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THE EFFECTS OF DIFFERENT TANNING AGENTS ON SOME PROPERTIES OF MEDICAL SHEEPSKINS

EFECTELE DIVERSILOR AGENTI DE TABACIRE ASUPRA UNOR PROPRIETATI ALE PIEILOR DE OVINE
PENTRU UZ MEDICAL

Behzat Oral BITLISLI', Huseyin Ata KARAVANA, Bahri BASARAN, Nuray Olcay ISIK

Ege University, Engineering Faculty, Leather Engineering Department, 35100, Bornova-lzmir/Turkey,
e-mail: oral.bitlisli@ege.edu.tr

THE EFFECTS OF DIFFERENT TANNING AGENTS ON SOME PROPERTIES OF MEDICAL SHEEPSKINS

ABSTRACT. In this research washing and perspiration fastnesses of medical sheepskins produced with different combinations of aluminium triformate, basic
chromium sulphate, polyaldehyde, synthetic and vegetal tanning agents were investigated. It was found that differences of the softness values between the process
recipes were statistically significant (P<0.05). It was determined that softness characteristics of leathers after washing and perspiration treatment had improved
depending on usage rate of chromium and polyaldehyde. It was also detected that lighter leathers could be produced by using more chromium and area loss of
leathers after washing and perspiration treatment was minimum level by increasing usage rate of polyaldehyde. Differences of the colour coordinate values
between the procedures were found statistically significant (P<0.05). It was determined that colour characteristics of leathers changed depending on tanning
agentsand leathers are lighter when the ratio of aluminium increases.

KEY WORDS: medical sheepskin, perspiration fastness, washing fastness.

EFECTELE DIVERSILOR AGENTI DE TABACIRE ASUPRA UNOR PROPRIETATI ALE PIEILOR DE OVINE PENTRU UZ MEDICAL

REZUMAT. Tn aceastd lucrare s-a investigat rezistenta la spalare si la transpiratie a pieilor ovine pentru uz medical prelucrate utilizdnd diverse combinatii de
triformiat de aluminiu, sulfat bazic de crom, polialdehide, agenti de tabacire sintetici si vegetali. S-a constatat ca diferentele intre retetele de prelucrare in ceea ce
priveste valorile moliciunii au fost semnificative din punct de vedere statistic (P<0,05). S-a constatat cd moliciunea pieilor dupa spalare si tratament pentru
transpiratie s-afmbunatatit in functie de cantitatea de cromsi polialdehide folosita. De asemenea, s-a observat ca piei mai ugoare pot fi produse utilizdnd o cantitate
mai mare de crom, iar pierderea in suprafata a pieilor dupad spalare si tratament pentru transpiratie a fost minima atunci cand s-a crescut cantitatea de polialdehide.
Diferentele intre proceduri in ceea ce priveste coordonatele de culoare au fost semnificative din punct de vedere statistic (P<0,05). Caracteristicile de culoare ale
pieilor s-au modificatin functie de agentii de tabdcire, iar pieile au avut o culoare mai deschisd cand s-a marit cantitatea de aluminiu.

CUVINTE CHEIE: piei ovine medicale, rezistenta la transpiratie, rezistenta la spalare.

LES EFFETS DE DIFFERENTS AGENTS DE TANNAGE SUR CERTAINES PROPRIETES DES PEAUX MEDICALES DE MOUTONS

RESUME. Dans cet article on a étudié la résistance au lavage et a la transpiration des peaux médicales de moutons traités en utilisant diverses combinaisons de
triformiate d'aluminium, sulfate de base de chrome, polyaldéhydes, agents de tannage de synthese et végétaux. On a constaté que les différences de prescriptions
de traitement en matiére de valeurs de souplesse étaient statistiquement significatives (P<0,05). On a constaté que la souplesse de la peau apres le lavage et le
traitement pour la transpiration est améliorée selon la quantité de chrome et de polyaldéhydes utilisée. On a également noté que des peaux légéres peuvent étre
produites en utilisant une plus grande quantité de chrome, et la réduction de la surface des peaux apres le lavage et le traitement pour la transpiration est minime
quand on a augmenté la quantité de polyaldéhydes. Les différences entre les procédures en ce qui concerne les coordonnées de couleur étaient statistiquement
significatives (P<0,05). Les caractéristiques de la couleur des peaux ont changé en fonction des agents de tannage, et les peaux ont eu une couleur plus claire quand
onaaugmenté la quantité d'aluminium.

MOTS CLES: peaux médicales de moutons, résistance a la transpiration, résistance au lavage.

INTRODUCTION

Bedsores resulting from the pressure and friction
onto the bone spur regions have occurred in bedridden
patients who are unable to leave the bed for different
reasons. Pressure sores are serious complications seen
especially on bedridden patients. Unless given the
necessary attention, these sores can be easily infected
[1,2].

Treatment of these bedsores is very costly for
patients [3]. Prevention of pressure sores is easier and
also more economic than treatment. A lot of bed and

INTRODUCERE

Escarele rezultate din presiunea si frictiunea din
regiunea pintenului osos au apadrut la pacientii
imobilizati la pat din diverse motive. Escarele de
decubit sunt complicatii serioase intalnite mai ales la
pacientiiimobilizatila pat.n cazulin care nulise acorda
atentia necesara, aceste ranise potinfecta usor[1, 2].

Tratamentul acestor escare este foarte costisitor
pentru pacienti [3]. Prevenirea escarelor este mai
simpld si, de asemenea, mai economicd decat
tratamentul. S-au dezvoltat multe mostre de panze

* Correspondence to: Behzat Oral BITLISLI, Ege University, Engineering Faculty, Leather Engineering Department, 35100, Bornova-Izmir/Turkey, e-mail:

oral.bitlisli@ege.edu.tr
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ticking samples have been developed to distribute
strength at the juts of bones and spread strength to as
far as wide an area. They can be used for gel pillows,
porous cushions and sheepskins to prevent pressure
sores [4].

Beside the reduction of the pressure and friction
of the bone prominence regions of bedridden patients,
aerating of this region in contact with the bed is also
very important. According to clinical tests done at Roy
Melbourne Hospital in 1993, it has been reported that
the bedsores of the patients laid on the medical
sheepskins are 58% fewer than those of patients laid on
linensheets[5].

Moisture arisen from urine, faeces and sweat,
with the effect of pressure and temperature increases
the risk of bedsore formation in bedridden patients [6].
Therefore, these materials must be replaced and
cleaned often. For this reason, these materials should
have high perspiration and urine fastness properties
andshould be washable [7].

There are attempts to cover the deficiency in this
field mainly by some double-face leathers and
decorative sheepskins in many countries. This kind of
products could not show enough performance and
their lifetime is not so long because of the insufficient
washing, perspiration and urine fastness. The effect of
different tanning agents, used in medical sheepskin
production, on the washing and perspiration fastness
was investigated in our study. Moreover, some
suggestions have been made concerning the
production recipes and properties of these specific
leathers.

MATERIALS AND METHODS

Material

In this research, twenty-four wet salted lamb
skins originating from France were used as material.
Method
Processing of Leathers

In the conversion stage of the skins into the
leather, different tanning agents were used in
combinationasseeninTables 1,2 and 3.

pentru saltele care sa distribuie forta la proeminentele
oaselor si sa o raspandeasca pe o zona cat mai mare.
Acestea pot fi folosite pentru perne cu gel, perne cu
textura poroasa si piei ovine pentru a preveni escarele
[4]. X

In afara de reducerea presiunii si a frictiunii in
zonele cu oase proeminente la pacientii imobilizati la
pat, aerisirea acestei regiuniin contact cu patul este, de
asemenea, foarte importanta. Potrivit testelor clinice
efectuate la Spitalul Roy Melbourne Tn 1993, a fost
raportat ca escarele la pacientii intinsi pe piei ovine
medicale sunt cu 58% mai putine decat la pacientii
intinsi pe lenjerie de panza [5].

Umiditatea cauzata de uring, fecale sisudoare, cu
efectul presiunii si a temperaturii, creste riscul de
formare a escarelor la pacientii imobilizati la pat [6].
Prin urmare, aceste materiale trebuie sa fie inlocuite si
curatate foarte des. Din acest motiv, aceste materiale
ar trebui sa aiba proprietati foarte bune de rezistenta la
transpiratie si urind sitrebuie sa fie lavabile [7].

Tn multe tiri se incearcd s se compenseze
deficienta Tn acest domeniu Tn principal prin utilizarea
unor piei cu fata dubla si piei ovine decorative. Acest tip
de produse nu sunt destul de performante, iar durata
lor de viata nu este atat de lunga din cauza rezistentei
insuficiente la spalat, transpiratie si urind. in acest
studiu s-a investigat efectul diversilor agenti de
tabacire utilizati in productia de piei ovine pentru uz
medical asupra rezistenteila spalare si transpiratie. Mai
mult, s-au adus unele sugestii in ceea ce priveste
retetele de productie si proprietatile specifice acestor
piei.

MATERIALE SIMETODE

Material
Tn aceastd cercetare s-au utilizat douszeci si patru
piei de miel sarate umed din Franta.
Metoda
Prelucrarea pieilor

In etapa de prelucrare a pieilor s-au utilizat
diversi agenti de tabacire in combinatie, prezentati in
Tabelele 1, 25i 3.

Leather and Footwear Journal 10 (2010) 3
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Table 1: First process recipe
Tabelul 1: Prima reteta de prelucrare

Process Chemicals °c g/l Time (min.) Remarks
Proces Substante chimice Timp (min.) Observatii
Pickle Water 30 1:20
Piclare Apd
NacCl 60 10
Formic acid 8 60 (1:5)
Acid formic
Special sulphited triglyceride, combined 3 Overnight pH: 2.3
with emulsifiers Ldsat peste noapte

Trigliceride speciale sulfitate, combinate
cu emulgatori

Drain
Scurgere
Tanning Water 35 1:20
Tdbdcire Apd
NaCl 30 10
Fatty alcohol sulphate and emulsifiers 0.5 10 pH:3.6
Alcool sulfat gras si emulgatori
Synthetic oils with special emulsifiers 4 60
Uleiuri sintetice cu emulgatori speciali
Reactive polyaldehyde 6 60
Polialdehide reactive
Synthetic oils with special emulsifiers 6 30
Uleiuri sintetice cu emulgatori speciali
Phenol condensation tanning agent 8 60
Agent de tdbdcire pe bazd de fenoli
condensati
Mimosa 10 60
Sodium bicarbonate X Overnight pH: 4.9
Bicarbonat de sodiu Ldsat peste noapte
Drain
Scurgere

Horse up over night
Intins pe suport peste noapte

Water 35 1:20
Apd
Oxalic acid 0.1 10
Acid oxalic
Utanit 413 0.5 30
Synthetic oils with special emulsifiers 4
Uleiuri sintetice cu emulgatori speciali
Combination of anionic, highly effective 10 60
softeners

Combinatie de agenti anionici foarte
eficienti pentru moliciune
Reactive polyaldehyde 4 30
Polialdehide reactive

Revista de Pielarie Incaltaminte 10 (2010) 3 a
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Table 2: Second process recipe
Tabelul 2: A doua reteta de prelucrare

Remarks

Process

°C g/l Time (min.)

Chemicals
Timp (min.)

Substante chimice

Observatii

Proces

Pickle
Piclare

Water 35 1:20

Apd

NaCl
Formic acid
Acid formic
Special sulphited triglyceride, combined
with emulsifiers
Trigliceride speciale sulfitate, combinate
cu emulgatori
Aluminium triformate
Triformiat de aluminiu
Drain
Scurgere
Water
Apd
NaCl
Chrome tanning agent
Agent de tdbdcire cu crom
Reactive polyaldehyde
Polialdehide reactive
Synthetic oils with special emulsifiers
Uleiuri sintetice cu emulgatori speciali
Basification agent
Agent de bazificare

Tanning
Tabdcire

60 30
8 90 (1:5)

pH: 2.6

1 Overnight pH: 2.8

Ldsat peste noapte

35 1:20

30 10

1.5 60 pH:3.2

8 60
5 180

0.6 Overnight pH: 4.5

Ldsat peste noapte

Table 3: Third process recipe
Tabelul 3: A treia reteta de prelucrare

Remarks

Chemicals
Substante chimice

Process
Proces

°c g/l Time (min.)

Timp (min.) Observatii

Water
Apd
NaCl
Formic Acid
Acid formic
Special sulphited triglyceride, combined
with emulsifiers
Trigliceride speciale sulfitate, combinate
cu emulgatori
Aluminium triformate
Triformiat de aluminiu
Drain
Scurgere
Water
Apd
NacCl
Reactive polyaldehyde
Polialdehide reactive
Synthetic oils with special emulsifiers
Uleiuri sintetice cu emulgatori speciali
Phenol condensation tanning agent
Agent de tabdcire pe baza de fenoli
condensati
Basification agent
Agent de bazificare

Pickle
Piclare

Tanning
Tabdcire

35 1:20

60 30

8 90 (1:5)

pH: 2.6

3 Overnight pH: 2.8

Ldsat peste noapte

35 1:20

30 10
pH:3.2

5 180 pH: 3.5

0.6 Overnight pH: 4.6

Ldsat peste noapte
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Determination of Some Physical and Fastness
Properties of Leathers

Softness, area, weight and colour determination
tests were carried out on the leather samples produced
by using three different process recipes. Then, washing
[8] and perspiration [9] fastness tests of these leathers
were examined and the changes in the physical
properties like softness, area, weight and colour were
determined.

RESULTS AND DISCUSSION

As shown in Table 4, softness values' differences
between the recipes were found statistically significant
(P<0.05). It was determined that the differences
between the softness values obtained from before
washing, after first and second washing fastness tests
of the leathers processed according to first process
recipe were found statistically significant (P<0.05).
After the perspiration fastness test, a decrease in the
softness value was determined. It was detected that
there was an increase in softness values obtained from
before washing and after first washing fastness test of
the leathers tanned by second process recipe. After the
perspiration fastness test, an increase in the softness
value was determined and the differences between the
softness values were found statistically significant
(P<0.05). Softness values of the leathers processed
with third process recipe decreased with the first
washing fastness in accordance with the other recipes.
The difference between the values was found
statistically significant (P<0.05). After the perspiration
fastness test, a decrease in the softness value was
determined.
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Determinarea unor proprietdti fizice si de rezistentd ale
pieilor

S-au efectuat teste pentru determinarea
moliciunii, a suprafetei, a greutatii si a culorii probelor
de piele obtinute utilizand trei retete diferite de
prelucrare. Apoi s-au efectuat teste pentru
determinarea rezistentei la spalare [8] si transpiratie
[9] a acestor piei si s-au determinat schimbarile in
proprietatile fizice cum ar fi moliciunea, suprafata,
greutateasi culoarea.

REZULTATE Sl DISCUTII

Asa cum reiese din Tabelul 4, s-a constatat ca
diferentele intre valorile moliciunii la retete sunt
semnificative din punct de vedere statistic (P<0,05). S-a
stabilit ca diferentele dintre valorile moliciunii obtinute
la testele de rezistenta Thainte de spalare, dupa prima
spalare si dupa a doua spalare la pieile prelucrate
conform primei retete sunt semnificative din punct de
vedere statistic (P<0,05). Dupa testul de rezistenta la
transpiratie, s-a constatat o scadere a valorii moliciunii.
S-a detectat o crestere a valorilor moliciunii obtinute la
testele de rezistenta Thainte de spalare si dupa prima
spalare la pieile tabacite conform celei de-a doua
retete. Dupa testul de rezistenta la transpiratie, s-a
constatat o crestere a valorii moliciunii si diferentele
dintre valorile moliciunii au fost gasite semnificative din
punct de vedere statistic (P<0,05). Valorile moliciunii
pieilor prelucrate conform celei de-a treia retete au
scazut o data cu rezistenta la prima spalare, in
conformitate cu celelalte retete. S-a constatat ca
diferenta dintre valori este semnificativa din punct de
vedere statistic (P<0,05). Dupa testul de rezistenta la
transpiratie, s-a constatat o scadere a valorii moliciunii.
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Table 4: Softness Values
Tabelul 4: Valorile moliciunii

Softness/Moliciune
. . Before
Before F|rsF Second Thlrfj Perspiration After Perspiration
Washing Washing . Washing P .
L X Washing . Inainte de Dupd tratamentul
Inainte de Prima < A treia o
. . A doua spdlare . tratamentul pentru transpiratie
spdlare spdlare spdlare L
pentru transpiratie
First
Recipe
P”.m‘; 3.55:0.05°"  2.87+0.07”°  3.2620.09™° 3.25+0.09™° 3.46+0.05™" 2.25+0.06™°
retetd
Second
Recipe a,C a,B aAB aA aB aA
A doua 4.28+0.05 4.87+0.07 5.07£0.09 5.08%0.09 4.18+0.05 4.70+0.06
retetd
Third
Reci
Aetcr'e'zi 3.61+0.05""  2.84+0.07°® = 2.81+0.09°° 2.76+0.09%° 3.62+0.05°" 1.46+0.06°
retetd

**<values in the same column with different superscript letters are significantly different (p<0.05).

ab,c

valorile din aceeasi coloana cu diferiti exponenti sunt semnificativ diferite (p<0,05).

