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VALIDATION OF METHOD FOR IDENTIFYING AROMATIC AMINES FROM DYED LEATHER

VALIDAREA METODEI DE IDENTIFICARE A AMINELOR AROMATICE DIN PIEILE VOPSITE

Ciprian CHELARU", Gabriela MACOVESCU, Marian CRUDU, Dana GURAU

INCDTP - Division: Leather and Footwear Research Institute, 93 lon Minulescu, Bucharest, Romania, icpi@icpi.ro

VALIDATION OF METHOD FOR IDENTIFYING AROMATIC AMINES FROM DYED LEATHER

ABSTRACT. The use of chemicals to obtain semi-processed leather must be consistent with the environmental laws and regulations, which
requires evaluation of toxicity in leather goods intended for consumption. The paper proposes to implement and validate an instrumental
analytical method to determine azo dyes in leather. The presence of azo dyes was determined on a total of three restricted aromatic amines
(4-aminobiphenyl, benzidine, 5-nitro-o-toluidine), which can be found as a result of the split of dyes used in leather dyeing. Validation
parameters of gas chromatographic method were: accuracy (trueness and reliability), precision, sensitivity, limit of detection, limit of
quantification, working range, linearity.

KEY WORDS: method validation, azo dyes, leather, benzidine, 4-aminobiphenyl, 5-nitro-o-toluidine

VALIDAREA METODEI DE IDENTIFICARE A AMINELOR AROMATICE DIN PIEILE VOPSITE

REZUMAT. Utilizarea substantelor chimice la obtinerea semifabricatelor din piele trebuie sa fie in concordanta cu legislatia si normele de
protectie a mediului ceea ce impune evaluarea toxicitatii produselor din piele destinate consumului. Lucrarea isi propune implementarea
unei metode analitice instrumentale pentru determinarea colorantilor azoici din piele si validarea acesteia. Controlul prezentei colorantilor
azoici s-a efectuat pe un numar de trei amine aromatice interzise (4-aminobifenil, benzidind, 5-nitro-o-toluidina) ce pot fi regasite ca urmare
a scindarii colorantilor utilizati la vopsirea pieilor. Parametrii de validare ai metodei gaz-cromatografice au fost exactitatea (justetea si
fidelitatea), precizia, sensibilitatea, limita de detectie, limita de cuantificare, domeniul de lucru, liniaritate.

CUVINTE CHEIE: validare metoda, coloranti azoici, piele, benzidina, 4-aminobifenil, 5-nitro-o-toluidina

LA VALIDATION D’UNE METHODE POUR IDENTIFIER LES AMINES AROMATIQUES DANS LE CUIR TEINT

RESUME. L'utilisation de produits chimiques pour obtenir le cuir semi-fini doit &tre conforme aux lois et réglements pour I'environnement,
qui nécessite I'évaluation de la toxicité des produits en cuir pour la consommation. Larticle propose la mise en ceuvre et la validation d’une
méthode d’analyse instrumentale pour la détermination des colorants azoiques dans le cuir. La présence de colorants azoiques a été vérifiée
sur un total de trois amines aromatiques interdites (I'amino-4-biphényle, la benzidine, la 5-nitro-o-toluidine), qui peuvent étre trouvées a la
suite de la division des colorants utilisés dans la teinture du cuir. Les paramétres de validation de la méthode de chromatographie en phase
gazeuse ont été : I'exactitude (justesse et fidélité), la précision, la sensibilité, la limite de détection, la limite de quantification, la plage de
travail, la linéarité.

MOTS-CLES : validation de la méthode, colorants azoiques, cuir, benzidine, amino-4-biphényle, 5-nitro-o-toluidine

INTRODUCTION

The leather industry is facing increasingly
stricter and complex legal constraints and issues
related to environmental protection.

The new concept of innocuousness: “the
quality of not being harmful” increasingly gains
interest from the consumer, who wants to make sure
that the product is free of chemicals (synthetic or
natural) that might be hazardous for health.

The most toxic products, mutagens,
carcinogens (Eurachem Guide, 1998) were the first
to have alarmed European Union and imposed
publication of several directives that prohibit or limit
the use of these chemicals (Directive 99/51/EC on
pentachlorophenol, Directive 2002/61/EC banning
azo dyes, Directive 2009/563/EC on eco-labelling
footwear, Directive 2010/75/EU on industrial
emissions in tanneries, REACH).

Regulation (CE) no. 552/2009 of 22 June 2009
amended Regulation (CE) No. 1907/2006 of the

* Correspondence to: Ciprian CHELARU, INCDTP - Division: Leather
and Footwear Research Institute, 93 lon Minulescu, Bucharest,
Romania, icpi@icpi.ro

INTRODUCERE

Industria de pielarie se confrunta cu probleme
de protectie a mediului si constrangeri legislative tot
mai stricte si mai complexe.

Noul concept de inocuitate: ,calitatea de a nu
fi daunator” castiga tot mai mult interes din partea
consumatorului, acesta dorind sa se asigure ca
produsul nu contine substante chimice (sintetice sau
naturale) care ar putea avea un efect ddunator asupra
sanatatii.

Cele mai toxice produse, agentii mutageni,
cancerigeni, au fost primele care au alarmat Uniunea
Europeana siau impus publicarea mai multor directive
care interzic sau limiteaza utilizarea acestor substante
chimice (Directiva 99/51/CE privind pentaclorfenolul,
Directiva 2002/61/CE privind interzicerea colorantilor
azoici, Directiva 2009/563/CE privind eticheta
ecologicd a fncaltdmintei, Directiva 2010/75/EU
privind emisiile industriale Tn tabacarii si REACH).

Regulamentul (CE) NR.552/2009 al Comisiei
din 22 iunie 2009 a modificat Regulamentul (CE) nr.
1907/2006 al Parlamentului European si al Consiliului
privind inregistrarea, evaluarea, autorizarea si
restrictionarea substantelor chimice (REACH) fiind

Revista de Pielarie Incaltaminte 16 (2016) 3

183



Ciprian CHELARU, Gabriela MACOVESCU, Marian CRUDU, Dana GURAU

European Parliament and of the Council concerning
the Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH), compulsory for all
27 EU countries. Commission Decision 2009/563/CE
from 9 July 2009 establishing the ecological criteria
for the grant of Community Eco-label for footwear
made a uniform regulation possible in the EU.

Theleather manufacturer becomesincreasingly
aware of the importance of environmental protection,
which he is both dependent on and responsible for [1-
12]. Attention to hazardous chemicals falls within the
concept of sustainable development, environmental
protection is reconsidered, toxicity of products for
consumers is examined [13-15].

Azo dyes decompose to form aromatic amines,
benzidine derivatives, under reductive conditions. EU
Regulation 552/2009 prohibits a number of 22 aromatic
amines, to which two more were added since 2015.
These 24 amines are known or potential carcinogens.
EU Regulation provides the test method for each type of
substrate and defines the detection limit of 30 mg/kg for
each amine that may be found in leather.

Products that may contain azo dyes are
garments, footwear, textiles or leather, toys and toys
which include textile or leather, bedding, towels,
hairpieces, wigs, hats, nappies and other sanitary
items, sleeping bags, gloves, handbags, purses/wallets,
yarn and fabrics intended for use by the final consumer.

Among the prohibited aromatic amines are the
following:

Benzidine

Along with other aromatic amines (e.g.
2-naphthylamine), benzidine - Figure 1 - was
withdrawn from industry service due to its high
carcinogenic potential.

HoN

obligatoriu pentru toate cele 27 de tari ale UE. Decizia
Comisiei 2009/563/CE din 9 iulie 2009 de stabilire a
criteriilor ecologice de acordare a etichetei ecologice
comunitare pentru incaltaminte a facut ca in UE sa
existe o reglementare unitara.

Producatorul de piei devine tot mai constient
de importanta protectiei mediului Tnconjurator, de
care este, in acelasi timp, dependent si responsabil [1-
12]. Atentia acordata substantelor chimice periculoase
se incadreaza in conceptul de dezvoltare durabilg, se
reconsidera protectia mediului, se evalueaza toxicitatea
produselor pentru consumatori [13-15].

Colorantii azoici se descompun in conditii
reductive cu formarea aminelor aromatice, derivate
din benzidind. Regulamentul 552/2009 al UE interzice
un numar de 22 de amine aromatice, iar din 2015 fiind
adaugate inca 2. Aceste 24 de amine sunt cunoscute
a fi agenti cancerigeni sau potential cancerigeni.
Regulamentul UE prevede metoda de testare pentru
fiecare tip de substrat si defineste limita de detectie
de 30 mg/kg pentru fiecare amina posibil a fi gasita in
piele, fiind si limita admisa.

