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Abstract

Surface charge and isoelectric point (pI) of leather play an
important role in leather making processes. However, a proper
method for the determination of surface charge and pI of leather
is unavailable nowadays due to the complexity of leather
structure and property, especially for the burgeoning chrome-
free tanned leathers. Therefore, it is necessary to develop a
quantitative determination method. In this study, a novel
method for determining zeta potential (to characterize the
surface charge of leather) of solid-state leather was established
using a zeta potential analyzer based on the principle of
streaming potential. Test conditions including suspension
concentration, sample grain size, temperature and conductivity
were optimized. Then the pI (the pH value at the zero point of
zeta potential) of a variety of chrome-free tanned leathers, such
as mineral, vegetable, organic and combination tanned leather,
were obtained by this zeta potential method. Moreover, we
managed to monitor the pI and surface charge state of zirconium
tanned leather during post-tanning processes using this method.
As a result, application of this precise and rapid determination
method enables us to reasonably regulate the pI and surface
charge of chrome-free leather so as to effectively improve
tanning and post-tanning performances.

Introduction

Leather is one type of natural polymer matrix in three
dimensions woven by collagen fibers. Collagen, the main
component of leather, is a typical amphoteric polyelectrolyte.
The amino groups in the side chains of basic amino acid residues
(e.g. lysine and arginine) and carboxyl groups on the side chains
of acidic amino acid residues (glutamic acid and aspartic acid) of
collagen can bind/release H* and be ionized in aqueous solution.
This makes the fiber surface of leather positively/negatively
charged. pH plays as an important control for surface charge of

leather.! The pH at which the total number of positive charges
and negative charges present in leather are equal is commonly
referred to as isoelectric point (pI). In leather processing, skin
collagen binds/crosslinks with various leather chemicals, such as
tanning agents and post-tanning agents, which leads to the
consumption of acidic/basic groups on the side chains of
collagen. On the other hand, the bound chemicals themselves
are charged as well. So, the pI of leather depends on the charge
characteristics of both collagen and chemicals. Moreover, it will
be constantly changed during leather processing.

Surface charge and pI of leather have an important effect on
leather processing as they influence the penetration, distribution
and fixation of chemicals in leather matrix. However, methods
for determining plI of leather are seldom reported due to the
complexity of leather matrix structure, both physically and
chemically. The test object of the existing methods is generally
collagen solution,** where the real pI of leather matrix is unable
to be characterized. Although there were reports concerning the
pI of chrome leather powder,>” they still have limitations on
universality, accuracy or operability. As for the surface charge of
leather, only a qualitative method has been reported where a
dyestuff solution was used as charge indicator of leather.®
Therefore, it is necessary to develop a precise and rapid method
to determine the surface charge and pl of leather, especially
when tanners are returning their attention to the development of
chrome-free tannage and various chrome-free tanned leathers
are springing up. In fact, the existing post-tanning processes are
designed and conducted according to the surface charge
characteristic of chrome tanned leather (pI approx. 7), mostly by
experience. During post-tanning processes, the electro-
positivity of chrome tanned leather increases gradually with
decreasing pH (from 6.5 to 3.8), leading to the enhancement of
fixation of post-tanning agents (mostly anionic chemicals) in
leather.”'® However, it may not work in the case of chrome-free
tanned leather as its pI is probably much lower than that of
chrome tanned leather.
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Zeta potential is the electric potential in the interfacial double
layer at the location of the slipping plane relative to a point in the
bulk fluid away from the interface. It can be used for
quantification of the magnitude of surface charge of solid or
colloid. For instance, a method for determining zeta potential of
pulp has been widely used in paper industry."'*> In consideration
of the similarity of structures between paper fiber and leather
collagen fiber, zeta potential of solid-state leather could also be
determined by borrowing the method from paper industry. In
addition, the pI of leather was found to be the pH value at the
zero point of zeta potential. In this study, various test conditions
such as suspension concentration, grain size of leather sample,
temperature and conductivity were optimized. Then the pl
values of numerous chrome-free single and combination tanned
leathers as well as chrome tanned leather were determined using
this method. Furthermore, the relationship between surface
charge state of leather in post-tanning processes and uptake of
post-tanning chemicals was investigated.

