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EFFECT OF GALLIC ACID CONTENT ON TANNIN-TITANIUM (I11) COMBINATION TANNING

ABSTRACT. The combination tanning using titanium (I11) and hydrolysable tannin extracts wds reported as a better tannage to improve the properties of leather than
condensed ones. One of the most obvious differences between these tannin extracts was the gallic acid content. To clarify the effect of this reactive structure on
tannin-Ti (Il) combination tdnning, Acacia Mangium tannin extract (no gallic dcid), Ordnge Oil tannin extract (25% gallic dcid) and Strawberry Tree tannin extract
(40% gallic acid) were selected for tannin-Ti (Ill) complex and tanning experiments. The qudntity of precipitation, pH of complexdtion system and shrinkage
temperature were used ds madin evaludtion factors of this investigation. Under different temperature and pH conditions with different dosages of tannin extracts
and Ti (I11) dgent, their complex ability and tanning ability were studied respectively. The results show that: the gallic dcid in tannin extracts could improve its
complex dbility with Ti (I11) under different temperature and pH conditions; the tannin extracts with more gallic dcid showed higher effective complexation index,
and better redctivity to complex with Ti (111). So, higher thermal stability was obtdined with less tdnning agent; under tanning condition, the more the gallic acid
content in tannin extracts, the higher the thermal stability of ledather presented. This research could provide a reference for the Ti (lll) - vegetable extracts
combinationtanning.
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INFLUENTA CONTINUTULUI DE ACID GALIC ASUPRA TABACIRII COMBINATE TANIN-TITAN ()

REZUMAT. S-a relatat cd tabacirea combinata folosind titan (111) si extracte tanante hidrolizabile de tanin este mai bund decat cele condensate pentruimbunatatirea
proprietatilor pielii. Una dintre cele mai evidente diferente dintre aceste extracte tanante este continutul de acid galic. Pentru a clarifica influenta acestei structuri
reactive asupra tabacirii combinate tanin-Ti (Ill), s-au selectat extracte tandnte din Acacia Mangium (fara acid galic), ulei de portocale (25% acid galic) si arbut (40%
acid galic) pentru experimente de complexare si tabacire cu tanin-Ti (Il1). Principalii factori de evaluare in cadrul acestei investigatii au fost cantitatea de precipitat,
pH-ul sistemului de complexare si temperatura de contractie. In conditii de temperatura si valori pH diferite, cu doze diferite de extracte tanante si de agent Ti (1l1),
s-a studiat capacitatea lor de complexare si cea de tabdcire. Rezultatele arata ca: acidul galic din extractele tanante poate imbunatati capacitatea de complexare
cu Ti (II1) in conditii de temperatura si valori pH diferite; extractele tandnte cu o cantitate mai mare de acid galic au prezentat un indice de complexare mai eficient si
o reactivitate mai buna la complexarea cu Ti (11). Asadar, s-a obtinut o stabilitate termica mai mare cu mai putin agent tanant; in conditii de tabacire, cu cat mai mare
a fost continutul de acid galic din extractele tanante, cu atat mai mare a fost stabilitatea termica a pieilor. Aceasta cercetare ar putea oferi o referinta pentru
tabacirea combinata Ti (111) - extracte vegetale.

CUVINTE CHEIE: acid galic, extract tanant, tabacire combinata

L'INFLUENCE DU CONTENU D'ACIDE GALLIQUE SUR LE TANNAGE COMBINE TANIN-TITANE (1)