Produsele ce pot contine coloranti azoici pot
fi articole de Tmbracaminte, incdltaminte, produse
textile sau piele, jucdrii si jucarii care includ textile
sau piele, lenjerie de pat, prosoape, mese, peruci,
palarii, scutece si alte obiecte sanitare, saci de dormit,
manusi, genti, posete/portofele, fire si tesaturi
destinate utilizarii de catre consumatorul final.

Printre aminele aromatice interzise in utilizare sunt:

Benzidina

fmpreund cu alte amine aromatice (de ex:
2-naftilamina), benzidina — Figura 1 — a fost retrasa din
utilizare n industrie datorita potentialului cancerigen ridicat.

NH2

Figure 1. Benzidine structure [4]
Figura 1. Structura benzidinei [4]

Benzidine production was declared illegal in
the United Kingdom in 2002, and its control was taken
over by COSHH (Control of Substances Hazardous to
Health Regulations 2002) [16].

Since 2002, the EU prohibited the use of azo
dyes containing at least one azo link, which may lead,
by reduction, to compounds of aromatic amines
class whose concentration exceeds 30 ppm and are
potentially carcinogenic, mutagenic or teratogenic.

Producerea benzidinei a fost declarata ilegala
in Marea Britanie in anul 2002, iar controlul acesteia
a fost preluat de catre COSHH (Control of Substances
Hazardous to Health Regulations, 2002) [16].

incd din anul 2002 UE interzice utilizarea
colorantilor azoici ce contin cel putin o legatura azo,
care, prin reducere, pot conduce la compusi din clasa
aminelor aromatice a caror concentratie depaseste
30 ppm si au potential cancerigen, mutagen sau
teratogen.

184
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4-aminobifenil

NH,

4-aminobiphenyl

Figure 2. 4-aminobiphenyl structure [2]
Figura 2. Structura aminei 4-aminobifenil [2]

Amina 4-aminobifenil — Figura 2 - este
un compus aromatic ce influenteaza degradarea
materialului genetic de baza — ADN-ul. Analizele de
laborator au confirmat aparitia cancerului de piele in
prezenta aminei 4-aminobifenil [17].

Amine 4-aminobiphenyl — Figure 2 — is an
aromatic compound that influences the degradation
of the main genetic material — DNA. Laboratory
analyses confirmed the growth of skin cancer in the
presence of amine 4-aminobiphenyl [17].

5-nitro-o-toluidina
5-nitro-o-toluidine
5-nitro-o-toluidina face parte din grupul nitro-

5-nitro-o-toluidine is part of nitro-toluidines toluidinelor, a caror structura chimic3 este prezentata

class, whose chemical structure is shown in Figure 3. in Figura 3.
NH, NH; NH» NH,
CH
CHs : CH3 O,N CHa
NO, NO, OzN

6-Nitro-o-toluidine
6-Nitro-o-toluidina

5-Nitro-o-toluidine
5-Nitro-o-toluidina

4-Nitro-o-toluidine
4-Nitro-o-toluidina

3-Nitro-o-toluidine

3-Nitro-o-toluidina
Figure 3. Nitro-toluidine structure

Figura 3. Structura nitro-toluidinelor

5-nitro-o-toluidine is a compound included
in the composition of the pigments used in dyeing
the leather industry. Latest studies on products
dyed with such pigments identified adverse health
effects caused by the presence of 5-nitro-o-toluidine
that causes eye irritation, interference with oxygen
transport by blood. High amine concentrations can
lead to breathing problems, dizziness and even death.

The substance has carcinogenic potential;
studies on rats show that it favors liver cancer
development.

Given the importance of the presence of
these amines in leather products, the paper aims at
implementing an instrumental analytical method for the
determination of aromatic amines in the finished leather.

In order to characterize/confirm the content
of aromatic amines derived from azo dyes present in
dyed leather, gas chromatography method was used
and validated with the most accurate and reproducible
results regarding the compounds analyzed, consistent
with the environmental requirements of leather
products.

5-nitro-o-toluidina este un compus ce intra in
compozitia pigmentilor utilizati la vopsirea produselor
din industria de pielarie. Ultimele studii efectuate pe
produse vopsite cu astfel de pigmenti au identificat
efecte negative asupra sanatatii cauzate de prezenta
5-nitro-o-toluidinei prin producerea de iritatii la
nivelul ochilor, interferenta asupra transportului
oxigenului de catre sange. Concentratii mari ale
aminei pot duce la probleme de respiratie, stari de
ameteala si chiar moarte.

Substanta are potential cancerigen, studiile
efectuate pe sobolani demonstreaza faptul ca este
favorizata aparitia cancerului la ficat.

Avand in vedere importanta prezentei in
produsele din piele a acestor amine, lucrarea fisi
propune implementarea unei metode analitice
instrumentale  pentru determinarea  aminelor
aromatice n pielea finita.

n vederea caracterizarii/confirmarii
continutului de amine aromatice derivate din coloratii
azoici prezenti in pieile vopsite, s-a utilizat metoda
gaz-cromatografica si s-a validat cu rezultate cat
mai corecte in ceea ce priveste compusii analizati,
reproductibile, Tn concordanta cu cerintele ecologice
ale produselor din piele.
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MATERIALS AND METHOD

Materials

Bovine leather dyed in the laboratory using azo
dyes were analysed, prepared according to standard
EN ISO 17234-1:2015.

Reagents:

- methanol;

- t-butyl methyl ether;

- sodium dithionite, minimum purity 87%;

- aqueous solution of sodium dithionite, 200
mg/ml, prepared daily;

- n-hexane;

- amines

- methanolic sodium hydroxide 20% (m/v), 20 g
of NaOH dissolved in 100 ml of methanol;

- distilled water—grade 3 according to SREN ISO
3696:2002 - Water used for analytical laboratories.
Specifications and methods of analysis.

- standard solution for amine process control:
30 pug amine/ml methanol freshly prepared from the
standard solution.

Equipment

e Gas chromatograph coupled with mass
spectrometer (DSQ Il - Focus GC) - Thermo
Scientific - used for separation and
identification of aromatic compounds.

e Capillary column: TR 5MS: 5%
phenyl — 95% dimethylpolixiloxane,
length: 60 m, diameter: 0.32 mm,
film thickness: 0.25 um

e  Flame ionization detector

e Split/split less injector

e Ultrasonic bath with thermostat -
Elmasonic S 15 H - used for processing
the analyzed samples

e Rotary evaporator LABOROTA eco 4000
- Heidolph - used for concentration of
aromatic amine solutions to be analyzed
by GC-MS;

Method

The standard used is EN ISO 17234-1:2015:
Chemical tests for the determination of certain azo
colorants in dyed leathers - Part 1 - Determination of
certain aromatic amines derived from azo colorants.
Parameters included in the methodology for the
validation of chromatographic method are:

e  exactness (trueness and precision);
accuracy;
sensitivity;
detection limit;
quantification limit;
scope of work;
linearity.

MATERIALE $I METODE

Materiale

S-au analizat piei bovine vopsite in laborator
cu coloranti azoici, ce au fost pregatite conform
standardului SR EN 1SO 17234-1:2015.

Reactivi:

- metanol;

- t-butil metil eter;

- ditionit de sodiu, puritate minima 87%;

- solutie apoasa de ditionit de sodiu, 200 mg/

ml;

- n-hexan;

- amine (4-aminobifenil, benzidina, 5-nitro-o-
toluidina)

- hidroxid de sodiu metanolic 20% (m/v), 20 g
NaOH dizolvat in 100 ml metanol;

- apa distilata — grad 3 conform SR EN ISO
3696:2002.

- solutie standard pentru controlul procesului
aminei: 30 ug amind/ml metanol preparatd proaspat
din solutia standard.

