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Pelt obtained by deliming with peracetic acid can be chromed after additional treatment with sodium chloride or oxalic 

acid solution, or directly tanned using synthetic tannins. The results of differential scanning calorimetry and 

thermogravimetric analyses have suggested that any tanning increases thermal stability of leather collagen. The produced 

chrome-free leather, despite its high tensile strength, is not characterized by high shrinkage temperature what indicates 

insufficient thermal stability of such leather. This fact contradicts the results of differential scanning calorimetry and 

thermogravimetric analyses results which show the high thermal stability of the chrome-free leather. It has been concluded 

that scanning calorimetry and thermogravimetric analyses are not sufficient for the appropriate assessment of leather 

obtained by the methods of various tanning, and the conclusions about changes in leather structure and quality of leather 

can not be drawn only upon results of the mentioned analyses.  
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1. INTRODUCTION 

The conventional leather processing technology is 

based on strong alkaline treatment of hide or skin with the 

purpose to remove hair and open up of derma structure. 

Subsequent deliming aims at removal of calcium 

compounds and reduce alkalinity of unhaired hide/skin. 

Next step, which is pickling, significantly reduces pH of pelt 

down to 2 – 4, and thus the pelt characterised by such pH 

value becomes suitable for subsequent chrome tanning 

process. 

Development of beamhouse processes such as 

unhairing [1, 2] or deliming leads to production of almost 

neutral [3] or even acidic pelt [4, 5]. Accordingly, the 

parameters of further processing steps such as pickling and 

chrome or vegetable tanning can be changed seeking to 

diminish their impact on environment. Thanikaivelan et al. 

have demonstrated the possibility of chroming of pelt 

having pH 8 without conventional pickling overall [6]. 
The attempts to develop new pickling methods for 

conventional alkaline pelt have been made trying to replace 

commonly used materials: sodium chloride and sulphuric 

acid by other materials such as synthesized new materials 

rich in sulfonic acid groups [7] or a novel pre-tanning 

agent Q16 synthesized from cyanuric chloride and p-

aminobenzoic acid [8]. Unfortunately, the authors do not 

comment the impact on environment of the new methods. 

Chromium has been used as primary tannage for many 

leathers for over 100 years [9]. Though chromium is 

considered as the best mineral-tanning agent to date it has 

its own negative image as well. Search for substitutes for 

chrome tanning has been undertaken by many researchers 

all over the world. The alternative tanning agent could be 
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organic or inorganic based. Inorganic [10] or organic non-

chrome tannages have gradually become preeminent in 

leather production [11]. An organic tanning system as a 

substitute for chrome tanning is considered as a suitable 

alternative owing to the limitations of inorganic tanning 

agents [12]. Since the quality of current chrome-free leather 

is lower due to, for example, lower resiliency and 

hydrothermal stability [13] new combinations of subsequent 

processing of pelt obtained by deliming with peracetic acid 

(PAA) have been explored: a) less pickle + chrome tanning; 

b) organic tanning directly after deliming. 

The aim of this research was to investigate the 

possibility to use chrome-free tanning agent directly after 

deliming with PAA and bating, and to assess the accordance 

of the leather properties and results of differential scanning 

calorimetry (DSC), thermosgravimetric (TG) and physical-

mechanical analyses. 

2. EXPERIMENTAL 

2.1. Parameters of processes 

Cattle hide (mass 22.8 kg) preserved by NaCl was used 

for experiments. The hide was processed up to tanned 

leather with the aim to produce tanned leather (“wet white” 

or “wet blue”) as follows: 

Soaking (% based on hide mass): H2O 100%, at 

18 – 22 oC, Na2CO3 1.4 %, duration 8.5 h, run continuously. 

Washing: H2O 200 %, temperature 20 – 22 °C, duration 

15 min, run continuously. 

Liming (total duration 24 h): a) H2O 100%, at 

20 – 22 °C, detergent 0.1 %, duration 30 min, run – 

continuously; b) Na2S 1.2 %, Ca(OH)2 2.3 %, duration 

1.5 h, run continuously; c) Ca(OH)2 2.3 %, duration 1 h, run 
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continuously; d) H2O 100%, at 20 – 22 °C, duration 30 min; 

run continuously. Leave stand until morning.  

Washing (two times): a) H2O 200 %, temperature 

20 – 22 °C, duration 30 – min, run – continuously, drain. 

Deliming (% based on pelt mass): 

1st variant: conventional deliming-bating (control): a) 

H2O 40 %, at 33 – 38 °C, NH4(SO4)2 2.2 %, duration 

30 min, run continuously; b) NH4(SO4)2 1.5 %, duration 

30 min, run continuously; c) H2O 100%, EP Oropon ON2 

(Röhm GmbH & Co, Germany) 0.15 %, duration 1 h, run 

continuously.  

2nd variant: deliming with peracetic acid (PAA) and 

bating (experimental): a) H2O 40 %, temperature 

36 – 38 °C, PAA 0.75 %, pH of PAA solution 4.0, duration 

1 h, run continuously; b) EP Novo Bate WB (Novozymes, 

Denmark) 0.30 %, duration 1 h, run continuously (pH of 

solution at end of the process 4.86). 

