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2. List of abbreviations, acronyms and symbols 
 

°C Celsius degree mm millimetres   

°C/min. Celsius degree per minute N Newton 

ATR attenuated total reflectance NaCl sodium chloride 

Ca(OH)2 calcium hydroxide NaHS sodium hydrosulfide 

C14-C17 carbon chain nuclei NaHSO3 sodium bisulfite 

centi- 10
-2

 Na2CO3 sodium carbonate 

cm centimetre(s) Na2S sodium sulfide 

e.g. exemplti gratia (for example) NaOH sodium hydroxide 

EN European Standards NH4Cl ammonium chloride 

FT-IR Fourier Transform Infra-Red N/mm
2
 Newton per square millimeter 

HCO2H formic acid sec secondary 

H2O water S/N signal to noise ratio 

H2SO4 sulphuric acid t time 

ISO 
International Organization for 

Standardization 
TGA Thermogravimetric analysis 

ml/min.
 

millilitre per minute UNI Unification National Institute 

mg milligram(s) w/w weight to weight ratio 

milli- 10
-3
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3. Introduction 

This report presents the results of the defatting demonstration at pre-industrial level. As it is known 

in the tannery art, raw animal hides and skins must be subjected to a sequence of steps comprising: 

 (a) desalination of the preserved raw animal hides/skins from slaughterhouses; 

 (b) soaking to make the raw hides/skins receptive down the subsequent processing stages; 

 (c) liming with to unhair the animal hides/skins; 

 (d) fleshing, to make the animal hides/skins surface uniform; 

 (e) splitting, to separate the grain from the crust (this stage is optional); 

 (f) deliming, to essentially free the animal hides/skins from residual lime; 

 (g) pickling, to prevent the interaction of the tanning agents with the collagen of hides/skins; 

 (h) pre-tanning, (optional) to obtain rotproof hides/skins in the short to medium term; 

 (i) pressing the pre-tanned hides/skins and leading them up to the desired thickness (optional); 

 (j) air drying; 

 (k) tanning; (l) fatliquoring; (m) re-tanning, fatliquoring and dyeing (optionally); (n) 

finishing procedures (e.g., polishing, stamping, staking). 

 

According to the above sequence of steps, beamhouse operations start from step (a) to step (g), the 

tanning activity goes from step (h) to step (j) whereas steps (k)-(n) are typically carried out in 

refining companies, dealing with the already made leather by tanneries. Usually, defatting agents 

enter into step (b), (c) and (f) according to tanner’s experience and the defatting product is dosed at 

0.1-0.3% by weight of raw hide to be processed. It is worth to mention that the old fashioned bating 

phase oh hides using animal manure to give softness to the finished leather, is rarely carried out in 

tanneries. Usually, this stage appeared after step (f) in old practices. Modern tannery procedures do 

not involve the use of animal manure (or dung) anymore and they integrate the bating phase either 

in step (b), (c) or (f) using specific proteolytic enzyme based formulations, that act against residual 

fatty proteins within the structure of the hide. 

In this demonstration, defatting was carried out on bovine and equine hides, using formulation 

EDF20 in five cases and EDF19 in one case on 80-100 Kg pre-industrial scale of raw hides, that 

were representative of a production campaign, typically carried out on 1000-4000 Kg. The 

demonstrations were run in parallel with a commercial defatting agent (polause SG-50) to compare 

the quality of the finished leather at the end of either the pickling (g) or the pretanning (h) stage. 

The leather was characterized according to the physical tests, normally used in tanneries to show the 

product to clients: thickness, tearing, cracking, flexuring and shrinkage temperature. In addition, a 

molecular characterization using the investigation techniques of the Fourier Transform Infra-Red 

Spectroscopy (FT-IR) and the Termogravimetric Analysis (TGA) was carried out on the defatted 

hides prior to tanning, to correlate the differences in the protein structure to the action of fat 

removal. 

 

4. Technical recipes for bovine and equine hide defatting 

The work procedures are pretty similar between the processing of bovine and equine hides. 

Sometimes, they differ for some auxiliary chemicals, that are necessary to bring the quality of the 

finished leather to the desired requirements, since animal hides come from several countries around 

the global and the quality of the raw material varies a lot: even when the hides come from the same 

provider. The defatting of bovine hides was accomplished according to the procedure of Table 4.1. 
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Table 4.1 Procedure to process bovine hides 

