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TECHNOLOGY OF FREE CHROME TANNING PROCESS: OPTIMAL LEVEL OF FORMALDEHYDE AS TANNING AGENT FOR MONDOL STINGRAY
(Himantura gerrardi)

ABSTRACT. Chrome (VI) has a high level of toxicity. Formaldehyde is potential to be developed as a substitute of chrome tanning agent. The
aims of this study are to explain the amount of formaldehyde bound, shrinkage temperature, tensile strength, and tear strength on Mondol
stingray (Himantura gerrardi) leather. Pickled mondol stingray has been used as raw material. The study was divided into 4 treatments, that
is P.I (formaldehyde 2%), P.Il (formaldehyde 4%), P.Ill (formaldehyde 6%), and P.IV (formaldehyde 8%). The method used is drum tanning.
Shrinkage temperatures, tensile strength and tear strength of P.I and P.II are significantly different from P.Ill and P.IV, but P.l is not significantly
different from P.Il, whereas P.Ill is not significantly different from P.IV. Pl is shown to improve the quality of leather stingray more than P.I
and P.II, and has fulfilled the requirements of leather stingray according to SNI. 06-6121-1999. It can be concluded that the optimal level of
formaldehyde tanning agent that can be used as a chrome tanning agent substitute in tanning Mondol stingray skin is formaldehyde 8% (P.l1).
KEY WORDS: free chrome tanning agent, formaldehyde, Himantura gerrardi

TEHNOLOGIA PROCESULUI DE TABACIRE FARA CROM: NIVELUL OPTIM DE FORMALDEHIDA UTILIZATA CA AGENT DE TABACIRE PENTRU
PIELEA DE PESTE STINGRAY (Himantura gerrardi)

REZUMAT. Cromul (V1) are un nivel ridicat de toxicitate. Formaldehida are potential de utilizare ca substitut pentru agentul de tabacire pe
baza de crom. Scopul acestui studiu este de a determina cantitatea de formaldehidd legatd, temperatura de contractie, rezistenta la rupere si
rezistenta la sfasiere a pielii de peste stingray (Himantura gerrardi). Ca materie prima s-a folosit piele de peste stingray piclatd. Studiul a fost
impartit in 4 tratamente, si anume: P.| (formaldehidad 2%), P.Il (formaldehida 4%), P.Ill (formaldehida 6%) si P.IV (formaldehidd 8%). Metoda
folosita este tdbacirea in butoi. Temperaturile de contractie, rezistenta la rupere si rezistenta la sfasiere a P.I si P.Il sunt semnificativ diferite de
P.IIl si P.IV, dar P.I nu este semnificativ diferit de P.Il, in timp ce P.Ill nu este semnificativ diferit de P.IV. Este cunoscut faptul ca P.lll imbunatateste
mai mult calitatea pielii de peste decat P.I si P.Il si indeplineste cerintele referitoare la pielea de peste stingray conform SNI. 06-6121-1999. Se
poate concluziona cd nivelul optim de tabacire cu formaldehida care poate fi utilizata ca substitut pentru agentul de tabdacire pe baza de crom
pentru pielea de peste stingray este de 8% formaldehida (P.1l1).

CUVINTE CHEIE: agent de tabacire fara crom, formaldehida, Himantura gerrardi

TECHNOLOGIE DU PROCESSUS DE TANNAGE SANS CHROME : LE NIVEAU OPTIMAL DE FORMALDEHYDE COMME AGENT DE TANNAGE
POUR LA PEAU DE RAIE (Himantura gerrardi)