Washing (two times): H2O 100 %, temperature 

20 – 22 °C, duration 20 min, run continuously, drain. 

Treatment before tanning (% based on pelt mass): 

1st variant: pickling (control): a) H2O 40 %, temperature 

20 – 22 °C, NaCl – 5.5 %, duration 15 min, run 

continuously; b) HCOONa 1%, duration 20 min, run 

continuously; c) H2SO4 0.5 %, duration 15 min, run 

continuously; d) H2SO4 0.5 %, duration 15 min, run 

continuously; e) H2SO4 0.5 %, duration 15 min, run 

continuously; f) H2SO4 0.5 %, duration 5 h, run 

continuously (final pH of solution 3.18). 

2nd variant: treatment with NaCl: H2O 40 %, at 

20 – 22 oC, NaCl 6 %, duration 2 h, run continuously (final 

pH 4.84). 

3rd variant: treatment with oxalic acid: H2O 40 %, 

HOOCCOOH 0.1 %, temperature 20 – 22 °C, duration 1 h, 

run continuously (final pH 4.65). 

Crome tanning (in pickling or other treatment before 

tanning solution (% based on pelt mass): a) Cromeco 

EXTRA (Gruppo Chimico Dalton, Italy) 1.5 % (counting to 

Cr2O3), temperature 20 – 22 °C, duration 12 h, run 

continuously; b) Neutragene MG-120 (Codyeco s.p.a., 

Italy) 0.25 %, duration 2 h, run continuously; c) Neutragene 

MG-120 0.25 %, duration 2 h, run continuously; d) 

H2O 40 %, temperature 55 °C, duration 1 h, run 

continuously. 

Organic tanning: H2O 110 % (% based on pelt mass), 

temperature 25 – 26 °C, synthan Blancotan W (Silva, 

Argentine) 20 %, duration 48 h, run continuously. 

Hide or leather samples used for investigation: 

1st  – limed pelt; 

2nd  – conventionally delimed, pickled and chromed leather 

(control leather); 

3rd  – delimed with PAA, treated with NaCl solution before 

chroming and chromed leather; 

4th  – delimed with PAA, treated with oxalic acid solution 

before chroming and chromed leather; 

5th  – delimed with PAA and directly tanned with synthetic 

tannin Blancotan W leather. 

2.2. Methods of analyses 

The shrinkage temperature of pelt was measured 

according to standard [14]. The shrinkage temperature of 

chromed leather samples was determined as described in the 

literature using special equipment and replacing the distilled 

water with glycerol [15].  

The tensile strength and relative elongation of pelt and 

chrome-tanned leather were measured with dynamometer 

according standard [16].  

DSC and TG analyses were performed with the Netzsch 

Gerätebau GmbH (Germany) thermal analyzer in nitrogen 

atmosphere at the heating rate of 10 °C/min. The reference 

was an empty aluminium pan. Before the DSC and TG 

analyses the samples of pelt and leather were dehydrated 

using acetone [17]. 

3. RESULTS AND DISCUSSION 

Chrome-free leather such as the one tanned with 

synthetic or natural tannins behaves very differently from 

chrome tanned leather [18]. Accordingly, in order to assess 

the difference between these leather types, physical, 

mechanical indexes, and shrinkage temperature (TS) of 

samples were determined (Table 1) first. 

The chrome-free samples are characterised by the 

highest tensile and grain strength (Table 1). This 

phenomenon is described in literature [18]. Synthetic 

tannins fill better leather matrix, therefore, tanned leather 

has better strength properties. Unfortunately, structure of the 

chrome-free leather structure is not as elastic as that of the 

chromed leather: the elongation of chrome-free leather is 

markedly lower comparing with the chromed one. 

Additionally, a value of shrinkage temperature shows low 

thermal stability of the chrome-free leather. The chrome-

free tanning has increased shrinkage temperature only by 

6 °C comparing with TS of the limed pelt. 

The results of DSC and TG analyses allowed obtaining 

more detailed information about thermal behaviour of 

differently tanned leather. The thermograms are presented 

in Fig. 1. The peak of the first temperature effect is at 82 °C 

for the limed pelt and in the range of 86 – 90 °C for variously 

tanned leather. Therefore, tanning has increased the 

temperature of this effect in all cases. 

Mostly, this effect is attributed to elimination of 

capillary moisture [19]. The moisture evaporates as at 

higher temperature as capillaries are narrower. Of course, 

due to swelling effect the capillaries in derma are larger after 

liming than after tanning.  