RESUME. Le tdnndge combiné a I'dide de titdne (1) et extraits de tanin hydrolysibles 3 été signilé comme un tinnige mieux que les tinniges condensés pour
améliorer les propriétés du cuir. L'une des différences les plus évidentes entre ces extraits de tanins d été |a teneur en acide gallique. Pour clarifier I'effet de cette
structure réactive sur le tannage combiné tanin-Ti (111), on a sélecté d'extraits des taning Acacia mangium (pas d'acide gallique), huile d'orange (25% d'acide gallique)
et arbousier (40% d'dcide gallique) pour des expériences de complexation et tannage a I'dide de tanin-Ti (lll). La quantité de précipités, le pH du systeme de
complexation et 13 température de rétrécissement ont été utilisés comme facteurs d'évaluation principdux de cette enquéte. Sous différentes tempérdtures et
conditions de pH avec différentes doses d'extraits de tanin et de Ti (I11), on & étudié leur capacité de complexation et de tannage. Les résultats montrent que: I'dcide
gallique dans les extraits de tanin peut améliorer |3 capacité de complexation avec Ti (11l) dans de conditions différentes de température et de pH; les extraits de
tanin dvec plus d'acide gallique ont montré un indice de complexation plus efficace et une meilleure rédctivité pour Ia complexation dvec Ti (I11). Ainsi, 13 stabilité
thermique plus élevée a été obtenue dvec moing d'agent de tdnnage; dang les conditions de tannage, le plug élevé & été le contenu de I'acide gallique des extraits de
tanin, le plus élevée a été |3 stabilité thermique des pedux. Cette recherche pourrait fournir une référence pour le tdnndge combiné Ti (I11) - extrdits végétaux.

MOTS CLES: Acide gallique, extrait de tanin, tdnndge combiné
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INTRODUCTION

In order to reduce the consumption of chrome
tanning agent, as well as to reduce the pollution in
tanning industry, various agents dnd tanning
methods were tried for leather making, and
replacing traditional leather process. But only the
metadl sdlt-vegetable tannin combindtion methods
were reported as practical {o manufacture leathers
with 'chrome-like' properties [1]. Mimosa tannin
extract, Quebracho tannin extract, Larch tannin
extract, Myrobaldn tannin extract and titanium (lll)
sulfate were used as the combination tanning dgent
by A. D. Covington, and leathers with high thermal
stability were also obtained after treatment using
this method [2]. What is interesting is that,
compared with condensed tannins, leathers with
higher shrinkdge temperatures were all produced by
hydrolysable tannins in this combindtion tanning
system. As we know, content of gallic acid group was
considered the most obvious structural difference
between hydrolysable and condensed tannins. In
addition, these gallic acid groups were also regarded
ds the important factor for the formation and
stabilization of tannin-metal complexes. But study
on the effect of gallic acid content on tannin-Ti (lll)
combination tanning ability has not yet been
reported. So Strawberry Tree tannin extracts (40%
gallic dcid), Orange Qil tannin extracts (25% gallic
acid) and Acacia Mangium tannin extracts (no gallic
acid) (Figure 1) [3] were selected for combindtion
tanning experiment and complex experiment with Ti
(1) respectively, to study the effects of these
structural differences on their complex and
combination tanning dbility and provide a vdluable
reference for the Ti (lll) - vegetdble extracts
combination tanning methods.

INTRODUCERE

Pentru a reduce consumul de agent tanant pe
baza de crom, precum si poluarea din industria de
tabacire, s-au testat diversi agenti si metode de
tabacire pentru inlocuirea procesului traditional de
fabricare a pielii. Tnsd doar metodele de tdbacire
combinata cu saruri de metal si taninuri vegetale au
fost considerate practice pentru fabricarea pieilor cu
proprietati asemanatoare celor tabacite cu crom [1].
A. D. Covington a utilizat ca agenti tananti combinati
extracte de mimosa, quebracho, larice, Terminalia
chebula si sulfat de titan (lll), obtinandu-se piei cu
stabilitate termica mare dupa tratamentul cu
aceasta metodd [2]. Este interesant ca, fin
comparatie cu taninurile condensate, la utilizarea
acestui sistem de tdbacire combinata cu taninuri
hidrolizabile s-au obtinut piei cu temperaturi de
contractie mai mari. Dupa cum se stie, cea mai
vizibila diferentd structurald dintre taninurile
hidrolizabile si cele condensate o reprezinta
continutul de acid galic. n plus, aceste grupari ale
acidului galic au fost considerate un factor
important pentru formarea si stabilizarea
complexelor tanin-metal. Tns§ pan3 acum nu s-au
raportat studii cu privire la influenta continutului de
acid galic asupra tabacirii combinate tanin-Ti (lll).
Asadar, s-au selectat extracte tanante din arbut
(40% acid galic), ulei de portocale (25% acid galic) si
Acacia Mangium (fara acid galic) (Figura 1) [3] pentru
experimentele de complexare si tabacire cu Ti(lll), Tn
vederea studierii influentei acestor diferente
structurale asupra capacitatii de complexare si
tabacire, oferind Tn acest fel o referinta de valoare
pentru metodele de tabacire combinata Ti (lIl) -
extracte vegetale.
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Strawberry Tree tannin
Tanin din arbut

