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EFFECT OF ULTRASOUND ON THE DRY HEAT BEHAVIORS OF CATTLEHIDE COLLAGEN FIBERS
ABSTRACT. In this paper, the dry heat behaviors of different cattlehide collagen fiber samples with and without power ultrasound process are studied, and such
instruments as Thermal Platform Microscope, Differential Scanning Calorimetry (DSC) and Thermogravimetry (TG) are employed in the study. It is indicated that the
dry heat behavior of the samples is slightly decreased because of the power ultrasound process. The reason why it is the case may be that part of the crystalline
structure in the samples is destroyed by the power ultrasound process.
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INFLUENTA ULTRASUNETELOR ASUPRA COMPORTAMENTULUI TERMIC IN STARE USCATA AL FIBRELOR DE COLAGEN DIN PIELEA BOVINA
ABSTRACT. Tn aceast lucrare s-a studiat comportamentul termic in stare uscat al diferitelor probe de fibre de colagen din piele bovina cu si fara tratament cu
ultrasunete, utilizand instrumente precum microscopul cu platforma termica, calorimetria cu scanare diferentiala (DSC) si termogravimetria (TG). Rezultatele aratd
ca comportamentul termic Tn stare uscata al probelor scade usor datorita tratamentului cu ultrasunete. Motivul este acela ca o parte din structura cristalind a
probelor este distrusa prin tratamentul cu ultrasunete.

CUVINTE CHEIE: ultrasunete, comportament termicin stare uscata, fibre de colagen din piele boving, tabacire, retabacire

L'INFLUENCE D'ULTRASONS SUR LE COMPORTEMENT THERMIQUE SEC DES FIBRES DE COLLAGENE DU CUIR BOVIN
RESUME. Dans cet article on a étudié le comportement thermique sec de différents échantillons de fibres de collagéne du cuir bovin avec et sans traitement par
ultrasons, en utilisant des instruments tels que le microscope a plate-forme thermique, la calorimétrie différentielle a balayage (DSC) et la thermogravimétrie (TG).
Les résultats ont indiqué que le comportement thermique sec des échantillons est légerement diminué a cause du traitement par ultrasons. La raison est qu'une

partie de lastructure cristalline des échantillons est détruite par le traitement par ultrasons.
MOTS CLES: ultrasons, comportement thermique sec, fibres de collagéne du cuir bovin, tannage, retannage

INTRODUCTION

It has been more than one hundred years since
people began using power ultrasound. Ultrasound, an
efficientand green technology, has been widely used in
mechanics, metallurgy, chemistry, biology, medicine
and many other fields.

After the Second World War, the action of power
ultrasound in leather-making (modification of collagen
fibers) has been recognized gradually. The chemical
action of power ultrasound comes from cavitation. It is
well known that cavitation may lead to such effects as
librations, decentralization, emulsification, and so on.
Free radicals may even be generated by the power
ultrasound process [1]. Because many liquid-
processing and surface penetrations are involved in
leather-making, the cavitation and additional effects of

INTRODUCERE

Au trecut mai mult de o suta de ani de cand
oamenii au Tnceput sa foloseasca ultrasunetele.
Tehnologie eficienta si ecologica, ultrasunetele au fost
utilizate pe scara larga in mecanica, metalurgie, chimie,
biologie, medicina si multe alte domenii.

Dupa al Doilea Razboi Mondial, a fost recunoscuta
treptat actiunea ultrasunetelor in procesul de fabricare
a pielii (modificarea fibrelor de colagen). Actiunea
chimica a ultrasunetelor vine de la cavitatie. Sunt bine
cunoscute efectele cavitatiei, cum ar fi oscilatia,
descentralizarea, emulsionarea, si multe altele.
Procesul cu ultrasunete poate genera chiar radicali
liberi [1]. Tntrucat fabricarea pielii presupune procese
de prelucrare cu lichide si penetrarea suprafetei,
cavitatia si efectele suplimentare ale ultrasunetelor pot
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power ultrasound may accelerate the process of wet
manufacture to different degrees [2, 3]. There are many
studies on the application of power ultrasound in such
fields as soaking, degreasing, de-hairing, liming,
tanning, dyeing, fatliquoring, and even in the sewage
sludge treatment of leather-making. Power ultrasound
may do well with the dissolution of protein and fat, and
will not induce obvious changes in cattlehide collagen
fibers [3].

Ultrasound may evidently destroy the fat tissues,
and even may make pellicle break off from hypoderm.
Power ultrasound has a good effect on degreasing,
which could eliminate most part of the fat in pig skins.
Its effect is better than that without ultrasound. There
are many studies on the application of ultrasound inthe
process of tanning, most of which are in the fields of
vegetable tanning, chrome tanning, and synthetic
tanning. The results indicated that ultrasound has an
assistant effect on tanning, which may shorten the
tanning period, and accelerate the penetration
process. The ultrasound frequencies used in the studies
were from audibility to million of Hertz. In the recent
years, some studies are reported on the application of
power ultrasound on glutaraldehyde tanning, chrome
tanning and titanium tanning. These studies focus on
the effect of power ultrasound on the physical
properties of leathers.

About theinfluence of ultrasound on the structure
and dry heat behaviors of collagen fibers, few studies
may be found. These studies show that ultrasound does
not modify the collagen fibers, neither in pre-tanning
process nor in tanning. Little change may take place in
the hydrothermal stability of the leathers [4-7]. As to
the influence of power ultrasound on the dry heat
behaviors of cattlehide collagen fibers, no reports may
be found at all. In this paper, on the basis of our
previous study [8-11], the dry heat behaviors of both
chrome tanned cattlehide collagen fibers and retanned
samples with and without power ultrasound process
are studied. Such instruments as Thermal Platform
Microscope, Differential Scanning Calorimetry (DSC)
and Thermogravimetry (TG) are employed in the study.
Itis indicated that the dry heat behavior of the samples
is slightly decreased because of the power ultrasound
process. The reason why it is the case may be that part
of the crystalline structure in the samples is destroyed
by power ultrasound process.