Aparatura

e Gaz cromatograf cuplat cu spectrometru
de masa (DSQ Il = Focus GC) — Thermo
Scientific — utilizare pentru separarea si
identificarea compusilor aromatici

e coloana capilara: TR 5MS: 5% fenil
— 95% dimetilpolixiloxan, lungime:
60 m, diametru interior: 0,32 mm,
grosimea filmului: 0,25 um

e detector cu ionizare in flacara

e injector Split/Split less

e Baie cu ultrasunete prevazuta cu
termostat — ElImasonic S 15 H — utilizata
pentru prelucrarea intermediara a
probelor analizate

e Rotavapor LABOROTA 4000 eco -
Heidolph — utilizat la concentrarea
solutiilor aminelor aromatice ce urmeaza
a fi analizate prin tehnica GC-MS;

Descrierea metodei

Standardul ce a stat la baza metodei analitice
este ,SR EN ISO 17234-1:2015 - Piele. Analize
chimice pentru determinarea anumitor coloranti
azoici din pieile vopsite — Partea 1 — Determinarea
anumitor amine aromatice derivate din coloratii
azoici”, parametrii inclusi in metodologia de validare
a metodei cromatografice fiind:

Exactitatea (justetea si fidelitatea);
Precizia;

Sensibilitatea;

Limita de detectie;

Limita de cuantificare;

Domeniul de lucru;

Liniaritatea.
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EXPERIMENTAL
The studies were performed on laboratory
bovine hides which have been dyed with known
concentrations of amine (4-aminobiphenyl, benzidine,
5-nitro-o-toluidine). A total of 10 specimens were
made of each individual leather sample treated
with one of three amines. For each specimen, the
steps described in SR EN ISO 17234-1: 2015 - “Skin.
Chemical analysis for the determination of certain azo
colorants in dyed leathers - Part 1 - Determination of
certain aromatic amines derived from azo colorations
were followed, namely:
e reductive cleavage with sodium dithionite
solution for 30 minutes at 70°C + 2°C;
e liquid-liquid extraction with t-butyl methyl
ether to the column of Kieselgel;
e concentration of the extract obtained in a
vacuum rotary evaporator at 50°C;
e taking the residue with methanol;
e injecting the solution into GC-MS.
4-aminobiphenyl Determination and Method
Validation

PARTEA EXPERIMENTALA

Studiile au fost efectuate pe piei bovine
vopsite ce au fost obtinute experimental in laborator,
cu concentratii cunoscute ale aminelor luate in studiu
(4-aminobifenil,  benzidind,  5-nitro-o-toluidina).
S-a realizat un numar de 10 epruvete din fiecare
esantion de piele tratata individual cu cate una
dintre cele trei amine. Pentru fiecare epruvetd s-au
urmat pasii descrisi Tn standardul SR EN 1SO 17234-
1:2015 — ,,Piele. Analize chimice pentru determinarea
anumitor coloranti azoici din pieile vopsite — Partea
1 — Determinarea anumitor amine aromatice derivate
din coloratii azoici” respectiv:

e Scindare reductiva cu solutie de ditionit de
sodiu timp de 30 min la temperatura de
70°C+2°C;

e  Extractie lichid-lichid cu t-butil metil eter cu
trecere prin coloana de Kieselgur;

e Concentrarea extractului obtinut intr-un
rotavapor cu vid la temperatura de 50°C;

e  Preluarea reziduului cu metanol;

e Injectarea solutiei in GC-MS.

Determinarea 4-aminobifenilului si validarea
metodei

Table 1: Initial data of 4-aminobiphenyl

Tabelul 1: Date initiale 4-aminobifenil

Concentration
Concentratie

50 pg/ml

Compound
Compus

Number of analyses
Numdr de analize

4-aminobiphenyl
4-aminobifenil

10

Table 2: Results obtained from 4-aminobiphenyl analysis

Tabelul 2: Rezultate obtinute din analiza 4-aminobifenilului

Y. X
Integrated mass units (det., in ug/ml)
Y X

unitdti de ma/sc“r integrate (det., in I,ug/ml)

Y. X

Integrated mass units (det., in pg/ml)
v X

unitdti de masd integrate (det., in ug /ml)

135771170 56.93
126862003 54.35
138820772 57.81
122394756 53.05
121889868 52.90

118236753 51.85
119284318 52.15
120794081 52.59
114240328 50.69
116439710 51.32
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Table 3: Interpretation of results

Tabelul 3: Interpretarea rezultatelor

Accuracy Range Value
Exactitatea Domeniu Valoare
Accuracy / Exactitate % = 2 mediu_ 100 90-110% 106.73
Y7,
Bias %= —-medin —H 4 - 6.73%
Y7,
Reliability Range Value
Fidelitatea Domeniu Valoare
s
CV (RSD) % = x100 2-20% 4.39%
mediu
Repeatability
Repetabilitatea
r=2.8xs, 6.57 ug/ml
Table 4: Sensitivity
Tabelul 4: Sensibilitatea
Y, X
Integrated mass units (det., in ug/ml)
Y X

unitdti de masd integrate

(det., in ug/ml)

28744397 25
107173802 50
285953275 100

Liniarity domain
350000000
y = 3,450,328.5286x - 60,645,339.5000

300000000 R7=09990 /
‘E 250000000
Ed
3 200000000
'E 150000000
§ /
£ 100000000

50000000 ./
0 T T T T T |
0 20 40 60 80 100 120
Concentration (ug/ml)

Figure 4. Linearity domain of 4-aminobiphenyl
Figura 4. Domeniu de liniaritate 4-aminobifenil
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Linear regression equation function is of
the form:

y = 3450328,586x — 60645339,50

b= slope calibration

b= 3450328,586 area units x pug*

Ecuatia functiei de regresie liniara este de forma:
y = 3450328,586x — 60645339,50

b = panta curbei de etalonare

b =3450328,586 unitati arie x ug-1

R2 =0,9990

R2=0,9990

Table 5: Values of limit of detection, limit of quantification and working range

Tabelul 5: Valorile limitei de detectie, limitei de cuantificare si domeniului de lucru

Formula Value
Formula Valoare

Limit of detection
Limita de detectie
Limit of quantification
Limita de cuantificare
Working range
Domeniul de lucru
Lower limit

Limita inferioard
Upper limit

Limita superioard

LoD=3s 0.1447 pg/ml

LoQ =10s

0.0482 pg/ml

LI =25 pg/ml

LS =100 pg/ml

4-aminobisphenyl - control diagram
61
59
57
= o
E 4 3 \*=K.-_*'—‘\
51 _.__‘.=._
49
47
45 T T T T T T T T T 1
1 3 4 5 6 7 8 9 10
Tests
Average+3s Average+2s Average
Average-2s Average-3s  =0==Sample values

Figure 5. 4-aminobisphenyl control diagram
Figura 5. Diagrama de control 4-aminobisfenil
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Figure 6. 4-aminobisphenyl GC-MS chromatogram
Figura 6. Cromatograma GC-MS pentru 4-aminobisfenil

Benzidine Determination and Method Determinarea benzidinei si validarea metodei
Validation

Table 6: Initial data of benzidine

Table 6: Date initiale benzidina

Concentration
Concentratie 50 pg/m|
Compound Benzidine
Compus Benzidind
Number of analyses 3

Numdr de analize

Table 7: Results obtained from benzidine analysis

Table 7: Rezultate obtinute din analiza benzidinei

Y. X Y X
Integrated ;nass units (det., inlug/ml) Integrated ;nass units (det., inlug/ml)
Y X Y X
unitdti de mc;sé integrate (det., in Iug/ml) unitdti de ma’Sﬁ integrate (det., in lug/ml)
18907936 52.45 20498313 54.76
18015238 51.16 18314791 51.59
18300144 51.57 18135322 51.33
20753972 55.13 15793059 47.93
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Table 8: Interpretation of results

Tabelul 8: Interpretarea rezultatelor

Accuracy Range Value
Exactitatea Domeniu Valoare
Accuracy / Exactitate %~ —"¢4 = 100 90-110% 103.98
u
X peaic = M
Bias %= —mdiv T 900 - 3.98 %
Y7
Reliability Range Value
Fidelitatea Domeniu Valoare
s
CV(RSD) %= ———x100 2-20% 434
mediu
Repeatability
Repetabilitatea
r=28xs, 5.43 pug/ml
Table 9: Sensitivity
Tabelul 9: Sensibilitatea
Y, X
Integrated mass units (det., in pug/ml)
v X
unitdti de masd integrate (det., in ug/ml)
28744397 25
107173802 50
285953275 100
1121860955 200
Liniaritaty domain
140000000
y = 689.306.9729x - 17.246,450.9565 &
120000000 RE=00982 /
= 100000000
E
3 80000000
-
-‘§ 60000000 /
o
E 40000000
20000000 /
0 T T T T ]
0 50 100 150 200 250
Concentration (pg/ml)

Figure 7. Benzidine linearity domain
Figura 7. Domeniu de liniaritate benzidina
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Linear regression equation function is of
the form:

y = 689306,9729x — 17246450,9565

b= slope calibration

b = 689306,9729 area units x pg*

R2 =0,9982

Ecuatia functiei de regresie liniara este de
forma:

y =689306,9729x — 17246450,9565

b= panta curbei de etalonare

b = 689306,9729 unitati arie x ug-1

R2 =0,9982

Table 10: Values of limit of detection, limit of quantification and working range

Tabelul 10: Valorile limitei de detectie, limitei de cuantificare si domeniului de lucru

Formula Formula Value
Valoare
Limit of detection
Limita de detectie LloD=3s 0.4616 pg/ml
Limit of quantification loQ =105 5387 ug/ml

