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THE STUDY OF PRETANNING BOVINE SKINS WITH OLIGOMERIC BENZENESULFONIC MELAMINE-FORMALDEHYDE RESIN

ABSTRACT. This paper presents the study of pretanning bovine hides using a tanning oligomer based on benzenesulfonic melamine-formaldehyde resin (RMFBS) in 

the presence or absence of resorcinol as crosslinking agent. In order to test the penetration and retention capacity, as well as the tanning power of the resin, pre-

tanning treatments are applied, according to framework formulations, on bovine pelt samples, processed according to a classical process. The applied RMFBS 

treatment implies testing the ability of syntan to fix into the dermis and its ability to increase shrinkage temperature of pelt, upon individual application, or in 

combination with resorcinol. Leather samples thus treated are subjected to physical-chemical analyses by FTIR-ATR spectroscopy, fluorescence spectroscopy and 

SEM electron microscopy, in order to highlight both the structural changes in the collagen matrix and the ability of the resin to combine with functional groups of 

dermis proteins. The experimental data obtained confirm the pre-tanning capacity of the RMFBS oligomer, reaching the highest performances for an offer of 15% 

RMFBS dry substance in relation to the dermal substance.

KEY WORDS: pelt, pre-tanning, benzenesulfonic melamine-formaldehyde resin, resorcinol, shrinkage temperature.

STUDIUL PRETÃBÃCIRII PIEILOR BOVINE CU RÃªINA OLIGOMERÃ MELAMIN-FORMALDEHIDICÃ BENZENSULFONATÃ

REZUMAT. Aceastã lucrare prezintã studiul pretãbãcirii pieilor bovine, utilizând oligomerul tanant pe bazã de rãºinã melamin-formaldehidicã benzensulfonatã 

(RMFBS) în prezenþa sau în absenþa rezorcinei, ca agent de reticulare. În vederea testãrii capacitãþii de penetrare ºi de reþinere, precum ºi a potenþialului tanant al 

rãºinii, se aplicã tratamente de tipul pretãbãcirii, conform unor reþete cadru, asupra unor probe de piele gelatinã de bovine, prelucratã printr-un procedeu clasic. 

Tratamentul cu RMFBS aplicat prevede testarea abilitãþii de legare în dermã a sintanului ºi capacitatea sa de a spori temperatura de contracþie a pielii gelatinã, la 

aplicarea individualã, ori în asociere cu rezorcina. Probele de piele astfel tratate se analizeazã fizico-chimic, prin spectroscopia FTIR-ATR, spectroscopia de 

fluorescenþã ºi prin microscopia electronicã SEM, în vederea evidenþierii atât a schimbãrilor structurale în matricea colagenicã, cât ºi a capacitãþii de combinare a 

rãºinii cu grupele funcþionale ale proteinelor dermei. Datele experimentale obþinute confirmã capacitatea de pretãbãcire a oligomerului RMFBS, cu performanþele 

cele mai mari la o ofertã de 15% RMFBS substanþã uscatã, raportatã la substanþa dermicã.

CUVINTE CHEIE: piele gelatinã, pretãbãcire, rãºinã melamin-formaldehidicã benzensulfonatã, rezorcinã, temperaturã de contracþie.

L'ÉTUDE DU PRÉTANNAGE DES CUIRS BOVINS À L'AIDE DE LA RÉSINE OLIGOMÉRIQUE MÉLAMINE-FORMALDÉHYDE BENZÈNESULFONIQUE

RÉSUMÉ. Cet article présente l'étude du prétannage des cuirs bovins en utilisant un oligomère tannant à base de la résine mélamine-formaldéhyde 

benzènesulfonique (RMFBS) en présence ou en absence de la résorcine comme agent de réticulation. Pour tester la capacité de pénétration et de rétention, aussi 

que le potentiel tannant de la résine, on a appliqué des traitements de prétannage, selon les formulations cadre, sur des échantillons de peau gélatine bovine, 

traitées par un procédé classique. Le traitement à RMFBS appliqué offre la possibilité de tester la capacité du syntan de se lier dans le derme et sa capacité à 

augmenter la température de rétrécissement de la peau gélatine, sur l'application individuelle, ou en combinaison avec le résorcinol. Les échantillons de peau ainsi 

traités sont soumis aux analysés physico-chimiques par la spectroscopie FTIR-ATR, la spectroscopie de fluorescence et la microscopie électronique SEM, pour 

mettre en évidence les changements structurels dans la matrice de collagène et la possibilité de mélanger la résine avec des groupes fonctionnels des protéines de 

la derme. Les données expérimentales obtenues confirment la capacité de prétannage de l'oligomère RMFBS, avec des performances supérieures pour une offre de 

15% RMFBS matière sèche, rapporté à la substance cutanée.

MOTS CLÉS: peau gélatine, prétannage, résine mélamine-formaldéhyde benzènesulfonique, résorcinol, température de rétrécissement.
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INTRODUCERE

În ultimii ani, întreaga filozofie de dezvoltare a 
sectorului de prelucrare a pieilor, dar mai ales cel al 
producerii de auxiliari chimici s-a centrat pe reducerea 

INTRODUCTION

In recent years, the whole philosophy of the 

leather processing sector development, especially the 

production of chemical auxiliaries focused on reducing 

* Correspondence to: Melinda PRUNEANU, “Gh. Asachi” Technical University of Iasi, 71 Dimitrie Mangeron Blvd., 700050, Iasi, Romania, email:
pruneanu_melinda@yahoo.com



eco-agresivitãþii auxiliarilor chimici de prelucrare, 
datoritã restricþiilor din ce în ce mai severe privind 
poluarea mediului ambiant.

Rãºinile melamin-formaldehidice (RMF) sunt 

compuºi de condensare ai derivaþilor triazinici cu 

aldehide, eventual modificaþi în vederea nuanþãrii 

efectelor tanante. În industria prelucrãrii pieilor, 

rãºinile melamin-formaldehidice au fost semnalate 

încã din 1943, când s-a propus aplicarea dispersiilor 

apoase ale melaminelor metilolate [1]. Condensatele 

oligomere, cu molecule liniare ale derivaþilor triazinici 

sulfonaþi au fost testate drept agenþi tananþi individuali, 

dar ºi în asociere cu taninurile vegetale ori cu agenþi de 

reticulare de tipul oxazolidinei, tetrakis-(hidroximetil) 

fosfoniu, constatându-se efecte acceptabile de 

pretãbãcire ºi chiar de tãbãcire, dar care prezintã ºi o 

serie de deficienþe legate mai ales de instabilitatea în 

timp la stocare ºi de creºterea hidrofiliei pielii [2-14].