accelera procesul de prelucrare umeda in diferite grade
[2-3]. Existda multe studii cu privire la aplicarea
ultrasunetelor in operatiuni precum finmuierea,
degresarea, indepartarea parului, cenusarirea,
tabacirea, vopsirea, ungerea pielii, si chiar siin tratarea
namolului rezultat in urma fabricarii pielii.
Ultrasunetele pot avea efecte pozitive asupra dizolvarii
proteinelor si grasimilor, si nuinduc modificari evidente
instructura fibrelor de colagen din piele bovina [3].

in mod evident, ultrasunetele pot distruge
tesuturile adipoase, si chiar pot duce la ruperea
peliculei din hipoderma. Ultrasunetele au un efect
pozitiv asupra degresarii, putand elimina cea mai mare
parte a grasimii din pieile de porc. Efectul sdu este
preferabil unui proces fara tratare cu ultrasunete.
Existd multe studii cu privire la aplicarea ultrasunetelor
in procesul de tdbdcire, majoritatea la tabacirea vegetala,
n crom si sintetica. Rezultatele au indicat ca ultrasunetele
ajutd latabacire, reducand timpul de tabacire siaccelerand
procesul de penetrare. Frecventele ultrasunetelor folosite
n studii au fost de la pragul de audibilitate la milioane de
Hz. Tn ultimii ani, unele studii au raportat aplicarea
ultrasunetelor la tabacirea cu glutaraldehida, tabacirea in
crom si tabacirea cu titan. Aceste studii se concentreaza
asupra efectului ultrasunetelor asupra proprietatilor fizice
ale pielii.

Exista putine studii despre influenta ultrasunetelor
asupra structurii fibrelor de colagen si asupra
comportamentului termic in stare uscata al acestora.
Aceste studii arata ca ultrasunetele nu modifica fibrele de
colagen, nici in procesul de pre-tabacire, nici in cel de
tabacire. Pot avea loc mici modificari in stabilitatea
hidrotermica a pieilor [4-7]. In ceea ce priveste influenta
ultrasunetelor asupra comportamentului termic in stare
uscata al fibrelor de colagen din piele bovina, nu exista
delocrapoarte. in aceasts lucrare, pe baza studiului nostru
anterior [8-11], se studiaza comportamentul termic in
stare uscata al fibrelor de colagen din pielea bovina
tabacita cu crom si retabdcitd, cu si fara tratare cu
ultrasunete. Tn studiu se utilizeazd instrumente precum
microscopul cu platforma termica, calorimetria
diferentiala de baleiaj (DSC) si termogravimetria (TG). Se
constatd o scadere usoara a comportamentului termic in
stare uscata al probelor datorata procesului de tratare cu
ultrasunete. Motivul poate fi faptul ca o parte din structura
cristalind a probelor este distrusa prin actiunea
ultrasunetelor.
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EXPERIMENTAL

Main Materials and Apparatus

Sodium chloride, analytically pure, and sodium
hydroxide, chemically pure, were made by Shanghai
Chemical Reagent Co., Ltd. Silver nitrate made by
Shanghai Silica Gel Factory, is analytically pure.
Glutaraldehyde solution (25%), which is biochemical
reagent, was made by Shanghai Chemical Reagents
Co., Ltd. Sodium carbonate, which is analytically pure,
was made by Tianjin Sitong Chemical plant. Chrome
tanned liquor reduced by glucose, whose basicity was
38%, was prepared in our laboratory. Un-tanned
cattlehide collagen fibers were prepared according to
reference [9]. Chemically pure, Analytically pure, and
Biochemical reagent are different grades of national
reagent purity standards of P. R. China. Ultrasonic
generator is made by Kunshan ultrasonic apparatus
Co. Ltd. PHS-2A pH measurement instrument was
made by Leici Instrument Plant, Shanghai, China.
TG209 thermal analyzer was made by NETZSCH,
Germany.

Procedures
Preparation of Untanned Cattlehide Collagen Fibers

Sample without Ultrasound Process

Seethereference[9].

Sample with Ultrasound Process

0.5 grams of untanned cattlehide collagen fibers
are putinto a beaker which contains 20 g distilled water.
The beaker was putinto the ultrasonic generator. It was
ensured that the liquid level in the beaker was lower
than that of ultrasonic generator. And then, the
samples were processed with ultrasound (25 kHz) for
an hour at room temperature. After being bathed and
filtrated, the samples were put into a desiccator with
silica gel in it for more than two weeks until the weight
of the sample did not change anymore. This means that
the moisture content in the sample reached a stable
level. The samples were ready for subsequent study.
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PARTEA EXPERIMENTALA

Materiale si aparate utilizate

Clorura de sodiu, de calitate analitica pura, si
hidroxidul de sodiu chimic pur au fost fabricate de
Shanghai Chemical Reagents Co., Ltd. Azotatul de argint
fabricat Shanghai Silica Gel Factory este de calitate
analitica pura. Solutia de glutaraldehida (25%), reactiv
biochimic, a fost fabricatd de Shanghai Chemical
Reagents Co., Ltd. Carbonatul de sodiu, de calitate
analitica pura, a fost fabricat de Tianjin Sitong Chemical
Plant. Solutia de crom redusa cu glucoza, cu bazicitate
de 38%, a fost preparata in laboratorul nostru. Fibrele
de colagen din piele bovind netdbacita au fost
preparate in conformitate cu referinta [9]. Chimic pur,
analitic pur, si reactiv biochimic reprezinta diferite
grade de puritate a reactivilor conform standardelor
nationale ale R.P. China. Generatorul de ultrasunete
este fabricat de Kunshan Co. Ltd. Instrumentul de
masurare a pH-ului PHS-2A a fost fabricat de Leici
Instrument Plant, Shanghai, China. Analizorul termic
TG209 a fost fabricat de NETZSCH, Germania.

Proceduri
Prepararea fibrelor de colagen din piei bovine netdbdcite

Proba fard tratament cu ultrasunete

Asevedeareferinta [9].

Proba tratatd cu ultrasunete

S-au pus 0,5 g fibre de colagen din piele bovina
netdbacita intr-un pahar cu 20 g apa distilata. S-a pus
paharul in generatorul de ultrasunete. S-a asigurat ca
nivelul de lichid din pahar sa fie mai mic decat cel al
generatorului de ultrasunete. Apoi, probele au fost
tratate cu ultrasunete (25 kHz) timp de o ora la
temperatura camerei. Dupa spalare si filtrare, probele
au fost puse intr-un desicator cu gel de silice timp de
peste douad saptamani, pana ce greutatea probelor a
ramas constantd. Aceasta Tnseamna ca continutul de
umiditate al probei a ajuns la un nivel stabil. Probele au
fost gata pentru studiu ulterior.
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Preparation of Chrome Tanned Cattlehide Collagen
Fibers

Sample without Ultrasound Process

The processed technology was according to
reference [9].