Limita de cuantificare
Working range
Domeniul de lucru
Lower limit

Limita inferioard
Upper limit

Limita superioard

Ll = 25 pg/ml

LS =200 pg/ml

Benzidine control diagram

= Average+3s

= Average-2s

Tests

= Average+2s

= Average-3s

— Average

== Sample values

Figure 8. Benzidine control diagram

Figura 8. Diagrama de

control benzidina
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Figure 9. Benzidine GC-MS chromatogram

Figura 9. Cromatograma GC-MS pentru benzidina

5-nitro-o-toluidine Determination and Method Determinarea 5-nitro-o-toluidinei si validarea

Validation metodei
Table 11: Initial data of 5-nitro-o-toluidine
Tabelul 11: Date initiale 5-nitro-o-toluidina
Concentration
Concentratie 50 pg/m|
Compound 5-nitro-o-toluidine
Compus 5-nitro-o-toluidind
Number of analyses 10
Numdr de analize
Table 12: Results obtained from 5-nitro-o-toluidine analysis
Tabelul 12: Rezultate obtinute din analiza 5-nitro-o-toluidinei
Y, X Y, X
Integrated mass units (det., in pg/ml) Integrated mass units (det., in pg/ml)
Y X v X
unitdti de masd integrate (det., in ug/ml) unitdti de masd integrate (det., in ug/ml)
1572098500 52.45 139261807 51.59
1497543548 51.16 1377947260 51.33
1569498199 51.57 1285159747 47.93
1492700267 55.13 1302565826 61.00
1466693430 54.76 1258529985 56.48
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Table 13: Interpretation of results

Tabelul 13: Interpretarea rezultatelor

Accuracy Range
Exactitatea Domeniu

Value
Valoare

Accuracy / Exactitate %

Bias %

mediu

=100 90-110%

Xmediu —H _

y7,

106.68

6.68 %

Reliability Range
Fidelitatea Domeniu

Value
Valoare

K
CV(RSD)%= —x100 2-20%

mediu

6.81

Repeatability

Repetabilitatea

r=2.8xsr

10.17 pg/ml

Table 14: Sensitivity

Tabelul 14: Sensibilitatea

i
Integrated mass units

i
unitdti de masd integrate

Y

Y

X

(det., iniug/ml)

X

(det., in pg/ml)

57831736

229164260
559559916
1745104501

25

50
100
200

194

Intensitaty (U.A.m.)

Liniaritaty domain

2E+09
L8E+00 |¥ =9.734,273.9190x - 264,673,076.6522

R*=0.9813 b4
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Figure 10. 5-nitro-o-toluidine linearity domain
Figura 10. Domeniu de liniaritate 5-nitro-o-toluidina
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Linear regression equation function is of the Ecuatia functiei de regresie liniara este de
form: forma:

y =9734273,9190x — 264673076,6522 y =9734273,9190x — 264673076,6522

b= slope calibration b= panta curbei de etalonare
b=9734273,9190 area units x pg-1 b=9734273,9190 unitati arie x pug-1

R2 =0,9813 R2=0,9813

Table 15: Values of limit of detection, limit of quantification and working range

Tabelul 15: Valorile limitei de detectie, limitei de cuantificare si domeniului de lucru

Formula Formula Value
Valoare
Limit of detection
Limita de detectie LoD =3s 3.9114 ug/ml
Limit of quantification loQ =105 13,038 g/l

Limita de cuantificare
Working range
Domeniul de lucru

Lower limit
Limita inferioard LI =25 ug/ml
Upper limit

S N LS =200 |
Limita superioard ug/m

S-nitro-o-toluidine control diagram
210
200

190
< 180 W
2170
160 M
150
140 . . . .

Determinari

= Average+3s ===Averagetls === Average

Average-2s ——Average-3s  —O=—Sample values

Figure 11. 5-nitro-o-toluidine control diagram
Figura 11. Diagrama de control 5-nitro-o-toluidina
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Figure 12. 5-nitro-o-toluidine GC-MS chromatogram
Figura 12. Cromatograma GC-MS pentru 5-nitro-o-toluidina
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CONCLUSIONS

This paper presents the implementation of
a gas chromatographic instrumental method for
determining aryl amines and its validation.

The official leather testing method is
established by EN ISO 17234-1:2015: “Leather
-- Chemical tests for the determination of
certain azo colorants in dyed leathers -- Part
1: Determination of certain aromatic amines
derived from azo colorants”.

The calculation of performance parameters
for the studied method leads to the following
conclusions:

e linearity range of the method is
between 12-200 pg/ml, where
the correlation coefficient was in
the range of 0.9857-0.9990. For
good linearity, the correlation
coefficient that characterizes the
regression must be between 0.980
and 1;

e detection limit of the amines
ranges from 0.46 pug/ml to 4.4 ug/
ml;

e the limit of quantification of the
amines ranges from 1.53 ug/ml to
14.8 ug/ml;

e the accuracy is between 86.61%
and 106.75% and represents the
approximation of the actual value
and the value found in the sample.
Foragaschromatographicmethod,
the accuracy performance must
be within 85-110%;

The validated analytical method for the
determination of aromatic amines in leather
meets all the conditions required to be used and
applied for the stated purposes.

It has been shown that this method can be
used as it is repetitive and reproducible.
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CONcCLUzII

Lucrarea prezintda implementarea unei
metode  instrumentale  gaz-cromatografice
pentru determinarea aril aminelor si validarea
acesteia.

Metoda de testare oficiald pentru piele
este stabilita prin standardul EN ISO 17234-
1:2015: ,,Analize chimice pentru determinarea
anumitor colorati azoici din pieile vopsite
— Partea 1 — Determinarea anumitor amine
aromatice derivate din coloratii azoici”.

Din calculul parametrilor de performanta
ai metodei studiate reies urmatoarele concluzii:

e Domeniul de liniaritate al metodei
este cuprins intre 12 — 200 pg/
ml interval in care valoarea
coeficientului de corelatie a fost
cuprins in intervalul 0,9857 -
0,9990. Pentru o buna liniaritate,
coeficientul de corelatie ce
caracterizeaza dreapta de regresie
trebuie sa fie cuprins intre 0,980 si
1

e Llimita de detectie a aminelor
variaza intre 0,46 pg/ml si 4,4 ug/
ml;

e Limita de cuantificare a aminelor
variaza intre 1,53 pg/ml si 14,8
ug/mi;

e Exactitatea metodei este cuprinsa
intre 86,61% si 106,75% si
reprezinta  apropierea  dintre
valoarea realad si valoarea gasita in
proba de analizat. Pentru o metoda
gaz cromatografica, performanta
pentru exactitate trebuie sa fie
cuprinsd intre 85-110%;

Metoda  analiticd validata  pentru
determinarea continutului de amine aromatice
din piele indeplineste toate conditiile necesare
pentru a fi folositda si aplicata in scopurile
propuse.

S-a demonstrat ca aceasta metoda poate
fi folosita deoarece prezinta repetitivitate si
reproductibilitate.
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Acest studiu a fost finantat de ANCSI
in cadrul programului nucleu 2016-2017, cod
proiect PN 16 34 04 03, contract 26/14.03.2016.
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RESISTANCE OF OUTSOLE OF HIGH-HEELED SHOES
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INFLUENCE OF TREADS GROOVE, HARDNESS AND CONTAMINANTS ON THE SLIP RESISTANCE OF OUTSOLE OF HIGH-HEELED SHOES

ABSTRACT. The aim of this study was to explore the interaction effects of hardness (75A, 80A, 90A), structures of tread groove (spacing, width,
depth and orientation) and contaminants (dry, wet and vegetable oil) on coefficient of friction (COF) of TPU outsole of high-heeled shoe,
by application the SATRA whole shoe tester with normalized ceramic tile. Results of univariate analysis show that (1) in the dry condition,
orientation of tread groove was the main factor impacting the COF of TPU outsole; (2) ‘Orientation * contaminant’, ‘Hardness * contaminant’
and ‘Orientation * hardness * contaminant’ had significant interaction impact on COF; (3) COF at the hardness of 80A was lower than that of
70A and 90A in the dry condition; while, those in the wet and oil conditions were controversial. Overall, variables of hardness, contaminant
and orientation of tread groove were main influence factors in terms of slip resistance.