*&%® separately for washing and perspiration values in the same row with different superscript letters are significantly different (p<0.05).
M®SP separat, valorile testelor la spalare si transipratie in acelasi rand cu diferiti exponenti sunt semnificativ diferite (p<0,05).

The difference of the area values, obtained from
after first and second washing fastness test between
the recipes were found statistically significant (P<0.05)
only in third recipe (Table 5). Differences between the
recipes in third washing fastness test were significant
(P<0.05). Similarly, differences of the area values
between the recipes after perspiration fastness were
also found statistically significant (P<0.05).

S-a constatat ca diferenta intre retete la valorile
suprafetei, obtinuta la testul de rezistenta dupa primasia
doua spalare, este semnificativa din punct de vedere
statistic (P<0,05) doar la a treia reteta (Tabelul 5).
Diferentele intre retete dupa testul de rezistentd la a treia
spélare au fost considerabile (P<0,05). in mod similar, s-a
constatat ca diferentele intre retete la valorile suprafetei
dupa rezistenta la transpiratie sunt, de asemenea,
semnificative din punct de vedere statistic (P<0,05).

Table 5: Area Values
Tabelul 5: Valorile suprafetei

Area (mm’)/Suprafatd (mm°)

. Before A
Before Second Third Perspiration After Perspiration
Washing First Washing Washing Washing inainte de Dupd tratamentul
Tnainte de Prima spdlare A doua A treia pentru
» 51 <l tratamentul pentru ¢ S
spdlare spdlare spdlare transpiratie ranspiratie
First
Recipe
Pn.m‘; 100,00£0.01"  85.84+1.20™°  85.24+1.27>° 85.18+1.24>°  100.00£0.01" 80.62+1.51%°
retetd
Second
Recipe A a,B a,B b,B A b,B
A doua 100,00+0.07 84.34+1.20 81.53+1.27 81.19+1.24 100.00£0.0Y 73.77+£1.51
retetd
Third
Recipe
A tr::.a 100,00+0.01°  76.83+1.20°°  74.28+1.27°® 73.83+1.24®  100.00+0.01" 59.90+1.51%°
retetd

a,b,c

ab,c

values in the same column with different superscript letters are significantly different (p<0.05).
valorile din aceeasi coloana cu diferiti exponenti sunt semnificativ diferite (p<0,05).

»&<? separately for washing and perspiration values in the same row with different superscript letters are significantly different (p<0.05).
~®¢® separat, valorile testelor la spalare si transipratie in acelasi rand cu diferiti exponenti sunt semnificativ diferite (p<0,05).
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In terms of weight change, the difference
between first and third process recipes was found
insignificant (P<0.05). The leathers processed by using
first and third process recipes was heavier than those
processed by using second process recipe (Table 6).
Difference of the weight values obtained from after
perspiration fastness test of leathers produced by using
each process recipes was also insignificant (P>0.05).

In ceea ce priveste modificirile de greutate,
diferenta dintre prima si a treia retetd a fost
nesemnificativa (P<0,05). Pieile prelucrate conform
primei si celei de-a treia retete au avut o greutate mai
mare decat cele prelucrate utilizand a doua reteta (Tabelul
6). Diferenta intre valorile de greutate obtinute dupa
testul de rezistenta la transpiratie la pieile produse
conform fiecarei retete a fost, de asemenea,
nesemnificativa (P>0,05).

Table 6: Weight Values
Tabelul 6: Valorile greutatii

Weight (g)/Greutate (g)

Before First Second Third Before Perspiration After Perspiration
Washing Washing Washing Washing Tnainte de Dupd tratamentul
Inainte de Prima A doua A treia tratamentul pentru pentru transpiratie
spdlare spdlare spdlare spdlare transpiratie
First
Recipe o . o s
prima 9.56+0.65 9.27+0.64 9.30+0.64 9.48+0.66 9.58+0.71 9.11+0.69
retetd
Second
Recipe b b b b
AGTITG 7.62+0.65 7.14+0.64 7.18+0.64 7.36+0.66 7.84+0.71 7.35+0.69
retetd
Third
Recipe a a A a
A treia 9.98+0.65 9.24+0.64 9.21+0.64 9.42+0.66 9.65+0.71 8.72+0.69
retetd

*>¢yvalues in the same column with different superscript letters are significantly different (p<0.05).

ab,c

valorile din aceeasi coloana cu diferiti exponenti sunt semnificativ diferite (p<0,05).

~®¢% separately for washing and perspiration values in the same row with different superscript letters are significantly different (p<0.05).
A8,CD ) < . PR A P : e oSl
' separat, valorile testelor la spdlare si transipratie in acelasi rand cu diferiti exponenti sunt semnificativ diferite (p<0,05).

Table 7: Colour Coordinates Values
Tabelul 7: Valorile coordonatelor de culoare

Colour coordinates/Coordonate de culoare

Before Washing
Inainte de spélare

L* a* b*

First Washing
Prima spdlare
L* a* b*

First
Recipe
Prima
retetd
Second
Recipe
A doua
retetd
Third
Recipe
A treia
retetd

65.18+0.23°"  6.8820.07>°

c,B,C

80.75+0.23"" 2.03+0.07

A

82.63+0.23" 2.4620.07 ¢

13.13+0.12°°

8.96+0.12°"

17.4140.12*°

56.71+0.28° 7.0220.07™°  12.650.17°¢

B

76.89+0.28” 2.13+0.07°°  9.4420.17°"

A

77.80+0.28°¢ 3.44+0.07°"  18.3920.17 %

*>¢yvalues in the same column with different superscript letters are significantly different (p<0.05).

ab,c

valorile din aceeasi coloana cu diferiti exponenti sunt semnificativ diferite (p<0,05).

M&S? separately for washing and perspiration values in the same row with different superscript letters are significantly different (p<0.05).
M&CP separat, valorile testelor la spélare si transipratie in acelasi rand cu diferiti exponenti sunt semnificativ diferite (p<0,05).
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Table 7: Continued
Tabelul 7: Continuare

Colour coordinates/Coordonate de culoare

Second Washing
A doua spdlare

L* a* b*

Third washing
A treia spdlare
L* a* b*

First
Recipe
Prima
retetd
Second
Recipe
A doua
retetd
Third
Recipe
A treia
retetd

a,A,B

56.36+0.30“®  7.20%0.07

-1.87+0.07°"

75.79+0.30”°

77.74+0.30°°  3.27+0.07®

17.25+0.17

12.61£0.17°¢

9.47+0.17"

a,B

56.85+0.28"" 7.40+0.07°" 13.59:0.17>*

C,A,B

76.39+0.28"° -1.44+0.07°" 9.14+0.17

78.72+0.28%° 3.20£0.07® 17.34+0.17*"

Before Perspiration

Tnainte de tratamentul pentru transpiratie

L* a* b*

After Perspiration
Dupd tratamentul pentru transpiratie
L* a* b*

First
Recipe
Prima
retetd
Second
Recipe

A doua
retetd

Third
Recipe
A treia
retetd

65.49+0.24°"  6.88+0.06™"

-2.03+0.06™°

80.60+0.24"

82.38£0.24™"  2.49:0.06™°

9.14+0.13%®

13.17+0.13"°

17.51+0.13%"

46.4120.54°  6.50+0.13"° 14.37+0.23"

71.60+0.54>°  0.33+0.13° 11.07+0.23%*

56.76+0.54°®  10.05:0.13™" 24.22+0.23%"

>>¢yalues in the same column with different superscript letters are significantly different (p<0.05).
*>¢yalorile din aceeasi coloana cu diferiti exponenti sunt semnificativ diferite (p<0,05).
M&CP separately for washing and perspiration values in the same row with different superscript letters are significantly different (p<0.05).
A,B,CD . o . . . A PN . .. . .re . . .
separat, valorile testelor la spdlare si transipratie in acelasi rand cu diferiti exponenti sunt semnificativ diferite (p<0,05).

As seen in Table 7, differences between the
recipes were found significant in terms of colour
coordinates (P<0.05). Colour changes between before
washing and first washing were statistically significant
in leathers processed by each recipe (P<0.05). It was
determined that changes of the colour coordinates
after perspiration fastness test were statistically
significant (P<0.05).

Dupa cum reiese din Tabelul 7, diferentele dintre
retete au fost gasite semnificative in ceea ce priveste
coordonatele de culoare (P<0,05). S-a constatat ca
modificarile de culoare dupa prima spalare au fost
semnificative din punct de vedere statistic la pieile
prelucrate conform fiecarei retete (P<0,05). S-a stabilit
ca modificarile coordonatelor de culoare dupa testul de
rezistenta la transpiratie au fost semnificative din punct
de vedere statistic (P<0,05).
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CONCLUSIONS AND SUGGESTIONS

Application areas of leather, which is a natural
material, are expanding rapidly. Medical sheepskins are
a material that can be used naturally, economically and
efficiently to prevent of the pressure sores and to heal
the bedsores on bedridden patients especially. But
there is limited study on manufacturing of medical
sheepskins that have desirable features which cannot
be produced.

However, developing new recipes and evaluating
leathers produced according to these in terms of
human health are required. Particularly, it is very
important to take special certificates and to use labels
related to this type of leathers indicating that they do
not threaten human health and do not cause allergic
reactions.

Production of medical and decorative sheepskins
with long lifetime and suitable for human health and
announcing the advantages of these products in the
press and media will contribute to the creation of a new
marketin the world leatherindustry.
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THE INFLUENCE OF SOME TECHNOLOGICAL PARAMETERS ON THE PICKLING OF SHEEPSKINS USING DICARBOXYLIC ACIDS
ABSTRACT. The paper presents a study on the ability of a mixture of dicarboxylic acids to induce pickling effects on sheepskins. The mixture comprising 60% glutaric
acid, 20% adipic acid and 20% succinic acid may decrease the shrinkage temperature of the dermis with 20 to 25C (from approximately 61C to about 37C), when 2 to
4 g/l are used. Based on polynomial models developed starting from a complete factorial experiment 2°, the influential factors are discussed, and the correlations
between factors are highlighted.
KEY WORDS: sheep pelts, pickling, dicarboxylic acids.

INFLUENTA UNOR PARAMETRI TEHNOLOGICI ASUPRA PICLARII PIEILOR DE OVINE FOLOSIND ACIZI DICARBOXILICI
REZUMAT. Lucrarea prezinta un studiu asupra capacitatii unui amestec de acizi dicarboxilici de a induce efecte de piclare asupra pieilor ovine. Amestecul compus din
60% acid glutaric, 20% acid adipic si 20% acid succinic poate reduce temperatura de contractie a dermei cu 20-25C (de la aproximativ 61C pana la 37C), cand se
folosesc 2-4 g/L. Pe baza modelelor polinomiale dezvoltate plecand de la un experiment factorial complet 2°, se pun in discutie factorii de influent3, si se evidentiaza
corelatiile dintre factori.
CUVINTE CHEIE: bldnuri de ovine, piclare, acizi dicarboxilici.

L'INFLUENCE DES PARAMETRES TECHNOLOGIQUES SUR LE DECAPAGE DES PEAUX DE MOUTONS AVEC DES ACIDES DICARBOXYLIQUES
RESUME. L'article présente une étude sur la capacité d'un mélange d'acides dicarboxyliques a induire des effets de décapage sur les peaux de moutons. Le mélange
composé d'acide glutarique 60%, d'acide adipique 20% et d'acide succinique 20% peut réduire la température de rétrécissement du derme avec 20-25C (d'environ
61Ca37C), lorsdel'utilisation de 2-4 g/L. Sur la base des modéles polynomiaux développés a partir d'une expérience factorielle compléte 2°, on discute des facteurs
d'influence, et on meten évidence les corrélations entre les facteurs.
MOTS CLES: fourrure de moutons, décapage, acides dicarboxyliques.

INTRODUCTION

In classical fur processing technologies, pickling
accomplishes two distinctive functions: (i) dermal
tissue “breaking-up”, by eliminating acid soluble
components and by a moderate hydrolysis of
scleroproteins, and (ii) regulation of the sign and the
level of the superficial charge of collagenous fibres, in
order to prepare them for the reaction with cationic
chrome Il complex salts. Through the first cited
function, fur pickling replaces the effects of liming,
which cannot be applied on pelts. The second function
assures the proper difference between the float pH and
the isoelectric pH of the dermal collagen, in order to
disfavour the reaction with chromium salts in the first
stages of tanning, favouring the diffusion of those salts

INTRODUCERE

in cadrul tehnologiilor clasice de prelucrare a
blanurilor, operatia de piclare indeplineste doua functii
distincte: (i) ,afanarea” tesutului dermic, prin
eliminarea componentelor solubile in acid si printr-o
hidroliza moderatda a scleroproteinelor si (ii)
reglementarea semnului si a nivelului de Tncarcare
superficiald a fibrelor de colagen, pentru a le pregati
pentru reactia cu saruri complexe cationice de crom .
Prin intermediul primei functii, piclarea blanii
inlocuieste efectele cenusaririi, care nu poate fiaplicata
la blanuri. A doua functie asigura diferenta
corespunzatoare intre pH-ul flotei si pH-ul izoelectric al
colagenului dermic, in scopul de a defavoriza reactia cu
saruri de crom in primele etape ale tabacirii, favorizand
difuzarea acestor saruriininteriorul dermei.

* Correspondence to: Stelian Sergiu MAIER, “Gheorghe Asachi” Technical University of lasi, 67 Dimitrie Mangeron Blvd., 700050, lasi, Romania,

email: smaier@ch.tuiasi.ro
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inside the dermis.

Usually, for fur pickling, low molecular organic
acids are used. One of their drawbacks is related to
their slow and limited breaking-up action, based
especially on the hydrolytic effect. Regarding the
superficial charge regulating function, the low
molecular organic acids are appropriate to install a
significant polycationic state of collagen fibres.

Due to the mentioned drawback, low molecular
organic acids do not assure an advanced “cleaning-up”
of the dermis, on the contrary, they tend to precipitate
noncollagenous proteins inside the dermis. As a
consequence, furs with heavy weight, with stiff and
incomplete tanned dermis are obtained. To prevent
these negative effects, a stronger hydrolytic action
must be induced, either by a prolonged pickling
duration, or by an important addition of strong
inorganic acids. In these conditions, the risks of hair or
wool loosening and of dermis strength decay are
difficult to avoid.

A significant improvement of the dermal tissue
breaking-up may be obtained if, during the pickling, a
mild lyotropic swelling is induced. In this respect, acetic
acid may be used, but the effective concentration
needed to install lyotropic effect must be very low,
situated under the active concentration to accomplish
the second function of pickling. An advantageous
compromise may be achieved by using dicarboxylic
acids having low and medium molecular weight. These
acids are strong enough to act as pickling agents and
are lyotropic actives at higher concentrations.

The aim of the present paper is to establish a
mathematical model of the fur pickling action of a
mixture of C, — C, dicarboxylic acids. Based on the
derived model, the interpretation of the influential
factors on pickling will be provided in practical terms.

MATERIALS AND METHODS

Allthe experiments have been done on 40 50 dm’
Drysdale sheep raw skins, cured by wet-salting, pre-
processed following classical treatments before
pickling. Before the pickling tests, the skins were
drained by centrifugation and then sheared at 30 mm
wool length.

De obicei, la piclarea blanii se utilizeaza acizi
organici cu masa moleculard mica. Unul dintre
neajunsurile acestora este legat de actiunea lor de
afanare lenta si limitata, in special datorita efectului de
hidroliza. Tn ceea ce priveste functia de ajustare a
incarcarii superficiale, acizii organici cu masa
molecularda mica sunt potriviti pentru a induce o stare
policationica semnificativa a fibrelor de colagen.

Din cauza dezavantajului mentionat, acizii
organici cu masa moleculara mica nu asigura o
,curatare” avansatd a dermei, ci dimpotriva, au
tendinta de a precipita proteinele necolagenice din
interiorul dermei. Ca o consecinta, se obtin blanuri cu
greutate mare, cu derma rigida si incomplet tabacita.
Pentru a preveni aceste efecte negative, trebuie indusa
o actiune hidrolitica mai puternica, fie printr-o durata
prelungita a piclarii, fie printr-un adaos important de
acizi anorganici puternici. Tn aceste conditii, riscurile
desprinderii parului sau a lanii si diminuarea puterii
dermeisuntgreu de evitat.

O Tmbunatatire semnificativa a afanarii
tesuturilor dermice poate fi obtinuta daca in timpul
piclarii se induce un efect usor de umflare liotropicd. in
acest sens, se poate folosi acidul acetic, dar
concentratia efectiva necesara pentru a instala efectul
liotropic trebuie sa fie foarte mica, situata sub
concentratia activa pentru a realiza a doua functie a
piclarii. Se poate obtine un compromis avantajos
utilizand acizii dicarboxilici cu masa moleculara mica si
medie. Acesti acizi sunt suficient de puternici pentru a
actiona ca agenti de piclare si sunt liotropic activi la
concentratii mai mari.