Prezenta lucrare studiazã utilizarea rãºinii 

melamin-formaldehidice benzensulfonatã (RMFBS) ca 

agent de pretãbãcire a pieilor de bovine în condiþiile 

unei oferte variabile, în prezenþa sau în absenþa 

rezorcinei ca agent de reticulare. RMFBS a fost obþinutã 

printr-un procedeu de sintezã chimicã, în condiþiile 

unui raport molar melaminã : formaldehidã : sulfanilat 

de sodiu (1:2,5:0,8), fãrã pãstrarea stoechiometriei, dar 

cu posibilitatea modificãrii masei moleculare prin 

varierea elementelor de procedurã a sintezei, în special 

prin controlul pH-ului ºi al temperaturii de lucru. 

RMFBS sintetizatã prezintã o polidispersitate a masei 

moleculare. Se identificã trei fracþii cu structurile 

chimice ºi masele molare medii cuprinse în Tabelul 1.

Compuºii oligomeri RMFBS au structura liniarã, 

fapt ce le permite adoptarea unei conformaþii 

particulare în soluþie apoasã, favorabilã difuziei în 

microstructura dermei [15-21].
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environmental aggression of chemical auxiliaries, due 

to increasingly severe restrictions regarding 

environmental pollution.

Melamine-formaldehyde resins (RMF) are 

condensation compounds of triazine derivatives with 

aldehydes, possibly altered in order to refine tanning 

effects. In the leather processing industry, melamine-

formaldehyde resins have been reported since 1943, 

when the application of aqueous dispersions of 

methylolate melamines was suggested [1]. Oligomer 

condensates with linear molecules of triazine 

sulphonated derivatives were tested as individual 

tanning agents, but also in combination with vegetable 

tannins or crosslinking agents such as oxazolidine, 

tetrakis-(hydroxymethyl) phosphonium, finding 

acceptable effects of pre-tanning and even tanning, but 

which also present a series of shortcomings, especially 

related to instability during long-term storage and 

increased hydrophilicity of the leather [2-14].

This paper studies the use of benzenesulfonic 

melamine-formaldehyde resin (RMFBS) as pre-tanning 

agent of bovine hides in a variable offer, in the presence 

or absence of resorcinol as crosslinking agent. RMFBS 

was obtained through a chemical synthesis process, in a 

melamine : formaldehyde : sodium sulphanilate molar 

ratio (1:2,5:0,8), without keeping stoichiometry, but 

with the possibility of changing the molecular weight 

by varying the procedure elements of synthesis, in 

particular by controlling the pH and the temperature 

range. Synthesized RMFBS has a molecular mass 

polydispersity. Three identified fractions with chemical 

structures and average gram-molecular weights are 

listed in Table 1.

RMFBS oligomer compounds have linear 

structure, which allows them to adopt a particular 

conformation in aqueous solution, favourable to the 

diffusion in the dermis microstructure [15-21].
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Chemical structures of RMFBS fractions
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PARTEA EXPERIMENTALÃ

Materiale

- Piele de bovinã indigenã, de categorie 12 kg, 
adusã în fazã de piele gelatinã decalcificatã 100% în 
secþiune ºi sãmãluitã, dupã o reþetã clasicã în Staþia pilot 
a Catedrei de Tehnologia chimicã a produselor din piele ºi 
înlocuitori, Universitatea Tehnicã “Gh. Asachi”, Iaºi. 
Greutatea fiecãrei probe de piele gelatinã a fost de 1 kg.

- RMFBS sintetizatã în cadrul colectivului de 
cercetare al aceleaºi catedre, conform cererii de brevet 
depusã la OSIM-A/00680/28.09.2007, cu urmãtoarele 
caracteristici ºi proprietãþi medii: 24 ÷ 27% substanþã 
uscatã, 4 ÷ 6% substanþe minerale, circa 27% azot total; 
se prezintã sub forma unei soluþii clare, de nuanþã slab 
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EXPERIMENTAL

Materials

- Indigenous cattle skin, category 12 kg, 100% 
decalcified pelt in section and bated according to a classic 
recipe in the pilot station of the Department of Chemical 
Technology of Leather and Leather Replacements 
Goods, “Gh. Asachi” Technical University, Iasi. The weight 
of each pelt sample was 1 kg.

- RMFBS synthesized by the research team of the 
same Department, according to patent application 
A/00680/28.09.2007 with the following average 
characteristics and properties: 24 ÷ 27% dry substance, 
4 ÷ 6% minerals, about 27% total nitrogen; it has the 
appearance of a clear, slightly yellowish solution, with 

Table 1: Chemical structures of RMFBS fractions
Tabelul 1: Structurile chimice ale fracþiilor RMFBS
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gãlbuie, cu vâscozitãþi dinamice de circa 9 cP la 20°C, cu 
pH-ul soluþiei 10% de 8,4, 19,32 ÷ 23,32% solubile 
totale, substanþe insolubile 0,68 ÷ 0,72% ºi conþinut 
rezidual de formaldehidã de circa 0,31 mg/l.

- Se utilizeazã reactivi analitici: clorura de sodiu, 
acidul formic 80%, rezorcina, precum ºi auxiliarii 
chimici specifici prelucrãrii pieilor Eskatan GLS (firma 
Böhme) ºi Borron SE (firma TFL).

Metode

Evaluarea potenþialului tanant al RMFBS

Pentru evaluarea efectului tanant al RMFBS, se 
aplicã douã variante de reþete pentru pretãbãcirea 
experimentalã a eºantioanelor de piele gelatinã, în 
prezenþa sau în absenþa rezorcinei ca agent de 
reticulare. Operaþiile de pretãbãcire se conduc în 
butoiul experimental Dose tip VGI, dotat cu tehnici de 
control al parametrilor tehnologici. Tehnologiile cadru 
de pretãbãcire sunt prezentate în Tabelul 2, alãturi de 
caracteristicile dobândite de cãtre piei în urma 
pretãbãcirii.  
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dynamic viscosities of about 9 cP at 20°C, pH of 10% 
solution 8.4, 19.32 ÷ 23.32% total soluble matter, 
insoluble matter 0.68 ÷ 0.72% and residual 
formaldehyde content of about 0.31 mg/l.