Stage % Product T (°C) t (min) Rotation Action 

Desalination 

100 H2O 30    

0.1 Na2S  60  drain 

200 H2O 26-27 5  drain 

Soaking 

80 H2O 27    

0.15 Ledermol 51     

0.2 Ecodefatting product     

0.2 Basic 14     

0.35 Prolime RBE     

0.8 Na2CO3  180   

0.5 Linedeg ARG  120  drain 

Liming 

100 H2O     

0.3 Linedeg ARG     

1.5 NaHS     

2.0 Ca(OH)2  30   

0.2 Basic 14     

2.5 Na2S     

3.5 Ca(OH)2  60   

0.25 Prolime NX     

0.2 Ecodefatting product     

20 H2O  60   

   (5/h) 840  drain 

100 H2O  3  drain 

Fleshing and splitting 

Deliming 

100 H2O 35    

0.1 Ecodefatting product     

0.3 Prokal 700  20  drain 

30 H2O 30    

1 Prokal 700     

0.2 Ecodefatting product  10   

1.2 Prokal T  15   

1.3 Prokal T  40   

0.03 Ledermac 1  15  drain 

Pickling 

30 H2O     

5 NaCl  10   

1 HCO2H  20   

1.3 H2SO4  180  drain 

Tanning 

 

The products used to process bovine hides, are commercially available formulations under trade 

names and correspond to: 

 Ledermol 51: a sulfonated C14-C17-sec-alkane; 

 Basic 14 and Biokal RM: sequestering and chelating agents; 

 Prolime RBE, Prolime NX: mixtures of proteolytic enzymes; 

 Linedeg ARG: a solution of diethanolamine; 

 Prokal 700 and Prokimic: a mixture of NH4Cl, adipic, succinic and glutaric acid; 

 Prokal T: a mixture of ammonium chloride, HCO2H and H2SO4; 

 Ledermarc 1: a mixture of NH4Cl and proteolytic enzymes. 

The defatting of equine hides was accomplished according to the procedure of Table 4.2. 
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Table 4.2 Procedure to process equine hides 

Stage % Product T (°C) t (min) Rotation Action 

Soaking 

200 H2O 27    

0.1 Na2S     

0.2 Ecodefatting product  90  drain 

100 H2O 27 30  drain 

80 H2O 27    

0.8 Ecovit 90     

0.5 Biokal STR     

0.6 Biosin CR     

0.3 Ecodefatting product     

0.3 Na2CO3  180   

0.5 Biokal RM  120   

0.01 Rinazim 26 840  pH 9-9.5 

     drain 

Liming 

100 H2O     

1.0 Biokal SH     

1.0 Ca(OH)2  30   

1.0 Na2S     

1.0 NaHS  30   

   30 no  

5 Ca(OH)2     

2.5 Na2S     

0.5 Biokal STR     

0.2 Ecodefatting product     

0.1 Depilzim  60  drain 

150 H2O 25 5  drain 

Fleshing and splitting 

Deliming 

100 H2O 35    

0.4 Prokimic      

0.1 Ecodefatting product  20  drain 

60 H2O 30    

1+2 Prokimic  30   

0.5 NaHSO3     

0.5 NaCl  60   

0.06 Ledermac 1     

0.2 Ecodefatting product  45  drain 

300 H2O     

0.3 Prokimic  5  drain 

Pickling 

40 H2O      

5 NaCl  10   

0.8 HCO2H  30   

1.1 H2SO4  120  drain 

Tanning 

 

In the case of equine hide processing, some of the products used for bovine hides defatting were 

maintained, but others were employed due to the different nature and structure of horse hides. In 

particular, a buffer solution of thiols compound was used (Biosint CR) to unhair efficiently the 

hides and other enzyme formulations for the bating job. Other products joined the list: 

_ Ecovit 90: a solid preparation containing Na2CO3; 

_ Biokal STR: a solution of NaOH and dimethylamine; 

_ Biosint CR: a solution of NaOH; 
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_ Biokal SH: a buffer solution of thioglycolic acid and its sodium salt. 

_ Rinazim and Depilzim: mixtures of proteolytic enzymes. 

 

5. Defatting of bovine hides 

5.1. Use of EDF20 

Belly and shoulder sections of raw bovine hides were purchased from a French supplier for two 

separate demonstrations (Figure 5.1.1). 

 

Figure 5.1.1 Bovine hide. 

 
 

In both cases, the hides of the two lots (4000-5000 Kg) were charged into a rotating drum and 

subjected to the stage of desalination. Then, an aliquot of about 100 Kg (10-15 specimens) for both 

belly and shoulder hides was taken and subjected to the soaking and liming step according to Table 

4.1, using EDF20 as defatting agent. In parallel, the hides left in the drums were carried through the 

same procedure, but using commercial Polause SG50 as defatting agent. At the end of the liming 

stage, the four lots of hides were visually consistent to each other, matching the expected 

requirements for fat removal (Figure 5.1.2). 