KEY WORDS: coefficient of friction; hardness; contaminants; tread groove

INFLUENTA CANELURILOR, DURITATII $| CONTAMINANTILOR ASUPRA REZISTENTEI LA ALUNECARE A TALPILOR PANTOFILOR CU TOC INALT

REZUMAT. Scopul acestui studiu a fost acela de a explora efectele interactiunii dintre duritate (75A, 80A, 90A), structura canelurilor talpilor
(distanta, Iatime, adancime si orientare) si contaminanti (uscat, cu apa si cu ulei vegetal) asupra coeficientului de frecare (COF) al talpilor din
TPU la pantofii cu toc Tnalt, utilizand dispozitivul SATRA pentru testarea intregului pantof cu placi ceramice normalizate. Rezultatele analizei
univariate arata cd: (1), in stare uscatd, orientarea canelurilor a reprezentat principalul factor care a influentat COF al talpii din TPU; (2)
combinatiile ,Orientare * contaminant”, ,Duritate * contaminant” si ,Orientare * duritate * contaminant” au avut un impact semnificativ
asupra COF; (3) COF la duritatea 80A a fost mai mic decat in cazul duritatilor 70A si 90A in stare uscata, iar valorile obtinute in conditii de
contaminare cu apa si cu ulei au fost controversate. In general, duritatea, contaminantii si orientarea canelurilor au reprezentat principalii
factori care influenteaza rezistenta la alunecare.

CUVINTE CHEIE: coeficient de frecare; duritate; contaminanti; canelura

'INFLUENCE DES RAINURES, DE LA DURETE ET DES CONTAMINANTS SUR LA RESISTANCE AU GLISSEMENT DES SEMELLES DE CHAUSSURES
A TALONS HAUTS

RESUME. Le but de cette étude a été d’étudier les effets de I'interaction de la dureté (75A, 80A, 90A), de la structure de rainures (distance,
largeur, profondeur et orientation) et des contaminants (sec, humide et huile végétale) sur le coefficient de frottement (COF) des semelles
de TPU de chaussures a talon haut, par I'application du testeur de la chaussure entieére SATRA aux carreaux de céramique normalisés. Les
résultats de I'analyse univariée montrent que : (1) a I'état sec, 'orientation des rainures a été le principal facteur impactant le COF des
semelles de TPU ; (2) les combinaisons “Orientation * contaminant”, “Dureté * contaminant” et “Orientation * dureté * contaminant” ont eu
un impact significatif sur le COF ; (3) COF pour la dureté 80A a été inférieur a la dureté 70A et 90A a I'état sec, et les valeurs obtenues dans
des conditions de contamination de I'eau et de I'huile ont été controversées. Généralement, la dureté, les contaminants et l'orientation des

rainures ont été les principaux facteurs qui influencent la résistance au glissement.

MOTS CLES: coefficient de frottement, dureté, contaminants, rainure

* Correspondence to: Jin ZHOU, National Engineering Laboratory for Clean Technology of Leather Manufacture, Sichuan University, Chengdu
610065, P.R.China, e-mail: zj_scu@qq.com
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INTRODUCTION

Incidences such as slip and fall are common
in both workplaces and leisure activities [1]. It
was reported [2] that in the UK, 20% of injury
accidents were on account of the slip; while,
those happened in the US were 20% in family,
18% in public places and 17% in industry [3]. Non-
slip could be defined as the ability of a material
to overcome the slip [4] and it is quantified by
the coefficient of friction (COF). The higher COF,
the better slip resistance. Since outsole is the
only shoe part in contact with the ground, it is
critical to explore the correlation between the
characteristics of outsole and the COF, so as to
build a guidance of safety while designing the
outsole.

Key parameters of outsole can be
summarized in the aspects of materials,
structure of tread groove and hardness, where
the structure of tread groove was represented
with beveled edge, microscopic and macroscopic
roughness, width, depth, orientation and contact
area [1, 5-10]. Moreover, external environment,
including pavement materials and contaminants,
was a potential factor contributing to the
accident of slip.

In current literature, correlations between
the characteristics of outsole and the COF
were studied. Gronqvist [11] assessed the
slip resistance on contaminated floors using
new and used safety shoes with rectangular,
waveform, and triangular sole tread patterns
and he suggested that reasonable design of
tread groove was an effective approach in the
dispersion of contaminants, by which potential
ability of outsole in terms of slip resistance was
promoted [9, 12-14]. Research of Leclercq et al.
[12] showed that patterns of tread significantly
affected the COF on the dry and contaminated
conditions. Further, Tisserand [13] pointed out
that treaded sole achieved a higher COF than
that of smooth one on a dry smooth floor while
loading hydrodynamic pressure; his finding
also suggested that the tread groove on the
sole should be long enough to drain liquids
away from the maximum pressure areas under
foot. Strandberg [15] also indicated that the
texture and pattern on the sole should allow
contaminants flow between their cavities and
away from the contact surfaces to speed up the
squeeze-film process. Li et al. [1, 7-8] discussed

INTRODUCERE

Accidentele legate de alunecare si cadere
sunt comune la locurile de munca si in activitatile
de petrecere a timpului liber [1]. S-a raportat [2]
ca In Marea Britanie 20% din accidente au avut
loc din cauza alunecarii; in timp ce, in SUA, 20%
din accidente au avut loc Tn familie, 18% in locuri
publice si 17% in industrie [3]. Antideraparea
poate fi definitda ca fiind capacitatea unui
material de a preveni alunecarea [4] si este
cuantificata prin coeficientul de frecare (COF).
Cu cat este mai mare COF, cu atat mai buna este
rezistenta la alunecare. Intrucat talpa exterioar
este singura componenta a pantofului care vine
in contact cu solul, este esential sa se analizeze
corelatia dintre caracteristicile talpii si COF, in
vederea elaborarii unor linii directoare cu privire
la siguranta la proiectarea talpii.

Parametrii cheie ai talpii cuprind
materialele, structura canelurilor si duritatea,
jiar structura canelurilor a fost caracterizata
prin marginea tesita, asperitati microscopice si
macroscopice, latime, adancime, orientare si
zona de contact [1, 5-10]. Mai mult decat atat,
mediul extern, inclusiv materialele de pavaj si
contaminantii, reprezintd un potential factor
care contribuie la alunecare.

In literatura actuald existd studii ale
corelatiilor dintre caracteristicile talpii si
COF. Gronqvist [11] a evaluat rezistenta la
alunecare pe pardoseli contaminate, utilizand
incdltaminte de protectie noua si folositd, cu
caneluri dreptunghiulare, in forma de unda si
triunghiulare si a sugerat ca designul adecvat
al canelurilor de pe suprafata talpilor este o
abordare eficientd in dispersia contaminantilor,
promovand capacitatea potentiala a talpii
exterioare de a mari rezistenta la alunecare
[9, 12-14]. Cercetarile lui Leclercq si colab.
[12] au aratat ca modelul canelurilor a afectat
in mod semnificativ COF in conditii uscate si
contaminate. Tn plus, Tisserand [13] a subliniat
faptul ca talpa cu caneluri a atins o valoare COF
mai mare decat cea neteda pe o podea neteda
si uscata n conditii de presiune hidrodinamic3;
constatdrile lui au sugerat, de asemenea, ca
canelurile talpii trebuie sa fie suficient de lungi
pentru a permite scurgerea lichidelor din zonele
de presiune maxima ale piciorului. Strandberg
[15] a indicat, de asemenea, faptul ca textura
si modelul talpii trebuie sd permita scurgerea
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the influence of structures of tread groove on
available friction. They first modified the grooves
into four widths (3, 6, 9, and 12 mm), five depths
(1 to 5 mm in 1 mm increments) and three
orientations (parallel, perpendicular and oblique
to direction of motion); then they contrasted the
variations of COF on three floor surfaces (vinyl,
terrazzo and steel) with contaminants of water,
detergent and oily, respectively.

However, limitations existed in the current
studies: (1) materials used in the above were
mainly rubber, which is known as a material
with nature of good slip resistance; but ability
of slip resistance in soling materials such as
thermoplastic polyurethanes (TPU) which was
largely applied in the shoemaking industry was
not obtained; (2) interaction effects within
width, depth, spacing between two grooves and
orientation were not systematically assessed in
terms of whole shoe test; (3) varied hardness
and their abilities in slip resistance were not
considered in the current knowledge; (4) high-
heeled shoes is in nature of fashion and artistic
and it is popular in the female population.
However, defects such as the less contact area
between shoe and ground and increasing
instability as heel heighted [16] contributed to
a high probability of slip and fall. Unfortunately,
rare studies assessed the COF of soling of high-
heeled shoe.

Therefore, our study aimed to explore
the interaction effects of hardness (75A, 80A,
90A), structures of tread groove (spacing, width,
depth and orientation) and contaminants (dry,
wet and vegetable oil) on COF of TPU outsole
of high-heeled shoe, by application the SATRA
STM 603 whole shoe tester with normalized
ceramic tile. Two hypotheses were assumed: (1)
impacts of structures of tread groove on the COF
were significant; (2) hardness was an important
variable determining the COF of TPU soling.