Orange Oil tannin
Tanin din ulei de portocale

Acdacia Mangium tannin
Tanin din Acacia Mangium

Figure 1. The structural characteristics of tannins [3]
Figura 1. Caracteristicile structurale ale taninurilor [3]

EXPERIMENTAL

Materials

Acdcia Mangium tdnnin extract (68.12%
tanning), Orange Oil tannin extract (66.25% tdnning),
Strawberry tree tannin extract (65.33% tdnning)
contadin equivalent sediment and were obtained from
Baise tannin extracts factory; all the chemicals used in
complex experiment were analytical grade, other
chemicdls used in tanning experiment were
commercidl grade. Cowhides were sourced from
Chengdu as raw materials, after treatment by
conventional liming, deliming and bating processes,
pH was then adjusted to 5.0, the hide was used for
tanning experiment. Tannin extracts solution with
concentration of 0.02 g/ml was adjusted to pH 4.0
with sulfuric acid. Titanium (lll) sulfate was also
diluted in & concentration of 0.01 g/ml, and the pH
was adjusted to 1.0 with sulfuric acid, the Ti (I1l) and
tannin extracts solutions for complex experiments
were prepared.

Complex at Different Temperature

Mixtures contdining 10 ml Ti (lll) and 5 ml tannin
extract were diluted to 30 ml with deionized water, and
then kept in different temperature conditions ds 20, 30,
40, 50 and 60°C for 2 hr respectively. After being
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PARTEA EXPERIMENTALA

Materiale

Extractele de tanin din Acacia Mangium (68,12%
tanin), ulei de portocale (66,25% tanin) si arbut
(65,33% tanin) contin cantitati echivalente de
sedimente si au fost obtinute de la fabrica de extracte
tanante Baise; toate substantele chimice utilizate la
experimentele de complexare au fost de calitate
analitica, iar celelalte substante utilizate la
experimentele de tabdcire au fost de calitate
comerciala. Pieile bovine au provenit din Chengdu ca
materie prima; dupa tratamentul cu procesele
conventionale de cenusarire, decalcifiere si samaluire,
pH-ul a fost reglat la 5,0 si pieile au fost utilizate la
experimentele de tabacire. Solutia de extracte tanante
cu concentratia de 0,02 g/ml a fost adusa la un pH de
4,0 cu acid sulfuric. Sulfatul de titan (Ill) a fost diluat in
concentratie de 0,01 g/ml, iar pH-ul a fost reglat la 1,0
cu acid sulfuric; s-au pregatit solutiile de Ti (lll) si
extracte tanante pentru experimentele de complexare.

Complexare la temperaturi diferite

Amestecurile continand 10 mI Ti (l11) i 5 ml extract
tanant au fost diluate la 30 ml cu apa deionizata, apoi
s-au pastrat in conditii diferite de temperatura, la 20,
30,40, 505i60°Ctimp de 2 h. Dupa centrifugare timp de
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centrifuged for 0.5 h with 2k r/min rotating speed, the
precipitations were dried 3t 120°C.

Complex at Different Tannin Extracts-Ti (Ill) Mass
Ratios

Mixtures containing 10 ml Ti (Ill), and tannin
extract solutions with volume of 0, 2, 4,6, 8, 10, 12, 14,
16,18, 20, 22, 24,26 ml (mass ratio ranged from0t0 5.2
with step ds 0.4) were added respectively, and diluted
to 30 ml with deionized water. After heating at 40°C for
2 hr, the pH of mixtures was measured and centrifuged
for 0.5 hr with 2k r/min rotating speed, and then the
precipitation wasdried at 120°C.