Scopul lucrarii de fata este de a stabili un model
matematic al actiunii de piclare a blanii pentru un
amestec de acizi dicarboxilici C,— C,. Pe baza modelului
derivat, se va oferi In termeni practici interpretarea
factorilor de influentd asupra piclarii.

MATERIALE SIMETODE

Toate experimentele au fost efectuate pe piei
crude de ovine Drysdale 40 50 dm’, tratate prin sdrare
umedad, pre-tratate utilizand tratamentele clasice
inainte de piclare. Tnainte de testele de piclare, pieile au
fost stoarse prin centrifugare si apoi tdiate la o lungime
alaniide30mm.
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The chemicals used were of technical grade. In
the pickling float, a pre-solved mixture of 60% glutaric
acid, 20% adipic acid and 20% succinic acid was
introduced. This composition was found to be optimal
for sheepskin processing, in a previous study. By
chemical analysis, the ratio of ionized carboxyl groups
in the mixture was found to be 70%. The variation of the
pH against the concentration of the pre-solved mixture
of dicarboxylic acids may be calculated using the
mathematical relation (1):

PH =-0.041 % log(3.214 x Total acids concentration (g /L))

S-au folosit substante chimice tehnice. In flota de
piclare s-a introdus un amestec de acid glutaric 60%,
acid adipic 20% si acid succinic 20% dizolvat in prealabil.
Aceasta compozitie s-a dovedit a fi optima pentru
prelucrarea pieilor de ovine intr-un studiu anterior. Prin
analize chimice, raportul de grupari carboxil ionizate in
amestec s-a dovedit a fi de 70%. Variatia pH-ului fata de
concentratia de amestec de acizi dicarboxilici dizolvat
in prealabil poate fi calculatda utilizand relatia
matematica (1):

(1)

PH =-0,041 x log(3,214 x Concentratia totali de acizi (g /L))

The variation of the solubility of the acid mixture
in the salt pickling float, versus the float temperature,
was found to be given by the mathematical relation (2):

Variatia solubilitatii amestecului de acizi in flota
salina, fata de temperatura flotei, este data de relatia
matematica (2):

Solubility (g /L) =4.826 x log(1.559 x Temperature (°0) 2)
Solubilitate (g /L) = 4,826 x log(1,559 x Temperatura (°C))

The experiments were performed based on an
experimental design of complete factorial type [1], CFE
2°, with the following influential factors as variables:

z,—the density of the salt pickling float, in g/mL;

z, — the amount of dicarboxylic acid mixture
introduced in the pickling float, ing/L;

z, — the duration of the pickling treatment, in
hours.

The experimental measured parameters at the
end of each pickling test were:

y, — the shrinkage temperature of the pickled
dermis, T, inC;

y, — the pH of the final pickling float, in abstract
units.

The values of the real and encoded variables
involved in the experimental design are summarized in
Table 1. Table 2 presents the CFE 2’ experimental matrix
and the measured response values.
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Experimentele s-au efectuat pe baza unei
proiectari experimentale de tip factorial complet [1],
EFC2°, cu urmatorii factori de influenta ca variabile:

z,- densitatea flotei saline de piclare, ing/mL;

z, - cantitatea de amestec de acizi dicarboxilici
introdusain flota de piclare, ing/L;

z,-durata tratamentului de piclare, in ore.

Parametrii experimentali masurati la sfarsitul
fiecareiincercari de piclare au fost:

y,—temperatura de contractie a dermei la finalul
piclarii, T, inC;

y, — pH-ul final al flotei de piclare, in unitati
abstracte.

Valorile variabilelor reale si codate implicate in
proiectarea experimentald sunt prezentate in Tabelul 1.
Tabelul 2 prezintd matricea experimentald EFC 2° si
valorile parametrilor masurati.
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Table 1: The real and the coded variables in the experimental design
Tabelul 1: Variabile reale si codate Tn proiectarea experimentala

No. Influential factor, z;
Nr.crt. Factor de influentd, z;

Measurin
. € Variation range Encoded values, x;
Units Interval de Valori cod
Unitate de a ori co ate X/
variatie
mdsurd

Amount of dicarboxylic acids mixture

Cantitatea de amestec de acizi dicarboxilici

Table 2: The matrix of the CFE 2° experimental design
Tabelul 2: Matricea proiectirii experimentale EFC 2°

No. Encoded variables Values of the influential factors Measured

Nr.crt. Valori codate Valorile factorilor de influentda responses
Parametri mdsurati

Xo X1 X2 X3 2 Z3 Z3 Y1 Y2
Factors: Density, Amount, Duration, T, Final pH
Factori: g/ mL g/L hours o pH final
Measuring units:  Densitate, Cantitate, Duratd,
Unitdti de mdsurd: g/mL g/L ore

All of the eight experimental runs comprised in
the design matrix were performed based on the same
technological procedure, described below. In order to
control the float temperature and the mixing regime, a
Dose VGI 30557 (1200 mm diameter, 500 mm width)
stainless steel experimental drum has been used. Only
the central parts of the preprocessed sheepskins were
used, in order to prevent wool fulling and the legs
knotting during the prolonged mixing. The generic
recipe and procedure in the pickling runs are stipulated
below.

Pickling:

1000 % float, 18 20C;

40 g/Lindustrial salt for the initial float density of
1.025g/mL;

Toate cele opt teste experimentale cuprinse in
matricea de proiectare s-au efectuat pe baza aceleiasi
proceduri tehnologice, descrise mai jos. Pentru a
controlatemperatura flotei siregimul de amestecare, s-
a utilizat ca echipament un butoi din otel inoxidabil
Dose VGI 30557 (1200 mm diametru, 500 mm latime).
S-au utilizat doar partile centrale ale pieilor ovine pre-
tratate, pentru a preveniimpaslirea siinnodarea laniin
timpul amestecarii prelungite. Reteta generica si
procedura folosite in testele de piclare sunt prezentate
maijos.

Piclare:

Raport deflota 1000 %; 18 20C;

40 g/L sare industriala pentru atingerea
densitatiiinitiale afloteide 1,025 g/mL;

65 g/L sare industriald pentru atingerea
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65 g/Lindustrial salt for the initial float density of
1.042g/mL;

- the sheepskins are introduced in the
thermostated float;

-60 min.runningat5 rot./min.;

X g / L dicarboxylic acids mixture, pre-solved in
hot water;

- the X value is concordant with the z, figures in
Table 2;

-60 min. running at 6 rot./min.;

- Y—1hours running at 4 rot./min.; the Y value is
concordant with z, figuresin Table 2;

- the pickled sheepskins are drawn out of the
float and are drained by centrifugation; seven samples
are cut from different pickled skins and the shrinkage
temperature is measured; a sample of pickling float is
taken and successively filtered through GO, G1 and G3
glass frits, and then the pH of the final float is also
measured, instrumentally.

To prevent the overswelling of the pickled skin
samples, the shrinkage temperature is determined
using a Giuliani IG/TG shrinkage tester, in a solution of
110 g/L NaCl, with an addition of 145 g/L glycerin.
Before the T, measurement, the skin samples must be
completely shaved.

In order to prevent any interference, surfactants
and lubrication agents have not been added in the
pickling float. In this way, only the dicarboxylic acids are
influencing the final float pH and the shrinkage
temperature of the pickled sheepskins.

The obtained responses values, together with
the experimental design matrix, were numerically
processed by using MS Excel 2007 software application,
based on algorithms described in [2] and [3]. The
resulted polynomial models have been statistically
tested by using t-Student test, for the coefficients
signification level, and by using Fisher test, for the
model adequacy. The structure of the adequate
models, represented in encoded variables, x, are
discussedin the next section of the paper. The graphical
expressions of the named models are then represented
in terms of the natural variables, z, in order to become
useful for practitioners.
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densitatiiinitiale afloteide 1,042 g/mL;

- Pieile ovine sunt introduse in flota
termostatata;

-rotire 60 min.la5rot./min.;

X g/L amestec de acizi dicarboxilici, dizolvat in
prealabilin apa fierbinte;

- Valoarea X este in concordanta cu cifrele z, din
Tabelul 2;

-rotire 60 min. la 6 rot./min.;

- Y—rotire 1 ord la 4 rot./min.; valoarea Y este in
concordanta cu cifrele z,din Tabelul 2;

- Se scot pieile de ovine piclate din flota si se storc
prin centrifugare; se taie sapte probe din diferite piei
piclate si se masoara temperatura de contractie; seia o
proba din flota de piclare si se filtreaza succesiv prin
frite de sticla GO, G1 si G3, apoi se madsoara
instrumental pH-ul final al flotei.

Pentru a preveni umflarea peste masura a
probelor de piele piclata, se determina temperatura de
contractie cu ajutorul unui aparat Giuliani IG/TG, intr-o
solutie de 110 g/L NaCl, cu un adaos de 145 g/L
glicerind. Tnainte de masurarea T, probele de piele
trebuie sa fie complet fal{uite.

Pentru a preveni orice interferenta, nu s-au
adaugat tensioactivii si agentii de ungere in flota de
piclare. Tn acest fel, doar acizii dicarboxilici influenteaza
pH-ul final al flotei si temperatura de contractie a
pieilor ovine piclate.

Valorile parametrilor obtinuti, Tmpreuna cu
matricea proiectarii experimentale s-au prelucrat
numeric utilizdnd aplicatia MS Excel 2007, pe baza
algoritmilor descrisi in [2] si [3]. Modelele polinomiale
rezultate au fost testate statistic, utilizdnd testul
Student, pentru nivelul de semnificatie al coeficientilor,
si testul Fisher, pentru compatibilitatea modelului.
Structura modelelor compatibile, reprezentatd fin
variabile codate, x, sunt discutate Tn sectiunea
urmatoare a lucrarii. Expresiile grafice ale modelelor
sunt apoi reprezentate n functie de variabile naturale,
z, pentru afi utile practicienilor.
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RESULTS AND DISCUSSION

The polynomial models associated to the two
experimental responses are given in Table 4, in both
encoded and natural variables. The mathematical
relations used to derive the coefficients of the models
in natural variables are presented below.

- The general relations used to transform
encoded variablesinto natural ones are:

REZULTATE Sl DISCUTII

Modelele polinomiale asociate celor doua serii
experimentale sunt prezentate in Tabelul 4, in variabile
codate sinaturale. Relatiile matematice utilizate pentru
a deriva parametrii modelelor in variabilele naturale
sunt prezentate maijos.

- Relatiile generale utilizate pentru a transforma
variabilele codate in cele naturale sunt:

% %o =2 (Zi_ ZO)=k-z -k-z
i 0i

V4 -Z

'max min

2

where: k=

-Z

‘min

(3)

(Z -Z . )
max min Jj

x,x=kkzz -kkzz -kkz.z +kkzz,
j T TR0 i 0i %y i) T0i70j

2
where: k=

- The variables x, and x; given by relations (3) and
(4) are to be replaced in the polynomial models
expressedin encoded variables.

In order to make calculation easier, data from
Table 3 may be used.

’
(zon-2.0),
‘max min Jj

2 (4)

- Variabilele x, si x, date de relatiile (3) si (4)
urmeaza sa fie Tnlocuite in modelele polinomiale
exprimatein variabile codate.

Pentru a efectua mai usor calculul, pot fi utilizate
datele din Tabelul 3.

Table 3: Values of natural variables
Tabelul 3: Valorile variabilelor naturale

Coefficients z, z, %3
Parametri g/ mL g/L hours
ore
Zmax 1.042 5 36
Zmin 1.025 1 18
z +7z
7z =0 Tl 1.033 3 27
0
2
ZomZ o 0.017 4 18
2
k= 117.647 0.500 0.111
Zmax- Z min
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Table 4: The polynomial models derived for sheepskin pickling using dicarboxylic acids
Tabelul 4: Modelele polinomiale pentru piclarea pieilor de ovine cu acizi dicarboxilici

The models in encoded variables, x;
Modelele in variabile codate, x;

y,= 37.25 + x,- 3.25x,- 0.75x,- 0,5x,x,+ 1.5x,x,- 3.25x,x, - x,x,X,
v, = 409 + 0.0lx,- 0.31x,+ 0.06x; + 0.01x,x, - 0.0Llx, x5+ 0.16x,x;- 0.01x,x,x;

The models in natural variable, z; (in influential factors)
Modelele in variabile naturale, z; (in factori de influentd)

y, = 180.63z + 2058.82z, + 64.00z, - 147.06zz, - 6.67zz, - 62.09z,z, - 6.53z,z,z, - 9206.08

19273

y, = 110.33- 3.01z,- 102.94z, - 2.44z, + 2.94zz,+ 0.08zz, + 2.37z,z,- 0.08z,zz,

To ease theinterpretation of the influences of the
experimental variables on the measured responses,
the validated models in natural variables are
graphically represented in Figures 1 to 4. The resulted
curve families are similar with those expressed in
encoded variables and therefore the following
discussion of the results may be done based on the
simpler polynomial models in encoded variables.

yl =1f(z1, z2), for a duration (z3) of 18 hours
vl = ffz1, 22), poniru o cheatd (23) de 18 ore

Amount of dicarboxylic acids mixture, g /L
Cantitatea de amestar de acl=l dicarboxilict, g /1

1 : r . r r r

1.0250 10275 1.0300 1.0325 1.0350 1.0375 1.0400
Salt float density, g / L

Pearsitatea flofei salina o /mi

Figure 1. The dependence of shrinkage temperature of the pickled
sheepskins on the variations of float density and of the amount of
dicarboxylic acids
Figura 1. Dependenta temperaturii de contractie a pieilor ovine
piclate in functie de variatiile densitatii flotei si ale cantitatii
de acizi dicarboxilici
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Pentru a usura interpretarea influentelor
variabilelor experimentale asupra parametrilor
masurati, modelelevalidateinvariabile naturale sunt
reprezentate graficin Figurile 1-4. Grupurilede curbe
rezultate sunt similare cu cele exprimate in variabile
codate si, prin urmare, discutia rezultatelor ce
urmeaza se poate face pe baza modelelor
polinomiale maisimpleinvariabile codate.

y1 =f(z1, z3), for an amount (z2)of 1g /L
vl = fizi, 23), ponitru o cantitate (2)de 1 g /L

Pickling duration, hours
furata picldrii, ore

1.0250 1.0275 1.0300 1.0325 1.0350 1.0375 1.0400
Salt float density, g / L

Parnsitatea flotal salina, o /mi

Figure 2. The dependence of shrinkage temperature of the
pickled sheepskins on the variations of float density and
of pickling duration
Figura 2. Dependenta temperaturii de contractie a pieilor
ovine piclate in functie de variatiile densitatii flotei si
de durata piclarii
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vl = f(22, 23), for adensity (z1) of 1.025g / mL
vi = (=2, =3) pentruo densitate (z1) de 1,025 /mi.

3504

3257

3004

27.51

235,04

Pickling duration, hours
Prrata piclaff, ore

2254

2004

1 2 3 4 5
Amount of dicarboxylic acids mixture, g /L

Cantitatea de ameastar de aci= dicarboxilict, ¢ /1

Figure 3. The dependence of shrinkage temperature of the pickled
sheepskins on the variations of the amount of dicarboxylic acids
and of pickling duration
Figura 3. Dependenta temperaturii de contractie a pieilor
ovine piclate in functie de variatiile cantitatii de acizi
dicarboxilici si ale duratei piclarii

The Attained Values of Shrinkage Temperatures of the
Pickled Sheepskins

Shrinkage temperature of the pickled sheepskins
dermis may be considered as a rating index for the
degree of tissue breaking-up. Lower values indicate an
effective elimination of noncollagenous components.
Usually, a decrease from 63 to 36C is accepted, but
values below 40C must be avoided in order to prevent
an irreparable hydrolytic attack on collagen fibres.
Exaggerated decreases of dermis shrinkage
temperature may be avoided by using fatty matters as
protective solutions, but in the present study the aim is
to highlight the trend and the amplitude of the
physical-chemical effects induced by the use of
dicarboxylic acid mixture as pickling agent.

Based on the sign and the value of the
coefficients in the polynomial model, the effects of
using dicarboxylic acids mixture in pickling float may be
summarized as follows.