- The following analytical reagents are used: sodium 
chloride, 80% formic acid, resorcinol, and chemical 
auxiliaries specific to leather processing, Eskatan GLS 
(Böhme Company) and Borron SE (TFL Company).

Methods

Assessing the Tanning Power of RMFBS

To assess the tanning effect of RMFBS, two 
variants of formulations are applied for experimental pre-
tanning of pelt samples, in the presence or absence of 
resorcinol as a crosslinking agent. Pre-tanning operations 
are conducted in VGI Dose experimental drums equipped 
with techniques for controlling process parameters. 
Framework technologies for pre-tanning are presented in 
Table 2, together with the characteristics acquired by 
leathers as a result of pre-tanning.

No.

 

Nr.

 

crt.

 
Operation

 

Operaþia

 Formulation
Receptura

 
Process

Procedura

 

Comments

 

Observaþii

 

Shrinkage temperature of pelt 60°C

 

Temperatura de contracþie a pielii gelatinã 60°C

 

1.

 Washing –

 

Preheating

 

Spãlare –

 

Preîncãlzire

 
100% float, 30°C

 

100% flotã, 30°C

 
-

 

stirring for 30 minutes, in the drum;

 

- agitare 30 minute, la butoi;

 

-

 

advanced exhaustion of float;

 

- scurgere avansatã a flotei;

 -

 

2.
 

Pre-tanning 
with RMFBS

 

Pretãbãcire cu 
RMFBS

 

100% float, 40°C

 

100% flotã, 40°C

 

8%, 10%, 12% and 15% RMFBS 
respectively (dry substance/

 

dermal substance);
 

8%, 10%, 12% respectiv 15% 
RMFBS (substanþã uscatã/ 

substanþã dermicã);
 

 

-
 

stirring for 90 minutes;
 

- agitare 90 minute;
 

 

-

 

float temperature

 

is kept at 30-35°C;

 

- temperatura flotei se
menþine la 30-35°C;

 

- control of float exhaustion;
- controlul epuizãrii  flotei;

- control of
 

float pH
 

(6.5-6.8);
- controlul pH-ului

 
flotei (6,5-6,8);

3.  

Treatment with 
resorcinol  

Tratament cu 
rezorcinã  

100% float, 40-45°C
 

100% flotã, 40-45°C
 

1% resorcinol (variant I)  

1% rezorcinã (varianta I)  

0% resorcinol (variant II)  

0% rezorcinã (varianta II)  
 

 

-  stirring for 30 minutes;  

- agitare 30 minute;  
 

-
 

float temperature
 

is raised to 45°C
- temperatura flotei

 
se ridicã la 45°C

- control of resorcinol penetration in 
the dermis;  

- controlul pãtrunderii  rezorcinei
în dermã;  

- control of  resorcinol exhaustion;
- controlul epuizãrii rezorcinei;

Table 2: Pretanning bovine pelt samples using the benzenesulfonic melamine-formaldehyde resin
in the presence of resorcinol (Variant I) or in the absence of resorcinol (Variant II)

Tabelul 2: Pretãbãcirea eºantioanelor de piele gelatinã bovine cu rãºina melamin-formaldehidicã
benzensulfonatã în prezenþa rezorcinei (Varianta I) sau în absenþa rezorcinei (Varianta II)
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5.

 

Fatliquoring in 
float

 

Ungere în flotã

 
in the same float

 

în aceeaþi flotã

 

5% Eskatan GLS (1:3)

 

-

 

stirring for 30 minutes

 

- agitare 30 minute

 

- control of fatliquor exhaustion;
- controlul epuizãrii agentului de 

ungere;

 

6.

 Acidification of 
dermis section

 

Acidifierea 
secþiunii

 

dermei

 

in the same float

 

în aceeaþi flotã

 

2% dilute formic acid 1:10

 

2% acid formic diluat 1:10

 

-

 

through slow dosage,

 

in three instalments

 

- prin dozare lentã, în fir

 

subþire,

 

în trei rate

 

-

 

stirring for 120 minutes

 

- agitare 120 minute

 

-

 

advanced exhaustion of float;

 

- scurgerea avansatã a flotei;

 

- control of pH in the

 

dermis section
(pH = 3.5-4.0)

 

- controlul pH-ului în

 

secþiunea dermei
(pH = 3,5-4,0)

 

7.

 

Final washing

 

Spãlare finalã

 100% float, 30°C

 

100% flotã, 30°C

 

0.1% Borron SE

 
- stirring for 10 minutes;

 

- agitare 10 minute;

 

- float exhaustion;

 

- scurgere flotã;

 -

 

8.

 
Rinsing

 

Clãtire

 

- 200% float, at the

 

temperature of the industrial 
water network

 

- 200% flotã, la temperatura

 

reþelei de apã industrialã

 

- stirring for 15 minutes;

 

- agitare 15 minute;

 

- leathers are taken out of the float,

 

without its prior exhaustion;

 

- pieile se scot din flotã, fãrã

 

scurgerea anterioarã a acesteia;

 

-

 

9.
 Rest on the 

fleshing beam
 

Odihnã pe boc
 -

 

-

 
leathers are piled on the fleshing 

beam and covered with polyethylene 
foil, for 36 hours, in cool rooms;

 

- pieile se stivuiesc pe boc þi
 

se menþin 
acoperite cu folie

 
de polietilenã, timp 

de 36
 

ore, în incinte rãcoroase;
 

-
 

10.
 Splitting

 

Þpãltuire
 -

 
-

 
done using the splitting machine 

with band knife
 

-
 

se executã la maþina de þpãltuit cu 
cuþit bandã  

-
 

11.  Shaving  

Egalizare  -  -  done using the shaving machine  

-  se executã la maþina de egalizat  

- shaving thickness  

1.2-1.4 mm  

- grosimea de egalizare

No.
Nr. crt.