Samples Tanned with Tanning Liquors Being
Ultrasound Processed before

The chrome tanning liquor was processed in the
ultrasound generator with the frequency of 25 kHz for
an hour. And then, the processed chrome tanning
liguor was used in the tanning of cattlehide collagen
fibers according to reference [9].

Ultrasound Process before Basification of the Tanning
Process

The process was according to relevant reference
[9] except that, in the tanning process, the
concentration were 2 g/L, 5g /L and 10 g/L (calculated
as Cr,0,), respectively, and samples were processed
with ultrasound at the beginning of tanning for an hour.
The frequency was 25 kHz and 20 kHz, respectively.

Ultrasound Process at Basification of the Tanning
Process

The process was according to reference [9] except
that, at the basification, the mixture was processed
with ultrasound, whose frequency was 25kHz, for an
hour.

Preparation of Chrome Retanned Cattlehide Collagen
Fibers

Chrome Retanning without Ultrasound Process

0.5 grams of cattlehide chrome tanning collagen
fibers were processed in solution, which contained 4.8
grams of sodium chloride, 60 milliliters of distilled
water, and 10 grams of chrome tanning liquor reduced
by glucose per liter (calculated as Cr,0,) for four hours.
In the normal temperature, the pH of the mixture was
adjusted with 0.01 M of sodium hydroxide to 4.0.
Sufficient shaking was needed occasionally. After being
taken out and filtered, the filtered cake (cattlehide

Prepararea fibrelor de colagen din piei bovine
tdbdcite cu crom

Proba fard tratament cu ultrasunete

Tehnologia de prelucrare a fost in conformitate cu
referinta [9].

Probele tabdcite cu solutii tanante tratate anterior cu
ultrasunete

Solutia de tabacire cu crom a fost prelucrata in
generatorul de ultrasunete cu frecventa de 25 kHz timp
de o ora. Apoi, solutia de tabacire cu crom s-a utilizat la
tabacirea fibrelor de colagen din piele bovina conform
referintei [9].

Procesul de tratare cu ultrasunete inainte de
bazificarea din cadrul procesului de tabdcire

Procesul a fost in conformitate cu referinta [9] cu
exceptia faptului ca, in procesul de tabacire,
concentratia a fost de 2g/l, 5g/l, respectiv 10g/I
(calculate ca Cr,0,) si probele au fost tratate cu
ultrasunete la finceputul tabacirii timp de o ora.
Frecventa afost de 25kHz, respectiv 20kHz.

Procesul de tratare cu ultrasunete la bazificarea din
cadrul procesului de tabdcire

Procedeul s-a desfasurat in conformitate cu
referinta [9] cu exceptia faptului ca, la bazificare,
amestecul a fost tratat cu ultrasunete, cu o frecventa de
25kHz, timp de o ora.

Prepararea fibrelor de colagen din piei bovine
retdbdcite cu crom

Retdbdcirea cu crom fdrd procesul de tratare cu
ultrasunete

S-au prelucrat 0,5 g fibre de colagen din piele
bovina tabacita cu crom in solutie cu continut de 4,8 g
clorura de sodiu, 60 ml apa distilata si 10 g solutie de
tabacire cu crom redus cu glucoza per litru (calculat ca
Cr,0,) timp de patru ore. La temperatura normala, pH-
ulamesteculuia fost ajustat cu 0,01 M hidroxid de sodiu
panad la 4,0. Din cand in cand a fost nevoie de agitare.
Dupa ce a fost scoasa si filtrata, turta (fibre de colagen
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collagen fibers) was purged with distilled water, until
precipitation could not be observed when dropping a
solution of 0.05 gram silver nitrate per liter into the washed
water. The filtered sample was put in a desiccator with
silica gel in it for more than two weeks until its weight did
not change any more. This means that the moisture
content in the sample did not change anymore at all. The
sample was ready for subsequent study.

Chrome Retanning with Ultrasound Process before
Basification

The technology was according to relevant
reference [9] except that the mixture was processed by
a ultrasound of 25 kHz at 40°C before basification for an
hour.

Chrome Retanning with Ultrasound Process at
Basification

The technology was according to relevant
reference [9] except that the mixture was processed by
a ultrasound of 25 kHz at 40°C at basification for an
hour.

Preparation of Glutaraldehyde Retanned Cattlehide
Collagen Fibers

Glutaraldehyde Retanning without Ultrasound
Process

The processed technology was according to
relevant reference [9].

Glutaraldehyde Retanning with Ultrasound Process at
the Beginning of the Retanning

The processed technology was according to
relevant reference [9] except that the mixture was
processed by a ultrasound of 25kHz at 40°C for an hour
atthe beginning of the retanning.

Glutaraldehyde Retanning with Ultrasound Process at
the End of the Retanning

The processed technology was according to
relevant reference [9] except that the mixture was
processed by a ultrasound of 25kHz at 40°C for an hour
atthe end of the retanning.
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din piele bovina) a fost curatata cu apa distilata, pana ce
nu s-a mai putut observa precipitarea dupa turnarea
unei solutii de 0,05 g azotat de argint la litru Tn apa de
spalat. Proba filtrata a fost pusa intr-un desicator cu gel
de silice timp de peste doud saptamani pana ce
greutatea acesteia a ramas constanta. Aceasta
fnseamna ca continutul de umiditate al probeiaajunsla
un nivel stabil. Proba a fost gata pentru studiu ulterior.

Retdbdcirea cu crom si tratarea cu ultrasunete inainte
de bazificare

Tehnologia a fost in conformitate cu referinta [9],
cu exceptia faptului ca amestecul a fost tratat cu
ultrasunete la frecventa de 25 kHz, la 40°C, inainte de
bazificare, timp deoora.