(1) — The most influential factor on the value of
shrinkage temperature of the pickled sheepskinsis b, =
- 3.25. It indicates that by increasing the amount of
dicarboxylic acids mixture in the pickling float, the

y2 = f(z2, z3), for adensity (z1) of 1.025¢g / mL
y2 = f{(=2 =3) peniru o donsitate (1) de 1,.025¢ /7 mit

TT556
3504 4.2%778
32.51
£
2 5 3001
g
T ‘% 27.51
5 a
e B
2R 2504
= K
2 ]
[
g 2251
20.0-
4 o | 41
1 2 5

Amount of dicarboxylic acids mixddure, g / L
Cantitatea de amestec de aci=l dicarboxilici, g /f

Figure 4. The dependence of the final pH of the pickling float on
the variations of the amount of dicarboxylic acids and
of pickling duration
Figura 4. Dependenta pH-ului final al flotei de piclare de variatiile
cantitatii in functie de acizi dicarboxilici si
ale duratei piclarii

Valorile temperaturilor de contractie obtinute
pentrupieile ovine piclate

Temperatura de contractie a dermei pieilor ovine
piclate poate fi consideratda ca un indice de evaluare
pentru gradul de afanare a tesutului. Valorile mai mici
indica o eliminare efectivd a componentelor
necolagenice. De obicei, o scadere de la 63 la 36°C este
acceptata, dar valorile sub 40C trebuie evitate, in
scopul de a preveni un atac hidrolitic ireparabil asupra
fibrelor de colagen. Scaderi exagerate ale temperaturii
de contractie a dermei pot fi evitate utilizand materii
grase protectoare, dar in studiul de fata obiectivul este
de a evidentia tendinta si amplitudinea efectelor fizico-
chimice induse de utilizarea amestecului de acizi
dicarboxilicicaagent de piclare.

Pe baza semnului si a valorii coeficientilor Tn
modelul polinomial, efectele utilizariiamesteculuide
acizi dicarboxilici in flota de piclare pot fi rezumate
dupacumurmeaza.

(1) — Factorul cu cea mai mare influenta asupra
valorii temperaturii de contractie a pieilor de ovine
piclate este b, = - 3,25. Acesta indica faptul ca prin
cresterea cantitatii de amestec de acizi dicarboxilici Tn
flota de piclare, temperatura de contractie va scadea
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shrinkage temperature will decrease (the coefficient
has a negativesign).

(2) — In the same way acts the third influential
factor, the duration of pickling (b, =-0.75). Its influence
is smaller compared to the second factor.

(3)—Theratiob, /b, indicates that a unit variation
of the amount of dicarboxylic acids mixture is 4.33
stronger than a unit variation of pickling duration, in
decreasing the dermis shrinkage temperature.

(4) — By increasing salt float density, the
decreasing effect due to the other two influential
factors may be reduced. It seems that float density may
act as a regulation factor to control the pickling
intensity.

(5) = The ratio b, / b, indicates that, presumably,
the decreasing effect of shrinkage temperature
induced by a unitincrease of dicarboxylic acids mixture,
may be cancelled only by a 3.25 increase of salt float
density. Such a ratio is not always feasible at
technological level. This is why the most influential
factor must be accurately controlled.

(6) —Comparing the perturbation effect of x, (salt
float density) and x, (pickling duration) inobservance, it
is obvious thatitis mostimportant to accurately control
the initial salt float density. A unit deviation of the
shrinkage temperature may be obtained by a 1.33
increase (b, / b,) of the pickling duration. In other
words, a 1% positive deviation of float density may be
corrected by an increase of the pickling duration with
1.33%.

(7) — Comparing the interactions effects of the
influential factors, the strongest interaction appear
between the amount of dicarboxylic acids mixture and
the pickling duration (b,, = - 3.25). So, any unit increase
of the pickling duration will accentuate by 3.25 the
decreasing effect induced by the amount of
dicarboxylic acids mixture on the shrinkage
temperature.

(8)—The positive value of b,,=0.5 indicates that a
unit increase of float density may be compensated by
increasing with a half unit the amount of dicarboxylic
acids mixture.

(9) — The salt float density and the pickling
duration are related (b,, = +1.5) and both act to limit
and to slow down the shrinkage temperature induced
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(coeficientul are semn negativ).

(2) —n acelasi mod actioneaz3 si al treilea factor
de influenta, durata tratamentului (b, = -0,75).
Influenta sa este mai mica in comparatie cu al doilea
factor.

(3) — Raportul b, / b, indica faptul ca o variatie
unitara a cantitatii de amestec de acizi dicarboxilici este
de 4,33 ori mai puternica decat o variatie unitara a
duratei piclarii, la scaderea temperaturii de contractie a
dermei.

(4)—Prin cresterea densitatii flotei saline, efectul
de scadere datorat celorlalti doi factori de influenta
poate fi redus. Se pare ca densitatea flotei poate
actiona ca un factor de reglementare pentru a controla
intensitatea piclarii.

(5) — Raportul b, / b, indica faptul ca efectul de
scadere a temperaturii de contractie induse de o
crestere unitara a amestecului de acizi dicarboxilici
poate fi anulat doar de o crestere de 3,25 a densitatii
flotei de sare. Un astfel de raport nu este intotdeauna
fezabil la nivel tehnologic. Acesta este motivul pentru
care factorul cel maiinfluent trebuie sa fie controlat cu
acuratete.

(6) — Compardnd efectul perturbator al x,
(densitatea flotei saline) si nerespectarea x, (durata
tratamentului), este evident ca cel mai important lucru
este de a controla cu precizie densitatea initiala a flotei
saline. O abatere unitara a temperaturii de contractie
poate fi obtinuta printr-o crestere de 1,33 (b, / b,) a
duratei piclarii. Cu alte cuvinte, o abatere de 1% in sens
pozitiv a densitatii flotei poate fi corectata printr-o
crestere a durateitratamentuluicu 1,33%.

(7) — Comparand efectele interactiunilor dintre
factorii de influenta, cea mai puternica interactiune
apare intre cantitatea de amestec de acizi dicarboxilici
si durata piclarii (b,, = - 3,25). Asadar, orice crestere
unitara a duratei piclarii se va accentua cu 3,25 efectul
scaderii indus de cantitatea de amestec de acizi
dicarboxilici asupra temperaturii de contractie.

(8)—Valoarea pozitivdab,,=0,5 indica faptul ca o
crestere unitara a densitatii flotei poate fi compensata
prin cresterea cu o jumatate de unitate a cantitatii de
amestec de acizi dicarboxilici.

(9) — Densitatea flotei de sare si durata piclarii
suntin relatie (b,, =+1,5) si ambele actioneaza pentru a
limita si a Tncetini temperatura de contractie indusa de
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by the amount of dicarboxylic acids mixture. When
both factors deviate in the same direction, the effect of
a unit modification of one of them will accentuate the
effect of the other one by 1.5 (150%), in modifying the
shrinkage temperature of the pickled dermis.

(10) — The triple interaction coefficient (b,,, =- 1)
is difficult to interpret, but it indicates that all three
influential factors are correlated, and, on the whole,
they act in the desired sense of diminishing the
shrinkage temperature of the sheepskin dermis, by
pickling using dicarboxylic acids mixture.

The Final pH of the Pickling Float

When the chrome tanning of sheepskins is
performed in the pickling float, the value of the pH at
the end of pickling must be adjusted between 3.2 and
3.6, to avoid the precipitation of cationic chrome salts.
At a lower pH in that range, the tanning agent diffusion
is improved. At pH values near 3.5, the chrome salts
reactivity increase significantly, and the danger of
dermis contraction may appear. This is why, in order to
use the pickling float as the float for tanning, without
any correction using strong acids, the influential factors
of the pickling process must be severely controlled.

By analyzing the vy, polynomial model, the
following information regarding the variation of final
pH of pickling float may be drawn.

(1) — During the pickling, the float acidity is
decreasing (the pH value increase). In usual conditions,
the value of pH at the end of the pickling using
dicarboxylic acids mixture attains a mean value of 4.1
(b, = 4.08). Such a value is not accepted at the start of
chrometanning.

(2) — The only influential factor that acts in the
sense of pH decreasing in the pickling float is the
amount of dicarboxylic acids mixture (b,=-0.3125).

(3) — By increasing the pickling duration, the final
pH of the floatincreases (b,=+0.0625).

(4) — The ratio b,/ b, (= 5.16) indicates that the
pickling duration is five time weaker than the amount
of dicarboxylic acids mixture, in increasing the pickling
float final acidity (in decreasing the pH).

(5) — The amount of dicarboxylic acids mixture
and the pickling duration are correlated factors (b,, = +
0.1625) and both act in an unfavourable way

cantitatea de amestec de acizi dicarboxilici. Atunci cand
ambii factori se abat in aceeasi directie, efectul unei
modificari unitare a unuia dintre acestia va accentua cu
1,5 (150%) efectul celuilalt, in modificarea temperaturii
de contractie a dermei piclate.

(10) —Coeficientul cu tripla interactiune (b,,,=-1)
este dificil de interpretat, dar indica faptul ca cei trei
factori deinfluenta sunt corelati, siTn ansamblu, acestia
actioneaza in sensul dorit al diminuarii temperaturii de
contractie a dermei pieilor ovine, prin piclare utilizand
amestecul de acizi dicarboxilici.

pH-ul final al flotei de piclare

Cand se efectueaza tabacirea cu crom a pieilor
ovine in flota de piclare, valoarea pH-ului de la sfarsitul
piclarii trebuie ajustata intre 3,2 si 3,6, pentru a evita
precipitarea sarurilor de crom cationice. La un pH mai
mic in acest interval, raspandirea agentului de tabacire
este imbunatatita. La valori ale pH-ului aproape de 3,5,
reactivitatea sarurilor de crom creste in mod
semnificativ, si poate aparea pericolul unei contractii a
dermei. De aceea, pentru a utiliza flota de piclare ca
flota de tabacire, fara nicio corectie folosind acizi
puternici, factorii de influenta ai procesului de piclare
trebuie safie controlati strict.

Prin analiza modelului polinomial vy, pot fi
deduse urmatoarele informatii referitoare la variatia
pH-uluifinal al floteide piclare.

(1) = Tn timpul piclarii, aciditatea flotei este in
scidere (valoarea pH-ului creste). Tn conditii obisnuite,
pH-ul la sfarsitul operatiunii de piclare, folosind
amestec de acizi dicarboxilici, atinge o valoare medie
de 4,1 (b, =4,08). O astfel de valoare nu este acceptata
laTnceputul operatiunii de tabacire cu crom.

(2) = Singurul factor de influenta care actioneaza
in sensul scaderii pH-ului in flotd este cantitatea de
amestec de acizi dicarboxilici (b,=-0,3125).

(3) — Prin cresterea duratei tratamentului, pH-ul
final al flotei creste (b, =+0,0625).

(4) — Raportul b, / b, (= 5,16) indicd faptul ca
durata tratamentului este de cinci ori mai slaba decat
cantitatea de amestec de acizi dicarboxilici, la cresterea
aciditatii finale a flotei de piclare (scaderea pH-ului).

(5) — Cantitatea de amestec de acizi dicarboxilici
si durata tratamentului sunt factori corelati (b,, = +
0,1625) si ambele actioneaza intr-un mod nefavorabil
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concerningthefinal pH of the pickling float.

(6) — The ratio b,, / b, indicates that a unit
increase of the pickling duration may diminish with
0.52 (52%) the positive effect of an unit increase of the
amount of dicarboxylic acids mixture.

The information revealed by the two polynomial
models is useful to guide the elaboration of the recipe
and the procedure of the pickling technological
operation. It is obvious that the coefficient values may
be also used to design or to improve the automation of
the sheepskin pickling using dicarboxylic acids.

CONCLUSIONS

The use of a mixture of 60% glutaric acid, 20%
adipic acid and 20% succinic acid to install pickling
effects on sheepskins has been demonstrated to be
favourable. Such a mixture acts positively to loosen and
to clean up the dermis, due to the weak lyotropic effect
of dicarboxylic acids. The pickling action may be
correctly estimated and controlled by modifying the
usual pickling parameters (the amount of pickling
agents, the duration and the salt float density). The
installed pickling effects may be measured by the
shrinkage temperature of the sheepskin dermis. The
pickled skins have all the expected characteristics, but
the final pH in the pickling float may become
inadequate for chrome tanningin the same float.

The study has revealed that the shrinkage
temperature of the pickled sheepskins dermis decrease
with 20 to 25C (from approximately 61C, to about 37C),
when 2 to 4 g/L dicarboxylic acids mixture are used in
the pickling bath. In a decreasing order series, the
influential factors which dictate the pickling intensity
are the following: the amount of dicarboxylic acids
mixture, the initial density of the salt float and the
pickling duration. The only factor that acts in reducing
the effect of decreasing the shrinkage temperature is
the float density. This fact may be correlated to the
dehydration effect of the NaCl, which is able to reduce
the lyotropic swelling of the collagenous structures.
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in ceea ce priveste pH-ulfinal al flotei de piclare.

(6) — Raportul b,, / b, indica faptul ca o crestere
unitara a duratei tratamentului poate diminua cu 0,52
(52%) efectul pozitiv al unei cresteri unitare a valorii
cantitatiiamestecului de acizi dicarboxilici.

Informatiile date de cele doua modele
polinomiale sunt utile pentru elaborarea retetei si a
procedurii operatiunii tehnologice de piclare. Este
evident ca valorile parametrilor pot fi de asemenea
folosite pentru a proiecta sau pentru a imbunatati
automatizarea piclarii pieilor de ovine cu ajutorul
acizilor dicarboxilici.

CONCLUZII

Utilizarea unui amestec de acid glutaric 60%,
acid adipic 20% si acid succinic 20% pentru
operatiunea de piclare asupra pieilor ovine s-a
demonstrat a fi favorabila. Un astfel de amestec
actioneaza in mod pozitiv in scopul afanarii si
curatarii dermei, datorita efectului liotropic slab al
acizilor dicarboxilici. Actiunea de piclare poate fi
corect estimata si controlata prin modificarea
parametrilor obisnuiti (cantitatea de agenti de
piclare, durata si densitatea flotei saline). Efectele de
piclare pot fi masurate prin temperatura de
contractieadermeipieliiovine. Pieile piclate autoate
caracteristicile necesare, dar pH-ul final din flota de
piclare poate fi necorespunzator pentru tabacirea cu
crominaceeasiflota.

Studiul a relevat faptul ca temperatura de
contractie a pieilor ovine piclate scade cu 20-25C (de la
aproximativ 61C la 37C), cand se folosesc 2-4 g/L
amestec de acizi dicarboxilici in flota de piclare. intr-o
serie descrescatoare, factorii de influenta care dicteaza
intensitatea piclarii sunt urmatorii: cantitatea de
amestec de acizi dicarboxilici, densitatea initiala a flotei
saline si durata tratamentului. Singurul factor care
actioneaza in vederea reducerii efectului de scadere a
temperaturii de contractie este densitatea flotei. Acest
fapt poate fi corelat cu efectul de deshidratare a NaCl,
care este capabil sa reducd umflarea liotropica a
structurilor colagenice.
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DIVERSIFICATION OF FOOTWEAR THROUGH DEVELOPMENT OF THE SHOE UPPERS

ABSTRACT. The footwear diversification is necessary for assuring competitive products and it can be obtained through applying some development criteria. Thus
the paper presents the research results on the product diversification through developing the base pattern of the shoe upper. Starting with a women's court shoe,
vamp and quarters have been developed for diversification through changing their configuration and shape. For group models (12 constructive model types), the
configuration of patterns and the set size has a significant influence on the mean nesting factor and on the normal wastes. The analysis of the model types has
highlighted the influence of patterns number on the wastes size (D,, D,,,, D,) and on the utilization index of the leather surface at cutting the patterns and calculating
the specific consumption.

KEY WORDS: development, footwear, nesting factor, wastes, utilization index, specific consumption.

mits

DIVERSIFICAREA PRODUSELOR DE INCALTAMINTE PRIN DETALIEREA DESENULUI DE BAZA AL FETELOR

REZUMAT. Diversificarea produselor de incdltaminte, ca necesitate legatd de asigurarea competitivitatii acestora, se poate asigura prin aplicarea in practica a unor
criterii de diversificare. Tn acest sens, in lucrare se prezinta rezultatele cercetdrii cu privire la diversificarea unui produs de incaltdminte prin detalierea reperelor de
fete. Plecand de la un model de tip pantof decoltat pentru femei, s-a realizat diversificarea prin detalierea caputei, a caputei si carambilor, precum si prin detalierea
ciputei si modificarea configuratiei carambilor. in familia de modele astfel constituita (12 variante constructive), configuratia reperelor si marimea setului prezinta
oinfluenta semnificativd asupra factorului mediu de asezare teoretica si implicit asupra marimii deseurilor normale. Analiza variantelor de model rezultate a condus
la evidentierea influentei numarului de repere componente ale fetelor asupra marimii deseurilor normale, prin punti marginale si de tipar, respectiv asupra
indicelui de utilizare a suprafetei pieilor la croirea reperelor sila calcularea consumului specific.

CUVINTE CHEIE: diversificare, incaltaminte, factor de asezare teoretica, deseuri, indice de utilizare, consum specific.