Operation
Operaþia

Formulation
Receptura

Process
Procedura Comments

Observaþii
Shrinkage temperature of pelt 60°C

Temperatura de contracþie a pielii gelatinã 60°C

 

4.

 

Saline 
treatment

 

Tratament 
salin

 
in the same float

 

în aceeaþi flotã

 

5% NaCl

 

-

 

stirring for 20 minutes

 

- agitare 20 minute

 

-
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Table 2: Continued
Tabelul 2: Continuare

Variant I: Leathers with a white-yellowish shade are obtained, tanned leather appearance, increasing the synthethized resin offer leads to 

increased leather firmness; the degree of penetration in the section, estimated in wet state, about 80%. Shrinkage temperature of pretanned 

leathers, after removing them from the float: for an offer of 8% = 75°C; for an offer of 10% = 76°C; for an offer of 12% = 78°C; for an offer of 15% = 

82°C. Shrinkage temperature of leathers after rest: for an offer of 8% = 76°C; for an offer of 10% = 77°C; for an offer of 12% = 81°C, for an offer of 

15% = 84°C.

Varianta I: Se obþin piei cu nuanþã alb-gãlbuie, aspect de piele tãbãcitã, creºterea ofertei de rãºinã sintetizatã conduce la accentuarea fermitãþii 

pieilor; gradul de pãtrundere în secþiune, estimat în stare umedã, circa 80%. Temperatura de contracþie a pieilor pretãbãcite, dupã scoaterea din 

flotã: pentru oferta 8% = 75°C; pentru oferta 10% = 76°C; pentru oferta 12% = 78°C; pentru oferta 15% = 82°C. Temperatura de contracþie a pieilor 

dupã odihnã: pentru oferta de 8% = 76°C; pentru oferta de 10% = 77°C; pentru oferta de 12% = 81°C, pentru oferta de 15% = 84°C.

THE STUDY OF PRETANNING BOVINE SKINS WITH OLIGOMERIC BENZENESULFONIC MELAMINE-FORMALDEHYDE RESIN
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Determining the Shrinkage Temperature of Leathers 

Shrinkage temperature of the leather indicates 

tanning performance and is determined before and 

after the pre-tanning operation, according to SR EN ISO 

5397:1996, using the device for shrinkage temperature 

determination (Digital Shrinkage Temperature Testers), 

IG/TG – Giuliani Company, Italy. Shrinkage temperature 

value is the average of five values.

Physical and Chemical Analysis of Pretanned Leather 
Samples

Leather samples taken in accordance with SR EN 

ISO 2418:2003 (Finished leathers. Chemical, physical, 

mechanical and finish resistance trials. Sampling 

location.) were prepared for characterization according 

to SR EN ISO 2419:2006 (Finished leathers. Physical and 

mechanical trials. Preparation and conditioning of 

samples.) and SR EN ISO 4044:2002 (Finished leathers. 

Preparation of samples for chemical analyses).

FTIR-ATR Spectroscopy

FTIR-ATR spectra of treated leathers were 

recorded using a Digilab/Excalibur FTS 2000 
-1spectrometer, on a Zn Se crystal in the 700-4000 cm  

range, in a total number of 24 scans and a resolution of 
-14 cm .

Fluorescence Spectroscopy

Fluorescence emissions of leathers pre-tanned 

with RMFBS were recorded on a Perking Elmer LS 50 B 

luminescence spectrometer, at a scanning speed of 120 

mm/min, every 5 nm, at an excitation length of 300 nm 

and an emission range of 300-600 nm. Processing the 

obtained spectra was performed using software from 

FLWinLab.

Determinarea temperaturii de contracþie a pieilor 

Temperatura de contracþie a pielii ne indicã 

performanþa tãbãcirii ºi se determinã înainte ºi dupã 

operaþie de pretãbãcire, conform SR EN ISO 5397:1996, 

la aparatul de determinare a temperaturii de contracþie 

(Digital Shrinkage Temperature Testers), IG/TG – Firma 

Giuliani, Italia. Valoarea temperaturii de contracþie 

reprezintã media a cinci valori.

Analiza fizico-chimicã a probelor de piele pretãbãcite

Eºantioanele de piele prelevate conform SR EN 

ISO 2418:2003 (Piei finite. Încercãri chimice, fizice, 

mecanice ºi de rezistenþã a finisajului. Amplasarea 

eºantionãrii.) au fost pregãtite în vederea caracterizãrii 

conform SR EN ISO 2419:2006 (Piei finite. Încercãri 

fizice ºi mecanice. Pregãtirea ºi condiþionarea 

eºantioanelor.) ºi respectiv SR EN ISO 4044:2002 (Piei 

finite. Pregãtirea probei de analizat pentru analize 

chimice).

Spectroscopia FTIR - ATR

Spectrele FTIR-ATR ale pieilor tratate au fost 

înregistrate cu ajutorul unui spectrometru 

Digilab/Excalibur FTS 2000, pe un cristal de Zn Se, în 
-1domeniul 700-4000 cm , la un numãr de scanãri 24 ºi o 

-1rezoluþie de 4 cm .

Spectroscopia de fluorescenþã

Emisiile de fluorescenþã ale pieilor pretãbãcite cu 

RMFBS s-au înregistrat pe un spectrometru de 

luminiscenþã Perking Elmer LS 50 B, utilizând viteza de 

scanare 120 mm/min, din 5 nm în 5 nm, la o lungime de 

excitaþie de 300 nm ºi pe un domeniu de emisie 300-

600 nm. Prelucrarea spectrelor obþinute s-a realizat cu 

ajutorul unui software din familia FLWinLab.

Variant II: Leathers with a slightly yellowish shade are obtained, tanned leather appearance, increasing the RMFBS resin offer leads to increased 
leather firmness; shrinkage temperature of pretanned leathers, after removing them from the float: for an offer of 8% = 64°C; for an offer of 10% = 
65°C; for an offer of 12% = 67°C; for an offer of 15% = 70°C. After rest, no increase of shrinkage temperature is found.