Retdbdcirea cu crom si tratarea cu ultrasunete la
bazificare

Tehnologia a fost Tn conformitate cu referinta [9],
cu exceptia faptului ca amestecul a fost tratat cu
ultrasunete la frecventa de 25 kHz, la 40°C, Tnainte de
bazificare, timp de o ora.

Prepararea fibrelor de colagen din piei bovine
retdbdcite cu glutaraldehidd

Retdbdcirea cu glutaraldehidad fard tratare cu
ultrasunete

Tehnologia de prelucrare a fost in conformitate cu
referinta [9].

Retdbdcirea cu glutaraldehida si tratarea cu
ultrasunete la inceputul retdbdcirii

Tehnologia a fost in conformitate cu referinta [9],
cu exceptia faptului ca amestecul a fost tratat cu
ultrasunete la frecventa de 25 kHz, la 40°C, inainte de
bazificare, timp de o ora, laTnceputul retabacirii.

Retdbdcirea cu glutaraldehida si tratarea cu
ultrasunete la finalul retdbdcirii

Tehnologia a fost Tn conformitate cu referinta [9],
cu exceptia faptului ca amestecul a fost tratat cu
ultrasunete la frecventa de 25 kHz, la 40°C, inainte de
bazificare, timp de o or3, la finalul retabacirii.
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Determination of the Dry Heat Shrinkage of the
Samples

The dry heat shrinkage behaviors of the samples
were determined according to reference [11].

Thermo-gravimetric (TG) and Differential Scanning
Calorimetry (DSC) Analysis

The Thermo-gravimetric (TG) and Differential
Scanning Calorimetry (DSC) analysis were conducted
according to reference [9].

RESULTS AND DISCUSSION

Effect of Ultrasound on Untanned Cattlehide
Collagen Fibers

The dry heat shrinkage behaviors, Differential
Scanning Calorimetry (DSC) and Thermogravimetry
(TG) curves of cattlehide collagen fibers with and
without power ultrasound process are shown in
Figures1, 2 and 3, respectively.

From Figure 1, compared with the cattlehide
collagen fibers without ultrasound process, the
shrinkage beginning temperature of ultrasound
processed samples slightly decreases, but the sharp
shrinkage temperature is almost invariable. From
Figure 2, after being processed by ultrasound, the
melting temperature of the sample decreases from
221°C to 219°C. The DSC curve of samples being
ultrasound processed is lower than that of the sample
without being ultrasound processed. The reason may
be that, by processing under ultrasound condition, part
of the crystalline structure in the collagen fibers is
destroyed. And, as a result, less energy is needed to
destroy the whole crystalline structure when the
shrinkage takes place. From Figure 3, for thermal
degradation taking place, the initial degradation
temperature is the same. But the thermal degradation
of cattlehide collagen fibers with a power ultrasound
processed history is easier than that of the sample
without power ultrasound processed history. Another
evidence for the contention that part of the crystalline
structure may be destroyed by ultrasound process is
provided.

Determinarea comportamentului termic la contractie
al probelor

Comportamentul termic de contractie in stare uscata
al probelorafost determinat conform referintei[11].

Analiza termogravimetricd (TG) si calorimetria
diferentiald de baleiaj (DSC)

Analiza termogravimetricd (TG) si calorimetria
diferentiala de baleiaj (DSC) s-au efectuat fin
conformitate cu referinta [9].

REZULTATE SIDISCUTII

Influenta ultrasunetelor asupra fibrelor de colagen
din piele bovina netabacita

in Figurile 1, 2, respectiv 3 sunt prezentate
comportamentul termic la contractie in stare uscata,
curbele rezultate in urma calorimetriei de scanare
diferentiala (DSC) si analizei termogravimetrice (TG) a
fibrelor de colagen din piele bovina cu si fara tratare cu
ultrasunete.

Figura 1 aratd cd, Tn comparatie cu fibrele de
colagen din piele bovina fara tratare cu ultrasunete,
temperatura de contractie initiald a probelor tratate
cu ultrasunete scade usor, dar apoi rdmane aproape
invariabila. Din Figura 2 reiese ca, dupa tratamentul
cu ultrasunete, temperatura de topire a probei scade
dela 221°Cla 219°C. Curba DSC a probelor tratate cu
ultrasunete este mai mica decat cea a probei fara
tratare cu ultrasunete. Motivul poate fi faptul ca, prin
tratarea cu ultrasunete, o parte din structura
cristalina a fibrelor de colagen este distrusa. Prin
urmare, este necesara mai putind energie pentru a
distruge intreaga structura cristalind cand are loc
contractia. Figura 3 arata ca, la degradarea termica,
temperatura initiald de degradare este aceeasi. Insd
degradarea termica a fibrelor de colagen din piele
bovina tratate anterior cu ultrasunete are loc mai usor
decat cea a probei fard tratament cu ultrasunete.
Aceasta este o alta dovada pentru afirmatia cd o parte
din structura cristalina poate fi distrusa printr-un
proces de tratare cu ultrasunete.
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Figure 1. Dry heat shrinkage behaviors of untanned
samples: —® — untanned sample without ultrasound,
—e — untanned sample processed by ultrasound
Figura 1. Comportamentul termic la contractie
in stare uscata al probelor netdbacite:

—m — proba netabdcita fara tratare cu ultrasunete,
—e — proba netabacita tratata cu ultrasunete
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Figure 2. DSC curves of untanned samples:
1 - untanned sample without power ultrasound,
2 - untanned sample processed by power ultrasound
Figura 2. Curbele DSC ale probelor netabacite:
1 - proba netabacita fara tratare cu ultrasunete,
2 - proba netdbacita tratata cu ultrasunete
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Figure 3. TG curves of untanned samples: 1 - untanned sample without power ultrasound,
2 - untanned sample processed by power ultrasound
Figura 3. Curbele TG ale probelor netabdcite: 1 - proba netabacita fara tratare cu ultrasunete,
2 - proba netabdcita tratata cu ultrasunete

Effect of Ultrasound on Chrome Tanning

Tanning with Chrome Liquors Processed by
Ultrasound before

The dry heat shrinkage curves of cattlehide
collagen fibers tanned by chrome tanning liquors with
and without ultrasound process history are shown in
Figure4.
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Influenta ultrasunetelor asupra tabacirii cu crom