DIVERSIFICATION DES CHAUSSURES PAR LE DETAIL DU DESSIN DES TIGES
RESUME. La diversification des chaussures, pour assurer la compétitivité des produits, peut étre faite par I'application des critéres de diversification. A cet égard,
I'article présente les résultats de la recherche sur la diversification des chaussures par le détail du modéle de base des tiges. A partir d'un modéle d'escarpins pour
les femmes, on a fait la diversification en détaillant la claque, la claque et les quartiers, ainsi qu'en détaillant la claque et en changeant la structure des quartiers.
Dans le groupe de modeles ainsi formés (12 variantes constructives), la configuration des modéles et la taille de I'ensemble ont une influence significative sur le
facteur moyen d'imbrication, et donc sur la taille des déchets normaux. L'analyse des variantes résultés a conduit a la mise en évidence de I'influence des modeles
constitutifs des tiges sur la taille des déchets normaux, et sur I'indice de I'utilisation des surfaces des cuirs en taillant les modeles et en calculant la consommation
spécifique.
MOTS CLES: diversification, chaussures, facteur d'imbrication, déchets, indice de I'utilisation, consommation spécifique.

INTRODUCTION

The demands of footwear clients are growing, as
imposed by frequent changes in fashion, and this
imposes product diversification.

Starting with the design phase, the possibilities
of product diversification must be taken into
consideration, as to transfer the patterns and
components to other products with better
manufacturing methods.

In the case of basic footwear the product can be

INTRODUCERE

Cresterea exigentei beneficiarilor de Tncaltaminte,
impusa de schimbarile frecvente ale modei, determina
diversificarea produselor.

fn acest sens, incd din etapa de conceptie a
produsului, trebuie avute n vedere posibilitatile de
valorificare areperelor si elementelor luicomponentesila
alte produse, ceea ce va permite introducerea metodelor
de lucru perfectionate in fabricatie.

n cadrul unui tip de baza de produs de inciltaminte,
varietatea de modele se poate obtine prin:

* Correspondence to: Florentina HARNAGEA, Faculty of Textiles-Leather and Industrial Management, 29 Dimitrie Mangeron Blvd., lasi, harnagea@tex.tuiasi.ro
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diversified as follows:

v keeping unchanged the product's structure as
to obtain esthetical model types, for one or several
patterns;

v’ different number of component patterns and
technological possibilities to obtain uppers;

v’ obtaining constructive model types for two
patterns that join (modifying the configuration in their
joiningarea)[1, 2].

In order to assure competitive products of good
quality that respond to beneficiary demands, several
diversification criteria can be used. Thus the uppers
diversification can be obtained through:

» the pattern-making of uppers;

> decorating the patterns;

» aspectandfinishing of materials;

> thefixing way of footwear on the foot etc. [2].

A combination of the criteria mentioned above
determines an even higher model diversification,
which will condition the technological aspects. The
possibilities of constructive diversification of the
footwear items lead to group models; for each group
the succession of technological operations can be
established. The models are part of the same group if
certain conditions are respected: keeping unchanged
the product's components and shape, keeping the type
of constructive model, using a common structure for
the used materials (uppers, linings) [2].

The models from the same group will be analyzed
in order to define the optimal model type both for the
consumer and for the manufacturer. It is considered
that the main criterion of diversification is developing
the uppers, criterion with a significant influence on the
footwear product that furthermore determines a
typification of the patterns [2, 3]. As a notion, the
constructive typification represents “the activity of
elaborating and establishing model types that include
common constructive parameters for the product and
its components resulting in a group of products or
components of product” [4].

In the context of constructive typification, one
model type of product can be easily developed through
combining the typified patterns in different ways and
under restrictive conditions.

The paper presents the diversification of a
footwear model by developing the basic uppers, and
the influence of the number of typified component

v" mentinerea neschimbatd a structurii produsului
prin realizarea de variante estetice, pentru unul sau mai
multe repere;

v" numarul diferit de repere componente ale fetelor
si posibilitatile tehnologice de realizare a ansamblului
superior;

v’ crearea de variante constructive la doud repere
care se Tmbina (modificarea configuratiei in zona de
imbinare a acestora) [1, 2].

Diversificarea produselor de Tncaltaminte in etapa
lor si desfacerea rapida datorita calitatii si a faptului ca
raspund solicitarii beneficiarilor, se poate asigura prin
aplicarea in practica a unor criterii de diversificare. Astfel,
diversificarea ansamblului superior se poate obtine prin:

» modul de detaliere a desenuluide baza al fetelor;

» modul de ornamentare areperelor;

» aspectulsifinisajul materialelor de fete;

» modul de fixare aincdltamintei pe picior etc. [2].

Combinarea criteriilor de diversificare enumerate
determina o si mai mare diversificare a modelelor care va
conditiona si modul de rezolvare tehnologica.
Posibilitatile de diversificare constructiva a articolelor de
incdltaminte impun alcatuirea unor familii de modele,
pentru fiecare familie putandu-se stabili succesiuneatip a
operatiilor tehnologice. incadrarea modelelor in aceeasi
familie este posibila prin respectarea unor conditii, cum ar
fi: pastrarea neschimbata a componentei si a formei
produsului, pastrarea variantei constructive tip pentru
produs, folosirea unei structuri comune pentru
materialele utilizate (fete, captuseli) [2].

Modelele obtinute in cadrul aceleiasi familii vor fi
supuse unei analize ce are ca scop definirea variantelor
optime atat pentru consumator, cat si pentru producator.
Se considera ca principalul criteriu de diversificare al
ansamblului superior 1l reprezinta modul de detaliere a
reperelor de fete, criteriu cu influenta semnificativa
asupra modelului produsului de fncaltaminte [2, 3].
Aplicarea acestui criteriu determina tipizarea reperelor
ansamblului superior. Tipizarea constructiva ca notiune
reprezinta: ,activitatea de elaborare si stabilire a
constructiilor tip ce contin parametrii constructivi comuni
pentru produs si partile sale componente, avand ca
rezultat grupe de produse sau elemente de produs” [4].

in conditiile tipizérii constructive a reperelor,
trecerea de la o variantd de model la alta se obtine cu
usurinta prin asocierea in diverse moduri si conditii
restrictive a reperelor tipizate.

Fatd de aspectele prezentate, in lucrare se
prezintd rezultatele cercetarii cu privire la diversificarea
unui model de incaltaminte prin detalierea desenului
de baza al fetelor, respectiv a influentei numarului de
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patterns on the size of the theoretical nesting factor repere tipizate componente asupra marimii factorului
and the specific consumption. de asezare teoretica sia consumului specific.
PRESENTATION OF MODEL TYPES. PREZENTAREA VARIANTELOR DE MODEL

The product chosen for diversification is shown in Produsul de baza selectat in vederea diversificarii
Figure 1. esteilustratin Figura 1.

Figure 1. Product chosen for diversification
Figura 1. Produsul selectat pentru diversificare

The uppers diversification results in several Pentru modelul de baza, aplicand criteriul
different models of the basic product, presented in a detalierii reperelor de fete au rezultat urmatoarele
standard constructionin Table 1. modele, prezentate in Tabelul 1, de forma matriceala.

Table 1: Group models
Tabelul 1: Familia de modele

yamp A2 A3 Ad @
e % %/J\) aN
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The model types have been obtained through:

» developing the vamp: M -M,;

» developing the vamp and changing the

quarters' shape: M-M,;

» developing the vamp and the quarters: M,-M,,.

The patterns considered typified will make part of
all the model types obtained through associating the
patternsin different ways.

RESULTS AND DISCUSSIONS

The typification must lead to a rationalization of
the technological process and must as well take into
account the economical efficiency as main aspect.

The economical efficiency must be seen and
appreciated in different ways, the influence of the
model type complexity (reflected by the number of
component patterns typeset) on the specific
consumption and the utilization index at cutting must
beretained[5, 6].

Combining the patterns, 12 model types have
been obtained for the presented group models.

The patterns from the group models set have
been digitized as to obtain the area, the perimeter and
the medial theoretical nesting factor [7]. As an
example, values are presented for M, (A,B,) model in
Table 2, as well as different wastes:

v" normalwastes (D,);
v sideand pattern wastes (D, +D,);
v" bridge wastes (D,).

Variantele de model au fost obtinute prin:

» detaliereacaputei: M,-M,;

» detalierea caputei si modificarea configuratiei

carambilor: M,-M,;

» detalierea caputeisiacarambilor: M-M,,.

Reperele componente considerate tipizate vor

participa la realizarea tuturor variantelor de modele ce
se vor obtine din asocierea in diverse moduri a
reperelor.

REZULTATE Sl DISCUTII

Activitatea de tipizare constructiva trebuie sa
conducd la rationalizarea procesului tehnologic prin
tipizare tehnologica si, de asemenea, trebuie sa aiba in
vedere obtinerea unei eficiente economice
corespunzatoare.

Eficienta economica poate fi privita siapreciatain
diferite moduri, dintre care s-a retinut influenta
complexitatii variantei de model, reflectatd prin
numarul de repere tipizate componente, asupra
consumului specific si a indicelui de utilizare a
materialului de fete la croire [5, 6].

Din combinarea reperelor tipizate s-au obtinut
12 variante de model din familia prezentata.

Reperele din structura setului, in diferite variante
constructive tipizate, au fost digitizate Tn vederea
obtinerii ariei, perimetrului si factorului teoretic mediu
de asezare [7]. Spre exemplificare se prezintd aceste
valori, pentru modelul M, (A,B,) in Tabelul 2, precum si
cele ale marimii deseurilor:

v" normale(D,);
v' marginalesidetipar(D,+D,);
V" prinpunti(D,).
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Table 2: Model M, (A,B,)
Tabelul 2: Model M, (A,B,)

Parameters Formula M.U. Value
Element de calcul Relatia de calcul U.M. Valoare
n 6
A, dm? 6.57
Ay dm’ 7.22
h— o,
F, o DA Ao % 90.99
>4, A,
a - % 9.01
on a,, =100—F, ¢
— dm’? 1.09
AS
— dm’ 160
Ap
f, —_ 3.48
f — i
4 —
AS
A pm+Dt a %
Apm+Dt = 11.20
VS
ADm+D‘c aDm+Dt dmz 0.736
ADm +Dt = 100 As
Ps dm 29.75
apo - P % 4.52
P ap, =L£°5 100
2 ~AS
apr =apnt App + Apmapt
Dp
e 452% o,
apr omet % 24.73
Dn
8.01%
u
7527%
Iy 100-ap=100-(apr+apmst + app) % 75.27
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In order to estimate the specific consumption of
leather for the uppers the method of approximation
has been used based on the theoretical factor of
nesting, which refers to a theoretical nesting on the
materials surface of the patterns resulted from the M,
(B,A,) model type size N_=24.5 [3, 5].

The consumption norms calculated on the basis
of the theoretical nesting of the 12 model types are
presentedinTable 3.

Pentru estimarea consumului specific in cazul utilizarii
pieilor pentru reperele componente ale fetelor, s-a folosit
metoda de calcul bazatd pe determinarea automata a
factorului teoretic de asezare, factor ce se refera laincadrarea
teoretica pe suprafata materialelor, a reperelor tipizate,
rezultate din varianta M, (B,A,) pentru N_=24,5 3, 5].

Normele de consum calculate pe baza asezarilor
teoretice pentru cele 12 variante de model sunt prezentate in
Tabelul 3.

Table 3: The consumption norms
Tabelul 3: Normele de consum

Parameters M.U. Value
Element de calcul U.M. Valoare
n 6
As dm? 6.57
apT % 24.73
u(i) % 75.27
N, (i) dm?®/pair 8.72
n 8
As dm’ 6.76
apT % 25.96
u(i) % 74.04
Ne(i) dm?/pair 9.13
n 8
As dm’ 6.80
apT % 27.67
u(i) % 72.33
N (i) dm?/pair 9.40
n 10
As dm? 6.76
apr % 26.92
u(i) % 73.08
N, (i) dm?/pair 9.25
n 6
As dm’ 5.95
apT % 31.63
u(i) % 68.37
Ne(i) dm?/pair 8.71
n 8
As dm’ 6.13
apT % 32.69
u(i) % 67.31
N (i) dmz/pair 9.10
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Table 3: The consumption norms (follow-up)
Tabelul 3: Normele de consum (continuare)

Model Parameters M.U. Value
Model Element de calcul u.m. Valoare
n 8
As dm? 6.17
apT % 34.30
ul(i) % 65.70
N (i) dm?/pair  9.39
n 10
As dm’ 6.13
apr % 34.08
u(i) % 65.92
N(i) dm’/pair  9.29
n 10
As dm’ 6.71
apr % 26.22
U(i) % 73.78
N (i) dm?/pair 9.09
n 12
As dm’ 6.90
apr % 27.59
u(i) % 72.41
N(i) dmz/pair 9.52
n 12
As dm? 6.94
apr % 29.16
U(i) % 70.84
N (i) dm?/pair  9.79
n 14
As dm? 6.90
apr % 28.69
U(i) % 71.31
N (i) dm?/pair 9.67
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The mean nesting factor obtained for all the Pentru toate variantele de model, rezultatele
model typesis presentedin Table 4. obtinute pentru factorul mediu de asezare se prezintd
centralizatin Tabelul 4.

Table 4: The mean nesting factor
Tabelul 4: Factorul mediu de asezare

Model  Model type code  Number of patterns in set Area set (dm?)
Model Cod variantd Numdr de repere in set Aria setului (dmz)

F, %

B,A, 89.99
-————
B.A, 88.48
-————
B,A, 83.85
-————
B,A, 82.05
-————
B;A, 88.01
-————

M,, B,A, 86.68

The leather used for the case study has a surface Calcularea consumului de piele pentru fete s-a
area of 160 dm’, the patterns being cut automatically efectuat automat considerand ca toate reperele se vor croi

from a box leather with a surface area of 160 dm’; the dintr-o piele tip box cu aria suprafetei de 160 dm". Tn
final results are detailed in Table 5 Tabelul 5 se prezinta rezultatele obtinute, in forma

centralizata.

Table 5: Leather consumption for uppers
Tabelul 5: Consumul de piele pentru fete

Model  Code model type D, D st (DI D, D, 1, (%) N, (dm?/pair)
Model Cod variantd (%) (%) (%) (%) (%) v
- _ - 1120 - 452 2473 7527 _
10.11 10.51 10.51 5.34 25.96 74.04 9.1
- _ 1169 1054 - 544 2767 7233 _
11.52 9.92 548 26.92 73.08 9.25
- _ 1528 1095 - 539 3163 6837 871
16.15 1026 10.26 6.28 32.69 67.31 9.10
- _ 1763 1029 - 638 3430 6570 939
17.95 9.7 6.43 34.08 65.92 9.29
- _ 1101 992 - 529 2622 7378 _
11.99 9.53 6.07 27.59 7241
- _ 979 1347 - 953 616 7084 _
M, BA, 9.67 13.32 1332 9.17 6.20 71.31 9.67
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The group of models created through
developing the vamp and the quarters indicates a
growth of the component patterns for the uppers and a
variation of the areasetasin Figure 2.

n familia de modele creat prin detalierea diferita
a reperelor intregi, caramb si caputa, se inregistreaza
cresterea numarului de repere componente ale fetelor
sivariatia ariei setului de repere conform Figurii 2.

As,dm2

M1(6)  M2(8) M3(8) M4(10)

M5(6)

M6(8)

Number of patterns in the set

M7(8)

M8(10)  M9(10) M10(12) M11(12) M12(14)

Figure 2. Variation of the area set
Figura 2. Variatia ariei setului de repere

The number of patterns from the set and their
configuration have a significant influence on the
medium nesting factor. The variation of the medium
nesting factor for all the model types is illustrated in
Figure 3. As it can be seen, the highest value of the
medium nesting factor is obtained for the base M,
modeland the smallest for M, model.

Numarul reperelor din set si configuratia
reperelor componente ale fiecarei variante de model au
o influenta semnificativa asupra factorului mediu de
asezare. Variatia factorului mediu de asezare pentru
toate variantele de model este prezentata in Figura 3.
Conform Figurii 3, valoarea cea mai mare a factorului
mediu de asezare s-a obtinut pentru modelul de baza
M,, iar cea mai mica pentru modelul M,

FA, % 95+

90.99

90
85+
80
75+
70+
65+
60
55+

50 T T T

84.71

M1 M2 M3 M4

M5

T T T
M7 M8 M9 M10 M11 M12

Model type

Figure 3. Variation of the medium nesting factor
Figura 3. Variatia factorului mediu de asezare

Models M, and M, present approximate values
for the nesting factor and for the set area, even though
M, model has alarger number of patterns.

The variation of the D, wastes is illustrated in
Figure4.

The model types M,-M, obtained through

Revista de Pielarie Incaltaminte 10 (2010) 3

Modelele M, si M, prezinta valori apropiate ale
factorului de asezare si ale ariei setului, chiar daca la
modelul M,numarul de repere din set este mai mare.

Variatia marimii deseurilor normale este redata
inFigura 4.

Variantele de model M,-M, obtinute prin




F. HARNAGEA, M. C. HARNAGEA

developing the vamp present the smallest values of the
D, wastes, namely values between 9.01and 11.5%.

detalierea caputei prezinta cele mai mici valori ale
deseurilor normale, respectiv valori cuprinse intre 9,01
si11,5%.