Varianta II: Se obþin piei cu nuanþã uºor gãlbuie, aspect de piele tãbãcitã, creºterea ofertei de rãºinã RMFBS conduce la accentuarea fermitãþii 

pieilor; temperatura de contracþie a pieilor pretãbãcite, dupã scoaterea din flotã: pentru oferta 8% = 64°C; pentru oferta 10% = 65°C; pentru oferta 

12% = 67°C; pentru oferta 15% = 70°C. Dupã odihnã nu se constatã o creºtere a temperaturii de contracþie.

Note: at an offer less than 8% of RMFBS (dry substance/dermal substance), the tanning effect of the resin is not noted.
Observaþie: la o ofertã mai micã de 8% de RMFBS (substanþã uscatã/substanþã dermicã), nu se remarcã efectul tanant al rãºinei.
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Microscopia electronicã SEM

Morfologia fibrelor colagenice ale dermei pieilor 

pretãbãcite a fost investigatã prin microscopie 

electronicã cu baleiaj, SEM, utilizând un microscop 

Vega 2 Tescan (Cehia), iar distribuþia diametrelor a fost 

realizatã cu softul pentru analiza imaginilor Atlas 

Tescan. În vederea examinãrii, probele de piele au fost 

uscate sub vid, la temperatura de 20°C.

Evaluarea potenþialului tanant al RMFBS

Cele douã variante de tratament de pretãbãcire 

aplicate în condiþiile unei oferte variabile de  rãºinã 

RMFBS, în prezenþa ori în absenþa agentului reticulant, 

au avut în vedere urmãtoarele etape:

- pregãtirea pielii gelatinã în vederea pretãbãcirii;

- parcurgerea unei prime etape, de favorizare a 

difuziei compusului oligomer în microstructura dermei;

- favorizarea difuziei speciilor potenþial tanante 

recurgând la parametrii chimici uzuali la prelucrarea 

pieilor (pH -ul ºi temperatura);

- asigurarea depunerii speciilor potenþial tanante 

oligomere în microstructura dermei, prin precipitare în 

mediu acid;

- asigurarea reþinerii compuºilor potenþial tananþi 

în dermã, prin favorizarea interacþiilor cu funcþiunile 

proteinelor dermei.

Pentru fiecare variantã de testare a capacitãþii 

tanante a RMFBS se stabileºte sporul de stabilitate 

hidrotermicã a dermei pielii tratate, prin precizarea 

creºterii temperaturii de contracþie. Pieile tratate se 

analizeazã atât fizico-chimic cât ºi organoleptic. Se 

constatã creºteri de peste 8 ÷ 10°C, în absenþa 

rezorcinei, fapt care calificã produsul de sintezã drept 

agent de pretãbãcire, dat fiind faptul cã acestuia din 

urmã i se impune sã asigure un spor minim de 5°C a 

temperaturii de contracþie. Odatã cu creºterea ofertei 

de rãºinã RMFBS, se observã o creºtere a temperaturii 

de contracþie, dar sporul de stabilitate hidrotermicã 

este semnificativ în prezenþa rezorcinei, asigurând 

creºteri de peste 25°C (Figura 1). 
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139
Revista de Pielarie Incaltaminte 11 (2011) 2

SEM Electron Microscopy

Collagen fiber morphology of the pre-tanned 

leather dermis was investigated by scanning electron 

microscopy, SEM, using a Vega 2 Tescan microscope 

(Czech Republic), and the distribution of diameters was 

performed with Atlas Tescan image analysis software. 

In order to examine leather samples, these were dried 

under vacuum at a temperature of 20°C.

Assessing the Tanning Power of RMFBS

The two variants of pre-tanning treatment 

applied in variable offers of RMFBS resin, in the 

presence or absence of cross-linking agent, have 

undergone the following steps:

- preparation of pelt for pre-tanning;

- completion of the first stage, of facilitating the 

diffusion of the oligomer compound in the dermis 

microstructure;

- facilitating the diffusion of potentially tanning 

species using the customary chemical parameters of 

leather processing (pH and temperature);

- ensuring the deposit of potentially tanning 

oligomer species in the dermis microstructure by 

precipitation in acid medium;

- ensuring the retention of potentially tanning 

compounds into the dermis, by facilitating the 

interactions with dermis protein functions.

For each variant of testing the tanning capacity of 

RMFBS, the growth of hydrothermal stability of treated 

leather dermis is established by increasing the 

shrinkage temperature. Treated leathers are subjected 

to both physical-chemical and organoleptic analysis. 

There is increase of over 8 ÷ 10°C in the absence of 

resorcinol, which qualifies the synthetic product as a 

pre-tanning agent, given that the latter is required to 

ensure a minimum of 5°C increase in shrinkage 

temperature. With the increase of RMFBS resin offer, 

there is an increase of shrinkage temperature, but the 

hydrothermal stability growth is significant in the 

presence of resorcinol, ensuring increases of over 25°C 

(Figure 1).

RESULTS AND DISCUSSIONS
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RMFBS has the ability to increase the shrinkage 

temperature of the treated leathers and provides 

enough firmness to the substrate, which allows the 

execution of splitting and shaving operations without 

risk, thus avoiding the generation of chrome shavings 

and a better exploitation of solid waste.

The numerical values of characteristics and 

physical-chemical properties of leather samples 

processed according to the framework technology are 

presented in Table 3.

RMFBS are proprietatea de a creºte temperatura 

de contracþie a pieilor tratate ºi conferã suficientã 

fermitate substratului, ceea ce permite execuþia 

operaþiilor de ºpãltuire ºi egalizare fãrã niciun risc, 

evitând astfel generarea de fãlþuiturã cromatã ºi o mai 

bunã valorificare a deºeurilor solide.

Valorile numerice ale caracteristicilor ºi 

proprietãþilor fizico-chimice ale probelor de piele 

prelucrate conform tehnologiei cadru sunt prezentate 

în Tabelul 3.

Figure 1. Variation of shrinkage temperature of treated leather samples,
depending on the RMFBS resin offer, in the presence or absence of resorcinol

Figura 1. Variaþia temperaturii de contracþie a pieilor tratate
în funcþie de oferta de rãºinã RMFBS, în prezenþa ori în absenþa rezorcinei
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FTIR-ATR Spectroscopy (Fourier-Transform Infrared 
Spectrophotometer – Attenuated Total Reflectance)

FTIR-ATR spectroscopy is an analytical technique 

used in recent years in the field of leather processing to 

study structural changes of the collagen matrix during 

physical-chemical processing operations [20, 21]. In 

order to study the interaction of tanning oligomer with 

the complex structure of collagen matrix of bovine hide 

dermis, FTIR-ATR spectra are recorded on leather 

samples treated with RMFBS, and as control the 

untreated skin is analyzed (pelt).