Tanning with Different Dosage of Tannin Extracts

Matched pieces of bated hide were taken from
the back and flank areas. The chemicals used in the
following procedure were based on the weight of the
bated hide. Tannin extracts at concentrations of 10,
12, 14, 16, 17, 18, 19 and 20% with 50% float were
added into drums, rotated at 30°C for 48 hr at rotation
speed of 15 r/min. After ascertdining complete
penetration of tannin extract, the leather was washed
for 5 min, then underwent 2.5% Ti (Ill) treatment for 4
hr. The leather was neutrdlized to pH 4.0, and
temperature was rdised to 50°C for danother hour.
Then the shrinkage temperature of leather was
meadsured using a shrinkage tester.

Other pieces of bated hide were taken and
tredted with 20% tannin extracts with 50% float,
rotated for 48 hr with rotation speed of 15 r/min at
30°C. Samples were washed for 5 min, then 0.5, 1.0,
1.5,1.7,1.9,2.1, 2.3 and 2.5% Ti (Ill) with 50% float
was added and treated for 4 hr. Samples were
neutrdlized to pH 4.0, followed by rotation for
dnother hour dt 50°C. Then the shrinkdge
temperature of tanned leather was tested.

Complex under Different pH

Samples were composed of 10 ml Ti (lll) and 5 ml
tannin extract solution, and then neutralized to a
serious pH by NaOH with concentration of 1 mol/L.
After dilution to 30 ml with deionized water, the
samples were placed under 40°C conditions for 2 hr,
and then centrifuged for 0.5 hr with 2k r/min rotating

0,5 h cuviteza de rotatie de 2000 r/min, precipitatele au
fost uscatela120°C.

Complexare la diferite raporturi de masa ale
sistemului extract tanant-Ti (111)

Amestecurile continand 10 ml Ti (1) si solutii de
extract tanant cu volum de 0, 2, 4,6, 8, 10, 12, 14, 16,
18, 20,22, 24,26 ml (raportul de masa avariatdelaOla
5,2 cu 0 masura de 0,4) s-au adaugat si s-au diluat la 30
ml cu apa deionizatad. Dupaincalzire la40°Ctimp de 2 h,
s-a masurat pH-ul amestecurilor si s-au centrifugat
timp de 0.5 h cu o viteza de rotatie de 2000 r/min, apoi
precipitatul a fost uscatla 120°C.

Tabacire cu diferite doze de extracte tanante

S-au prelevat probe identice din pielea samaluita,
de pe spate si din lateral. Substantele chimice utilizate
la operatiunile urmatoare au fost raportate la greutatea
pielii sdmaluite. Extractele tanante in concentratii de
10,12, 14,16,17,18, 19 5i 20% s-au adaugat in butoaie
cu flota de 50%, efectuandu-se rotatii cu viteza de 15
r/min la 30°C timp de 48 de ore. Dupa verificarea
penetrarii complete a extractului tanant, pielea a fost
spalata timp de 5 min, apoi a fost supusa unui
tratament cu 2,5% Ti (lll) timp de 4 h. Valoarea pH-ului
pielii a fost adusa la 4,0 si s-a crescut temperatura la
50°C timp de incd o ord. Apoi s-a determinat
temperatura de contractie a pielii utilizdnd un
dispozitivde testare a contractiei.

S-au prelevat alte probe din pielea samaluita si s-au
tratat cu 20% extracte tanant in flotd de 50%,
efectudndu-se rotatii cu viteza de 15 r/min la 30°C timp
de 48 de ore. Probele au fost spalate timp de 5 min, apoi
au fost supuse unui tratament cu Ti (lll) in concentratie
de0,5,1,0,1,5,1,7,1,9,2,1, 2,3 5i 2,5% in flotd de 50%
timp de 4 h. Probele au fost aduse la pH 4,0
efectuandu-se rotatiila 50°Ctimp de inca o ora. Apois-a
determinat temperaturade contractie a pieilor tabacite.

Complexare la diferite valori de pH

Probele au fost constituite din 10 ml Ti (Il1) si 5 ml
solutie de extract tanant; au fost neutralizate la o serie
de pH cuNdOH in concentratie de 1 mol/L. Dupa diluare
la 30 ml cu apa deionizata, probele au fost pastrate la
temperatura de 40°C timp de 2 h, apoi au fost
centrifugate timp de 0,5 h cu viteza de rotatie de 2000
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speed. Afterwards, the precipitation was dried at 120°C
and weighted.