=

M11

9.01 [10.1 |11.7 | 11.5

16.2

13.5

Figure 4. Variation of the D, wastes
Figura 4. Variatia deseurilor D,

The development of the vamp and the change of
quarters' configuration, M.-M,, indicate a high growth
of normal wastes, namely of 15.3-18%.

The highest values of the D, wastes are obtained
for M,and M, models.

Prin detalierea caputei si modificarea
configuratiei carambilor, M.-M,, se finregistreaza
cresteri mari ale deseurilor normale, respectiv de 15,3-
18%.

Cele mai mari valori ale deseurilor normale le
prezinta mod M, si M.

35 31.63 3269

343 3408 |HPM %0PP.%EOM L,

_29.16 28.69

Figure 5. Variation of total wastes (D, .+ D,+ D,)
Figura 5. Variatia deseurilor totale (D, ,+ D+ D,)

The development of both the vamp and the
quarters for M,-M,, implies an increment of the normal
wastes of 11-13.3%. The variation of the total wastes is
showed in Figure 5, as sum of all types of wastes: D, D,
and D, .. The total wastes resulted from cutting are
situated in the domain (24.73 — 34.30) % and the
distribution is the following:

e (9.01-17.95)%-forthe normal wastesD,;

e (9.17-11.20)%-forthe D_, wastes;

m+t

Prin detalierea atat a caputei cat si a carambilor,
variantele de model M,-M,,, se constata o crestere a
deseurilor normale, respectiv de 11-13,3%. Variatia
deseurilor totale este ilustratd in Figura 5, ca suma a
tuturor deseurilor: normale, prin punti, marginale si de
tipar. Deseurile totale inregistrate la croirea fetelor se
situeaza in domeniul (24,73 —34,30) %, iar pe categorii,
indomeniile:

e (9.01-17.95)%-pentrucelenormale(D,);

e (9.17 - 11.20) % - pentru cele marginale si de
tipar(Dmﬂ);

Leather and Footwear Journal 10 (2010) 3
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e (4.52-6.43)%-forthe D ,wastes.
As in Figure 5, among the three categories of
wastes the biggest differences are in the D, wastes. The

® (4.52— 6.43) %-pentru cele prin punti(D,).
Conform Figurii 5, in cadrul celor trei categorii de
deseuri, cele mai mari diferente le intalnim la deseurile

size of the D,,, wastes is influenced by the area factor, normale. Marimea deseurilor marginale si de tipar este
Figure6. influentata de marimea factoruluide arie, Figura 6.
12
10
8
6
4
2
0
M1 | M2 | M3 | M4 |M5| M6 | M7 | M8 | M9 |M10 | M11 [M12
EDOm+t, %| 11.210.5| 10.5|9.92| 11 | 10.3|10.3| 9.7 |9.9219.563|9.53 |9.17
Dfa 3.48(3.71| 3.7 |3.93|3.56| 3.8 |3.79(4.02|3.93|4.09 | 4.09 |4.25
Figure 6. Comparison of the D,,, and f,

Figura 6. Comparatie intre D,,, si f,

The graphics indicate that for all the model types
the value of these wastes decreases in comparison to
the base model, and the area factor grows (the
material's area being the same, the balanced medium
area of the patterns from the set is smaller). The
variation of the area factor, ordered in an ascending
way after the number of patterns from the set, is
illustratedin Figure 7.

Din reprezentarea grafica se poate observa ca
pentru toate variantele de model valoarea acestor
deseuri scade comparativ cu modelul de baza, iar
valoarea factorului de arie creste (aria materialului fiind
aceeasi, iar aria medie ponderata a reperelor din set
este mai micd). Variatia marimii factorului de arie,
ordonatd in mod crescator dupa numarul de repere din
set, esteilustratain Figura7.

0 ‘ ‘ ‘ ‘

M1(6) M5(6) M2(8) M6 (8) M3(8

YM7 (

8)M4(10)M8(10MI(10M10(1R411(112(14

Figure 7. Variation of the area factor
Figura 7. Variatia marimii factorului de arie

The cutting implies a utilization index of the
leather that varies depending on the model types
between 65.70% and 75.27%; the variation of the
utilizationindexisillustrated in Figure 8.
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Indicele de utilizare a pielii la croire variaza, pe
variante de model, intre 65,70 % si 75,27 %, variatia
indicelui de utilizare fiind redata in Figura 8.
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lu, % 807

754

70

65

60

554

50

M9  M10 M11  M12

Figure 8. Variation of the utilization index
Figura 8. Variatia indicelui de utilizare

As the patterns are detailed, the value of |,
decreases unto the base model. As compared to the
model types M,-M,, obtained through developing the
vamp, the vamp and the quarters, the utilization index
decreases for model types M,-M,,; the smallest values
(I, under 70%) are obtained for model types M.-M,,
where the quarter's configuration is modified.

Thus a modification is made so that the value of
the theoretical medium nestingis over 85%.

The number and shape of each model type
influence the size of the consumption norm; the
variation of the consumption norm is illustrated in
Figure9.

Prin detalierea reperelor componente, valoarea |,
scade fata de modelul de baza. Fata de variantele de
model M,-M,, obtinute prin detalierea cdputei, prin
detalierea caputeisi carambilor, indicele de utilizare scade
la variantele de model M,-M,,, cele mai mici valori (I, sub
70%) obtinandu-se la variantele M,-M, unde s-a modificat
configuratia carambilor.

n acest sens, se recomand3 ca aceasta modificare
sa fie facuta Tn asa fel incat valoarea factorului mediu de
asezare teoretica sa fie peste 85%.

Numarul si forma reperelor componente ale
fiecarei variante de model influenteaza marimea normei
de consum; variatia normei de consum fiind ilustrata in
Figura 9.

M11(12) %

e(10) I ————

M7(8)

M5(6) |

M3 (8) |

M1(6) [

8 8.2 8.4 8.6

9 9.2 9.4 9.6 9.8 10
Nc, dm2/per

Figure 9. The variation of the consumption norm
Figura 9. Variatia normei de consum

As showed in Figure 9, the model types can be
grouped interms of specific consumption:

» M, and M, - the smallest specific

consumption, namely Nc=8.71-8.71 dm*/pair;

Conform Figurii 9, din punctul de vedere al
consumului specific, variantele de model pot fi grupate
astfel:

» M, si M, -cel mai mic consum specific, respectiv

Leather and Footwear Journal 10 (2010) 3
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M., M, and M,- Nc=9.10-9.13 dm’/pair;

M, and M,- Nc=9.25-9.29 dm’/pair;

M, and M,- Nc=9.39-9.40 dm’/pair;

M,,, M,, and M,, — Nc = the biggest specific
consumptionnorm, Nc=9.52-9.67 dmz/pair.
Figure 10 illustrates better the ascending

variation of the consumption norms, the percentage

values being highlighted beside the base model M,

(A,B,).

In comparison with the base model, the highest
growth of the consumption norm is obtained for
models M., and M,,, respectively with 12 and 14
patternsinthe set.

YV VYV

Nc=8,71-8,71 dm’/per;
> M, M,siM,-Nc=9,10-9,13 dm’/per;

> M,siM,-Nc=9,25-9,29 dm’/per;

> M,siM,-Nc=9,39-9,40 dm’/per;

» M,, M, si M,, — Nc = cel mai mare consum

specific Nc=9,52-9,67 dm’/per.

Pentru oilustrare cat mai sugestiva a normelor de
consum se prezinta in Figura 10 variatia normei de
consum ordonata crescator, fiind evidentiate cresterile
procentuale fata de modelul de baza M, (A,B,).

Fata de modelul de baza, cea mai mare crestere a
normei de consum s-a obtinut pentru modelele M,, si
M,,, respectiv cu 12 si 14 reperein componenta setului.

Q.79
J.07
95 910 913 925 929 .39 940 9.52 _7—7
o | 872 871 | [s] | f | ] E | |
g 85 = ==
275 =

RRHAHAHRHAKAHRHAKAHRHAHAHR A |

FEIREEIREEIREEBEEBEEEEEEY ©-67 I

FEIREEIREEIEEEMEEEIELEELERY 068)

[EIEHEEEEEEEEEEEF LR 0.8

10)‘ 8(10)‘ 7(8) ‘ 3

8) ‘ 10(12)‘12(14)‘11(12)

Figure 10. Variation of the consumption norm compared to the base model
Figura 10. Variatia normelor de consum fata de modelul de baza

M,, and M,, are model types with the same
number of components in the set, for M,, a smaller
consumption norm has resulted, namely 9.52dm’/pair
compared to 9.79dm’/pair. This aspect is explained
through different configuration of vamp top leading to
a better theoretical medium nesting factor and
implicitly a smaller percentage of D, wastes for M,,
model.

The graphics confirm the estimated influence of

the model type on the efficient use of material at
cutting.

CONCLUSIONS

Developing the quarter and the vamp results in
several models, aspect that outlines the following
conclusions:

» The development of whole patterns for
uppers allows typified patterns that represent a
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Tn cazul variantelor de model M,,si M, cu acelasi
numar de repere in componenta setului, la modelul M,,
a rezultat o norma de consum mai mica, respectiv
9,52dm’/per, fatd de 9,79dm’/per. Aceasta se explicd
prin configuratia diferita a varfului care a condus la un
factor mediu de asezare teoretica mai bun, si implicit, la
un procent maimic al deseurilor normale la modelul M,,.

Reprezentarile grafice confirma asteptarile
privind influenta estimata a variantei de model asupra
utilizarii eficiente a materialului la croire si permit
formularea concluziilor.

CONCLUZII

in cazul modelelor analizate prin detalierea
diferita a reperelor intregi, caramb si caputa, s-au
desprins urmatoarele concluzii:

> Detalierea In mod diferit a reperelor intregi
componente ale fetelor permite obtinerea reperelor
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diversification way for footwear products.

» The complexity of the uppers — given by the
number of the typified component patterns —influences
the size of the consumption norm and the theoretical
nesting factor.

» The utilization index of the leather at cutting is
different as function of model types from the models
group, being influenced by the patterns' configuration
andthesetsize.

» The percentage values of each category of waste
allow determining the wastes with a larger weight as to
find solutions for minimizing them.

» The normal wastes grow as the size of the set
increases, being influenced by the configuration of the
typified patterns. In order to diminish the size of the
normal wastes it is recommended to change the
configuration of components as to obtain the best
theoretical nesting factor, namely over 85%.

» D, andD,wastes decrease along with the growth
of set area, in the case of leathers that have a constant
area (160 dm’). For diminishing D, and D, wastes,
leathers with an even more bigger surface are
recommended.

> D, wastes increase as the number of patterns
grows.

The conclusions are valid for the case study
presented and can be generalized for other types of
footwear after similar studies.
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PREPARATION AND CHARACTERIZATION OF COLLAGEN MATRICES OBTAINED AT DIFFERENT FREEZING TEMPERATURES
ABSTRACT. Porous collagen matrices with defined physical, chemical and biological characteristics are interesting materials for tissue engineering and drug delivery
systems. In this study type | collagen gels were cross-linked with glutaraldehyde and then dried using different freezing temperatures during the lyophilization
process. The obtained matrices were analyzed by DSC, TGA/DTG, FT-IR and SEM. The results show that triple helical structure of collagen is preserved during the
lyophilization process and the pore sizes of collagen structure depend on the freezing temperature.
KEY WORDS: collagen, freeze-drying, biomaterial, porosity.

PREPARAREA $1 CARACTERIZAREA MATRICELOR DE COLAGEN OBTINUTE LA DIFERITE TEMPERATURI DE iNGHE]'ARE
REZUMAT. Matricile poroase de colagen avand caracteristici fizice, chimice si biologice bine definite sunt materiale de interes pentru ingineria tisulara si pentru
sistemele de cedare a medicamentelor. in acest studiu, gelurile de colagen de tip | au fost reticulate cu glutaraldehid& si apoi uscate utilizand diferite temperaturi de
inghetare in timpul procesului de liofilizare. Matricile obtinute au fost analizate prin metodele DSC, TGA/DTG, FT-IR si SEM. Rezultatele demonstreaza cd structura
triplu helicoidald a colagenului se pastreaza in timpul procesului de liofilizare si dimensiunile porilor din structura colagenului depind de temperatura de inghetare.
CUVINTE CHEIE: colagen, liofilizare, biomaterial, porozitate.

PREPARATION ET CARACTERISATION DE MATRICES DE COLLAGENE OBTENUES A DES TEMPERATURES DE CONGELATION DIFFERENTES
RESUME. Les matrices poreuses de collagéne ayant des caractéristiques physiques, chimiques et biologiques définies sont intéressantes pour l'ingénierie tissulaire
et les systemes de distribution des médicaments. Dans cette étude, les gels de collagéne de type | ont été réticulés avec du glutaraldéhyde, puis séchés en utilisant
des températures de congélation différentes pendant le processus de lyophilisation. Les matrices obtenues ont été testées par DSC, TGA/DTG, FT-IR et MEB. Les
résultats montrent que la structure en triple hélice de collagene est préservée pendant le processus de lyophilisation et la taille des pores de la structure du
collagéne dépend de latempérature de congélation.
MOTS CLES: collagene, lyophilisation, biomaterial, porosité.

INTRODUCTION INTRODUCERE

The use of collagen as biocompatible and
bioresorbable biomaterial is well known both at
international and national level. Irrespective of the
progress in the field of biomaterials based on synthetic
polymers, collagen remains one of the most important
natural biomaterials for connective tissue prostheticin
whichitisthe main protein [1-9].

Collagen is the main structural protein of the
majority of soft, hard and soft and rigid connective
tissues (skin, bone, tendon, basal membrane, etc.),

Utilizarea colagenului ca biomaterial biocompatibil
si bioresorbabil este bine cunoscuta pe plan national si
international. Indiferent de progresul in domeniul
biomaterialelor pe baza de polimeri sintetici, colagenul
ramane unul din cele mai importante biomateriale
naturale pentru protezele pentru tesutul conjunctiv, in
care acesta este principala proteina [1-9].

Colagenul este principala proteina structurala a
majoritatii tesuturilor conjunctive moi, dure si a celor
moi si rigide (piele, os, tendon, membrana bazal3, etc.),

* Correspondence to: Madalina Georgiana ALBU, INCDTP — Division: Leather and Footwear Research Institute, 93 lon Minulescu, 031215, Bucharest, Romania,

email: albu_mada@yahoo.com
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which mainly ensure the tissue's structural integrity
[1,10].

The main source of type | collagen is the dense
connective tissue of animal skin. In order to use it as a
biomaterial, the extracted collagen structure must be
as close as possible to the native one characteristic for
the collagen molecule [15].

Renaturation, chemical modification,
compatibility with bioactive compounds, drying or
conditioning in the final form are considered as key
operations in the processes elaborated for obtaining
biomaterials based on undenatured collagen [1].

Cross-linking lead to the formation of
supplementary chemical bonds among collagen
molecules and/or fibrils, increasing the mechanical and
chemical stability and thus decreasing the
biodegradability.

Chemical cross-linking consists in collagen's
reaction with aldehydes, diisocyanates, carboimides,
acyl-azide, polyepoxydes and polyphenolic compounds
which leads to the formation of ionic or covalent bonds
between molecules and fibrils.

Glutaraldehyde (GA) is one of the most used
cross-linking agents due to its great efficiency in
stabilization of collagen biomaterials. Cross-linking
with GA involves reactions of aldehyde groups with the
free -amino groups of lysine or hydroxylisine from the
polypeptide chains [20].

The collagen-based biomaterials have a large
variety of forms and applications, presented —together
with the conditioning processes—inTable 1[1, 16, 22].

care asigurd integritatea structurala a tesutului [1, 10].

Principala sursa de colagen de tip | este tesutul
conjunctiv dens al pielii animale. Pentru a fi utilizat ca
biomaterial, structura de colagen extrasa trebuie sa fie
cat mai aproape de cea originala caracteristica
moleculeide colagen [15].

Renaturarea, modificarea chimica,
compatibilitatea cu compusi bioactivi, uscarea sau
conditionarea in forma finala sunt considerate
operatiuni cheie in procesele elaborate pentru a obtine
biomateriale pe baza de colagen nedenaturat [1].

Reticularea duce la formarea legaturilor chimice

suplimentare fintre moleculele de colagen si/sau
fibrile, sporind stabilitatea mecanica si chimica, si astfel

diminuand biodegradabilitatea.

Reticularea chimica consta in reactia colagenului
cu aldehide, diizocianati, carboimide, acil-azide,
compusi poliepoxidici si polifenolici care duc la
formarea legaturilor ionice sau covalente intre
moleculesifibrile.

Glutaraldehida (GA) este unul din cei mai utilizati
agenti de reticulare datorita eficientei mari in
stabilizarea biomaterialelor colagenice. Reticularea cu
GA implica reactii ale grupelor aldehidice cu grupele -
amina libere ale lizinei sau ale hidroxilizinei din lanturile
polipeptidice [20].