Tabdcirea cu solutie de crom a probelor tratate
anterior cu ultrasunete

Curbele de contractie termica in stare uscatd a
fibrelor de colagen din piele bovina tabacite cu solutie
pe baza de crom, cu sau fara tratare cu ultrasunete, sunt
prezentatein Figura 4.
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Figure 4. Dry heat shrinkage behaviors of samples tanned with Chrome liquors:
—m — without ultrasound process history, —e — with ultrasound process history
Figura 4. Comportamentul termic la contractie Tn stare uscata al probelor tabdacite cu solutie de crom:
—m — fara tratare cu ultrasunete, —e — tratate cu ultrasunete

From Figure 4, it may be found that, for all the
samples studied here, the initial shrinkage
temperatures are almost the same, and the sharp
shrinkage temperature of the sample tanned by
chrome tanning liquor without ultrasound process
history is higher than that of the rest. In short, the dry
heat resistance of the sample tanned by chrome
tanning liquor without ultrasound process history is
better than that of the sample with an ultrasound
process history. The component of the tanning liquor is
rather complex. Because of the ultrasound process, the
component in the chrome tanning liquor is changed.
Thetanning functionis changed as aresult.

Ultrasound Process before Basification of Chrome
Tanning

The shrinkage behaviors, DSC, and TG curves of
chrome tanned samples with and without power
ultrasound process before basification of chrome
tanning are shown in Figures 5, 6 and 7, respectively. The
chrome contentin the chrome tanningliquors here was 5
g/L(calculated as Cr,0,).

Din Figura 4 se poate constata ca, pentru toate
probele studiate aici, temperaturile initiale de
contractie sunt aproape la fel, iar temperatura de
contractie a probei tabacite cu solutie pe baza de
crom fard tratament cu ultrasunete este mai mare
decat a celorlalte probe. Pe scurt, rezistenta la caldura
a probei tabacite cu crom, fara tratament cu
ultrasunete este mai buna decat cea a probei tratate
cu ultrasunete. Componentele solutiei de tabacire
sunt destul de complexe. Din cauza procesului tratare
cu ultrasunete, componentele solutiei de tabacire cu
crom se modifica. Prin urmare, se modifica si functia
de tabacire.

Procesul de tratare cu ultrasunete inainte de
bazificarea din cadrul procesului de tdbdcire cu crom

Comportamentul la contractie si curbele DSC
si TG ale probelor tabacite cu crom cu si fara
tratament cu ultrasunete Tnainte de bazificare sunt
prezentate Tn Figurile 5, 6 si 7. Continutul de crom
din solutia de tabacire a fost de 5 g/l (calculat ca
Cr,0,).
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Figure 5. Dry heat shrinkage behaviors of chrome
tanned samples: —B —chrome tanned sample
without power ultrasound, —e —chrome tanned
sample processed by power ultrasound
Figura 5. Comportamentul termic la contractie
in stare uscata al probelor tabacite cu crom:
—Mm — proba tabacitd cu crom fara tratare
cu ultrasunete, —e — proba tabacita cu crom
tratata cu ultrasunete
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Figure 6. DSC curves of chrome tanned samples:
1 - chrome tanned sample without power ultrasound,
2 - chrome tanned sample processed
by power ultrasound
Figura 6. Curbele DSC ale probelor tabacite cu crom:
1 - proba tabacitd cu crom fara tratare cu ultrasunete,
2 - proba tabacita cu crom tratata cu ultrasunete
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Figure 7. TG curves of chrome tanned samples: 1 - chrome tanned sample processed by power ultrasound,
2 - chrome tanned sample without power ultrasound
Figura 7. Curbele TG ale probelor tabacite cu crom: 1 - proba tabacita cu crom tratata cu ultrasunete,
2 - proba tabacita cu crom fara tratare cu ultrasunete

From Figure 5, it may be found that the two curves
are almost similar. It shows that, before the basification
of chrome tanning, power ultrasound has little
influence on the dry heat shrinkage behaviors of the
samples. From Figure 6, it may be found that, for both
samples, the dry heat shrinkage decalescence cannot
be observed, and the thermal degradation parts in the
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Din Figura 5 se poate constata ca cele doua curbe
sunt aproape similare. Acest lucru arata cd, inainte de
bazificare, tratamentul cu ultrasunete are o influenta
redusa asupra comportamentului probelor la
contractie termica n stare uscata. Figura 6 arata ca, in
cazul ambelor probe, nu se poate observa decalescenta
la contractie in stare uscata, iar degradarea termica
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curves of the two samples are almost similar. The DSC
curve of chrome tanned sample with ultrasound
process before basification is lower than that of the
chrome tanned sample without ultrasound process.
The reason why itis the case may be that, by ultrasound
process, the crystalline structure in the sample is partly
destroyed. And, as a result, less energy is needed to
destroy the whole crystalline structure in the cattlehide
collagen fibers. In Figure 7, the two curves are almost
the same except at the last part. In the last part of the
curves, the thermal degradation of chrome tanned
sample without power ultrasound process is faster and
the degradation is more complete. It means that the
degradation reaction is made more difficult by the
process of ultrasound.

Some research studies [5-6] demonstrated that
ultrasound process before basification of chrome
tanning process may increase the penetration of
chrome tanning complexes. There may be two reasons
about the effect. Firstly, the cavitation of ultrasound
may have some separating effect on the collagen fibers
and tanning complexes, which may do well to the
uniform distribution of tanning complexes in the
collagenfibers. As aresult, the leathers are tanned well.
So ultrasound may do well with the tanning process.
Secondly, ultrasound might increase the temperature
of the tanning liquors, which might improve the
coordination of chrome complexes with collagen
molecules. Ultrasound process before basification of
chrome tanning process did well to both the
penetration of the chrome complexes and the
combination of the tanning agents with the collagen
fibers. After this process, the chrome content in the
leathers was increased and the hydrothermal shrinkage
temperature also improved. However, in this research,
the dry heat shrinkage behaviors of the both samples
are almost the same. It may be that, when the amount
of chrome tanning agents combined with the collagen
fibers reaches a definite degree, the dry heat shrinkage
temperature reaches its maximum value. Once the
amount of tanning agents used in the tanning process is
increased again, there will be no more chrome
complexes combined with the collagen fibers and no
obvious increase may be found in dry heat shrinkage of
thesamplesasaresult.