Spectroscopia FTIR- ATR (Fourier-Transform Infrared 

Spectrophotometer – Attenuated Total Reflectance)

Spectroscopia FTIR-ATR este o tehnicã analiticã, 

utilizatã în ultimii ani în domeniul prelucrãrii pieilor, 

pentru studiul modificãrilor structurale ale matricei 

colagenice în timpul operaþiilor fizico-chimice de 

prelucrare [20, 21]. Pentru a studia interacþiunea 

oligomerului tanant cu structura complexã a matricei 

colagenice a dermei pieilor bovine, se înregistreazã 

spectrele FTIR-ATR ale probelor de piele tratate cu 

RMFBS, iar ca probã martor, se analizeazã pielea 

netratatã (pielea gelatinã).

Leather pre-tanned with RMFBS
Piele pretãbãcitã cu RMFBS

Assessment / Value in relation to leather free of humidity
Evaluarea / Valoarea raportatã la piele liberã de umiditate

No.
Nr.
crt.

Characteristic / Property
Caracteristica / Proprietatea

UM
Pelt

Pielea 
gelatinã

8%

 

10%

 

12%

 

15%

 Method of 
determination

Metoda de 
determinare

1.

 

Grain appearance

 

Aspectul feþei

 

-

 

-

 

fine

 

fin

 

fine

 

fin

 
slight 

contraction 
of grain

 

o uþoarã 
contracþie a 

feþei

 

slight 
contraction 

of grain

 

o uþoarã 
contracþie a 

feþei

 
organoleptic

2.

 

Touch

 

Tuþeul

 

-

 

-

 

fine, warm

 

fin, cald

 

fine, warm

 

fin, cald

 

warm

 

cald

 

warm

 

cald

 

organoleptic

3.

 

Test bench

 

Þtandul

 

-

 

-

 

elastic

 

semirigid

 

semirigid

 

semirigid

 

organoleptic

4.

 

Humidity

 

Umiditatea

 

%

 

77.51

 

58.40

 

58.34

 

58.28

 

58.14

 

STAS 8574 / 1992

5.

 
Mineral substance, in relation 

to leather free of humidity

 

Substanþe minerale, raportatã 
la piele liberã de umiditate

 
%

 

2.86

 

2.08

 

2.10

 

2.20

 

2.23

 

SR EN ISO 4047
: 2002

6.

 
Total nitrogen, in relation to 

leather free of humidity

 

Azot total, raportatã la piele 
liberã de umiditate

 %

 

15.54

 

16.49

 

16.54

 

16.57

 

16.58

 

SR EN ISO 5397
: 1996

7.

 Dermal substance, in relation 
to leather free of humidity

 

Substanþã dermicã, raportatã la 
piele liberã de umiditate

 %

 

87.32

 

92.64

 

92.92

 

93.26

 

93.15

 
SR EN ISO 5397

: 1996

8.

 
Dry substance

 

Substanþã piele uscatã

 
%

 

22.49

 

41.60

 

41.66

 

41.72

 

41.86

 
STAS 723 / 15 -

76

9.
 

Shrinkage temperature
 

Temperatura de contracþie
 °C

 
60

 
76

 
77

 
81

 
84

 
SR EN ISO 5397: 

1996 

Table 3: Values of characteristics and physical-chemical properties of leather samples
pretanned using RMFBS in the presence of resorcinol

Tabelul 3: Valorile caracteristicilor ºi proprietãþilor fizico-chimice ale probelor de piele
pretãbãcite cu RMFBS în prezenþa rezorcinei
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Figure 2 presents FTIR-ATR spectra for untreated 

skin (B) compared with leather pre-tanned with RMFBS 

in the presence of resorcinol (A). Spectrum B is a typical 

spectrum of collagen polypeptide structure, 
-1highlighting the absorption bands at 1641 cm  

characteristic of deformation vibrations of the CO bond 
-1in the carbonyl group (amide I), and at 1544 cm  the 

characteristic vibrations of C–NH bond in the carbonyl 
-group (amide II) are noticed. Absorption bands of COO  

-1group at 1409 cm  and those of methylene (-CH -) and 2

-1methyl groups (-CH ) at 1485 cm  are noticed. 3

-1Absorption bands in the 1090-1020 cm  range (1066 
-1cm ) correspond to C-N bonds of primary amino groups 

of dermis collagen [22].

Spectrum A of Figure 2 shows the presence of 

RMFBS in the section and structure of collagen matrix 
-1of bovine hide dermis. The convolute peak at 1338 cm  

indicates the presence of triazine cycle, the peak at 
-11099 cm  corresponds to C-N bond of secondary amine 

groups, the chain background is present through the 
-1peak at 1199 cm  (secondary amine), and the peak at 

-11031 cm  proves the existence of sulphite ion. 
-1 -1Absorption bands in the 860-900 cm  range (854 cm ) 

indicates the presence of disubstitute 1.3 aromatic 

cycle (resorcinol).
-1The presence of 3319 cm  peak in the 3570... 

-13200 cm  range may be associated with relative 

humidity of leather samples, these being conditioned 

at room temperature, but also with the presence of a 

large number of free methylolic functions or involved in 

hydrogen bond formation with functional groups of the 

dermis protein, which proves the tanning potential of 

the RMFBS product. Those groups provide the oligomer 

with an increased reactivity in its association with 

adjuvants of tanning resins such as resorcinol.