RESUME. Le chrome (VI) a un haut niveau de toxicité. Le formaldéhyde est susceptible d’étre développé comme substitut de 'agent de
tannage au chrome. Les objectifs de cette étude sont de déterminer la quantité de formaldéhyde lié, la température de retrait, la résistance
a la traction et la résistance a la déchirure de la peau de raie (Himantura gerrardi). La peau de raie picklée a été utilisée comme matiére
premiére. LUétude a été divisée en 4 traitements, a savoir P.I (formaldéhyde 2%), P.Il (formaldéhyde 4%), P.IIl (formaldéhyde 6%) et P.IV
(formaldéhyde 8%). La méthode utilisée est le tannage au tambour. Les températures de retrait, la résistance a la traction et la résistance a
la déchirure de P.I et P.Il sont significativement différentes de P.IlI et P.IV, mais P.I n’est pas significativement différente de P.Il, tandis que P.IlI
n’est pas significativement différente de P.IV. Il est connu que P.IIl améliore davantage la qualité des peaux de raie que P.l et P.lI, et satisfait les
exigences des peaux de raie selon SNI. 06-6121-1999. On peut conclure que le niveau optimal d’agent de tannage au formaldéhyde qui peut
étre utilisé comme substitut d’agent de tannage au chrome pour la peau de raie est le formaldéhyde a 8% (P.1l1).

MOTS CLES : agent de tannage sans chrome, formaldéhyde, Himantura gerrardi

INTRODUCTION special and exotic features, and can reach widths
up to 30 inches [4].

Currently, the leather tanning industry is
required to have an eco green technology label
[5], which is an environmentally friendly industry.
The big challenge facing the leather tanning

industry in Indonesia in applying the eco green

The skin tanning process is a process to
convert raw skin into tanned skin or leather
[1], this process has a major role in increasing
the stability of triple helix structures from
the collagen matrix [2]. All skin types can be
processed into leather [3]. Fish skin has been

widely used as a variety of leather products that
have high economic value. The favorite skin type
of fish is stingray skin because of its skin structure
which has fine stones, resulting in leather with

technology label is the dominance of the use
of chrome tanning agents. Chrome is a tanning
agent which has very high toxicity, especially
in the form of chrome (VI) [6]. Therefore, an

* Correspondence to: Emiliana ANGGRIYANI, Department of Leather Processing Technology, Politeknik ATK Yogyakarta, JI. Ringroad Selatan,
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alternative tanning substitute for chrome is
needed that is more environmentally friendly.

Some chrome substitute tanning agents
have been developed, such as zirconium (VI)
and aluminum (lll) that have high durability
and water resistance. Besides, there are also
phosphonium, several types of syntans, and
aldehydes that are more environmentally
friendly and have biodegradable properties [7].
One type of aldehyde that has the potential to be
developed as a chrome substitute tanning agent
is formaldehyde. Formaldehyde tanning from
formalin has been widely used in the leather
tanning industry especially for wet white leather
[8]. Formaldehyde tanning agents can easily bind
to skin collagen, by forming strong complexes
so that the skin becomes denser [9]. The use of
chromium-formaldehyde combination tanning
agents provides good effects on tensile strength,
tear strength and thickness [10].

Formaldehyde has applications in many
industrial processes [11], and it still permitted
to be used as tanning material with a limit to
the number identified in leather, where in each
country has different limits [12]. Maximum
formaldehyde limits detected in tanned skin for
adults and direct contact with skin is 75 mg/
kg, for tanned skin that is not in direct contact
with the skin is 300 mg/kg, while for tanned skin
which is intended for children is of maximum 20
mg/kg [13].

Some leather tanning companies have
used formaldehyde as a tanning agent, with
a concentration of 8-10% formalin use [3], so
research that examines the optimal level of use
of formaldehyde tanning agents on stingray skin

so that formaldehyde use can be controlled.
Therefore, this study aims to explain the amount
of formaldehyde that can be bound to the skin of
the mondola stingray (Himantura gerrardi) and
the shrinkage temperature, tensile strength, and
shrinkage strength that can be achieved by using
formaldehyde tanning agents. Then, the results
are compared with the Indonesian standards for
fish skin leather (SNI. 06-6121-1999).

EXPERIMENTAL
Materials and Methods

Instruments

Thermometer, pH indicators, BCG
indicators, small cutting knives, bucket, and
process drums (RPM: 10-12).

Materials

40 sheets of pickled stingray skin, H,O,
NaCl, MgO, NaHCO,, and formalin (with 80%
formaldehyde level).