The dry heat shrinkage curves of cattlehide
collagen fibers processed with different ultrasound

indicata de curbele celor doua probe este aproape
similara. Curba DSC a probei tabacite in crom tratata cu
ultrasunete Tnainte de bazificare este mai mica decat
cea a probei tabacite in crom fara tratare cu
ultrasunete. Motivul pentru aceasta este ca, prin
tratamentul cu ultrasunete, structura cristalind a
probei este partial distrusa. Prin urmare, este necesara
mai putina energie pentru a distruge intreaga structura
cristalind a fibrelor de colagen din piele bovini. Tn
Figura 7, cele doua curbe sunt aproape identice cu
exceptia ultimei parti. In ultima parte a curbelor,
degradarea termica a probei tabacite in crom fara
tratare cu ultrasunete este mai rapida si mai completa.
Aceasta inseamna cd reactia de degradare este
ingreunata de tratamentul cu ultrasunete.

Unele cercetari [5-6] au demonstrat ca
tratamentul cu ultrasunete Thainte de bazificare poate
creste gradul de penetrare a complecsilor tananti pe
baza de crom. Pot exista douda motive pentru acest
efect. In primul rand, cavitatia ultrasunetelor poate
avea un efect de separare asupra fibrelor de colagen si
complecsilor tananti, care poate facilita distributia
uniforma a complecsilor tananti in fibrele de colagen.
Ca urmare, pieile sunt tabacite bine. Asadar,
ultrasunetele au un efect pozitiv asupra procesului de
tabacire. In al doilea rand, ultrasunetele ar putea creste
temperatura solutiei de tabacire, ceea ce ar putea
imbunatati coordonarea complecsilor de crom cu
moleculele de colagen. Tratamentul cu ultrasunete
inainte de bazificare a avut un efect pozitiv atat asupra
patrunderii complecsilor de crom, cat si combinatiei
dintre agentii tananti si fibrele de colagen. Dupa acest
proces, continutul de crom al pieilor a crescut, iar
temperatura de contractie hidrotermica s-a
imbunatatit. Cu toate acestea, Tn acest studiu,
comportamentul la contractie termica in stare uscata al
ambelor probe este aproape identic. Este posibil ca,
atunci cand cantitatea de agenti tananti cu crom in
combinatie cu fibrele de colagen a atins un grad final,
temperatura de contractie sa fi atins valoarea maxima.
Odata ce cantitatea de agenti tananti utilizata n
procesul de tabacire creste din nou, nu vor mai exista
complecsi de crom combinati cu fibrele de colagen si,
prin urmare, nu se va mai constata nicio crestere
evidenta a temperaturii de contractie a probelor.

Curbele de contractie termica a fibrelor de
colagen din piele bovina tratate cu ultrasunete de
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frequencies before basification of chrome tanning
process are shownin Figure 8.

frecvente diferite Thainte de bazificare sunt prezentate
in Figura 8.
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Figure 8. Dry heat shrinkage behaviors of chrome tanned samples: —® — chrome tanned sample
without power ultrasound, —e — chrome tanned sample processed by power ultrasound (25 kHz),
— A — chrome tanned sample processed by power ultrasound (20 kHz)
Figura 8. Comportamentul termic la contractie Tn stare uscata al probelor tabdcite cu crom: —m — proba tabacita
cu crom fara tratare cu ultrasunete, —e — proba tabdacita cu crom tratata cu ultrasunete (25 kHz),
— A — proba tabacita cu crom tratatd cu ultrasunete (20 kHz)

From Figure 8, it may be found that the dry heat
shrinkage behaviors of cattlehide collagen fibers are all
moved forward because of ultrasound process. The
frequency of the ultrasound affects the dry heat
shrinkage behaviors slightly, whether the frequency is
20 kHz or 25 kHz. Compared with sample without
ultrasound process, their initial shrinkage temperature
are almost the same. It could be seen from Figure 8 that
the sharp shrinkage temperature reduced because of
ultrasound process. And the dry heat shrinkage curves
of the sample processed with different ultrasound
frequencies are similar, which demonstrates that the
frequency of ultrasound has little influence on the
chrome retanning effect.

The dry heat shrinkage curves of chrome tanned
cattlehide collagen fibers with and without ultrasound
process before basification are shown in Figures 9, 10
and 11, respectively. The chrome contentin the tanning
liqguors are 2 g/L, 5 g/L and 10 g/L, respectively
(calculated as Cr,0,).

From these figures, it can be found that, for all the
samples processed by ultrasound, the dry heat
behaviors decrease because of ultrasound process
before basification. It demonstrates that the
ultrasound process decreases the dry heat resistance of
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Figura 8 arata accelerarea comportamentului
termic la contractie al fibrelor de colagen din piele
bovina, datorita tratamentului cu ultrasunete. Frecventa
ultrasunetelor afecteaza usor comportamentul Ia
contractie, indiferent daca frecventa este 20 kHz sau 25
kHz. Comparativ cu proba fara tratare cu ultrasunete,
temperatura de contractie initiala a probelor este
aproape identica. Se poate observa din Figura 8 ca
temperatura de contractie scade datorita procesului de
tratare cu ultrasunete. Si curbele de contractie termica
ale probelor prelucrate cu ultrasunete la frecvente
diferite sunt similare, ceea ce demonstreaza ca
frecventa ultrasunetelor are o influenta redusa asupra
efectului de retabacirein crom.

Curbele de contractie termica ale fibrelor de
colagen din piele bovina tabacite in crom cu si fara
tratament cu ultrasunete Tnainte de bazificare sunt
prezentate in Figurile 9, 10 si 11. Continutul de crom in
solutiile tanante este de 2 g/, 5 g/l, respectiv 10 g/I
(calculatcaCr,0,).