Biomaterialele pe bazd de colagen au o mare
varietate de forme siaplicatii, prezentate—Tmpreunacu
procesele de conditionare—inTabelul 1[1, 16, 22].
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Table 1: Physical forms, conditioning processes and applications of collagen biomaterials [1, 16, 22]
Tabelul 1: Forme fizice, procese de conditionare si aplicatii ale biomaterialelor colagenice [1, 16, 22]

Biomaterial form Conditioning process Medical applications
Forma biomaterialului Proces de conditionare Aplicatii medicale
Gels/hydrogels Chemical and physical - Supports for the release both of drugs and
Geluri/filme modifications (cross-linking) bioactive substances;
Modificdri chimice si fizice - Suporturi pentru cedarea medicamentelor si a
(reticulare) substantelor bioactive;
- Injectables into ocular vitreous body or under
the skin;
- Injectabile in corpul vitros ocular sau subcutanat;
- Cosmetics.
- Cosmetice.
Membranes/films Free drying - Dialysis membranes;
Membrane/filme Uscare liberd - Membrane pentru dializd;

- Antiadhesion membranes;

- Membrane antiadezive;

- Drug delivery systems;

- Sisteme de cedare a medicamentelor;

- Patches;

- Plasturi;

- Guided tissue regeneration membranes.

- Membrane pentru regenerarea tisulara dirijatad.

Spongious (matrices, Reorganization, lyophilisation - Burn dressings;

fibres) Reorganizare, liofilizare - Pansamente pentru arsuri;
Bureti spongiosi (matrice, - Haemostatics;

fibre) - Hemostatice;

- Three-dimensional cell culture scaffold.
- Schelet tridimensional pentru culturi de celule.

Sutures Extrusion, free drying - Surgery sutures.
Suturi Extrudere, uscare liberd - Suturi pentru operatii chirurgicale.
Tubes Free drying, lyophilisation - Nerve and sanguine vessel regeneration.
Tuburi Uscare libera, liofilizare - Regenerarea nervilor si a vaselor sanguine.
Composites Free drying, lyophilisation - Drug delivery systems.
Compozite Uscare liberd, liofilizare - Sisteme de cedare a medicamentelor.
- Collagen-synthetic polymer - Vascular regeneration;
- Colagen-polimer sintetic - Regenerare vasculara;
- Skin regeneration;
- Regenerarea pielii;

- Wound dressings.
- Pansamente pentru rani.

- Collagen-natural polymer - Soft tissue regeneration.

- Colagen-polimer natural - Regenerarea tesutului moale.

- Collagen-ceramics - Bone filler materials;

- Colagen-ceramica - Materiale pentru reconstructie osoasd;

- Hard tissue regeneration.
- Regenerarea tesuturilor dure.

Revista de Pielarie Incaltaminte 10 (2010) 3




M. G. ALBU, A. FICAI, A. LUNGU

Porous scaffolds have been used extensively in
tissue engineering to provide a three-dimensional
structure for both in vitro studies of cell-scaffold
interactions and tissue synthesis, as well as in vivo
studies ofinduced tissue and organ regeneration [23].

Pore structure is an essential consideration in the
development of scaffolds for tissue engineering. Pores
must be interconnected to allow for cell growth,
migration and nutrient flow. If pores are too small, cell
migration is limited, resulting in the formation of a
cellular capsule around the edges of the scaffold.
Conversely, if pores are too large there is a decrease in
surface area limiting cell adhesion [24].

The objective of this study was to develop a
method to produce a more uniform collagen matrix.
We used freeze-drying (lyophilization) process as
method of obtaining collagen matrices. In order to vary
porosity of matrices we modified freezing rates during
freeze-drying process. The obtained collagen matrices
were characterized by FT-IR spectroscopy, thermal
analysis (TGA/DTG and DSC) and scanning electron
microscopy.

MATERIALS AND METHODS

Collagen gel was obtained from bovine skin using
the protocol that has been previously described [25].
Collagen gel having 1.4 % collagen, pH 7.4 has cross-
linked with 0.25% glutaraldehyde (Merck, Germany)
(reported to dry substance). This concentration was
chosen as a result of many tests of biocompatibility of
such collagen matrices [26].

The collagen gels were freeze-dried using the
Delta 2-24 LSC Christ (Germany) freeze-dryer varying
the freezing temperature. The collagen gels were cast
in polystyrene Petri dishes of 3 cm diameter at 20°C.
They were frozen at 0, -10, -20, -30 and -40°C and kept
at this temperature for 4 h, then were heated with
1°C/hour (40 h) at 0.12 mbar and then heated (4 h) to
30°Cat0.01 mbar.

The ATR-FTIR spectra were recorded on a VERTEX
70 BRUCKER spectrometer. All FTIR measurements
were performed in an ATR-FTIR cell on Ge crystal, at
room temperature. The spectra were recorded using 32
scans with a resolution of 4 cm™ in 600-4000 cm™

Suporturile poroase (matricile) sunt folosite
extensiv in ingineria tisulara pentru a oferi o structura
tridimensionala atat pentru studiile in vitro ale
interactiunilor celuld-schelet si a sintezei tisulare, cat si
in studiile in vivo ale tesuturilor induse si ale regenerarii
de organe [23].

Structura porilor este un element esential in
dezvoltarea scheletelor pentru ingineria tisulara. Porii
trebuie sa fie interconectati pentru a permite cresterea
simigrarea celulelor, precum si fluxul de nutrienti. Daca
porii sunt prea mici, migrarea celulelor este limitata,
avand ca rezultat formarea unei capsule celulare in
jurul marginilor suportului. Invers, daca porii sunt prea
mari, are loc o scadere a suprafetei, limitand adeziunea
celulara[24].

Obiectivul acestui studiu a fost dezvoltarea unei
metode pentru obtinerea unei matrici de colagen mai
uniforma. S-a utilizat procesul de uscare prin liofilizare
ca metoda de obtinere a matricilor de colagen. Pentrua
varia porozitatea matricilor, s-au modificat vitezele de
inghetare din timpul procesului de liofilizare. Matricile
de colagen obtinute au fost caracterizate prin
spectroscopie FT-IR, analiza termica (TGA/DTG si DSC)
simicroscopie electronica de baleiaj (SEM).

MATERIALE SI METODE

Gelul de colagen a fost obtinut din piele bovina
utilizand protocolul descris mai inainte [25]. Gelul de
colagen avand 1,4 % colagen, pH de 7,4 a fost reticulat
cu 0,25% glutaraldehida (Merck, Germania) (in raport
cu substanta uscatd). Aceasta concentratie a fost aleasa
in urma mai multor teste de biocompatibilitate ale
matricilor de colagen de acest fel [26].

Gelurile de colagen au fost uscate prin congelare
utilizand liofilizatorul Delta 2-24 LSC Christ (Germania)
variind temperatura de inghetare. Gelurile de colagen
au fost turnate Tn cutii Petri din polistiren cu diametrul
de 3cmla 20°C, apoi au fost congelate la 0, -10, -20, -30
i -40°C, si pastrate la aceasta temperatura timp de 4 h,
apoi au fost incalzite cu 1°C/ord (40 h) la 0,12 mbar si
apoiincalzite (4 h)la30°Cla 0,01 mbar.

Spectrele ATR-FTIR au fost inregistrate cu un
spectrometru VERTEX 70 BRUCKER. Toate masuratorile
FTIR au fost efectuate intr-o celulda ATR-FTIR pe un
cristal de Ge, la temperatura camerei. Spectrele au fost
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region.

The DSC curves of collagen matrices were
recorded on a Netzch equipment, under nitrogen
atmosphere, within the temperature range 25-250°C,
using a heating rate of 10°C/min. The TGA curves were
recorded on a Q500 TA instrument at 10°C/min heating
rate, from 25°Cto 150°C, under nitrogen atmosphere.

The scanning electron microscopic (SEM) images
were recorded using a Hitachi S-2600N scanning
electron microscope with EDX spindle and a resolution
of upto 4 nm (at 25kV, in high vacuum when secondary
electron detector was used) and a 15-300x
magnification (accelerating voltage from 0.5 kV to 30
kV).

RESULTS AND DISCUSSIONS

Collagen matrices — macro-, micro- or nanoporous
structures are obtained by freeze-drying of collagen
solutions/gels [24, 25]. These can be chemically cross-
linked to stabilize the structure. Cross-linking can be
made either in gel phase or in dry state, after freeze-
drying. The matrix porous structure depends
significantly on collagen concentration. Other factors
which contribute to the porous structure are: freezing
rate, size of gel fibrils and the presence or absence of
other polymers [26]. The obtained matrices have pore
sizes ranging between 50 and 1500 um and apparent
density of 0.05-0.30g/cm’[16].

Freeze-drying is an advantageous conditioning
technique which consists of drying frozen samples by
ice sublimation into vacuum. The freeze-drying process
of collagen gels/solutions takes place in two steps: fast
freezing followed by drying. First the free water is
removed, and then the water bound to the collagen
polar groups [16]. Pores take the place of ice crystals
and collagen renaturates forming fibrils and fibres. The
biomaterials obtained are spongious; they are called
matrices and have properties similar to the
extracellular matrix [1].

Also, we use this technique of drying because low
temperatures protect the active material during
processing, freeze-drying is a process approved by
regulatory authorities, freeze-drying can be performed
under sterile conditions, the dried product can be
rapidly rehydrated [27].
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nregistrate utilizand 32 de scaniri cu rezolutiade 4 cm™
in regiunea 600-4000cm™.

Curbele DSC ale matricilor de colagen au fost
inregistrate cu un aparat Netzch, in atmosfera de azot,
in intervalul de temperatura 25-250°C, utilizand o
vitezd de incdlzire de 10°C/min. Curbele TGA au fost
inregistrate cu un aparat Q500 TA la viteza de incalzire
de 10°C/min, dela25°Cla 150°C, in atmosfera de azot.

Imaginile de microscopie electronica de baleiaj
(SEM) au fost finregistrate utilizdand un microscop
electronic de baleiaj Hitachi S-2600N cu analizor EDX si
o rezolutie de pana la 4 nm (la 25 kV, in vid cand s-a
utilizat detectorul electronic secundar) si cu marire de
15-300x (tensiune de acceleraredela 0,5 kVIa30kV).

REZULTATE SI DISCUTII

Matricile de colagen — macrostructuri,
microstructuri sau structuri nanoporoase sunt obtinute
prin liofilizarea solutiilor/gelurilor de colagen [24, 25].
Acestea pot fi reticulate chimic pentru a stabiliza
structura. Reticularea poate fi efectuata fie in faza de
gel, fie in stare uscatd, dupa liofilizare. Structura
poroasa a matricei depinde foarte mult de concentratia
de colagen. Alti factori care contribuie la structura
poroasa sunt: viteza de congelare, dimensiunea
fibrilelor in gel si prezenta sau absenta altor polimeri
[26]. Matricile obtinute au pori de dimensiuni cuprinse
intre 50 si 1500 um si densitatea aparenta de 0,05-0,30
g/cm’[16].

Liofilizarea este o tehnica de conditionare
avantajoasa care constd in uscarea probelor congelate
prin sublimarea ghetii in vid. Procesul de liofilizare a
solutiilor/gelurilor de colagen are loc in doua etape:
congelarea rapidd urmatd de uscare. Mai intai se
indeparteaza apa libera, apoi cea legata de grupele
polare ale colagenului [16]. Porii se formeaza in locul
cristalelor de gheata si colagenul se renatureaza
formand fibrile si fibre. Biomaterialele obtinute sunt
spongioase, se numesc matrici si au proprietati similare
matricei extracelulare [1].

De asemenea, aceasta tehnica de uscare se
utilizeaza deoarece temperaturile joase protejeaza
materialul activ in timpul prelucrarii; liofilizarea este un
proces aprobat de autoritatile de reglementare;
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The freeze-drying consists of a sequence of three
distinct processes:

1. coolingbelowthe freezingtemperatureT;

2. sublimation of ice at subfreezing
temperature, usually performed under reduced
pressure;

3. theremoval of residual, unfrozen water from
the solidified solution.

The whole process can thus be divided into five
distinct stages:

1. the solution, suitably formulated, is frozen
on refrigerated shelves;

2. the chamber pressure is reduced to the
desired value and the ice is sublimed by the supply of
heat to the product, and water vapours are removed
from the chamber and condensed as ice; (primary
drying);

3. theremaining unfrozen water trapped in the
product is removed by further warming at a controlled
rate; (secondary drying);

4. the containers are sealed and removed from
thedrier;

5. the condenser is heated to melt and remove
thecollectedice.

Figure 1 shows the freeze-drying graph chart
according to the pre-established program.

(i8]
100+

liofilizarea poate fi efectuatda Tn conditii sterile,
produsul uscat putand firehidratat rapid [27].

Liofilizarea constd intr-o secventa de trei
procese distincte:

1. racireasubtemperaturadeinghetareT,

2. sublimarea ghetii sub temperatura de
inghetare, de obicei efectuata la presiune reduss;

3. Tindepartareaapeireziduale, necongelate din
solutia solidificata.

Tntregul proces poate fi impartit in cinci etape
distincte:

1. solutia, corect formulatd, este congelata pe
rafturifrigorifice;

2. presiunea camerei este redusa la valoarea
dorita si gheata este sublimata prin furnizarea de
caldura produsului, iar vaporii de apa sunt eliminati din
camera si condensati sub forma de gheatd; (uscare
primara);

3. apa necongelata ramasa in produs este
indepartata incalzind in continuare la viteza controlata
(uscare secundara);

4. vasele sunt sigilate si indepartate din
liofilizator;

5. condensatorul este incalzit pana la topire si
gheata colectata este indepartata.

Figura 1 indica graficul procesului de liofilizare
conform programului prestabilit.
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Figure 1. Graph chart of freeze-drying process
Figura 1. Graficul procesului de liofilizare
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Aswe canseein Figure 1, the processis controlled
by three parameters: temperature, pressure and time.

In order to know if the collagen kept the structure
during the freeze-drying process the FT-IR
spectroscopy and thermal analyses were performed for
only one sample because all samples have the same
composition.

Triple helical structure characteristic for the
collagen molecule is a rigid one because of the strong
hydrogen bonds existing between the hydroxyl groups
of hydroxyproline and amine groups of glycine which
lead to the formation of a fibrous crystalline zone
embedded into an amorphous matrix [28].

Given the collagen biphasic structure, two
successive endothermic processes are highlighted
when temperature increases: the first (I) consists of
collagen dehydration, which takes place within the
temperature range 25-125°C and refers to the
amorphous zone, and the second one (ll) in crystalline
(rigid) melting zone, taking place between about 210
and 250°C, which is followed by the dried collagen
thermal degradation or oxidation [29, 30], depending
on the environment—inert or air—in which the heating
takes place.

Collagen hydrothermal stability is given by the
shrinkage temperature, also named denaturation
temperature, which measures the temperature of
transition of collagen molecule conformation from
triple helix to statistic coil [16].

Figure 2 shows the DSC curve for collagen matrix
in nitrogen flow. The shrinkage temperature is 77.2°C,
indicating good hydrothermal stability of the sample.

Dupa cum se poate vedea in Figura 1, procesul
este controlat de 3 parametri: temperatura,
presiunea si timpul.

Pentru a sti daca colagenul si-a pastrat structura
in timpul procesului de liofilizare, au fost efectuate
spectroscopia FT-IR si analizele termice pentru o
singura proba, deoarece toate probele au aceeasi
compozitie.

Structura triplu elicoidalda caracteristica
moleculei de colagen este una rigida datorita
legaturilor puternice de hidrogen existente intre
grupadrile hidroxil ale hidroxiprolinei si ale gruparilor
amino ale glicinei care duc la formarea unei zone
cristaline fibroase incorporata intr-o matrice amorfa
[28].

Avand structura bifazica a colagenului, doua
procese endotermice succesive sunt evidentiate cand
creste temperatura: primul (I) consta in deshidratarea
colagenului, care are loc in intervalul de temperatura
25-125°C si se refera la zona amorfa, si al doilea (ll) in
zona cristalina (rigidd) de topire, avand loc intre 210 si
250°C, urmatd de degradarea termica a colagenului
uscat sau oxidare [29, 30], in functie de mediul —inert
sauaer—incarearelocincalzirea.

Stabilitatea hidrotermica a colagenului este data
de temperatura de contractie, numita si temperatura
de denaturare, care masoara temperatura de tranzitie
a conformatiei moleculei de colagen de la triplu helix Ia
ghem statistic [16].

Figura 2 arata curba DSC pentru matricea de
colagen in flux de azot. Temperatura de contractie este
77,2°C, indicdnd o buna stabilitate hidrotermica a
probei.

[1.1] proba 1.dd3
DSC

Figure 2. DSC curve for the collagen matrix
Figura 2. Curba DSC pentru matricea de colagen
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Melting temperature is a measure of the
strength of bonds between the collagen triple helices.
DSC curve in nitrogen atmosphere for the matrix,
represented in Figure 2, shows that under gradual
heating two types of processes take place: initial
dehydration followed by the actual melting process.
The meltingtemperatureis 219°C.