Neutralized to Different pH

Bated hides were taken, 20% tannin extract with
50% float were added. After treatment for 48 hr at a
rotdtion speed of 15 r/min, ledthers were washed for
10 min and 2.5% Ti (lll) wds added and hides were
rotated for another 4 hr. While pH was adjusted to a
serious value with NaHCO,, temperature was raised to
50°Cfor 1 hr,and shrinkage temperature was tested.

Tanning under Optimum Conditions

Matched pieces of bated hide were tdanned
under optimum conditions (Table 1). Shrinkage
temperature, tensile strength and tear strength of the
tanned leather were tested according to QB/T2713-
2005, QB/T2710-2005 and QB/T2711-2005 standard
procedures [4-6]. Each value reported is an dverage of
four (2 dlong the backbone, 2 across the backbone)
experiments.

r/min. Dupa aceea, precipitatul a fost uscat la 120°Csi
cantarit.

Neutralizare la pH

S-a adaugat 20% extract tanant la pieile sdmaluite,
in flota de 50%. Dupa tratament timp de 48 h la o viteza
de rotatie de 15 r/min, pieile au fost spalate timp de 10
min si s-a adaugat 2,5% Ti (Ill) efectudndu-se rotatii timp
dencd 4 h. S-a reglat pH-ul seriei cu NaHCO,, s-a crescut
temperatura la 50°C timp de 1 h si s-a determinat
temperatura de contractie.

Tabacire in conditii optime

Probele identice de piele samaluita au fost
tabacite Tn conditii optime (Tabelul 1). S-du determinat
temperatura de contractie, rezistenta 1a rupere si
rezistenta 1a sfasiere a pieilor tabacite, conform
procedurilor standard QB/T2713-2005, QB/T2710-
2005 si QB/T2711-2005 [4-6]. Fiecdre vdloare raportata
reprezinta media a patru experimente (2 de-a lungul
sirei spinarii, 2 perpendicular pe sira spinarii).

Table 1: Optimum condition of tannin-Ti (Ill) combination tanning
Tabelul 1: Conditiile optime pentru tabacirea combinata tanin-Ti (I1l)

Tanning Acdcia Mangium (16%) Orange Oil (17%) Strawberry tree (19%)
Tdbdcire Acacia Mangium (16%)  Ulei de portocale (17%) Arbut (19%)
Retanning . o : o : 9
g Ti(11) 1.7% Ti(111) 1.9% Ti(11) 2.3%

RESULTS AND DISCUSSIONS

Effect of Temperature on Complexation

Figure 2 shows the precipitation of tannin-Ti (lIl)
reactions as a function of temperature (20to 60°C). The
amount of precipitation incredased with temperature
rising, obviously. Furthermore, under any temperature
conditions, the greatest amount of precipitation were
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REZULTATE SIDISCUTII

Influenta temperaturii asupra complexarii

Figura 2 prezinta reactiile de precipitare ale
complexului tanin-Ti (Il1) in functie de temperatura (de
[a 20 I3 60°C). Cantitatea de precipitat a crescut,
evident, odata cu crestereda temperaturii. Mai mul{
decat atat, in orice conditii de temperatura, ced mai
mare cantitate de precipitat a rezultdt din reactiile de
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produced by complex reactions between Strawberry
tree tannin extracts (contdining 40% gallic acid) and Ti
(111), as Acacia Mangium tannin extract (no gallic acid)
showed the lowest value. These results indicated
that, like the phenomenon of other tannin-metal
complex redctions [7], tannin-Ti (Ill) complex
reactions were influenced by both heating process
andtannin extract species.

Basic structural unit of these tannin extracts was
flavan-3-ol, redacted with metal ions through adjacent
phenolic hydroxyl groups on B ring [8], as well as
formed stable cheldtes (Figure 3). Gallic acid group
reacted with metal ions through hydroxyls on
pyrogallol structure; in addition, the reaction ability
was dlso enhdnced by electron attraction effect of
gallic acid structure. Compared with flavan-3-ol units,
gallic acid was easier to react with Ti (lll). Therefore,
with temperature from 20 to 60°C, gallic acid in
tannins improved its complex ability with Ti (lll). So,
more precipitation was generated.