Tanning Process

This study was divided into 4 treatments:
treatment | (2% formaldehyde), treatment I
(formaldehyde 4%), treatment IIl (formaldehyde
6%), and treatment IV (8% formaldehyde). Each
treatment consisted of 10 sheets of stingray skin.
The pre-tanning process flow is shown in Figure
1. The tanning method uses drum tanning and
formulation refers to [3] shown in Table 1.
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{ Raw stingray skin ]

:>{ Drurable stingray gkin ]
__>[ Beam Houze Operation Process
__:> Pickle stingray

!

Tanning Process

Figure 1. Scheme of pre-tanning process

Table 1: Formulation of the formaldehyde tanning process

Process % Chemicals Control
Time pH Temperature
(minutes) (°C)
Tanning 75 H,O
10 NaCl
P.I; P.I; P.1I; PIV Formalin 150 32°C
1 MgO
0,25 NaHCO3 15’ 7
Washing 0,5 NaHSO, 30’
2 H,O, 10 6,5
Drain
Drying
Data Analysis RESULTS AND DICUSSION

The data obtained were analyzed using
SPSS version 17.0 for Windows [14]. The analysis Formaldehyde Levels
used is the compare means analysis (One Way
ANOVA) to compare each treatment with
significant value is P<0,05 [15]. Further results
from wet blue stingray skin were analyzed using
FTIR (Fourier Transmitted Infra Red).

Based on the results of the analysis of
formaldehyde, the levels of bound formaldehyde
and free formaldehyde of stingray skin for each
treatment are known (Table 2).

Table 2: Levels of formaldehyde bound

% Use of formaldehyde Bound formaldehyde (mg/kg) Free formaldehyde (mg/kg)

2 2136.67 0.32
4 2433.33 0.40
6 1933.33 0.27
8 2833.33 0.20
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The results obtained showed that
each treatment gave different results in %
formaldehyde bound. The highest level of
formaldehyde bound was 8% in formaldehyde
use, the skin was able to bind the aldehyde
as much as 2833.3 mg/kg. This shows that
commonly the more formaldehyde used, the
more the amount of the aldehyde will bind
to the skin amine group. The most dominant
reaction between formaldehyde and skin
protein is the skin amine group from the amino
acid lysine. The reaction between amines and
formaldehyde forms a formation called methylol
derivatives [16]. Aldehydes can further react
with tannins from vegetable tanning agents,
then form vegetable tannins to form cross-bonds
with skin collagen when there are high-activity
nucleophilic sites in tannin molecules [17].

Besides formaldehyde bound, the analysis
of free formaldehyde was also carried out. It was
known thatthe highestlevel of free formaldehyde
was reached at 4% use of formaldehyde. This
shows that at this level of use, the skin is able
to bind a great level of formaldehyde but it also
releases quite a lot of formaldehyde. The lowest
level of free formaldehyde was found in 8% use
of formaldehyde. This clarifies that the use of 8%
formaldehyde in tanning of stingray skin yields
the leather with the highest of formaldehyde
bound and the lowest of free formaldehyde.

T {aw)
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V

EILLl 3600 3200 2800

2400

2000 1600 1200 B0

Wave number ( 1/cn1)

Figure 2. Infrared spectra: (a) shell skin; formaldehyde leather (b) 2%; (c) 4%; (d) 6%; (e) 8%

Analysis of sample FTIR uptake is shown
in Figure 2. Pellicle has several characteristic
absorption bands. The absorption band at wave
number 1035 cm™ appears as a bending vibration
ofthe aromatic group of vegetable tanning agents
[18]. The presence of a methylene group (-CH,-)
in skin collagen was identified at wave numbers
1339 and 1452 cm? as wagging vibrations and
bending vibrations. Vibration of the -NH group
from amide Il resulted in absorption at the wave
number region 1241 cm™ [19, 20]. Uptake at
wave number 1553 cm? is a bending vibration

-NH, and a stretching vibration of CN in amide
group Il. The uptake of the amide group | is
seen in the wave number region 1630 cm™ as
stretching vibration C = O [21]. The binding of
N-H to amino acid groups results in uptake in the
area of 3300 cm™ [18].