TGA and DTG analyses (Figure 3) are ascribed to
the evaporation of water corresponding to 5% of
weightloss below 37°C.

Temperatura de topire este o masura a puterii
legaturilor dintre triplu helixurile colagenului. Curba
DSC in atmosfera de azot pentru matrice, reprezentata
in Figura 2, arata ca la incalzire treptatd, au loc doua
tipuri de procese: deshidratare initiala urmata de
procesul de topire propriu-zis. Temperatura de topire
este 219°C.

Analizele TGA si DTG (Figura 3) sunt atribuite
evaporarii apei corespunzand unei pierderi de greutate
de5%sub37°C.

1004 |
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36.55°C 5.000% Loss
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Figure 3. TGA/DTG curves for the collagen matrix
Figura 3. Curbele TGA/DTG pentru matricea de colagen

When increasing the temperature the weight
residues started to decline sharply at around 300°C due
to thermal degradation. The predominant peak on the
DTG curves for the collagen matrix is 313.8°C. The
weightloss at 700°Cis 79.14%.

The characteristic peaks of collagen are: 3318
cm™ (amide A), 2926 cm™ (amide B), 1669 cm™ (amide 1),
1553 cm™ (amide 1) and 1240 cm™ (amide I11) as shown
in Figure 4 for the collagen matrix, values in agreement
with the literature data[31, 32].

Odata cu cresterea temperaturii, reziduurile de
greutate auTnceput sa scada brusc la aproximativ 300°C
datorita degradarii termice. Varful predominant la
curbele DTG pentru matricea de colagen este 313,8°C.
Pierderea de greutate la700°C este de 79,14%.

Benzile FT-IR caracteristice colagenului sunt:
3318 cm” (amida A), 2926 cm” (amida B), 1669 cm”
(amida 1), 1553 cm™ (amida I1) si 1240 cm™ (amida Il1),
dupa cum sunt indicate in Figura 4 pentru matricea de
colagen; valorile sunt in concordanta cu datele din
literatura de specialitate [31, 32].
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Figure 4. FT-IR spectra for the collagen matrix
Figura 4. Spectrele FT-IR pentru matricea de colagen

The characteristic collagen bands indicate that
triple helix structure was preserved in all the samples.
Both DSC and TGA/DTG analyses suggested that the
collagen matrixis one with decreased degradation rate.

The collagen matrix morphological structure is
important, influencing the hydrophilicity, degradation
properties and interaction with cells. Matrix
morphology was determined by pore shape and size
through scanning electron microscopy.

Figure 5 a, b, ¢, d, e shows the SEM images
obtained for collagen matrices obtained by different
temperature of freezing during the freeze-drying
process.

30-Aug-10 10003 wWD26.6mm 25.0kv x50
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Benzile caracteristice ale colagenului indica
faptul ca structura triplu helicoidala s-a pastrat la toate
probele. Analizele DSC si TGA/DTG sugereaza ca
matricea de colagen are o viteza de degradare scazuta.

Structura morfologica a matricei de colagen este
importanta, influentand hidrofilia, proprietatile de
degradare si interactiunea cu celulele. Morfologia
matricei a fost determinata de forma si dimensiunea
porilor prin microscopia electronica de baleiaj.

Figura 5 a, b, ¢, d, e aratad imaginile SEM realizate
pentru matricele de colagen obtinute prin diferite
temperaturi de Tnghetare in timpul procesului de
liofilizare.

30-Rug-10 10003 wWD26.3mm 25.0kv x50
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Figure 5. SEM image of collagen matrices obtained at:
a) 0°C, b) -10°C; c) -20°C; d) -30°C; e) -40°C freezing temperature, 50x magnification
Figura 5. Imagini SEM ale matricelor de colagen obtinute la temperaturi de inghetare de:
a) 0°C, b) -10°C; c) -20°C; d) -30°C; e) -40°C, madrire 50x

The matrix morphology was investigated by pore
size measuring using scanning electron microscopy.
Images from Figure 5 show differences between pore
sizes of collagen matrices obtained at: 0, -10, -20, -30
and-40°Cfreezing temperature.

Comparing the SEM images from Figure 5 it can
be noticed that lower freezing temperature produces
more homogeneous samples than high freezing
temperature. High differences of pore sizes and shape

Morfologia matricei a fost investigata prin
masurarea dimensiunilor porilor utilizdnd microscopia
electronica de baleiaj. Imaginile din Figura 5 arata
diferente intre dimensiunile porilor din matricele de
colagen obtinute la temperaturi de inghetare de 0, -10,
-20,-30si-40°C.

Comparand imaginile SEM din Figura 5, se poate
observa ca temperaturile de inghetare mai mici produc
probe mai omogene decat temperaturile de inghetare
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appear between matrix frozen at 0 and -40°C. The most
homogeneous structure of matrix with the smallest
pore sizes is the one frozen at -40°C. The smallest pore
sizes were recorded for matrices obtained at the lowest
temperature of freezing.

CONCLUSIONS

Collagen matrices with different pore sizes can be
produced by lyophilization with the use of a constant
freezing temperature. The matrices preserved their
triple helical structure during lyophilization process.
This is demonstrated by hydrothermal stability and by
the characteristic collagen bands. The most
homogeneous structure of matrix with the smallest
pore sizes is the one frozen at -40°C. These results
indicate that significantly more uniform porous
scaffolds can be manufactured for use in drug (essential
oils) delivery systems using a constant freezing rate
freezingtechnique.
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pastrat structura triplu helicoidala in timpul procesului
de liofilizare. Acest fapt este demonstrat de stabilitatea
hidrotermicda si de benzile caracteristice ale
colagenului. Cea mai omogena structura a matricei cu
cele mai mici dimensiuni ale porilor este cea congelata
la-40°C. Aceste rezultate arata ca pot fi realizate matrici
poroase mult mai uniforme pentru sistemele de cedare
amedicamentelor (uleiuri esentiale) utilizand o tehnica
de congelare cu viteza de inghetare constanta.
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CHARACTERISTICS OF SILICONE RUBBER BLENDS
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CHARACTERISTICS OF SILICONE RUBBER BLENDS
ABSTRACT. In this paper, characteristics of silicone rubber blends cross-linked with various cross-linking systems based on benzoyl peroxide and benzoyl peroxide in
the presence of the triallylcyanurate (TAC) coagent were analyzed. For analyzed samples, physical-mechanical properties, rheologic characteristics, gel fraction and
cross-link density were determined.
KEYWORDS: silicone rubber, cross-linking, peroxide, triallylcyanurate.

CARACTERISTICILE UNOR AMESTECURI DE CAUCIUC SILICONIC
REZUMAT. Tn aceast3 lucrare s-au analizat caracteristicile unor amestecuri de cauciuc siliconic reticulate cu diferite sisteme de reticulare pe bazi de peroxid de
benzoil, respectiv peroxid de benzoil in prezenta coagentului trialilcianurat (TAC). Pentru probele analizate s-au determinat proprietdtile fizico-mecanice,
caracteristicile reologice, fractia de gel si densitatea de reticulare.
CUVINTE CHEIE: cauciucsiliconic, reticulare, peroxid, trialilcianurat.

CARACTERISTIQUES DES MELANGES DE CAOUTCHOUC DE SILICONE
RESUME. Dans cet article on a analysé les caractéristiques des mélanges de caoutchouc de silicone réticulés avec des systémes de réticulation différents a base de
peroxyde de benzoyle et de peroxyde de benzoyle en présence du co-agent triallyl cyanurate (TAC). Pour les échantillons analysés on a déterminé les propriétés
physico-mécaniques, les caractéristiques rhéologiques, la fraction de gel et la densité de réticulation.
MOTS CLES: caoutchouc de silicone, réticulation, peroxyde, triallyl cyanurate.

INTRODUCTION INTRODUCERE

Elastomeriisiliconici reprezinta un tip de polimeri
cu caracteristici deosebite, datorita domeniului larg de
temperaturi in care pot fi utilizati, de la -100°C pana la
+315°C, la care se adauga rezistenta ridicata la produse
petroliere cu punct de anilind ridicat, la solventi si
intemperii, ca si usurinta de formare a acestora pentru
diferite scopuriindustriale [1-7].

Cea mai importanta etapa din tehnologia de
prelucrare a cauciucului este vulcanizarea / reticularea.
fn timpul vulcanizarii / reticuldrii, moleculele cu
configuratie de lant ale cauciucului se leaga intre ele

Silicone elastomers are a type of polymers with
remarkable characteristics, due to the wide range of
temperaturesin which they can be used, from-100°Cto
+315°C, to which are added high resistance to
petroleum products with high aniline point, to solvents
and weather, as well as easiness of obtaining them for
various industrial purposes[1-7].

The most important stage in the rubber
processing technology is vulcanization / cross-linking.
During vulcanization / cross-linking, rubber molecules

with chain configuration are linked by chemical bridges
/ bonds, and the rubber mass turns from its plastic
mass into is elastic one. Silicone rubber does not cross-
link by means of sulfur. The main cross-linking methods
used to obtain finished silicone rubber products are: (i)
the use of silico-organic compounds in the presence of
metallic catalysts, (ii) with peroxides or (iii) the
exposure to high energy irradiation [8].

In this paper characteristics of silicone rubber
blends cross-linked with various cross-linking systems
based on benzoyl peroxide and benzoyl peroxide in the

prin punti / legaturi chimice, iar masa de cauciuc trece
din forma sa plastica in cea elastica. Cauciucul siliconic
nu reticuleaza cu ajutorul sulfului. Principalele metode
de reticulare utilizate pentru obtinerea produselor
finite de cauciuc siliconic sunt: (i) utilizarea compusilor
silico-organici in prezenta unor catalizatori metalici, (ii)
cu peroxizi sau (iii) expunerea la radiatii de nalta
energie [8].

Tn aceastd lucrare s-au analizat caracteristicile
unor amestecuri de cauciuc siliconic reticulate utilizand
diferite sisteme de reticulare pe baza de peroxid de

* Correspondence to: Maria Daniela STELESCU, National Research and Development Institute for Textile and Leather — Leather and Footwear Research Institute,

93 lon Minulescu St., Bucharest, Romania, dmstelescu@yahoo.com
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presence of the triallylcyanurate (TAC) coagent were
analyzed. The role of peroxides is to generate free
radicals that then recombine leading to cross-linking
reactions among the polymer chains. The initiation
reaction (peroxide decomposition) can be done
thermally or by irradiation.

The areas of use of silicone rubber are numerous,
namely: in the electrotechnical industry, as
electroinsulating material with various purposes, in
mechanical engineering as gaskets, bellows, elastic
elements. The aviation industry uses pieces of silicone
rubber resistant to a wide range of temperatures. In
medicine, silicone rubber articles are preferred
because they do not contain substances such as
antioxidants, vulcanization accelerators and other
ingredients that are not accepted. They are also widely
usedin the textile industry asimpregnating material.

EXPERIMENTAL

Materials

The following materials were used in the study:

% R 701/70 OH Elastosil silicone elastomers
(polydimethylsiloxane with vinyl groups, (dynamic)
viscosity over 9.000.000 mPa.s, density 1.32 g/cm’);

< 14-40B-GB Perkadox benzoyl peroxide
(density 1.600 g/cm’, active oxygen content 3.8%,
peroxide content 40%);

+» TAC DL 70 triallylcyanurate vulcanization
coagent (density 1.34 g/cm’, contains 70%
triallylcyanurate and 30% active syntheticssilica);

% Toluene (¢,,,...=0.866g/cm’).

Preparation of the Samples

Blends have been obtained by mixing on a
laboratory roll equipped with a cooling system. The
elastomer is plasticized on theroll (1'), the peroxide and
TAC are added and embedded, depending on the recipe
(1'), then the mixture is homogenized and taken off the
roll as a sheet (1-2'). Work temperature is 50-55°C and
friction 1:1.1. Plates necessary to carry out physical-
mechanical determinations have been obtained by
means of a hydraulic press at 160°C and 150 MPa.
Vulcanization time is determined by means of the

benzoil, respectiv pe baza de peroxid in prezenta
coagentului de vulcanizare trialilcianurat (TAC). Rolul
peroxizilor este de a genera radicali liberi care apoi se
recombind, conducand la reactii de reticulare intre
lanturile polimerului. Reactia de initiere
(descompunerea peroxidului) se poate realiza termic
saupriniradiere.

Domeniile de utilizare ale cauciucurilor siliconice
sunt vaste, si anume: in industria electrotehnicd, ca
material electroizolant cu diferite destinatii, n
industria constructoare de masini ca garnituri,
burdufuri, elemente elastice. Industria aeronautica
utilizeaza piese din cauciuc siliconic rezistente la o
gama largd de temperaturi. in medicin3, articolele din
cauciuc siliconic sunt preferate deoarece nu contin
substante ca antioxidanti, acceleratori de vulcanizare si
alte ingrediente care nu sunt admise. Au o larga
intrebuintare si in industria textilda, ca material de
impregnare.

PARTEA EXPERIMENTALA

Materiale

n studiu s-au utilizat urmatoarele materiale:

«* Elastomeri siliconici Elastosil R 701/70 OH
(polidimetilsiloxan cu grupari vinil, vascozitate
(dinamicd) peste 9.000.000 mPa * s, densitate 1,32
g/cm’);

+»+ Peroxidul de benzoil Perkadox 14-40B-GB
(densitate 1,600 g/cm’, continutul de oxigen activ
3,8%, continutul de peroxid 40%);

++» Coagent de vulcanizare trialilcianurat TAC DL
70 (densitate 1,34 g/cm’, contine trialilcianurat 70% si
silice sintetica activa 30%);

% Toluen (¢,,.,=0,866g/cm’).

Pregatirea probelor

Amestecurile s-au realizat prin tehnica
amestecarii pe un valt de laborator prevazut cu sistem
de racire. Elastomerul este plastifiat pe valt (1'), se
introduce si se inglobeaza peroxidul, si respectiv TAC, in
functie de reteta (1'), apoi amestecul este omogenizat
siscos de pe valt sub forma de foaie (1-2'). Temperatura
de lucru este de 50-55°C iar frictia de 1:1,1. Placile
necesare pentru realizarea determinarilor fizico-
mecanice s-au obtinut cu ajutorul unei prese hidraulice
la 160°C si 150 MPa. Timpul de vulcanizare este
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Monsanto rheometer.
Table 1 presents recipes of silicone rubber
blends.

determinat cu ajutorul reometrului Monsanto.
in Tabelul 1 sunt prezentate retetele
amestecurilor de cauciucsiliconic realizate.

Table 1: Blend recipes
Tabelul 1: Retetele amestecurilor

Elastosil R 701/70 OH siliconic rubber, g

Cauciuc siliconic Elastosil R 701/70 OH, g

Perkadox 14-40B -GB benzoyl peroxide, g
Peroxid de benzoil Perkadox 14 -40B -GB, g

Methods

Mechanical Properties

The tensile testing of samples was carried out
with the testing speed 460 mm/min at room
temperature with a Schoppler strength tester machine.
The tensile strength was measured on dumb-bell
shaped specimen according to I1SO 37/2005. Tear
strength was performed according to SR EN
12771/2003 using angular test pieces (type II).
Hardness of samples in terms of Shore A was measured
according to ISO 7619-1/2004 using 6 mm thick
samples. Elasticity was evaluated with a Schob test
machine using 6 mm thick samples, according to I1ISO
46662/1986. The densities of elastomer samples were
measured according to ISO 2781/2008. All
measurements were taken several times and the
resulting values were averaged.

Rheologic Properties

Curing characteristics were determined by using
Monsanto rheometer (an oscillating disc rheometer) at
160°Cfor 12 minutes, accordingto SR1SO 3417/1997.
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Metode

Proprietdti mecanice

Tncercarea latractiune a probelor a fost efectuata
cu viteza de testare de 460 mm/min la temperatura
camerei cu un aparat Schoppler de testare a rezistentei.
Rezistenta la rupere a fost masurata pe un specimen in
forma de haltera conform 1SO 37/2005. Rezistenta la
sfasiere a fost efectuata conform SR EN 12771/2003
utilizand epruvete unghiulare (tip Il). Duritatea Shore A
a probelor a fost masurata conform 1SO 7619-1/2004
utilizand placi cu grosimea de 6 mm. Elasticitatea a fost
evaluatd cu un aparat de testare Schob utilizand
epruvete cu grosimea de 6 mm, conform ISO
46662/1986. Densitatile probelor de elastomeri au fost
masurate conform 1SO 2781/2008. Toate masuratorile
au fost efectuate de mai multe ori si s-a facut media
valorilor rezultate.

Proprietdti reologice

Caracteristicile de vulcanizare au fost
determinate folosind reometrul Monsanto (reometru
cu disc rotativ) la 160°C timp de 12 minute, conform SR
ISO3417/1997.
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Gel Fraction

The sol-gel analysis was performed on cross-
linked silicone rubber to determine the fraction of
insoluble PDMS samples (gel). The samples were
swollen in toluene and extracted after 24