În Figura 2 sunt redate spectrele FTIR-ATR ale pielii 

netratate (B) în comparaþie cu pielea pretãbãcitã cu 

RMFBS în prezenþa rezorcinei (A). Spectrul B este un 

spectru tipic structurii polipeptidice ale colagenului, în 
-1 care se evidenþiazã benzile de absorbþie de la 1641 cm

caracteristice vibraþiilor de deformare a legãturii CO din 
-1gruparea carbonil (amida I), iar de la 1544 cm  se 

observã vibraþiile caracteristice legãturii C–NH din 

gruparea carbonil (amida II). Se remarcã benzile de 
- -1absorbþie a grupãrii COO  la 1409 cm , precum ºi a 

-1grupãrilor metilen (-CH -) ºi metil (-CH ) la 1485 cm . 2 3

-1Benzile de absorbþie din domeniul 1090 -1020 cm  
-1(1066 cm ) corespund legãturilor C-N din grupãrile 

aminice primare ale colagenului dermei [22]. 

Spectrul A din Figura 2 indicã prezenþa RMFBS în 

secþiunea ºi în structura matricei colagenice a dermei 
 -1pieilor bovine. Picul convolut de la 1338 cm  indicã 

 -1prezenþa ciclului triazinic, picul de la 1099 cm  

corespunde legãturii C-N al grupãrilor aminice 

secundare , fondul catenar este prezent prin picul de la 
-1 -11199 cm  (amina secundarã), iar picul de la 1031 cm  

dovedeºte existenþa ionului sulfit. Benzile de absorbþie 
-1 -1din domeniul 860-900 cm (854 cm ) indicã prezenþa 

ciclului aromatic 1,3 disubstituit (rezorcina). 
-1Prezenþa picului 3319 cm  din plaja 3570...     

-13200 cm  poate fi asociatã cu umiditatea relativã a 

probelor de piele, acestea fiind condiþionate la 

temperatura camerei, dar ºi cu prezenþa unui numãr 

însemnat de funcþiuni metilolice libere sau implicate în 

formarea legãturilor de hidrogen cu grupele 

funcþionale ale proteinei dermei, ceea ce de fapt 

argumenteazã potenþialul tanant al produsului RMFBS. 

Respectivele grupãri asigurã oligomerului o reactivitate 

mãritã în asocierea sa cu adjuvanþi ai rãºinilor tanante, 

cum este rezorcina.
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Fluorescence Spectroscopy

Both fluorescence spectra of untreated leather 
(Figure 3) and those of leather treated with RMFBS, at 
variable offers of RMFBS and in the presence of 
resorcinol were recorded (Figure 4).

In the case of leathers, fluorescence spectra are 
difficult to interpret, because the chemical 
composition of leather is very varied and complex and 
collagen and elastin macromolecules, which undergo a 
series of denaturation processes, are responsible for 
emission [23-25].

Spectroscopia de fluorescenþã

S-au trasat atât spectrele de fluorescenþã ale pielii 
netratate (Figura 3), cât ºi ale pieilor tratate cu RMFBS, 
la oferte variabile de RMFBS ºi în prezenþa rezorcinei 
(Figura 4). 

În cazul pieilor, spectrele de fluorescenþã sunt 
greu de interpretat, deoarece compoziþia chimicã a 
pieilor este foarte variatã ºi complexã, iar responsabile 
pentru emisie sunt macromoleculele colagenului, 
respectiv ale elastinei, care suferã pe parcursul 
prelucrãrii o serie procese de denaturare [23-25].

Figure 2. FTIR-ATR spectra of untreated leather (A) and leather treated with RMFBS (B)
Figura 2. Spectrele FTIR-ATR ale pielii netratate (A) ºi tratate cu RMFBS (B)

Figure 3. Fluorescence spectra recorded independently for the two partners (untreated leather and RMFBS)
Figura 3. Spectrele de fluorescenþã înregistrate independent pentru cei doi parteneri (pielea netratatã ºi RMFBS)
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Spectra were recorded in order to elucidate the 
mechanism of interaction between the two partners, 
RMFBS and leather, during the pre-tanning operation. 
Fluorescence spectra of untreated leather (Figure 3) 
indicate three emission wavelengths at an excitation 
length of 300 nm, around 400 nm, 469 nm, and 526 nm 
respectively. Following leather pretanning with RMFBS, 
the appearance of fluorescence spectra changes, a new 
peak occurs, at an emission wavelength of 370 nm 
(Figure 4) and at 485 nm with the highest intensity at an 
offer of 15% RMFBS in relation to dry substance.

SEM Electron Microscopy 

SEM images of the surface and the whole area of 
the untreated leather sample (pelt) are presented in 
Figures 5a and 5b. The topographical appearance of 
both the examined area and section indicates a 
compact and dense fibrillary structure, due to drying of 
leather samples for examination by scanning electron 
microscopy. The two morpho-histological layers of the 
bovine leather dermis, the papillary and reticular layer, 
are highlighted.

Spectrele s-au trasat în vederea elucidãrii 
mecanismului de interacþiune dintre cei doi parteneri, 
dintre RMFBS ºi piele în timpul operaþiei de pretãbãcire. 
Spectrul de fluorescenþã al pielii netratate (Figura 3) 
indicã la o lungime de excitaþie de 300 nm, trei lungimi de 
emisie, în jur de 400 nm, 469 nm respectiv 526 nm. În 
urma pretãbãcirii pieilor cu RMFBS alura spectrelor de 
fluorescenþã se modificã, apare un nou pic, la o lungime 
de undã de emisie de 370 nm (Figura 4), ºi la 485 nm cu 
intensitatea cea mai mare la o ofertã de 15% RMFBS 
raportatã la substanþã piele uscatã.

Microscopia electronicã SEM

Imaginile SEM de suprafaþã ºi de ansamblu ale 
probei de piele netratate (piele gelatinã) sunt 
prezentate în Figurile 5a ºi 5b. Atât aspectul topografic 
al suprafeþei examinate, cât ºi al secþiunii ne indicã o 
structurã fibrilarã compactã ºi densã, fapt datorat 
uscãrii probelor de piele în vederea examinãrii prin 
microscopie electronicã cu baleiaj. Se evidenþiazã cele 
douã straturi morfo-histologice ale dermei pielor 
bovine, stratul papilar ºi cel reticular.