Experimental

Preparation of Leather Samples

Leather samples used for the determination of zeta potential and
pl were prepared as below. Pickled cattle pelt was used as raw
material, and a variety of tanning processes were carried out
conventionally, as listed in Table I. The chemicals used in leather
processing were of commercial grade. After horsing-up, the
tanned leathers were cut into pieces (2 cm x 2 cm), washed with
400% water for 10 minutes three times. Then they were dried in
drying oven at 45°C for 24 h. The dried leather pieces were
ground into fibers and particles (diameter less than 4 mm) using
a cutting mill (SM 100, Retsch, Germany) and then sealed for
determination.

Procedures for Zeta Potential and pI

Determination of Leather Sample

Leather sample was dispersed in a certain amount of water to
form suspension, and then was vibrated at 150 rpm in water bath

Table I
Tanning trials.
Tanning process Tanning agents® Final pH Temperature
6% chrome powder 25°C at first
Ch tanni 4.0
rome tanting (Cr,0, 1.5%, basicity 33%) 40°C at last
19.5% Al (SO,) .- 18H O 25°C at first
Alumini i 2wy S 4.
uminium tanning (ALO, 3%) 0 40°C at last
. . . 11.5% Zr(SO,) 25°C at first
Z t 42 3.6
Heoniim fahning (ZrO, 4%) 40°C at last
20% mimosa
Vegetable tanni 4.2 250
cgetable taning (tannin content 72.5%) c
) 15% phenolic condensate
4.2 25°
Syntan tanning (solid content 45%) 5°C
. 6% glutaraldehyde solution 25°C at first
Glutaraldehyde t 7.5
sraraideliyde tanfiing (glutaraldehyde content 50%) 40°C at last
F-90 tanning 10% F-90 tanning agent 4.5 30°C
. 8% TWT tanning agent 25°C at first
TWT t 8.0
anning (solid content 50%) 40°C at last
Vegetable-glutaraldehyde 10%~20% mimosa and 1%~4% modified 40 25°C at first
combination tanning glutaraldehyde ' 40°C at last
25°C at first
Zirconium-HOS tanning 8.7% Zr(SO,), (ZrO, 3%) and 2.4% HOS" 3.8 40"Ca:1t l:sst

@ — The dosages of chemicals were based on weight of limed pelt.

b - HOS is a type of highly oxidized starch used as ligand for zirconium tanning."?
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with a set temperature for 30 min in order to fully soak the
sample and equilibrate the pH. Then the zeta potential of leather
sample was determined by a zeta potential analyzer (Miitek™
SZP-10, BTG, Germany) suitable for solid samples (shown in
Figure 1). The suspension was sucked and sampled into the
measuring cell of the analyzer by vacuum for 50~80 s. A leather
plug was formed, and a filtrate was recovered through a screen
(mesh size 308 um). After a settling time for stabilizing the plug
(40~50 s), a set pressure variation of -0.2 bar to -0.4 bar was
applied. An oscillating flow of liquid through the plug was
generated. The sheared off counterions induced a streaming
potential that was measured by electrodes. Zeta potential was
calculated by streaming potential, conductivity and pressure
difference using Helmholtz-Smoluchowski equation and given
by the instrument.

As for the determination of pl, we first determined the zeta
potential of leather sample, and subsequently measured the pH
of the suspension. Then 5 mL of 0.1 mol/L HClI solution or NaOH
solution was added each time to form a pH gradient of the
suspension. It should be noted that either acid or alkali was
added into one sample. The determination of zeta potential as
well as pH was repeated. A pH-zeta potential curve was plotted,
and the pH value at the zero point of zeta potential was
considered the pI of leather.

Effect of Suspension Concentration

on Zeta Potential of Leather

A certain amount of chrome tanned leather sample (2, 3, 5, 10
and 15 g) was dispersed in 400 mL of water to form suspension,

I
Vacuum suction
Filtrate
Screen

Leather plug

z v
Measuring cell »ﬁ m

Electrodes .
e
v
Suction tube L-
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Suspension of o) =
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Figure 1. Schematic diagram of zeta potential analyzer.
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where the concentration of suspension was 5, 7.5, 12.5, 25 and
37.5 g/L, respectively. Zeta potential of each sample was
determined according to the procedures described above.
Similar experiment was also conducted using F-90 tanned
leather sample.

Effect of Sample Fiber Particle Size on pI of Leather

Chrome tanned leather was ground into fibers and particles
smaller than 4.0 mm by a cutting mill and sieved into three
fractions (2.0~4.0 mm, 1.0~2.0 mm and <1.0 mm) using a
vibratory sieve shaker (AS200 digit, Retsch, Germany). Then the
zeta potential and pI of each fraction was determined according
to the procedures described above.