The success of the tanning process of
stingray skin with formalin is proven through
infrared absorption analysis. If viewed from
its absorption of infrared radiation, there was
no significant change between the pellet skin
absorption band with formalin tanned skin. This
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is due to the type of bond that is formed is not
too different between the skin of the particles
with formalin tanned leather. The mechanism
of the reaction that occurs is shown in Figure
3. Based on the reaction it is known that the
tanning process produces a Schiff base. The C
= N bond on formalin tanned skin was detected
through absorption bands at the wave number
region 1547-1551 cm™ [22]. This absorption
band overlaps with bending vibrations -NH,
and CN stretching vibrations on amide Il groups
of proteins [20]. Uptake of the CH bond causes

G

+ o
q Ny HN—P

H
\C:N_P

basa SChiff

the appearance of absorption bands at the wave
number region 1440-1450 cm™ as stretching
vibrations of the groups -CH_- and 2853-2927
cm? as stretching vibrations of C-H asymmetry
[22]. Vibration of N-H from amino acid groups
was detected in regions of 3300 cm™ [9]. The
difference in the concentration of formalin
used in the tanning process was not observed
significantly in the infrared absorption band. This
shows that there are no differences in the types
of bonds formed due to various concentrations.

H H
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N
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Figure 3. The mechanism of the reaction between the skin of the particles and formaldehyde (P =
protein)

Formalin on the market generally contains
80% formaldehyde and has the chemical
formula H,CO, [23]. Formaldehyde can react
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with the functional group -NH, perfectly so that
it can change the physical properties of collagen
proteins.
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Figure 4. Structure of formaldehyde [5]
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Formaldehydeisanaldehyde tanning agent
with a simple structure that has 1 aldehyde group
[16]. The chemical structure of formaldehyde is
shown in Figure 4. Formaldehyde can be found in
the polymerized form depending on the type of
sample used. In addition, formaldehyde can be in
theformofhydration, butgenerallyformaldehyde
species are dominated by paraformaldehyde
[24]. The presence of a hydroxyl group (-OH)
in formaldehyde causes tanned skin to have
hydrophilic properties, so it is often used for
gloves articles. Hydrophilic properties are the
effects of the polymeric properties of tanning
substances, which encourage separate fiber
structures, and the presence of hydrogen
bonding groups in polymers.

Some studies show formaldehyde
reactions using NMR spectroscopy. The
reaction with gelatin shows that lysine is a
group favored by the aldehyde then arginine.

Unexpected modifications are found in peptides
containing free N-terminal amino groups or
arginine residues. Adduction of formaldehyde
reacts with the N tip through two steps: the N
tip forms imidazolidinone, and then glycine is
attached via the methylene bridge. Two covalent
modifications occur in arginine-containing
peptides: (i) attachment of one glycine molecule
to arginine residue through two methylene
bridges, and (ii) merging two glycine molecules
through four methylene bridges. It is known that
formaldehyde does not produce crosslinking
between molecules between two primary amino
groups [25].

Shrinkage Temperature

Table 3 presents the results of observations
on increasing the shrinkage temperature of the
results of stingray skin tanning.

Table 3: Temperature shrinkage of Mondol stingray skin (Himantura gerrardi)

% Use of formaldehyde

Shrinkage temperature ("C)

2
4
6
8

63.041 £ 0.107°
66.050 + 0.100?
76.750 + 1.405°
77.333 £1.505°

a and b show real differences (p < 0,05)

Shrinkage temperature is the temperature
of the skin when the collagen structure shrinks
by heating in a water medium or the point where
the skin of the host begins to shrink at a certain
temperature. This shrinkage occurs because
the folds of the polypeptide chain due to the
strength of the woven collagen fibers break up
by extreme conditions such as heating at high
temperatures [10]. The skin consists of a bundle
of three-dimensional collagen fibers, and the
main component of skin forming is collagen
which is a well-structured fibrous protein. Skin
tanning plays a major role in increasing the
stability of the helical triple structure of the
collagen matrix. The tanning material has varied
efficiency in the stability of collagen. Thermal
stability of leather is known from conventional
shrinking test (CST) method and differential
scanning calorimetry (DSC) method [2]. The
standard shrinkage temperature used in this
study is the temperature when the sample
begins to experience 150 um shrinkage [26].