 

Figure 5.1.2 Bovine hide processing: a) at desalination, b) at liming 

a)  b)  

 

In the case of the demonstrations with EDF20 the removed fat appeared well emulsified, floating 

freely along with the defatting effluents. In the case of the two lots treated with Polause SG50, it 

appeared that the fat content removed from hides had been lower than that extracted with the 

EDF20 product. This evidence was confirmed by the comparative observations of the effluents, 

since the wastewaters from Polause SG50 showed a fatty film on the surface, whereas those from 

EDF20 appeared well emulsified and almost homogeneous. Next, the four lots of hides, were 

fleshed and split and carried to the final deliming stage, where the defatting agents were used for the 

last time. The subsequent washing step furnished the hides in a good state and compliant to the 

requirements for good tannery practices (Figure 5.1.3).  
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Figure 5.1.3 Bovine hides after deliming and washing: a) belly side, b) shoulder side 

a)  
b)  

 

Thereafter, the specimens were pickled and pre-tanned and dried in open air (Figure 5.1.4.) 

 

Figure 5.1.4 Pre-tanned bovine hide: a) belly side, b) shoulder side 

a)  b)  

 

5.2. Use of EDF19 

Shoulder side sections of raw bovine hides from French origin were processed with formulation 

EDF19, which had behaved extraordinary well at laboratory level on small samples of sheep skin, 

showing a defatting capacity higher than 70% by weight of skin. Even in this case the 

demonstration was carried out on a 100 Kg (10-12 specimens), taken as a representative lot of a 

production batch of 5.9 Tons (500 specimens) of the same hides processed with Polause SG-50. 

 

Figure 5.2.1 Bovine shoulder processing with EDF19 

  
 

EDF19 confirmed its high attitude towards the extraction of fat from the hides. However, the 

wastewaters did not appear well emulsified, since the fat formed insoluble blocks that resulted 

highly sticky to the surface of the hides and to the metal surface inside the drum. In particular, the 

hides appeared dull and had an oily texture, since a fatty semisolid film had been formed on both 

the flesh and grain side of the specimens. Therefore, it was necessary to process further the hides 

with 3-4 additional washing steps, in order to remove the film from both sides and obtain the 

material with a brilliant aspect and a soft touch. The need to reiterate the additional washings 

several times was due to the fact that even the fat stuck inside the drum could not be removed easily 

with simple water washes. This result was found quite unexpected, since the EDF19 lacked only the 



                            DELIVERABLE B.3                                                                                                                                      

                  Final report LIFE+                 9                       ENV/IT/000470- ECODEFATTING 

 
 

5% by weight of the lactose derivative, whose absence had not been affected the performance on 

sheep skin samples, although in the pickled form. 

Therefore, this demonstration confirmed, indirectly, the real goodness of the new defatting 

formulation EDF20. Also the lactose derivative acquired even higher value, since its presence had 

guaranteed the efficient emulsion of fat inside the wastewaters. In this way, the effluent discharge 

could be carried out without any concern and the subsequent deliming and washing stages provided 

the hides in a good status, to advance towards tanning. 

  

6. Defatting of equine hides with EDF20 

Front side sections of raw equine hides were purchased from a French supplier (Figure 6.1). 

 

Figure 6.1 Equine hide: single front hide 

  
 

In this case the hides were processed with following a slightly more complex procedure (Table 4.2) 

using EDF20 on a 75 Kg (10 specimens) batch of hides, that were representative of a production lot 

of 1.2 Tons (90 specimens) of hides processed with Polause SG-50. Despite the different protein 

structure of horse hides that required thiol based products for successful unharing, EDF20 showed 

its efficacy since its first application in the soaking stage of the processing (Figure 6.2). 

 

Figure 6.2 Equine hide processing 

Raw hides   Soaking/liming 

 

The two lots of material were similar and with comparable touch and aspect, that did not change 

after the stages of fleshing/splitting, deliming, pickling and pre-tanning (Figure 6.3). 

 

Figure 6.3 Equine hides: a) delimed/washed, b) pre-tanned 

a)         
b)  
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Nonetheless, the aspect and visual analysis of the defatting effluents seemed to indicate that EDF20 

had worked a little bit better than the commercial Polause SG50, removing a slight higher amount 

of fat. This indication could be interesting to understand whether the new formulation could be 

dosed in a somewhat lower amount than that indicated in the standard procedure, in order to 

optimize the even distribution of residual fat within the hide structure. In any case, the issues related 

to the formation of insoluble and badly emulsifiable fat did not appear on those equine hides, 

demonstrating the application of EDF20 on different types of animal hides. 