Effect of Temperature on pI of Leather

Chrome tanned leather and vegetable tanned leather were used
in this experiment. The suspension of each leather sample was
vibrated in water bath at different temperatures (30, 40, 50 and
60°C) for 30 min, and then zeta potential and pI were determined
under the same temperature.

Effect of Conductivity on pI of Leather

Chrome tanned leather was used in this experiment. The
original conductivity of the suspension was 0.14 mS/cm. In
addition, the conductivity of other three groups was adjusted to
3, 5 and 7 mS/cm, respectively, using 1 mol/L NaCl solution.
Then the zeta potential and pI of each group was determined.

pI Determination of Leather Tanned

by a Single Tanning Agent

Eight types of leather tanned by a single tanning agent (shown in
Table I) as well as pickled pelt were used for the determination of
pl. The determination conditions optimized in the previous
subsections were employed.

pI determination of Combination Tanned Leather
Vegetable-glutaraldehyde (Veg-Ald) combination tanned leather
was made according to the traditional processes.”* The effect of
tannin dosage on the pI of leather was investigated by first using
10%, 15% and 20% mimosa tannin, respectively, combined with
3% modified glutaraldehyde. Moreover, the effect of aldehyde
dosage on the plI of leather was also investigated by first using
15% mimosa tannin, combined with 1%, 2%, 3% and 4%
modified glutaraldehyde, respectively.

pI Determination of Leather from Post-tanning Processes

Zr-HOS tanned leather, a kind of novel chrome-free leather
tanned by zirconium sulfate and starch-based ligand HOS
(shown in Table I, containing a great number of coordinating
groups such as hydroxyl, carboxyl and carbonyl), was used as
raw material for this trial. Traditional chrome tanned leather
was also used for comparison. They were treated separately
according to the same post-tanning recipe. After wringing and



Determination of Surface Charge and Isoelectric Point 227

shaving to thickness of 1.1 mm, the leather was rewetted with
non-ionic surfactant, neutralized to pH 6.5 by sodium
bicarbonate and then washed thoroughly. Then retanning was
conducted using 10% retanning agents (3% acrylic resin, 2%
syntan and 5% mimosa tannin) and 2% dyestuff for 90 min.
Formic acid was added at the end of retanning to adjust the float
pH to 4.0. Subsequently, the leather was fatliquored in 150%
fresh water with 15% fatliquoring agent for 60 min and fixed by
formic acid to pH 3.8. After tanning, neutralizing, retanning and
fatliquoring processes, leather samples were collected respectively
for the determination of pl. Meanwhile, Total Organic Carbon
(TOC) concentrations of retanning floats before and after
processing were measured by TOC analyzer (vario TOC,
Elementar, Germany). Similar analysis was also performed on
fatliquoring process. The uptake rate of retanning/fatliquoring
chemicals was calculated according to the TOC values.

Results and Discussion

Optimization of Conditions for Determining Zeta Potential
and pI of Leather

Zeta potential as well as pI of leather was determined using a
zeta potential analyzer which can be applied to solid samples,
and various parameters were optimized. The effect of suspension
concentration on zeta potential was investigated at first. It was
observed during determination that leather plug became denser
with increasing suspension concentration, which led to the
decrease of shearing force of fluid and then the decrease of
streaming potential. From Helmholtz-Smoluchowski equation, we
know that zeta potential is in proportion to streaming potential, so
the zeta potential of leather was reduced gradually as the
concentration of suspension was increased (shown in Figure 2). In
addition, leather plug was difficult to form when the suspension
concentration was less than 25 g/L, suggesting that the accuracy of
determination would be affected. Therefore, the suspension
concentration was set to be 25 g/L (10 g leather sample mixing
with 400 mL water) in the subsequent determination.

Furthermore, the effects of sample fiber particle size,
temperature and conductivity on the pI of leather were
investigated. Figure 3 shows that smaller sample fiber particle
size resulted in lower pI of chrome tanned leather. But generally,
fiber particle size had little impact on zeta potential and pI of
leather. It should be noted that sample with fiber particle size
over 4.0 mm was unable to form a plug for determining zeta
potential. In terms of plug formation, fiber particle size of
2.0~4.0 mm was suitable for soft leather (e.g. aldehyde tanned
leather), and fiber particle size of 1.0~2.0 mm was recommended
for hard leather (e.g. zirconium tanned leather).