METHOD

Experimental Environment

This study was conducted in the laboratory
with the temperature and relative humidity of
20.0°C and 60% RH, respectively.

contaminantilor dintre cavitatile talpii si departe de
suprafetele de contact pentru a accelera procesul
de expulzare a fluidului. Li si colab. [1, 7-8] au
discutat despre influenta structurilor canelurilor
asupra frecdrii existente. Acestia au modificat mai
intai canelurile, obtindnd patru latimi (3, 6, 9 si 12
mm), cinci adancimi (de la 1 pana la 5 mmin trepte
de 1 mm) si trei orientdri (paralela, perpendiculara
si oblica pe directia de miscare); apoi au comparat
variatiile COF pe trei suprafete de podea (vinil,
terrazzo si otel), utilizand contaminanti precum
apa, detergentul si uleiul.

Cutoate acestea, au existat limitariin studiile
actuale: (1) materialele utilizate in studiile de mai
sus au constat in principal din cauciuc, cunoscut
ca material cu rezistentd buna la alunecare,
dar nu s-a studiat rezistenta la alunecare a altor
materiale pentru talpi, cum ar fi poliuretanii
termoplastici (TPU), aplicati pe scara larga in
industria incaltamintei; (2) efectele interactiunii
dintre latime, adancime, distanta dintre doua
caneluri si orientare nu au fost evaluate ih mod
sistematic, testand pantoful in ansamblu; (3)
nu s-a luat in considerare duritatea variabila si
contributia acesteia la rezistenta la alunecare; (4)
pantofii cu toc inalt sunt la moda si sunt foarte
indragiti de populatia de sex feminin. Cu toate
acestea, caracteristici precum zona de contact mai
mica dintre pantof si sol si cresterea instabilitatii
pe masura ce creste fnaltimea tocului [16] au
contribuit la o probabilitate mare de alunecare si
cadere. Din pacate, foarte putine studii au evaluat
COF al talpii pantofilor cu toc Tnalt.

Prin urmare, studiul nostru a avut ca scop
explorarea efectelor interactiunii dintre duritate
(75A, 80A, 90A), structura canelurilor (distanta,
latime, adancime si orientare) si contaminanti
(uscat, cu apa si cu ulei vegetal) asupra COF al
talpii din TPU la pantofii cu toc inalt, utilizand
dispozitivul SATRA STM 603 pentru a testa
pantoful intreg cu placi ceramice normalizate.
S-au emis doua ipoteze: (1) impactul structurii
canelurilor asupra COF este semnificativ; (2)
duritatea este o variabila importantd care
determina COF al talpii din TPU.

METODA
Mediul experimental

Acest studiu a fost efectuat in laborator, in
conditii de temperaturd de 20,0°C si umiditate
relativa de 60% RH.
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Devices and Settings

The COF between the soles and the
floors was measured by SATRA STM 603 whole
shoe tester with normalized ceramic tile. It
uses a stationary high-heeled shoe last with a
pneumatically driven 400 N normal load. The
floor slides underneath the shoe at a constant
velocity and a force transducer measures the
shear force during foot slide. The hardness of TPU
were measured using the LX-A, measuring range:
0~100 HA, head-trip: 2.5 mm, size of pressing
head: W0.79 mm, dimension: 115*60*25 mm.
Available friction testing followed the guidelines
established in EN ISO 13287 [17] and the similar
ASTMF2913 [18].

Shoes for Testing

In this study, three kinds of hardness (75A,
80A, 90A), four orientations of tread groove
changing in width, depth or spacing (orientation
relative to motion: parallel (D1), oblique (D2),
perpendicular (D3) and cross-shaped (D4);
width: 2 mm (width-2), 4 mm (width-4), 6 mm
(width-6), 8 mm (width-8), 11 mm (width-11), 17
mm (width-17); depth: 1 mm (depth-1), 2 mm
(depth-2) and 3 mm (depth-3); spacing between
grooves: 1 mm (space-1), 2 mm (space-2), 4
mm (space-4) and 6 mm (space-6), all the types
were made into shoes with 75 mm heel height.
Definitions of orientations of tread groove were
shown in the Figure 1.

o0

S0 A B

a b

Aparatura si setari

COF dintre talpa si sol a fost mdsurat cu
dispozitivul SATRA STM 603 cu placa ceramica
normalizatd. Acesta foloseste un pantof
stationar cu toc inalt cu o sarcind normala de
400 N actionata pneumatic. Podeaua aluneca
sub pantof la o viteza constanta, iar forta de
forfecare in momentul alunecarii este masurata
cu un traductor de forta. Duritatea TPU a fost
masurata utilizand dispozitivul LX-A, domeniul
de masurare: 0100 HA, adancime penetrare:
2,5 mm, dimensiunea capului de presare: W0,79
mm, dimensiune: 115*%60*25 mm. Testarea
frecdrii existente a urmat liniile directoare
stabilite in EN 1SO 13287 [17] si in standardul
similar ASTMF2913 [18].

inciltamintea de testat

n acest studiu, s-au realizat pantofi cu toc
inalt de 75 mm, utilizand trei tipuri de duritate
(75A, 80A, 90A), patru orientari ale canelurilor
cu diferite latimi, adancimi sau spatieri (orientare
in raport cu directia de miscare: paralela (D1),
oblicd (D2), perpendiculara (D3) si in forma
de cruce (D4); latime: 2 mm (width-2), 4 mm
(width-4), 6 mm (width-6), 8 mm (width-8), 11
mm (width-11), 17 mm (width-17); adancime: 1
mm (depth-1), 2 mm (depth-2) si 3 mm (depth-3);
distanta dintre caneluri: 1 mm (space-1), 2 mm
(space-2), 4 mm (space-4) si 6 mm (space-6).
Orientarile canelurilor sunt prezentate in Figura 1.
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Figure 1. The definition of structures of tread groove (a: parallel orientation;
b: perpendicular orientation; c: oblique orientation; d: cross-shaped orientation;
AB section: the spacing between grooves; CD section: width)

Figura 1. Definirea structurilor canelurilor (a: orientare paralels;
b: orientare perpendiculara; c: orientare oblica; d: orientare in forma de cruce;
sectiune AB: spatiul dintre caneluri; sectiune CD: latimea canelurilor)
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TIITH

-

Figure 2. Different structures of tread groove used in the tests and the experimented shoe
Figura 2. Diferite structuri ale canelurilor folosite Tn cadrul experimentelor si incaltamintea testata

Contaminant Conditions

There were three contaminant conditions
tested in the experiment: dry, wet and oil.
In the wet condition, water was applied and
replenished on the footwear pad striking area
during repeated strikes. The amount of water
for each replenishment was 10 ml to build up a
thickness determined by surface tension. In the
oil condition, 10 ml of vegetable oil was brushed
onto the floor to duplicate oil spillage conditions.
The thickness of the oil on the floor, in this
condition, was controlled by the surface tension.
All contaminants were removed from the floor
and the footwear pad using absorbent papers
after each experimental condition measurement.
The floor and the footwear pad were blown dry
using a hair drier after the cleaning process.

Test Procedure

All the models of high-heeled shoes
were tested in three contaminant conditions
individually, where random seeds were randomly
arranged. At least five successful measures were
made for each trail.

Data Processing and Statistical Analysis

Five measures of each test were first
averaged; then One-Sample Kolmogorov-
Smirnov confirmed that all data followed the
normal distribution. Univariate analysis was
applied to explore the interaction effect of width/
depth/spacing/orientation of tread groove,
outsole hardness and contaminants on the COF.
COF was considered as dependent variable;

Conditii de contaminare

in cadrul experimentului s-au testat trei
conditii de contaminare: uscat, cu apa si cu ulei.
in situatia de contaminare cu apd, s-a aplicat
apa in mod repetat in zona in care incaltamintea
atinge solul. Cantitatea de apa a fost de 10 ml
pentru fiecare reaprovizionare pentru a ajunge la
grosimea determinata de tensiunea de suprafata.
n situatia de contaminare cu ulei, s-au aplicat
cu o pensuld 10 ml de ulei vegetal pe podea
pentru a simula conditiile unei scurgeri de ulei.
Grosimea uleiului pe podea, in aceasta conditie,
a fost controlatd de tensiunea superficiala.
Dupa testarea fiecarei conditii experimentale,
s-au Indepartat toti contaminantii de pe sol si
de pe talpa incaltamintei, folosind servetele
absorbante. Dupa curatare, s-au uscat podeaua
si talpa incaltamintei folosind un uscator de par.

Procedura de testare

Toate modelele de pantofi cu toc Tnalt
au fost testate individual in trei conditii de
contaminare, Tn ordine aleatoare. S-au efectuat
cel putin cinci masuratori reusite pentru fiecare
incercare.