0.09 .
0.08

Precipitation quality (g)
Calitatea precipitatului (g)

complexdre dintre extractele tanante din arbut (continand
40% acid galic) si Ti (IN), idr extractul tanant din Acacia
Mangium (fard acid galic) & prezentat ced mai scazuta
valoare. Aceste rezultate au indicat faptul ca, precum si in
cazul altor reactii de complexare dintre alte extracte
tanante-metale [7], reactiile de complexare tanin-Ti (lIl) du
fost influentate atat de procesul de incalzire, cat si de specia
dincares-aextrastaninul.

Unitated structurald de baza a acestor extracte
tanante a fost flavan-3-ol, care a reactionat cu ionii de
metal prin gruparile hidroxil-fenolice adiacente pe inelul
B [8], precum si cu cheldtii stabili formati (Figura 3).
Gruparea acidului galic a reactionat cu ionii de metal prin
grupele hidroxil pe structura pirogalolicd; in plus,
capacitatea de reactie a fost marita prin efectul structurii
cidului gilic de atragere & electronilor. n compérétie cu
unitatile flavan-3-ol, acidul galic a reactionat mai usor cu
Ti (IN). Prin urmare, 1a temperatura de 20-60°C, acidul
galic din taninuri si-d Tmbunatatit cdpacitdtea de
complexdre cu Ti (Ill). Asadar, a rezultat o cantitate mai
mare de precipitat.

0.07

0.06 W Acacia mangium
Acacia Mangium

e W Strawberry tree

0.04 Arbut

0.03 S;;I:fifngr‘ltocale

0.02

0.01 1 1

0 i
20 30 40 50 60

Temperature (°C)
Temperatura (°C)

Figure 2. Relation between precipitations and temperature
Figura 2. Relatia dintre precipitate si temperatura
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Figure 3. Reactions between tannin and metal ion [8]
Figura 3. Reactiile dintre tanin si ionul de metal [8]
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Effect of Tannin Extract and Ti (lll) Amount on
Combination Tannage

IA

7. O .
19 |
1.85
118
1.75
17

{Indice de complexare efectivay”’

—&— Acacia Mangium
—a— Strawberry tree / Arbut

1.65
—&— Orange oil / Ulei de portocale
16 - »
0 0.8 6.6 24 32 4 4.8 56
Mass ratio
Raport de masa

Figure 4. Relation between tannin/titanium (ll1)
mass ratio and pH
Figura 4. Relatia dintre raportul de masa
si pH-ul combinatiei tanin/titan (lll)

Figure 4 indicates that as a little amount of tannin
extracts was added, hydrolysis of phenolic hydroxyl was
in progress and H+ was released, while system pH
dropped and maintdined at a stable state. As tannin/Ti
(1) ratio incredsed, the complex reaction and
dissociation reaction processed completely, buffered
properties of tannin extract began to pldy a ledding role
in this system, and resulted in the incredse of pH value.
The pH value right before its incredsing trend was
identified ds a very important point. The mass ratio at
this point was regarded as the equivalent weight of
complex reaction i.e. effective complexation index of
the reaction [7]. The more gallic dcid contained in
tannin extracts, the higher effective complexation
index was shown.

The positive correldtion was observed between
precipitation quantities and tannin extract dosages
(Figure 5). Furthermore, tannins with the highest
effective complexation index (Strawberry tree tannin),
produced maximum amount of precipitations. On the
contrary, tannins with smallest effective complexation
index, showed the minimum value. These results also
indicated that with any dosage of tannins, the degree of
Ti (IlI) tannin complex reaction correlated positively
with gallic acid content of {annins.
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Precipitation weight (g)
Greutatea precipitatului (g)

Influenta cantitatii de extract tanant si Ti (Ill) asupra
tabacirii combinate

o
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Figure 5. Relation between tannin/titanium (ll1)
mass ratio and precipitation weight
Figura 5. Relatia dintre raportul de masa
si greutatea precipitatului combinatiei tanin/titan (II1)