 

7. Characterization of processed bovine and equine leather. 

The pre-tanned hides were analysed according to physical tests, that are required for the assessment 

about the mechanical resistance of the material. This is important to understand the final destination 

of the leather within the manufacturing chain of leather goods, that can be set up with leather of 

different origin (e.g., bovine, equine, ovine) and of different quality (e.g., thin and soft leather from 

cow and calves, thick and hard leather from bulls and buffalos). The tests were carried out 

according to international ISO standards (Table 7.1): 

 UNI EN ISO 3376:2012: resistance of leather to tear before it breaks; results were in 

Newton per square millimetres (N/mm
2
); 

 UNI 11308:2008 ISO-3379:1976, resistance of leather grain to cracking; results were for 

distension in millimetres (mm) and for cracking in Newton (N); 

 UNI EN ISO 2589:2006, average thickness of leather, varying from 2.0 to 4.0 mm; 

 UNI EN ISO 10 3380:2006, temperature at which the leather starts to shrink; 

 UNI EN ISO 5402-1:2012, leather grain cracks due to continuous bending (or flexure) in 

dry (50,000 cycles) and wet conditions (20,000 cycles). 

 

Table 7.1 Characterization of leather from bovine and equine hides 

 

Bovine Equine 

EDF20 Polause 

SG50 

EDF20 Polause 

SG50 

UNI EN ISO 

3376:2012 

Traction (N/mm
2
) 

Parallel 18.9 14 22.4 22.4 

Perpendicular 34.2 12.6 34.3 25.3 

Distension (%) 
Parallel 58 50 69 43 

Perpendicular 49 49 40 39 

UNI 11308:2008 

ISO-3379:1976 

Cracking 
Distension (mm) 8.5 6.9 7.5 8.2 

Load (N) 786 570 731 464 

Breaking 
Distension (mm) 8.5 7.6 7.8 7.4 

Load (N) 786 665 774 652 

UNI EN ISO 

2589:2006 
Average thickness (mm) 1.7 2.5 1.9 2.0 

UNI EN ISO 

3380:2006 
Shrinkage temperature (C) 75 74 75 75 

UNI EN ISO 

5402-1:2012 

Dry (50.000) 

Wet (20.000) 

Parallel 

Perpendicular 
pass pass pass pass 
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The results showed a substantial consistency between the leather obtained from hide processing 

with EDF20 and Polause SG50, since the shrinkage temperature did not vary from one leather 

material to another. Averagely, the bovine leather from EDF20 processing showed a higher 

resistance to traction and cracking/breaking of the grain compared to the analogous leather from 

Polause SG50 processing. This may be explained with a more even distribution of residual fat in the 

hides, allowing a more efficient interaction with the subsequent tanning agents. It was interested to 

note that this difference was a bit more pronounced for some of the parameters in the case of the 

equine leather materials, confirming the observations made during the beamhouse job that defatting 

with EDF20 may have removed a higher (if any appreciable) percentage of fat. Nonetheless, those 

differences will not have any significant impact on the manufacture of leather goods, since the 

leather have the required quality to undergo any of the mechanical stresses by the machineries used 

to make shoes, bags, belts and garments made of leather. Finally, it was found very appreciable that 

the resistance to continuous flexing in wet and dry conditions did not induce any damage to the 

leather samples, proving the substantial equivalence between the two defatting products that 

furnished very similar material for later tanning operations. 

 

8. Calf hides 

8.1. Defatting with EDF20 

Calf hides were processed at the Spanish tannery facilities of Tradelda S.L., with which Inescop has 

regular contacts of partnership for the development of innovative industrial processes within the 

leather sector (Figure 8.1.1). 

 

Figure 8.1.1 Cal hides processing at Tradelda S.L.. 

  

 

The demonstration at pre-industrial scale was carried out on 8-10 hide specimens (30-35 Kg) using 

rotating tanning drums of 2,000 mm diameter and 1,200 mm width, made of bolondo wood. The 

drums featured systems for automation, control and dosage of water and reactants. The calf hides 

were in the pickled form and the EDF20 formulation was used at 4% by weight of hides to be 

processed. The formulations used in this demonstration, were reported in a control sheet, indicating 

the different operations, the product used, the percentage by weight with respect to the pickled hides 

introduced into the tanning drum (X), temperature, rotating time and checks to be performed 

(Figure 8.1.2). 
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Figure 8.1.2 Control sheet for work operations 
 

 
 

8.2. Characterization of the leather 

The work operations were monitored by means of control sheets (Figure 8.2.1) for tests and results, 

containing information about:  

 test type; 

 type of defatting product and characteristics; 

 type of skin and treatment; 

 leather analysis: physical tests, chemical tests, organoleptic properties; 

    LIFE13 ENV/IT/470

Test:

Type of leather:

Product: Tanning: Chromium

Color: Shaving:

Stage % Product l // g °C Rotation pH Remarks

100 Water 20

10 Salt 30' 8  º Bé

3 Sodium Bicarbonat 180' > 6 Check pH

100 Water 35

10 Salt 15' 8  º Bé

100 Water 35

10 Salt 10' 8  º Bé

X Defatting agent 60'

100 Water 35

10 Salt 15' 8  º Bé

100 Water 30

10 Salt 15' 8  º Bé

100 Water 25

10 Salt 15' 8  º Bé

60 Water 20

8 Salt 10’ 6-7  º Bé

0,8 Sulphuric acid 1:10 30'

0,8 Formic acid 1:5 10' 2,8 - 3,0 Check pH

6 Chromium salt 60'

1,2 Oxido magnesio Check pH = 4

0,1 Fungicida 20'

Picking                      

Tanning

Noche automático

Drain

De-picking

Drain

Defatting

Drain

Drain - Sample of residual bath for wastewater analysis

Drain

Drain

Drain

Project ECODEFATTING

Weight (g):

Pickled skins Responsible: SGS

LIFE ECODEFATTING

Environmentally friendly natural products instead of chemical products in the 

defatting phase of the tanning cycle

 Semi-industrial Trials Date:
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 wastewater analysis. 