From Figure 4 we can see that pI values of chrome tanned leather
and vegetable tanned leather were almost not affected by

temperature. In consideration of the adequate soaking of sample
and efficient equilibrium of pH, 30°C was used for the vibration
of suspension before determination.

The effect of conductivity on zeta potential and pI of chrome
tanned leather is shown in Figure 5. The absolute values of zeta
potential declined remarkably as the conductivity of the
suspension was increased. This should be due to the fact that the
interfacial double layer was compressed with the increased ion
strength of the suspension, leading to the reduction of streaming
potential and thus also the zeta potential. This means that if the
surface charges of different leather samples are to be determined
for comparison, the conductivity of the suspensions is expected
to be identical. Thus, sufficient washing of leather samples before
determination is recommended. However, pl of leather was
hardly influenced by conductivity, as it only depended on the
zwitterionic structure of leather being tested.
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Figure 2. Effect of suspension concentration on zeta potential of
(a) chrome tanned leather and (b) F-90 tanned leather.
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Figure 3. Effect of fiber particle size on pI of chrome tanned leather.
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In summary, the optimized conditions for determining zeta
potential and pI of leather were as below. 10 g of leather sample
(grain size 1.0~4.0 mm) was dispersed in 400 mL of water to
form a 25 g/L suspension. The suspension was vibrated at 150
rpm in 30°C water bath for 30 min. Then zeta potential was
determined by the zeta potential analyzer in 3 min, and pI, i.e.
the pH value at the zero point of zeta potential, was read from
the pH-zeta potential curve. Figure 6 illustrate that the same pI
values were obtained under the optimized conditions in two
experiments for both chrome tanned leather and vegetable
tanned leather, indicating good repeatability of the determination
method.

Application of the Determination Method in Leather Making
As we know, zeta potential of solid/colloid surface is changed by
adjusting the pH of suspension/solution, and the pH value at the
zero point of zeta potential is regarded as the pI of the solid/
colloid. Based on this principle, a method for determining pI of
solid-state leather has been established as described above.
Pickled cow pelt (used as raw material for tanning) and various
types of tanned leather were used for pI determination. Table II
shows that the pI of pickled pelt was 5.4, which was close to the
value measured by SDBS adsorption method and much lower

Table I1
pI of tanned leather.
Pl
Sample Zeta SDBS Reports
potential | adsorption in the
method method’ literature

Pickled pelt 5.4 5.8~5.9 —
Chrome 6.7'/6.9°/

7.2 7.7~7.9
tanned leather 6.5~7.5"
Aluminium 7.6 8.5~8.6 7.2!
tanned leather
Zirconium 8.3 7374 751
tanned leather ) R '
Vegetable

4. — 4.0'/3.4°
tanned leather 6 0'/3
Syntan

4.2 — —
tanned leather
Glutaraldehyde 48 515 20
tanned leather
F-90 tanned leather 4.5 — —
TWT tanned leather 5.0 5.8~5.9 —

than that of bovine hide collagen (approx. 7~8"). This should be
due to the deamidation of asparagine and glutamine residues
and the hydrolysis of peptide bond in collagen during the whole
beamhouse processes. As expected in chrome tanning process,
positively charged chrome complexes were introduced and
mainly bound with carboxyl groups of collagen, which resulted
in the significant increase of pI (7.2). The pI of aluminium
tanned leather (7.6) was also higher than that of pickled pelt
based on an analogous tanning mechanism to chrome tanning.
Interestingly, the pI of zirconium tanned leather was determined
to be 8.3, which was higher than those of the other two mineral
tanned leathers, although its tanning mechanism was previously
regarded as a theory'*""” that zirconium could coexist as cationic,
neutral and anionic species, and react with both amino group
and carboxyl group of collagen during tanning process. In
addition, there are some differences in the pI values of
aluminium and zirconium tanned leathers between our results
and other reports, including the ones measured by SDBS
adsorption method that we established previously.” This may be
explained by the differences in the types and amounts of tanning
agents as well as tanning conditions. Anyway, the zeta potential
method is supposed to be reliable in terms of its test object,
accuracy and repeatability.