Based on the results in Table 3, it is known
that the use of formaldehyde with levels of 2%
and 4% produces tanned skin with a shrinkage
temperature (°C) that is significantly different
(P <0.05) compared to formaldehyde use of 6%
and 8%. The more amount of formaldehyde
used increases the shrinkage temperature (°C)
of tanned stingray skin. The use of 2 and 4%
formaldehyde tanning agents has not been able
to increase the shrinkage temperature to 70
°C on stingray skin, while the use of 6 and 8%
have been able to give the effect of increasing
the shrinkage temperature to more than 70
°C. This is possible because the more amount
of formaldehyde is used, the higher the bond
between the aldehyde and the skin amine group,
so that the shrinkage temperature rises.

The tanning treatment using formaldehyde
at 6% and 8% have met the SNI 06-0234-
1990 standard, namely, the minimum wrinkle
temperature that must be achieved by stingray
skin for leather goods is 70 °C. It was known
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that the shrinkage temperature achieved in
6% formaldehyde use was able to increase
the shrinkage temperature of tanned fish
skin to 76.750 * 1.405 °C, the results were
not significantly different (P <0.05) with 8%
formaldehyde use which was able to increase
shrinkage temperatures to 77.333 + 1.505 °C.
This shows that the use of 6% formaldehyde
has been optimal for increasing the shrinkage
temperature of tanned fish skin, because it
gives results that are not significantly different
from the use of 8% formaldehyde. Although
the tanning material still provides a lower
shrinkage temperature than the chrome tanner,
formaldehyde has been able to give an effect of
increasing shrinkage temperature according to
SNI, which is at least 70 °C.

It is difficult for formaldehyde to form
cross bonds with amino acid groups rather than
chrome, so the shrinkage temperature achieved
is not as high as when using chrome tanning

material [24]. Several studies have stated that
the maximum shrinkage temperature that can
be achieved with formaldehyde tanning agents
is 80 °C.

Formaldehyde also has a lower
shrinkage temperature when compared with
glutaraldehyde [27]. D-Lysine uptake is found
more when the use of glutaraldehyde is
increased in tanning. The amino groups both
lysine and hydroxyproline are involved in the
glutaraldehyde tanning reaction. It is possible
that D-Lysine has improved hydrothermal
stability. Increased shrinkage temperature
showed increased stability of wet white skin [5].

Tensile Strength

Tensile strength is the amount of load
needed to pull tanned fish skin (N/cm?) until the
collagen fibers are cut off, this study produced
the tensile strength presented in Table 4.

Table 4: Tensile strength of Mondol stingray skin (Himantura gerrardi)

% Use of formaldehyde

Tensile strength (N/cm?)

2
4
6
8

2084.803 +14.974°
2093.982 +9.858°
2533.022 £2.027°
2564.758 + 32.757°

a and b show real differences (p < 0,05)

Based on the test results presented in
Table 4, the concentration of formaldehyde use
of 2 and 4% gave the value of tensile strength
of tanned stingray skin at 2.084.803 + 14.974
N/cm? and 2.093.982 + 9.858 N/cm?, these
results were significantly different (P <0.05)
with formaldehyde use of 6 and 8%, which are
2.533.022 +2.027 N/cm? and 2.564.758 + 32.757
N/cm?2. The tensile strength of tanned stingray
skin in this experiment shows a value that
tends to increase in line with the increase in the
concentration of formaldehyde tanning agent. All
treatments provide tensile strength values that
meet the SNI 06-6121-1999 standard for tanned
stingray skin, which is a minimum of 2.000 N/
cm?. Every tanned skin must meet the minimum
SNI value because it becomes a benchmark for
the manufacture of leather products [27].