 

Figure 8.2.1 Control sheet for characterization 

 
 

The leathers from calf hide processing were obtained in the wet-blue form and had good 

appearance. The characterisation was conducted from the view point of: organoleptic (touch, 

firmness and colour) physical (thickness, tear strength, tensile strength and elongation at breakr) 

and chemical properties (extractable fat matter using DCM). Regarding the touch, calf leathers had 

good touch. In reference to the firmness of the leather, continuous flexing of leathers was carried 

out to test the degree of adhesion of the grain and the leathers possessed adequate levels of 

firmness. Finally, regarding colour, no significant differences were present in the leather colour and 

they would not interfere in the final colour of crust leather. 

The quality assessment about the physical properties of the leather was appraised through the 

indication reported by internationally accepted validation tests (Table 8.2.1). 
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Table 8.2.1 

PARAMETER STANDARD 

Thickness (mm) ISO 2589:2002 (IULTCS/IUP 4) 

Tear strength (N) ISO 3377-2:2002 (IULTCS/IUP 8) 

Tensile strength (N/mm
2
) ISO 3376:2002 (IULTCS/IUP 6)  

Elongation at break (%) ISO 3376:2002 (IULTCS/IUP 6) 

Grain burst (mm) ISO 3379:1976 (IULTCS/IUP 9) - Ball burst test 

 

The physical parameters of the leathers showed full compliance with the threshold limits for the 

parameters required for footwear manufacture (Table 8.2.2). 

 

Table 8.2.2. Properties of bovine leather from processing with EDF20 (4% w/w). 

Demonstration 
Tear strenght 

(N) 

Tensile strenght 

(N/mm
2
) 

Elongation at break (%) 

Laboratory  48.2 15.3 58.0 

Semi-industrial  81.5 22.4 72.5 

Pre-industrial  92.9 24.3 76.0 

 

Further, all the degreased leathers complied with the minimum requirements, but the leathers 

obtained from the pre-industrial demonstration clearly indicated the importance of the scale, to 

obtain the best and most suitable material for manufacturing. In fact, the pre-industrial scale mimic 

quite closely the real events that happen at production scale: in particular, those concerning the 

tumbling effect inside the rotating drum, helping the penetration of the defatting formulation inside 

the structure of the hides/leathers. Thus, the effective abstraction of the fat and the even distribution 

of the remaining fatty substance allow the effective interaction between the leather and the 

subsequent tanning agents, as shown by the values of the physical properties. A more intuitive 

understanding of the importance of the work scale for beamhouse/tanning operations, could be 

obtained by a visual graphic (Figure 8.2.2 and Figure 8.2.3): 

 

Figure 8.2.2 Tear resistance of leather from calf hides 

 
 

Tear strenght (N)

48,2
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EDF 20 4% LABORATORY EDF 20 4% SEMI-INDUSTRIAL EDF 20 4% PRE-INDUSTRIAL

http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=31147
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=31148
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=24031
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=24031
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=8670
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Figure 8.2.3 Tensile strength of leather from calf hides 

 
 

Lastly, a further confirmation about the concept of the work scale came from the chemical analysis 

of the defatted hides/leather. In this case the percentage of extraction was approximately the same at 

semi- and pre-industrial level and slightly higher than that at laboratory level (Figure 8.2.4). 

 

Figure 8.2.4 Fatty substances on calf hides after defatting 

 
 

This result demonstrated the good performance of the EDF20 formulation and its efficacy to 

distributed evenly the remaining fat matter within the hides prior to tanning. 

 

9. Analysis of defatted hides at molecular level 

9.1. Material and methods 

Leather specimens from the defatting of bovine and equine hides with EDF20 were analyzed 

without any treatment by ATR FT-IR and TGA. The results were compared to those obtained from 

the same analyses carried out on hide samples, obtained from the defatting with Polause SG50. IR 

spectra were recorded by using a Perkin-Elmer Spectrum One FTIR Spectrophotometer, equipped 

with universal attenuated total reflectance accessory (ATRU) and TGS detector (Figure 9.1.1). 
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Figure 9.1.1 ATR-FTIR instrument 

  
 

In an ATR FT-IR experiment the sample is placed on a diamond crystal with an index of refraction 

that is larger than that of the sample, typically larger than 2. Diamond crystal is the material 

commonly employed (refractive index 2.4). Infrared light is coupled into the crystal and directed 

towards the sample interface at such an angle of incidence that it is totally reflected at the interface 

between sample and crystal (Figure 9.1.2). 