Din aceste figuri se poate constata ca, pentru
toate probele tratate cu ultrasunete, comportamentul
termic scade din cauza tratamentului cu ultrasunete
inainte de bazificare. Se demonstreaza ca tratamentul
cu ultrasunete reduce rezistenta la caldura a fibrelor de
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cattlehide collagen fibers. It can also be found that,
when the chrome content in the tanning liquoris 2 g/L
and 10 g/L, both the initial shrinkage temperature and
sharp shrinkage temperatures decrease greatly. In the
case that chrome contentis 5 g/L, however, no obvious
decrease in shrinkage temperature may be found. As to
the shrinkage ratios, they decrease when the chrome
content in the chrome liquors is 2 g/Land 5 g/L. In the
case of 10 g/L, the shrinkage ratio increases. The reason
for this is still unknown and further studies about it are
being done.
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Figure 9. Dry heat shrinkage behaviors of chrome
tanned (2 g/L) samples: —m —traditional chrome
tanned sample (2 g/L), —® — chrome tanned
sample (2 g/L) processed by power ultrasound
Figura 9. Comportamentul termic la contractie
n stare uscata al probelor tabacite cu crom (2 g/l):
—m — proba tabacitd cu crom, metoda
conventionala (2 g/l), —e — proba tabacita
cu crom (2 g/l) tratata cu ultrasunete

colagen din piele bovind. Se poate constata, de
asemenea, ca atunci cand continutul de crom din solutia
tananta este de 2 g/l si 10 g/l, atat temperatura de
contractie initiald, cat si cea ulterioara scad foarte mult.
n cazul in care continutul de crom este de 5 g/I, nu se
poate constata nicio scadere evidenta a temperaturii de
contractie. In ceea ce priveste gradul de contractie,
acesta scade atunci cand continutul de crom din solutiile
cromate este de 2 g/l si 5 g/I. La un continut de 10 g/,
gradul de contractie creste. Cauza este inca necunoscuta
sise efectueaza studii suplimentare in aceasta privinta.
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Figure 10. Dry heat shrinkage behaviors of chrome
tanned (5 g/L) samples: —m — traditional chrome
tanned sample (5 g/L), —e — chrome tanned
sample (5 g/L) processed by power ultrasound
Figura 10. Comportamentul termic la contractie
n stare uscata al probelor tabacite cu crom (5 g/l):
—m — proba tabacita cu crom, metoda
conventionala (5 g/l), —e — proba tabacita
cu crom (5 g/l) tratata cu ultrasunete
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Figure 11. Dry heat shrinkage behaviors of chrome tanned (10 g/L) samples: —m —traditional chrome tanned
sample (10 g/L), —e —chrome tanned sample (10 g/L) processed by power ultrasound
Figura 11. Comportamentul termic la contractie in stare uscata al probelor tabacite cu crom (10 g/l): —m — proba
tabacitd cu crom, metodd conventionala (10 g/l), —e — proba tabacitd cu crom (10 g/l) tratatd cu ultrasunete

[268)

Leather and Footwear Journal 15 (2015) 4




EFFECT OF ULTRASOUND ON THE DRY HEAT BEHAVIORS OF CATTLEHIDE COLLAGEN FIBERS

Ultrasound Process at Basification of Chrome Tanning

The dry heat shrinkage curves of samples without
ultrasound process, with ultrasound process before
basification and with ultrasound process at the
basification of chrome tanning process are shown in
Figure 12. The chrome content in the chrome tanning
liquorswas 5 g/L (calculated as Cr,0,).

Procesul cu ultrasunete la bazificarea din cadrul
procesuluide tabdcire cu crom

Curbele de contractie termica ale probelor, fara
tratare cu ultrasunete, tratate cu ultrasunete Thainte de
bazificare sila bazificarea din cadrul operatiunii de tabacire
cu crom sunt prezentate in Figura 12. Continutul de crom
dinsolutiile de tabacire afostde 5 g/l (calculat ca Cr,0,).
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Figure 12. Dry heat shrinkage behaviors of chrome tanned samples: —B —chrome tanned sample
without power ultrasound, —e —chrome tanned sample processed by ultrasound before basification,
— A —chrome tanned sample processed by ultrasound at basification
Figura 12. Comportamentul termic la contractie in stare uscata al probelor tabacite cu crom:
—m — proba tabacitd cu crom fara tratare cu ultrasunete, —e® — proba tabacita cu crom tratata cu ultrasunete
inainte de bazificare, — A — proba tabacita cu crom tratata cu ultrasunete la bazificare

From Figure 12, it may be found that both the initial
shrinkage temperature and the sharp shrinkage
temperature are decreased because of ultrasound. It can
be concluded that ultrasound process both before
basification and at the basification of chrome tanning
may reduce the dry heat shrinkage behaviors of collagen
fibers. Compared with the sample processed by
ultrasound before basification, the decrease is more
obvious in the case of the sample processed by
ultrasound at basification. The reason may be that, at the
basification, the main reaction is the combination of the
chrome complexes with the collagen chains. Ultrasound
possesses the ability of separation, which may have
some bad influence on the combination of the chrome
complexes with the collagen chains. And as a result, the
amount of chrome that tanned leather is decreased and
the shrinkage temperature of the sampleis decreased.

Effect of Ultrasound on Chrome Retanning

The dry heat shrinkage curves of chrome
retanned cattlehide collagen fibers with and without
ultrasound process are shownin Figure 13.
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Din Figura 12 se poate constata ca atat
temperatura de contractie initiala, cat si cea
ulterioara scad din cauza ultrasunetelor. Se poate
concluziona ca tratamentul cu ultrasunete atat
inainte de bazificare, cat sila bazificare poate reduce
comportamentul termic la contractie al fibrelor de
colagen. Comparativ cu proba tratata cu ultrasunete
Tnainte de bazificare, scaderea este mai evidenta in
cazul probei tratate cu ultrasunete la bazificare.
Motivul poate fi faptul ca, la bazificare, reactia
principala este combinatia complecsilor de crom cu
lanturile de colagen. Ultrasunetele au capacitatea
de separare, care poate avea o influenta nefasta
asupra combinatiei dintre complecsii de crom si
lanturile de colagen. Ca urmare, scade cantitatea de
crom din pieile tabacite, si scade si temperatura de
contractie a probei.

