidic medium
DEFAT 80 PA = Active protease in acidic medium

TRIPSOL DOBLE = Active protease in alkaline medium

PRETANNING AGENTS

RETANAL DFS NEW = Modified aldehyde

RETANAL TAL = Aluminum triformate
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