 

Figure 9.1.2 Detail of the FTIR analysis matrix 

 
 

After one (single reflection) or several reflections (multiple reflection) the measuring light leaves 

the crystal and is focused on the detector. Upon reflection at the interface between sample and 

crystal, light penetrates into the sample. An evanescent wave is produces and it has the same 

frequency as the incoming light but the amplitude of the electric field decays exponentially with the 

distance from the interface. The evanescent wave may be absorbed by the sample and thus, the light 

reaching the detector, carries the information about the infrared spectrum of the sample. The 

penetration depth is on the order of the wavelength and it depends on the angle of incidence, the 

ratio of the indices of refraction of the crystal and the sample. For the measurements in ATR mode, 

the background was preliminarily recorded on the clean diamond crystal. ATR_FTIR analyses were 

carried out in the range of 600-4000 cm
-1

 and with a resolution of 4 cm
-1

. Each analysis was 

recorded over 32 scans, to obtain a suitable S/N ratio and FTIR spectra were run and processed with 

the Perkin-Elmer software. 

TGA is the most widely used thermal method. It is based on the measurement of mass loss of 

material as a function of temperature. In thermogravimetry a continuous graph of mass change 

against temperature is obtained, when a substance is heated at a uniform rate or kept at constant 

temperature. A plot of mass change versus temperature (T) is referred to as the thermogravimetric 

curve (TG curve). Often, the derivative thermogravimetric (DTG) curves are also calculated.  A 

DTG curves presents the rate of mass change (dm/dT) as a function of temperature, or time (t) 

against the temperature (T) when substance is heated at uniform rate. TG analyses were carried out 

on an EXSTAR series TGA/DTA7200 apparatus (Figure 9.1.3). 
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Figure 9.1.3 TGA instrument 

  

 

Each sample (5-10 mg) was placed in an alumina sample pan and the run was carried out at a 

standard rate of 10°C/min from 30 to 900°C in the presence of air (200 mL/min). 

 

9.2. Analysis of bovine defatted hides by FTIR and TGA analysis 

Bovine hide samples were analysed before the soaking process and after pretanning (Figure 9.2.1). 

 

Figure 9.2.1 Bovine hide sample for FT-IR analysis 

 
 

FT-IR spectra were normalized with respect to the Amide I band (1700−1600 cm
−1

) and for each 

spectra, the most important bands selected were: i) the area of the band in the 3000-2750 cm
-1

 

region, typical for the CH2/CH3 stretching vibrations (Area 1); ii) the area of the band in the 

1770-1700 cm
-1

 region, for the C=O stretching vibrations (Area 2). The CH2/CH3 and C=O 

stretching area are due to the fats of the leather. In the case of “before soaking” samples 

(Figure 9.2.2) the stretching areas are due to the fat naturally present in the leather while in the case 

of “pre-tanned” samples, they are due to residual fat after the defatting treatment (Figure 9.2.3). 
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Figure 9.2.2 FTIR spectra of bovine hide samples before soaking: 

a) Polause SG50, b) EDF20 

 
 

Figure 9.2.3 FTIR spectra of bovine hide samples after pre-tanning: 

a) Polause SG50, b) EDF20 

 
 

The spectra showed that the samples were very heterogeneous and this was clearly demonstrated by 

the data of the Area 1 and the Area 2 peaks reported in Table 9.2.1.  
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Table 9.2.1 FTIR data about Area 1 and Area 2 of the spectral width 

 
 

For the “before soaking” samples, the standard deviations of the five groups of data were very high, 

indicating the real low homogeneity of the samples, since hides were in the raw form.  The standard 

deviations were better for the “pre-tanned” samples: hides were partially tanned and thus, the 

samples were more homogeneous compared to the “before soaking” samples. 

The TGA graphics showed that the main decomposition of the leather samples took place in two 

steps. The maximum transition was around 310 °C (Peak 3) for the first step and between 560 and 

606 °C (Peak 5) for the second step (Figure 9.2.4). 

 

Figure 9.2.4 TG (right axis) and DTG curve (left axis): EDF20 before soaking (A), 

EDF20 pre-tanned (B), SG50 before soaking (C) and SG50 pre-tanned (D) 

 
 

 

 

 

 

 

Peak 1 at 65 °C was due to the release of humidity entrapped by leather fibres (Table 9.2.2).  