Goat skin tanned with aldehyde tanner
produces higher tensile strength than those

tanned with chrome [28]. When viewed from
the level of density, this can be caused because
formaldehyde tanned leather has a higher density
level than chrome tanned leather, but has a lower
elongation [10]. The use of non-formaldehyde
melamine resin as a retanning agent has the
effect of increasing the attractiveness of the nail
than formaldehyde melamine resin [29].

The main tensile strength of tanned skin
is influenced by the size of fibril diameter and
collagen fibers, therefore the skin that comes
from older animals tends to have higher tensile
strength than young animal skin because
collagen fibers become increasingly stable [30].
Mondol stingray skin tanned by formalin with
a concentration of 8% had a tensile strength
of 2,397.85 (N/cm?) [10], this result was lower
than that reported in this study, however, the
two results of this study had met SNI standards
about tanned stingray skin. This is probably due
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to the differences in the age of stingrays used
as samples in the study so that it is necessary
to further study the effect of age on the tensile
strength of stingray skin.

Tear Strength

Tearing strength is an important factor in
determiningskin quality because it showsthatthe

maximum limit of the skin can be torn [31]. The
results obtained from testing the strength of the
rays of stingray skin tanned using formaldehyde
tanners with different concentrations are shown
in Table 5.

Table 5: Tear strength of Mondol stingray skin (Himantura gerrardi)

% Use of formaldehyde

Tear strength (N/cm)

2
4
6
8

447.174 £ 1.486°
457.790 + 2.998°
627.771 £ 0.358°
610.687 +2.489°

a and b show real differences (p < 0,05)

The use of 2 and 4% formaldehyde tanners
produced a tear strength of 447.174 + 1.486 N/
cmand457.790 + 2.998 N/cm, these results were
lower than the strength of the rind skin which
was tanned with formaldehyde 6 and 8% namely
627.771 + 0.358 N/cm and 610.687 + 2.489 N/
cm with values that have met SNI 06-6121-1999
(minimum 300 N/cm). This study showed that
the stingray skin was tanned with a tendency of
tear strength to increase in line with the increase
in the concentration of formaldehyde tanning
agent.

Based on the above results it is known
that the increase in the concentration of
4% formaldehyde to 6% formaldehyde had
a significantly different effect, and did not
differ when the formaldehyde concentration
was increased to 8%. This shows that 6%
formaldehyde concentration has been able to
produce tear strength with a value similar to 8%
formaldehyde, even in the use of 8% formalin
gave a lower tear strength value of 371.52 +2.10
N/cm [10]. Therefore, it can be suggested that
the level of use of formaldehyde used in several
tanning industries will be reduced.

In addition to producing tanned leather
which has a shrinkage temperature, tensile
strength and strong tear that meets the SNI 06-
6121-1999 standard, tanning with formaldehyde
produces tanned white leather so that it is
suitable for use in articles of natural color
leather products. Some industries have applied
tanning with formaldehyde tanners especially

for woolskin and gloves articles with high sweat
resistance [27].

Even though until now, chrome is still
considered a “perfect” tanning agent to produce
the desired tanned skin, but the use of tanning
material must be stopped immediately because
of its impact on health and the environment.
Several studies have examined alternative
tanning substitutes, including iron, aluminium,
titanium, zirconium, polyphenols, polymers,
aldehydes, carbohydrates. Therefore, this study
has examined the optimal levels of formaldehyde
use as an alternative tanner substitute for
chrome.

Formalin is still freely used in the leather
tanning industry; it is important to remember
that formalin is a type of toxic and dangerous
material. Formalin is known to interfere with
the respiratory tract [32]. The glutaraldehyde
aldehyde has a high level of toxicity indicated by
inhibition of the growth of Aspergillus niger sp.
[33]. Therefore, the use of formaldehyde needs
to be limited including in the leather tanning
industry, one of which is the determination of
the maximum amount of formalin use as tanning
material.

CONCLUSIONS

Formaldehyde tanning agent can be
used to replace chrome. Optimal level of use
of formaldehyde tanning agent is 8%, it can
reach shrinkage temperatures, tensile strength
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and tear strength that have met the minimum
standards set by SNI. 06-6121-1999.
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