Figure 4. Fluorescence spectra recorded for leather samples pretanned with variable offer of RMFBS
Figura 4. Spectrele de fluorescenþã înregistrate pentru probele de piele pretãbãcite cu ofertã variabilã de RMFBS
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Figure 5a. Image of untreated leather surface
Figura 5a. Imaginea de suprafaþã a pielii netratate

Figure 5b. Image of untreated leather section
Figura 5b. Imaginea secþiunii pielii netratate

Figure 6a. Image of the surface of leather
treated with 8% RMFBS

Figura 6a. Imaginea de suprafaþã a pielii
tratate cu 8% RMFBS

Figure 6b. Image of the section of leather
treated with 8% RMFBS

Figura 6b. Imaginea secþiunii pielii
tratate cu 8% RMFBS

Figure 7a. Image of the surface of leather
pretanned with 10% RMFBS

Figura 7a. Imaginea de suprafaþã a pielii
pretãbãcite cu 10% RMFBS

Figure 7b. Image of the section of leather
pretanned with 10% RMFBS

Figura 7b. Imaginea secþiunii pielii
pretãbãcite cu 10% RMFBS 
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Images of surface and section of pre-tanned 
leather samples in the presence of resorcinol with an 
offer of 8% RMFBS are shown in Figures 6a and 6b. 
There is a slight modification of leather grain, by 
outlining the pores corresponding to hair follicles. Also, 
there is an uneven diffusion of RMFBS in the dermis 
section of treated leather.

Analyzing images 7a, 7b, 8a and 8b it is noted that, 
with the increase of RMFBS offer, the grain undergoes 
significant changes; the pores of hair follicles are 
individualized. Regarding the capacity of the resin to 
combine with leather, at an offer of 10% RMFBS, there 
is a modification of collagen fiber weaving, the dermis 
becomes less compact, more relaxed. At an offer of 
15% RMFBS (Figure 8b) a good diffusion is noted in 
leather section and structure; collagen fibers are 
enveloped by RMFBS, a phenomenon caused by the 
precipitation of resin at a pH of the aqueous 
environment below 4.0 and by the formation of 
numerous hydrogen bonds, which explains the highest 
increase of shrinkage temperature recorded.

RMFBS is a pre-tanning agent for leather, as it has 
the ability to increase the shrinkage temperature of 
treated pelts. An offer of 15% RMFBS dry substance in 

CONCLUSIONS

Imaginile suprafeþei ºi al secþiunii probelor de 
piele pretãbãcite în prezenþa rezorcinei cu o ofertã de 
8% RMFBS sunt redate în Figurile 6a ºi 6b. Se observã o 
uºoarã modificare a grenului feþei pieilor, prin 
conturarea porilor corespunzãtori foliculilor piloºi. De 
asemenea se constatã o difuzie neuniformã a RMFBS în 
secþiunea dermei pieilor tratate. 

Analizând imaginile 7a, 7b, 8a ºi 8b se remarcã 
faptul cã, odatã cu creºterea ofertei de RMFBS grenul 
feþei suferã modificãri semnificative, porii foliculilor 
piloºi se individualizeazã. Legat de capacitatea de 
combinare a rãºinii cu pielea, la o ofertã de 10% RMFBS, 
se observã o modificare a modului de împletire al 
fibrelor colagenice, derma devenind mai puþin 
compactã, mai relaxatã. La o ofertã de 15% RMFBS 
(Figura 8b) se remarcã o bunã difuzie a RMFBS în 
secþiunea ºi structura pielii, fibrele de colagen sunt 
învãluite de RMFBS, fenomen cauzat de precipitarea 
rãºinii la un pH al mediului apos sub 4,0 ºi formãrii 
numeroaselor legãturi de hidrogen, ceea ce explicã de 
fapt ºi sporul cel mai ridicat al temperaturii de 
contracþie înregistrate.

RMFBS este un agent de pretãbãcire a pieilor, 
deoarece are proprietatea de a creºte temperatura de 
contracþie a pieilor gelatinã tratate. O ofertã de 15% 

CONCLUZII

Figure 8a. Image of the surface of leather
pretanned with 15% RMFBS

Figura 8a. Imaginea de suprafaþã a pielii
pretãbãcite cu 15% RMFBS

Figure 8b. Image of the section of leather
pretanned with 15% RMFBS

Figura 8b. Imaginea secþiunii pielii
pretãbãcite cu 15% RMFBS
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relation to dermal substance, in the presence of 
resorcinol as crosslinking agent, leads to a shrinkage 
temperature of 84°C and skins with higher physical, 
chemical and mechanical values are obtained. The 
mechanism of pre-tanning hides with RMFBS can be 
attributed to the ability of resin to spread evenly in the 
leather section, to envelop the collagen fibers and to fill 
the interfibrillar gaps, due to the linear structure of the 
oligomeric construction. By means of the numerous 
free methylolic groups, RMFBS forms multiple 
hydrogen bonds with the functional groups of dermis 
proteins, which actually proves the tanning potential of 
the RMFBS product.

Compared with classic tanning agents, RMFBS 
induces those structural and dimensional stabilization 
features of leather dermis that are necessary in order 
for leather to undergo splitting and shaving operations 
without any problems, thus avoiding the generation of 
chrome shavings and a better exploitation of solid 
wastes.

RMFBS substanþã uscatã raportatã la substanþa 
dermicã, în prezenþa rezorcinei ca agent de reticulare, 
conduce la o temperaturã de contracþie a pieilor de 
84°C ºi se obþin piei cu valori superioare ale indicilor 
fizico-chimici ºi mecanici. Mecanismul pretãbãcirii 
pieilor cu RMFBS poate fi pus pe seama abilitãþii rãºinii 
de a difuza uniform în secþiunea pieilor, de a învãlui 
fibrele de colagen ºi de a umple spaþiile interfibrilare, 
fapt datorat structurii liniare a edificiului oligomer. 
RMFBS prin numeroasele grupãri metilolice libere 
formeazã multiple legãturi de hidrogen cu grupele 
funcþionale ale proteinelor dermei, ceea ce de fapt 
argumenteazã potenþialul tanant al produsului RMFBS.

În comparaþie cu agenþii tananþi propriu-ziºi, 
RMFBS induce acele caracteristici de stabilizare 
structuralã ºi dimensionalã a dermei pieilor, necesare 
pentru ca aceasta sã parcurgã fãrã probleme operaþiile 
de ºpãltuire ºi egalizare, evitând astfel generarea de 
fãlþuiturã cromatã ºi o mai bunã valorificare a 
deºeurilor solide.
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