Area 1 Area 2 Area 1 Area 2 Area 1 Area 2 Area 1 Area 2

1 124 25 27 0 5 0 5 0

2 74 12 49 2 18 0 17 0

3 274 57 209 34 5 0 19 0

4 32 1 34 1 5 0 8 0

5 117 18 60 2 8 0 7 0

Average 124 22 76 8 9 0 11 0

St. Dev. 92 21 75 15 6 0 6 0

CV% 74 96 99 193 66 0 57 0

 EDF20 before soaking SG50 before soaking EDF20 pre-tanned SG50 pre-tanned
Spectrum 

A B

DC
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Table 9.2.2 Thermal degradation steps of bovine hide samples: EDF20 before soaking, 

EDF20 pre-tanned, SG50 before soaking and SG50 pre-tanned. 

 
 

It was evident that the shift at lower temperatures of the pre-tanned leather compared to the hides 

before the soaking process could be associated to the decrease in the thermal stability of the leathers 

after the tanning process (Figure 9.2.5). 

 

Figure 9.2.5 Temperatures of thermal degradation of: 

EDF20 before soaking , EDF20 pre-tanned, SG50 before soaking and SG50 pre-tanned 

 
 

The decrease was more relevant for the commercial product Polause SG50, indicating that the 

pre-tanned hides had lost their thermal stability from the raw form due to a possible lower 

interaction of tanning agents with the protein structure of the hide. This result may well support the 

assumption that the defatting job of EDF20 had been more efficacious in the distribution of residual 

fat inside the hides. On the other hand, it seemed that the commercial product had determined an 

uneven distribution of fat (at the deliming/washing stage) leading to a less incisive pre-tanning 

phase. This little difference is what the practical tanners call “variability of tanning operations from 

one batch of hides to another”, usually sorted out with tailored tanning procedures, to obtained the 

finished leather. 

 

 

 

 

 

 

 

 

9.3. Analysis of equine defatted hides by FTIR and TGA analysis 

Leather Sample

Peak 1 

(°C)

Peak 2 

(°C)

Peak 3 

(°C)

Peak 4 

(°C)

Peak 5 

(°C)

Peak 6 

(°C)

Final residue 

finale %

 EDF20 before soaking 67 214 321 577 811-850 4.1

 EDF20 pre-tanned 57 307 560 767-856 7.1

SG50 before soaking 70 329 606 799 3.9

 SG50 pre-tanned 72 306 448 570 800 11.5
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Equine hide samples were analysed before the soaking process and after pretanning (Figure 9.3.1). 

 

Figure 9.3.1 Equine hide sample for FTIR analysis. 

 
 

FTIR spectra were normalized with respect to the Amide I band (1700−1600 cm
−1

) and for each 

spectra, the most important bands were: i) the area of the band in the 3000-2750 cm
-1

 region, for the 

CH2/CH3 stretching vibrations (Area 1); ii) the area of the band in the 1770-1700 cm
-1

 region, for 

the C=O stretching vibrations (Area 2). The CH2/CH3 and C=O stretching area were due to the fats 

of the leather. In the case of “after the desalting process” samples, the stretching areas were due to 

the fat naturally present in the leather (Figure 9.3.2) while in the case of “pickled” samples, they 

were due to residual fat after the defatting treatment (Figure 9.3.3). 

 

Figure 9.3.2 FTIR spectra of equine hide samples after pickling: 

a) Polause SG50, b) EDF20 

 
 

 

Figure 9.3.3 FTIR spectra of equine hide samples after desalting: 
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a) Polause SG50, b) EDF20 

 
 

Even in this case, the spectra showed that the samples were very heterogeneous and this was clearly 

demonstrated by the area 1 and the area 2 da (Table 9.3.1).   

 

Table 9.3.1 FTIR data about Area 1 and Area 2 of the spectral width 

 
 

For all the samples, the standard deviations of the five measures were very high. In general, we 

could observe that the treatment with the defatting agent induced the decrease of Peak Area 1 and 

Peak area 2, the extent of which was estimated through a percentage calculation on the average 

values of those two areas (Table 9.3.2). 

 

 

 

 

 

Table 9.3.2 Percentage decrease of Area 1 and 2 

Area 1 Area 2 Area 1 Area 2 Area 1 Area 2 Area 1 Area 2

1 82 6 47 3 27 1 14 0.1

2 42 0 46 2 12 0.3 22 0

3 56 0.2 26 0.4 10 0.1 15 0.1

4 28 0 39 1 6 0 12 0.3

5 107 11 29 0.4 9 0.3 12 0.1

Average 63 3 37 1 13 0.2 15 0.1

St. Dev. 32 5 10 1 8 0.2 4 0.1

CV% 50 145 26 87 63 74 26 81

 Desalted EDF20 Desalted SG50 Pickled EDF20Pickled SG50
Spectrum 
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Defatting product Area 1 (%) Area 2 (%) 

SG50 79 93 

EDF20 59 90 

 