Influenta ultrasunetelor asupra retabacirii cu crom

Curbele de contractie termica ale fibrelor de
colagen din piele bovina retabacite cu crom, fara
tratament cu ultrasunete, sunt prezentate in Figura 13.
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From Figure 13, it can be seen that, in the case of
the sample without ultrasound process, the dry heat
shrinkage begins at a lower temperature and ends at a
higher temperature. There is no sharp shrinkage, and the
shrinkage range is rather wide. In the cases of samples
processed by ultrasound, no matter if the ultrasound
process is before basification or at basification, the
shrinkage temperature ranges are rather narrow. The
reason may be that ultrasound process results in the
more uniform distribution of chrome complexes in the
samples and the congregation structure in the samples
becomes uniform. Some bigger crystalline regions turn
into smaller ones. The two curves are almost the same,
which means that the function of ultrasound process
before basification and at basification is almost the
same.

Din Figura 13 se poate observa ca, in cazul probei
fara tratament cu ultrasunete, contractia termica incepe
la o temperaturd mai scazutda si se incheie la o
temperaturd mai ridicata. Nu are loc nicio contractie
brusc, iar gama de contractie este destul de larga. Tn
cazul probelor prelucrate prin ultrasunete, indiferent
daca tratamentul cu ultrasunete are loc inainte de
bazificare sau la bazificare, intervalele temperaturii de
contractie sunt destul de inguste. Motivul poate fi faptul
ca tratamentul cu ultrasunete duce la o distributie mai
uniforma a complecsilor de crom in probe, iar structura
probelor devine uniforma. Unele regiuni cristaline mai
mari se transforma in regiuni mai mici. Faptul ca cele
doua curbe sunt aproape identice inseamna ca functia
tratamentului cu ultrasunete Tnainte de bazificare si la
bazificare este aproape identica.
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Figure 13. Dry heat shrinkage behaviors of chrome re-tanned hide collagen fibers: —B —chrome re-tanned sample
without power ultrasound process, —® —chrome re-tanned sample processed by power ultrasound
before basification, — A —chrome re-tanned sample processed by power ultrasound at basification
Figura 13. Comportamentul termic la contractie in stare uscata al fibrelor de colagen din pielea retabacita cu crom:
—m — proba retabacita cu crom fara tratare cu ultrasunete, —e — proba retabdcita cu crom tratata cu ultrasunete
fnainte de bazificare, — A — proba retabacita cu crom tratata cu ultrasunete la bazificare

Effect of Ultrasound on Glutaraldehyde Retanning

The dry heat shrinkage curves of glutaraldehyde
retanned cattlehide collagen fibers with and without
ultrasound process are shownin Figure 14.

Influenta ultrasunetelor asupra retabacirii cu
glutaraldehida

Curbele de contractie termica ale fibrelor de colagen
din piele bovind retabacite cu glutaraldehida, fara
tratament cu ultrasunete, sunt prezentate in Figura 14.
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Figure 14. Dry heat shrinkage behaviors glutaraldehyde re-tanned cattlehide collagen fibers: —m —glutaraldehyde
re-tanned sample without ultrasound, —e —glutaraldehyde re-tanned sample processed by ultrasound at the
beginning of retanning, — A —glutaraldehyde re-tanned sample processed by ultrasound at the end of retanning
Figura 14. Comportamentul termic la contractie in stare uscata al fibrelor de colagen din pielea bovina retabacita
cu glutaraldehida: —m — proba retabacita cu glutaraldehida fara tratare cu ultrasunete, —e® — proba retabacita
cu glutaraldehida tratata cu ultrasunete la inceputul retabacirii, — A — proba retabacita cu glutaraldehida
tratata cu ultrasunete la finalul retabacirii

Compared with the glutaraldehyde retanned sample
without ultrasound process, in the case of using
ultrasound process at the beginning of glutaraldehyde
retanning, the initial shrinkage temperature is increased.
On the contrary, in the case of the sample with ultrasound
process at the end of glutaraldehyde retanning, the initial
shrinkage temperatureis decreased.

For the sample without ultrasound process, there
is no sharp shrinkage, and the shrinkage range is wide.
In cases of samples processed by ultrasound, whether
at the beginning or at the end of glutaraldehyde
retanning, the shrinkage temperature ranges of the
samples are narrow. The reason may be that ultrasound
process results in more uniform distribution of
glutaraldehyde in the samples and the congregation
structure in the samples becomes uniform. Some
bigger crystalline regions turninto smaller ones.

With the effects of ultrasound process on chrome
retanning being considered, it may be deduced that, in
the process of retanning, the structure of collagen
fibersis more uniform because of ultrasound process.

CONCLUSIONS

The dry heat shrinkage behaviors of untanned
cattlehide fibers are decreased because of ultrasound
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Comparativ cu proba retabacita cu glutaraldehida
fara tratament cu ultrasunete, la proba tratatda cu
ultrasunete la inceputul retabdacirii cu glutaraldehida
temperatura de contractie initiala creste. Dimpotriva,
in cazul probei tratate cu ultrasunete la finalul
operatiunii de retabacire cu glutaraldehida,
temperatura de contractie initiala scade.

n cazul probei fara tratament cu ultrasunete, nu
are loc nicio contractie brusca, iar gama de contractie
este largd. In cazul probelor tratate cu ultrasunete, fie la
inceputul, fie la sfarsitul operatiunii de retdbacire cu
glutaraldehida, gamele temperaturii de contractie a
probelor sunt inguste. Motivul poate fi faptul ca
tratamentul cu ultrasunete duce la o distributie mai
uniforma a glutaraldehidei in probe, iar structura
probelor devine uniforma. Unele regiuni cristaline mai
mari se transforma in regiuni mai mici.

Luand in considerare efectele tratamentului cu
ultrasunete asupra retabacirii cu crom, se poate deduce ca,
in procesul de retabacire, structurafibrelor de colagen este
mai uniforma datoritd tratamentului cu ultrasunete.

CONCLUZII

Comportamentul termic la contractie al fibrelor de
colagen din piele bovina netabacita a scazut din cauza
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process. It may be that part of the crystalline region is
destroyed by ultrasound process.

The dry heat shrinkage behaviors of chrome
tanned cattlehide collagen fibers are decreased by
ultrasound process, no matter if the ultrasound
process is conducted before or at basification. When
the ultrasound process is before basification, little
difference may be found in the influence of
ultrasound frequency on the tanning effect.
Compared with the traditional chrome tanning,
ultrasound process at the chrome tanning may
decrease the dry heat shrinkage behaviors of
cattlehide collagen fibers.

In the retanning process, ultrasound process may
make the structure of the samples more uniform.
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