Prelucrarea datelor si analiza statistica

Mai intai s-a facut media a cinci masuratori
ale fiecarui test; apoi analiza One-Sample
Kolmogorov-Smirnov a confirmat faptul ca
toate datele au urmat distributia normala. S-a
efectuat analiza univariatda pentru a explora
efectul interactiunii dintre latimea / adancimea /
spatierea / orientarea canelurii, duritatea talpii si
contaminanti asupra COF. COF a fost considerat
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Table 1: The parameters of the tread groove

Tabelul 1: Parametrii canelurilor

The structure of tread groove

Structura canelurilor

Parameters
Orientation Parametri
Orientare Depth (mm) Spacing (mm) Width (mm)
Addncime (mm) Spatiere (mm) Latime (mm)
Parallel 2.0 2.0 2.0
2.0 2.0 4.0
Paraleld 2.0 2.0 6.0
Perpendicular 1.0 2.0 2.0
2.0 2.0 2.0
Perpendiculara 3.0 2.0 2.0
Oblique 2.0 2.0 2.0
2.0 4.0 2.0
Oblicd 2.0 6.0 2.0
Cross-shaped 2.0 11 8.4
R 2.0 1.6 11.3
In formd de cruce 2.0 23 17.0

whereas, structures of treads groove, hardness
and contaminants were deemed as independent
factors. All the statistical models were operated
under SPSS (22.0 V, SPSS Inc., Chicago, USA) with
a significant level of 0.05 and 95% confidence
interval.

RESULTS

In dry condition, COF of D2 with 75A
was significantly lower than that of other three
directions (p = 0.000 for D2 to D1; p = 0.000 for
D2 to D3; p = 0.006 for D2 to D4); while D3 was
recorded with a smaller COF than that of D3 (p =
0.005). There are no significant differences within
four types of orientations in the hardness of 80A
and 90A, respectively. Further, on the wet and oil
floors, changes orientations of tread groove did
not apparently affect the COF (Figure 2A). The
impacts of depth (Figure 2B), width (Figure 2C)
and spacing (Figure 2D) of tread grooves on COF
were found to be less significant in condition of
neither harness nor contaminants. Generally,
COF at the hardness of 80A was lower than that
of 70A and 90A in the dry condition (p = 0.000 for
70A vs. 80A; p = 0.000 for 80A vs. 90A; p = 0.056
for 70A vs. 90A); while, those in the wet and oil

variabila dependentd, iar structura canelurilor,
duritatea si contaminantii au fost considerati
factori independenti. Toate modelele statistice au
fost efectuate cu ajutorul programului SPSS (22.0V,
SPSS Inc., Chicago, SUA), cu un nivel de semnificatie
de 0,05 si un interval de incredere de 95%.

REZULTATE

in stare uscati, COF pentru orientarea
D2 cu duritatea 75A a fost semnificativ mai mic
decat Tn cazul celorlalte trei directii (p = 0,000
pentru D2 fata de D1; p = 0,000 pentru D2 fata
de D3; p = 0,006 pentru D2 fatd de D4); in cazul
D3 s-a finregistrat o valoare a COF mai mica
decat cea a D3 (p = 0,005). Nu exista diferente
semnificative Tntre cele patru tipuri de orientari
in ceea ce priveste duritatile 80A si 90A. n plus,
pe podeaua umeda si contaminata cu ulei,
modificarea orientarii canelurilor nu pare sa
fi afectat COF (Figura 2A). Impactul adancimii
(Figura 2B), latimii (Figura 2C) si spatierii (Figura
2D) canelurilor asupra COF s-a dovedit a fi
mai putin semnificativ la variatia duritatii si a
contaminantilor. in general, COF la duritatea de
80A a fost mai mic decat in cazul valorilor 70A si
90A in stare uscata (p = 0,000 pentru 70A fata de
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conditions were controversial (p = 0.000 for 70A
vs. 80A; p = 0.000 for 80A vs. 90A; p = 0.036 for
70A vs. 90A in wet condition; p = 0.000 for 70A
vs. 80A; p = 0.000 for 80A vs. 90A; p = 0.011 for
70A vs. 90A in oil condition).

80A; p = 0,000 pentru 80A fatd de 90A; p = 0,056
pentru 70A fata de 90A), in timp ce, in conditiile
de contaminare cu apa si petrol, valorile COF au
fost controversate (p = 0,000 pentru 70A fata de
80A; p = 0,000 pentru 80A fatd de 90A; p = 0,036
pentru 70A fata de 90A in stare umeda; p = 0,000
pentru 70A fata de 80A; p = 0,000 pentru 80A
fatd de 90A; p = 0,011 70A fata de 90A in cazul
contaminarii cu ulei).

A-orientat

CoF-D1
CoF-D2
- - CoF-D3
— - CoF-D4

B-depth

CoF-depth-1
CoF-depth-2
= = CoF-depth-3

C-spacing

CoF-space-1
CoF-space-2
— — CoF-space-4

= - = CoF-space-f

D-width

CoF-width-2
CoF-width-4
==== CoF-width-6
=== CoF-width-8
-+ =+ CoF-width-11
CoF-width-17

20 ail 80 oil

Figure 3. Radar plots of COF in each contaminant, hardness and tread groove condition.
(Each variable was composed of contaminant and hardness, such as that dry 75 means in the
condition of dry and hardness of 75A; ‘A’ indicated the COF in condition of contaminant + hardness
+ orientation; ‘B’ indicated the COF in condition of contaminant + hardness + depth; ‘C’ indicated
the COF in condition of contaminant + hardness + spacing; ‘D’ indicated the COF in condition of
contaminant + hardness + width)

Figura 3. Diagrame radar ale COF pentru fiecare combinatie de contaminant, duritate si tip de caneluri.
(Fiecare variabila a fost compusa din contaminant si duritate, astfel incat 75 dry inseamna in stare uscata
si cu duritate de 75A; A indica COF in situatia contaminant + duritate + orientare; B indica COF in situatia

contaminant + duritate + adancime; C indica COF in situatia contaminant + duritate + |atime)

Findings of univariate analysis were
shown in the Table 3. In terms of individual
effect, variables of hardness (p = 0.003 < 0.05)
and contaminant (p = 0.000 < 0.001) showed
significant impacts on the COF of soling; while
that of eachvariable of tread groove was recorded
with low significant level in determining the
COF. In terms of interaction effects, ‘Orientation

Rezultatele analizei univariate au fost
prezentate in Tabelul 3. Tn ceea ce priveste
efectele individuale, duritatea (p = 0,003 <
0,05) si contaminantii (p = 0,000 < 0,001) au un
impact semnificativ asupra COF al talpii, in timp
ce structura canelurilor a inregistrat un nivel de
semnificatie redusladeterminarea COF.in ceeace
priveste efectele interactiunii, s-a dovedit ca COF
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* contaminant’ (p = 0.008 < 0.05), ‘Hardness *
contaminant’ (p=0.000<0.001) and ‘Orientation
* hardness * contaminant’ (p = 0.000 < 0.001)
were found to be significantly affecting the COF.

este afectat in mod semnificativ de urmatoarele
combinatii: “Orientare * contaminant” (p = 0,008
< 0,05), “Duritate * contaminant” (p = 0,000 <
0,001) si “Orientare * duritate * contaminant” (p
=0,000 < 0,001).

Table 2: Outcomes of univariate analysis

Tabelul 2: Rezultatele analizei univariate

Source dF F Sig.
Sursa
Groove orientation 3 0.058 0.943
Orientarea canelurilor
Groove depth 2 0.085 0.919
Addncimea canelurilor
Groove spacing 3 0.910 0.406
Spatierea canelurilor
Groove width 5 0.411 0.664
Latimea canelurilor
Hardness 2 6.179 0.003*
Duritate
Contaminant 2 163.556 0.000**
Contaminant
Orientation * hardness 6 0.157 0.959
Orientare * duritate
Orientation * contaminant 6 3.931 0.008*
Orientare * contaminant
Depth * hardness 4 0.253 0.906
Addncime * duritate
Depth * contaminant 4 0.285 0.886
Addncime * contaminant
Spacing * hardness 6 0.229 0.921
Spatiere * duritate
Spacing * contaminant 6 0.232 0.919
Spatiere * contaminant
Width * hardness 10 0.920 0.461
Ldtime * duritate
Width * contaminant 10 0.306 0.872
Latime * contaminant
Hardness * contaminant 4 57.991 0.000**
Duritate * contaminant
Orientation * depth * hardness 12 0.426 0.789
Orientare * addncime * duritate
Orientation * depth * contaminant 12 0.479 0.751
Orientare * addncime * contaminant
Orientation * spacing * hardness 18 0.385 0.817
Orientare * spatiere * duritate
Orientation * spacing * contaminant 18 0.389 0.815
Orientare * spatiere * contaminant
Orientation * width * hardness 30 1.547 0.212
Orientare * ldtime * duritate
Orientation * width * contaminant 30 0.515 0.725
Orientare * Idtime * contaminant
Orientation * hardness * contaminant 12 26.992 0.000**