Tanning with vegetable tannin or syntan would introduce
anionic compounds into leather and give leather lower pI values
(shown in Table IT) than those of pickled pelt and mineral tanned
leathers. Similar phenomenon was found in the pI values of
other organic (glutaraldehyde, F-90 and TWT) tanned leathers,
where amino groups in the side chains of collagen were
consumed through covalent crosslink by these tanning agents,
leading to the decline of pI. Amphoteric tanning agent TWT

1820 and resulted in

introduced extra amino groups into leather
higher pI than the other organic tanned leathers. It is worth
noting that relatively low pI of conventional organic tanned
leather may lead to poor uptake and fixation of post-tanning

agents that are mostly anionic chemicals.

Until now, there have been a few reports concerning the pI of
leather tanned by a single agent.®” However, the situation about
the combination tanned leather is more complicated. Fortunately,
our method is universal to all kinds of leather in terms of its
mechanism. Taking classical Veg-Ald combination tanned
leather as an example, the effect of tanning agent dosage on pI of
combination tanned leather are shown in Figure 7. The pI of
leather was found to be decreased with increasing dosage of
mimosa tannin or modified glutaraldehyde. Moreover, the pl
values of Veg-Ald combination tanned leathers were all lower
than that of single vegetable tanned leather. The mechanism of
Veg-Ald combination tanning has turned out to be that
condensed tannin penetrates into hide and reacts with oxygen or
nitrogen atoms of collagen through hydrogen bond at first, and
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then aldehyde forms covalent crosslinkage between amino
groups of collagen side chain and A rings of tannin.???
Therefore, the reduction of pI resulted from both the
introduction of anionic tannin extract and the consumption of

collagen amino groups.

Surface charge state of tanned leather plays an essential role in
post-tanning processes, as it strongly affects the penetration and
fixation of chemicals in leather, and thus influences the physical
and organoleptic properties of crust leather. Using our
determination method, the zeta potential and pI of a novel
chrome-free leather (Zr-HOS tanned leather) during post-
tanning processes were monitored, and chrome tanned leather
sample was used for comparison. The results in Figure 8 indicate
that the pI of Zr-HOS tanned leather (6.5) was close to that of
chrome tanned leather (7.3), implying a good potential of the
leather in post-tanning performance. After neutralizing to pH
6.5, Zr-HOS tanned leather was electrically neutral as its pI was

45
4 e Vg 10%-Ald 3% pl 4.4
o Vieg 15%-Ald 3% pl 4.1 (a)
30 - —de— Wiag 20%-Ald 3% pl 4.0

Zeta potential (mV)

a0 - —a—Vog 18%-Ald 1% pl 4.2
% *—Vaog 15%-Ald 2% pl4.1 {b}

e +—Weg 15%-Ald 3% pl4.0

60 - N —r—Veg 16%- Al 4% pl 4.0

T, —e—Vog 15% pl 4.8

Zeta potential (mV)

Figure 7. Effects of dosages of (a) mimosa tannin and (b) modified
glutaraldehyde on pI of Veg-Ald combination tanned leather.
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exactly 6.5, suggesting that the subsequent anionic retanning
agents and dyestuff could easily penetrate into the leather fiber
network rather than fixing on the surface layer. However,
chrome tanned leather was weakly positive (pI 7.7) after
neutralizing, which may have a detrimental effect on the
uniform distribution of retanning chemicals in leather. The
results in Figure 9 also indicate that the uptake rate of retanning
chemicals in Zr-HOS tanned leather was higher than that in
chrome tanned leather. What’s more interesting is that Zr-HOS
tanned leather was still electropositive after retanning (pH 4.0,
pI 4.7) although it had bound with a great quantity of retanning
chemicals. That is why the uptake rate of fatliquoring agents in
Zr-HOS tanned leather was also higher than that in chrome
tanned leather (Figure 9). Uptake of these anionic post-tanning
chemicals in large numbers finally resulted in the gradual
reduction of pl.
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Figure 8. pI of (a) Zr-HOS tanned leather and (b) chrome tanned leather
from various post-tanning processes.
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Figure 9. Uptake of post-tanning chemicals in leather.

Conclusion

A novel method for determining surface charge and pI of leather
has been established based on zeta potential determination. It
can be applied to scientific research and online monitoring of
leather manufacture due to its universality, repeatability and
rapidity. The pI values presented in this study were in accordance
with classical tanning mechanisms. The determination of zeta
potential and plI of tanned leather provides a scientific guide for
the adjustment of charge state of leather (especially the emerging
chrome-free leather) and the effective fixation of post-tanning
chemicals with leather. Furthermore, it could be a complement
to explore the mechanism and application of newly developed
chrome-free tanning methods.
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