Figura 4 aratd ca, pe masura ce s-a adaugat o
cantitate mica de extract tandnt, s-a realizat hidroliza
gruparii hidroxil-fenolice cu degajare de H+, in timp ce
pH-ul sistemului a scazut sis-a mentinut stabil. Pe masura
ce a crescut raportul tanin/Ti (I1), reactia de complexare
si cea de disociere s-au desfasurat pana la capat,
proprietatile de tampon ale extractelor tanante au
inceput sa joace un rol important in acest sistem si
rezultatul a fost cresterea valorii pH-ului. Valoarea
pH-ului chiar Tnaintea tendintei de crestere a fost
identificatd ca un reper foarte important. in acel
moment, raportul de masa a fost considerat ca greutatea
echivalenta a reactiei de complexare, adica indicele de
complexare efectiva al reactiei [7]. Cu cat a fost mai mare
cantitatea de acid galic din extractele tanante, cu atat mai
mare a fost indicele de complexare efectiva.

S-a observat o corelatie pozitiva intre cantitatile de
precipitat si dozele de extract tanant (Figura 5). in plus,
taninul cu cel mai mare indice de complexare efectiva
(arbut) a dus la o cantitate maxima de precipitat. Din
contra, taninurile cu cel mai mic indice de complexare
efectivd au generat o valoare minima. Aceste rezultate au
indicat, de asemenea, ca la orice doza de tanin, gradul
reactiei de complexare Ti (lll)-tanin a fost corelat pozitiv
cu continutul de acid galical taninurilor.
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Table 2: Effect of tannin extract dosage on shrinkage temperature (°C)
Tabelul 2: Influenta dozei de extract tanant asupra temperaturii de contractie (°C)

Acdcid mdngium
Acacia mangium

96.4 96.0

Ordnge Oil
Ulei de portocale

84.

1024 1047 1034 104.0 103.0

Table 3: Effect of Ti (lll) dosage on shrinkage temperature (°C)
Tabelul 3: Influenta dozei de Ti (lll) asupra temperaturii de contractie (°C)

Acacia mangium
Acacia mangium

Ordnge Oil
Ulei de portocale

Effect of tannin extracts and Ti (lll) dosdges on
ledther shrinkdge temperature wds shown in Table 2
and Table 3. For the Strawberry tree tdnnin extract with
the most dmount of gallic acid content (40%), the
shrinkdage temperature obtdined the highest value by
using the lowest dosage of tannin extract (16%) and Ti
(1) (1.7%); for the Orange Oil tannin extract with less
amount of gallic acid content (25%), shrinkadge
temperature achieved the highest value by using more
tannin extract (17%) and Ti (1l1) (1.9%); for the Acdcia
Mangium tannin with no gallic dcid content, shrinkdge
temperature obtained the highest value by using the
most dosdge of tannin extract (19%) and Ti (1) (2.3%).
Thus, the more gallic acid content in tannin extracts,
the higher dosage of tdnning agents were used to
obtdintheir highest shrinkage temperature.

100.7 1041 1044 103.0 104.5

Influenta extractelor tanante si a dozelor de Ti (I1I)
asupra temperaturii de contractie a pieilor este
prezentata in Tabelele 2 si 3. Pentru extractul tanant din
arbut, care are cea mai mare cantitate de acid galic
(40%), temperatura de contractie obtinutd a avut cea
mai mare valoare utilizind cea mai micad doza de extract
tanant (16%) si Ti(Ill) (1,7%); pentru uleiul de portocale,
cu mai putind cantitate de acid galic (25%),
temperatura de contractie obtinutd a avut cea mai
mare valoare utilizand o cantitate mai mare de extract
tanant (17%) si Ti (1ll) (1,9%); pentru Acacia Mangium,
fara continut de acid galic, temperatura de contractie
obtinuta a avut cea mai mare valoare utilizdnd cea mai
mare doza de extract tanant (19%) si Ti (Ill) (2,3%).
Astfel, cu cat mai mare a fost continutul de acid galic din
extractele tanante, cu atat mai mare a fost doza de
agent tanant utilizata pentru a obtine cea mai mare
temperatura de contractie.
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Effect of pH on Thermal Stability of Leather