Table 1. Qualitative indexes of limed pelt and chromed leather 

Indexes 
Sample 

1st  2nd  3rd  4th  5th  

Tensile strength, N/mm2 13.5 ± 0.84 19.2 ± 1.08 20.1 ± 1.51 20.0 ± 1.78 21.3 ± 1.17 

Grain strength, N/mm2  –  16.4 ± 1.12 15.5 ± 1.08 12.0 ± 0.94 20.0 ± 1.02 

Relative elongation when load is 10 N/mm2, % 54.5 ± 4.01 45.2 ± 2.30 52.5 ± 3.30 48.5 ± 2.30 31.5 ± 2.15 

Shrinkage temperature (TS), ºC 56.0 ± 0.62 101.0 ± 1.12 101.7 ± 1.14 104.0 ± 1.18 62.0 ± 0.70 
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Other explanation of the first effect is based on the 

number of hydrogen bonds [19 – 22]: the higher temperature 

and larger area of peak can be observed when more 

hydrogen or cross-linking bonds are formed in the collagen. 

According to this point of view, it can be proposed that 

treatment with Blancotan W is a good way to increase the 

stability of leather, but the value of shrinkage temperature 

of the sample tanned with Blancotan W does not confirm 

this assumption. Temperature interval of 200 – 220 °C is 

attributed to melting point of crystalline part of collagen, i.e. 

transition of collagen from high elasticity state to viscous-

flow state [23]. This peak is characteristic to limed pelt or 

chrome-free leather only (Fig. 1, 1st and 5th sample), i.e. the 

peak disappears during chrome tanning. This dependence 

can be explained by deep penetration of chromium 

compounds into collagen matrix [23]. Presence of this peak 

indicates the other behaviour and structural properties of 

chrome-free leather in comparison with chrome-tanned one. 

It could be proposed that chrome-free leather has properties 

of tanned leather and pelt simultaneously. 

 

Fig. 1. DSC curves of samples 

The third peak is attributed to leather collagen 

destruction [19 – 22]. The results show (Fig. 1) that tanning 

increases the destruction temperature (TD) independently of 

the tanning method. The limed pelt sample has the lowest 

TD (295 °C) and sample delimed with PAA, treated with 

oxalic acid solution and chromed has higher TD (347 °C). 

The TD values correlate with shrinkage temperature (Fig. 2), 

but DSC analysis shows too high thermal stability of 

chrome-free leather. High TD value can be attributed to big 

amount of used synthetic tannins in the tanned leather and, 

accordingly, this high value does not approve high thermal 

stability of the leather but rather is related with high thermal 

stability of the used synthetic tanning agent.  

The TG analysis is used in many fields of material 

research. Due to complexity of leather materials, there are a 

variety of thermal degradation behaviours of modified 

collagen fibres in different leathers [24]. TG analysis could 

give some useful guidance for improvement the leather-

making technology and confirm DSC analysis results in the 

same time. 

 

Fig. 2. The TS and TD temperature dependence on leather tanning 

method 

Fig. 3. TG curves of samples 

On the other hand, the thermal stability comparative 

studies between wet-white (chrome-free) and wet-blue 

(chromed leather) carried out by Rosu et al. [25] exhibited a 

similar general thermal behaviour of the both leathers. It 

was observed that, for the wet-blue leather, the presence of 

Cr slightly increased the thermal stability, due to the 

formation of more stable characteristic metal–collagen 

complexes [25]. 

Table 2. The influence of sample weight loss on treatment method 

Temperature, ºC 
Sample weight loss, % 

1st  2nd  3rd  4th  5th  

50 3.4 3.1 3.0 2.5 2.4 

100 13.5 13.1 14.0 13.1 12.0 

150 17.4 17.9 19.7 17.9 15.5 

200 17.9 18.2 21.5 19.2 15.6 

250 20.3 18.9 23.6 20.9 16.8 

300 28.0 22.7 27.6 24.7 21.2 

350 52.2 46.0 45.0 40.3 42.8 

400 62.5 55.5 58.3 61.1 55.9 
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The thermo-gravimetric curves of limed pelt, chrome 

tanned, and chrome-free leather are presented in Fig. 3. The 

weight loss dependence on treatment method is presented in 

Table 2. It is seen (Fig. 3 and Table 2) that limed pelt sample 

loses weight faster (1st sample). This can be explained by 

lower thermal stability of limed pelt collagen comparing 

with chromed leather. The tanning increases stability 

independently on the method of tanning (Table 2). 

4. CONCLUSIONS  

Pelt obtained by deliming with peracetic acid can be 

chromed after additional treatment with sodium chloride or 

oxalic acid solution, or directly tanned using synthetic 

tannins. Based only on the results of differential scanning 

calorimetry and thermogravimetric analyses is has been 

proposed that any tanning increases thermal stability of 

collagen of leather. Unfortunately, the produced chrome-

free leather despite its high tensile strength is not 

characterized by high shrinkage temperature what indicates 

insufficient thermal stability of such leather. This fact 

contradicts results of differential scanning calorimetry and 

thermogravimetric analyses showing the high thermal 

stability of the chrome-free leather. 

Accordingly, the results obtained by scanning 

calorimetry and thermogravimetric analyses are not 

sufficient for the appropriate assessment of leather obtained 

by the methods of various tanning, and the conclusions 

about changes in leather structure and quality of leather 

cannot be drawn only upon results of the mentioned 

analyses.  
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