It was observed that the commercial product Polause SG50 determined a more pronounced 

reduction of those two areas, somehow consistent with the results obtained from the analyses of the 

bovine hides defatted with the same product. If this may lead to the conclusion that the fat extracted 

by SG50 may well be higher than that extracted by EDF20, the real information is that the equine 

hides defatted with Polause SG50 still had some persistent inhomogeneity for the distribution of the 

residual fat, as demonstrated by the trends of the next TGA analyses. These graphics showed that 

the main decomposition of the leather samples took place in three steps. The maximum transition 

was around 310 °C (Peak 2) for the first step and 570 °C (Peak 3) for the second step. The third step 

had the maximum transition at 800°C (Peak 4). Peak 2 was due to the typical polypeptide chain 

thermal decomposition of the collagen, the principal leather protein. The steps at 575 °C (Peak 5) 

could be attributed to the carbonizing and ashing of the hard residues of the collagen (Figure 9.3.4). 

 

Figure 9.3.4 TG (right axis) and DTG curve (left axis): EDF20 desalted (A), EDF20 

pickled (B), SG50 desalted (C) and SG50 pickled (D) 

 
 

 

 

 

 

 

 

 

Peak 1 at 65-70 °C, was due to the release of humidity entrapped by leather fibres (Table 9.3.3).  
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Table 9.3.3 Thermal degradation steps of equine hide sample: 

EDF20 before soaking, EDF20 pre-tanned, SG50 before soaking and SG50 pre-tanned 

 
 

It was more difficult to explain the third step of the decomposition, although it could be argued that 

some residual inorganic species used during the steps prior to tanning (probably NaCl) may have 

been retained and induced some structural changes inside the structure of the hides. Even in this 

case it was evident the lower temperature shift of the pickled samples compared to those desalted 

(Figure 9.3.5). 

 

Figure 9.3.5 Temperatures of thermal degradation of: 

EDF20 desalted , EDF20 pickled, SG50 desalted and SG50 pickled 

 
 

Even in this case the more distinct diminution of thermal stability was observed for the hides 

processed with the commercial product, confirming the observation made in the case of the analises 

of bovine hides. 

 

10. Conclusions  

The defatting demonstration of defatting animal hides at pre-industrial level has shown the real 

capacity of the new defatting agent EDF20, to remove efficiently the fat from hides and to facilitate 

the even distribution of residual fat, which did not hamper the subsequent pre-tanning operations. 

This result was consistent with the expectations of efficacy, since EDF20 had already done a good 

job at laboratory level on small sheep skin samples and also, at semi-industrial level on different 

type of hides/skins (bovine, ovine and pig ones). In addition, the expectations were confirmed by 

the fact that EDF20 had a comparable behaviour to that of the known commercial product Polause 

SG50, which is currently one of the defatting agents of wide spread use amongst tanneries. 

According to tanners’ experience and evaluation of the defatting results of this demonstration, 

EDF20 seemed to work even on a higher level, when comparing the quality of the wastewaters and 

the quality of the hides prior to tanning. In the first case EDF20 has shown a very good capacity to 

extract the fat from hides and to emulsify it within the defatting effluents, allowing smooth work 

Leather Sample
Peak 1 

(°C)

Peak 2 

(°C)

Peak 3 

(°C)

Peak 4 

(°C)

Final residue  

%

Desalted Leather SG50 78 316 579 846 2.3

Pickled leather SG50 66 301 577 795 9.3

Desalted Leather EDF20 64 312 579 814 2

Pickled leather EDF20 62 297 563 786 10.9
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practices to recover the delimed and washed hides. This performance was also emphasized 

indirectly by the disappointing performance of product EDF19, which did not contain the lactose 

derivative present in EDF20. In that particular case, the fat was removed, but insoluble blocks of fat 

formed, that were even reluctant to dissolve in subsequent washing operations, affecting the quality 

of the hides and the efficiency of the beamhouse drum used for the demonstration. Concerning the 

quality of the final leather materials, the physical characterization was carried out according to five 

of the main standard requirements, to enable the progression of the leather towards tanning and 

refining operations. The physical characterization demonstrated that all tests were above the 

average values expected for pre-tanned leather, matching the requirements for further tanning 

processing. In particular, the resistance of the bovine leather to tear and cracking did overcome that 

of the leather obtained from the Polause SG50 driven operations, although both material were at the 

stage of pre-tanning. In addition, the comparative evaluation of the physical properties on the 

leather material obtained from the laboratory to semi- and pre-industrial demonstration, confirmed 

the importance of the work scale, which is decisive in the achievement of good quality leather for 

leather goods manufacture. Finally, the molecular characterization with the FT-IR and TGA 

analyses gave the opportunity, to demonstrate the changes at molecular level for the protein 

structure of the hide, confirming that EDF20 was a reliable product and alternative to Polause SG50 

for hide processing. 

 