0.2
0.18
0.16
014
0.12

01
0.08
0.06

—e— Acacia Mangium
0.04 —— Orange oil / Ulei de portocale
0.02 —=*— Strawberry tree / Arbut

0 - >

0.5 1.6 2.5 pH3'5 4.5 5.5

Precipitation quantities (g)
Cantitatea de precipitat (g)

Figure 6. Precipitation quantities
under different pH
Figura 6. Cantitatile de precipitat
la diferite valori ale pH-ului

Figure 6 and Figure 7 indicated that the process of
complex reactions was facilitated by the incredse of pH,
as well 3s the thermal stability. In addition, under same
pH conditions, the Ti (Ill) reacted with tannin extracts
with more gallic acid (Strawberry tree) generated more
precipitations and higher shrinkage temperatures were
obtdined. On the contrary, for the reaction between
tannins without gallic acid (Acacida Mangium) and Ti (I11)
lower quantities of precipitations were got, and the
leather showed the lowest shrinkage temperatures.
Therefore, under the tannin-Ti (lll) combination
tanning condition, thermal stability of ledather was
enhanced due to the facilitdtion of gallic acid on
complex reactions. Moreover, similar trends were
found at different pH conditions.

Evaluation of Leather Made under Optimum Conditions

Shringkage temperature|{C)
Temperatura de contractie (°C)

Influenta pH-ului asupra stabilitatii termice a pielii

—
(=]
v

—_
(=]
(=1

d

20 —e— Acacia Mangium
g5 —m— Strawberry tree | Arbut
—&— Orange oil / Ulei de portocale
80 - S
1 2 3 pH 4 5 6 T

Figure 7. Relation between pH
and shrinkage temperature
Figura 7. Relatia dintre pH

si temperatura de contractie

Figura 6 si Figura 7 arata ca procesul reactiilor de
complexare a fost facilitat de cresterea pH-ului,
precum si de stabilitatea termicd. Tn plus, in aceleasi
conditiide pH, Ti (lll) reactionat cu extracte tanante cu
mai mult acid galic (arbut) a generat mai mult
precipitat si a dus la temperaturi de contractie mai
mari. Din contra, la reactia dintre taninul fara acid
galic (Acacia Mangium) si Ti (I1l) s-au obtinut cantitati
mai mici de precipitat, iar pielea a prezentat cele mai
mici temperaturi de contractie. Prin urmare, in
conditiile tabacirii combinate cu tanin-Ti (),
stabilitatea termica a pielii a fost Tmbunatatita
datorita faptului ca acidul galic a facilitat reactiile de
complexare. Mai mult, s-au observat tendinte
similare in diferite conditii de pH.

Evaluarea pielii realizate in conditii optime

Table 4: Properties of ledther produced by tannin-Ti (1) combination tdnning methods under optimum conditions
Tabelul 4: Proprietatile pieilor realizate prin metoda de tdbacire combinata tanin-Ti (Ill) in conditii optime

Shrinkdge temperature (°
Temperatura de contractie ( "C)

106.0 104.1

Tedr strength (N-mm™)
Rezistenta la sfésiere (N-mm?)
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Table 4 indicated that higher shrinkage
temperature was obtained with Strawberry tree which
contains more gallic acid; lower shrinkage temperature
was presented by Acdcida Mangium which contains no
gallic acid under the optimum conditions. But there is
no such association between physical properties and
the content of gallicacid.

CONCLUSIONS

Tannin extracts with different content of gallic
acid were used for complex and tanning experiment
with Ti (lll). The result shows that: the effective
complexdtion index, as well as the tannin-Ti (lll)
complex ability were improved by gallic acid in {annins
under different temperature and pH conditions; with
increase of gallic acid contdined in tannin extracts,
leather produced by tannin-Ti (lll) combination
tanndge showed higher thermal stability and required
less tanning dgents; under optimized tanning
condition, leather treated by tannins with more gallic
acid exhibited higher shrinkdage temperature in this
combination tanning system.
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