Orientare * duritate * contaminant

*: Significant level was lower than 0.05
**.: Significant level was lower than 0.001

*: Nivelul de semnificatie a fost mai mic decdt 0,05
**: Nivelul de semnificatie a fost mai mic decdt 0,001

206

Leather and Footwear Journal 16 (2016) 3



INFLUENCE OF TREADS GROOVE, HARDNESS AND CONTAMINANTS ON THE SLIP RESISTANCE OF OUTSOLE OF HIGH-HEELED SHOES

DISCUSSION

COF of TPU outsoles of high-heeled shoe
with varied structures of tread groove and
hardness were assessed by using the SATRA STM
603 whole shoe tester on three contaminant
surfaces, so as to interpret the influence of the
tread groove, hardness and contaminant on
the slip resistance of TPU outsole. Totally our
outcomes show in two aspects: (1) in the dry
condition, orientation of tread groove was the
main factor impacting the COF of TPU outsole;
(2) ‘Orientation * contaminant’, ‘Hardness *
contaminant’ and ‘Orientation * hardness *
contaminant’ had significant interaction impact
on COF; (3) COF at the hardness of 80A was lower
than that of 70A and 90A in the dry condition;
while, those in the wet and oil conditions were
controversial.

It was not surprising in our study to
obtain significant COF differences within these
factors and similar outcomes were obtained in
current literature. Chang [19, 20] has identified
several factors affecting slip measurement: the
material and roughness of the footwear and
floor, floor contaminant conditions, and the
slipmeter used. They also indicated that the
surface roughness affects the COF of the floor.
A rougher floor surface generally leads to a
higher COF. Afterwards, Li and Chen [1] assessed
effect of shoe width of soling tread groove on
the COF with different sole materials, floors,
and contaminants by using Brungraber Mark Il
(BM 11) slipmeter. Their findings suggested that
tread groove designs were helpful in facilitating
contact between the shoe sole and floor on
liquid contaminated surface.

In current knowledge, effectiveness
of a tread groove design depended on the
contaminant, footwear material and floor. The
rate of contaminant dispersion was a function
of the squeeze-film effect and this determinant
of available friction was widely discussed [1,
6-8, 21]. The plowing of contaminant between
grooves would likely create a high frequency
slip-stick response [22] due to the build-up of
force against the leading edge of the groove
and the build-up of contaminant within the
groove, rather than the constant sliding friction
provided by oblique grooves. These conclusions
were similar with ours. In this study, the effect
of contaminants on the COF was significant;

DISCUTII

S-a determinat COF al talpilor din TPU
la pantofii cu toc Tnalt, cu diferite structuri
ale canelurilor si duritate variabila, utilizand
dispozitivul SATRA STM 603 pentru a testa trei
suprafete contaminate, Tn vederea stabilirii
influentei canelurilor, duritatii si contaminantului
asupra rezistentei la alunecare a talpii din
TPU. Rezultatele arata trei aspecte: (1) in stare
uscata, orientarea canelurilor a fost principalul
factor cu impact asupra COF al talpii din TPU;
(2) combinatiile ,Orientare * contaminant”,
,Duritate  * contaminant” si ,Orientare *
duritate * contaminant” au avut un impact
semnificativ asupra COF; (3) COF la duritatea
80A a fost mai mic decat in cazul duritatilor 70A
si 90A in stare uscata, iar valorile obtinute in
conditii de contaminare cu apa si cu ulei au fost
controversate.

Faptul ca in acest studiu s-au obtinut
diferente semnificative ale COF pentru acesti
factori nu a fost surprinzator, avand in vedere ca
studiile actuale au dus la rezultate similare. Chang
si colab. [19, 20] au identificat mai multi factori
care afecteaza determinarea alunecarii: materialul
si rugozitatea incaltamintei si podelei, conditiile
de contaminare a podelei si dispozitivul de
masurare utilizat. De asemenea, acestia au indicat
faptul ca rugozitatea suprafetei afecteaza COF al
podelei. In general, o podea mai rugoasd duce
la o valoare mai mare a COF. Ulterior, Li si Chen
[1] au evaluat influenta latimii canelurilor talpii
asupra COF utilizand diferite materiale pentru
talpa, pardoseli si contaminanti cu dispozitivul de
testare Brungraber Mark 1l (BM IlI). Descoperirile
lor au sugerat ca designul canelurilor faciliteaza
contactul dintre talpa pantofului si podea pe
suprafata contaminata cu lichid.

Pe baza cunostintelor actuale, eficacitatea
designului canelurilor depinde de contaminant,
de materialul din care este facuta incaltamintea
si de podea. Rata dispersiei contaminantilor a
reprezentat o functie a efectului de expulzare
a fluidului si acest factor al frecarii existente
a fost discutat pe larg [1, 6-8, 21]. Efectul de
brazdare a contaminantului intre caneluri ar
crea probabil foarte frecvent un raspuns de
alunecare cu intermitente [22], mai degraba din
cauza acumularii de forta pe marginea canelurii
si acumularii de contaminant intre caneluri,
decat din cauza frecarii constante provocate
de canelurile oblice. Aceste concluzii au fost
similare cu ale noastre. in acest studiu, influenta
contaminantilor asupra COF a fost semnificativa,
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meanwhile, rank of COF value in contaminants
could be summarized as below: dry > wet > oil.

Li et al. [1, 7-8] also implied that the
influence of floor roughness on COF would
be weaker gradually with the change of tread
groove and the width of the tread groove was
the main factor influencing the COF. However,
the width and depth of tread groove in this
study had low significant impacts on COF under
the experiment conditions; while, that of the
orientation was significant on COF. Our findings
were consistent with those of Blanchette et
al. [23]. They evaluated the effect of three
tread groove parameters (width, depth, and
orientation) on the COF by the same approach
used in our study and they summarized that
orientation had the greatest impact on available
friction, and the effect of width and depth were
marginal. Potential reasons for this discrepancy
between our study and the literature might
contribute to the approach for the measure of
slip resistance. It was plausible that differences
in the mechanical operating principles between
Mark Il and SATRA STM603 (variable angle vs.
constant angle, variable load vs. constant load
and contact velocity) could affect the interactions
at the sliding interface, thereby directly
influencing the effects of groove parameters on
available friction and thus reported COF values.
Besides, outsole material was another key factor
responsible for these variations. Li et al. [1, 7-8]
evaluated the rubber, whereas we considered
TPU. Hence, our first hypothesis was proved.

Hardness was considered in our
experiments. We found that COF of hardness
between 75A and 90A had significant differences,
particularly with varied contaminant floor. We
comprehended this finding as that the hardness
would change the width of tread groove, by
which the forces applied in the outsole was
varied. With exception in the dry condition,
hardness of 80A in wet and oil ones achieved
a better plowing effect with the contaminants,
where a higher COF was obtained. Thereby, our
second hypothesis was confirmed.

CONCLUSION

Rigidity, contaminant and tread groove
direction had significant interaction impact for
COF. For the contaminants, the COF averaged
the other factors were changes with the viscosity

iar clasificarea COF in functie de contaminanti
poate fi rezumata dupa cum urmeaza: uscat >
umed > ulei.

Li si colab. [1, 7-8] au sugerat, de
asemenea, ca influenta rugozitatii podelei asupra
COF ar fi mai slaba pe masurda ce se modifica
modelul canelurilor, iar |atimea canelurilor a fost
factorul principal care influenteaza COF. Cu toate
acestea, in studiul de fata, latimea si adancimea
canelurilor au avut un impact semnificativ scazut
asupra COF in conditiile experimentului; pe de
alta parte, influenta orientarii asupra COF a fost
semnificativa. Descoperirile noastre au fost in
concordanta cu cele ale lui Blanchette si colab.
[23]. Acestia au evaluat efectul a trei parametri ai
canelurilor (Iatime, adancime si orientare) asupra
COF avand aceeasi abordare utilizata in studiul de
fata si au ajuns la concluzia ca orientarea a avut
cel mai mare impact asupra frecadrii existente,
iar influenta Iatimii si adancimii a fost marginala.
Posibilele motive pentru aceasta discrepanta
intre studiul nostru si literatura actuala ar putea
contribui la adoptarea unei abordari privind
masurarea rezistentei la alunecare. Era plauzibil
faptul ca diferentele dintre dispozitivele Mark Il
si SATRA STM603 (unghi variabil - unghi constant,
sarcina variabild - sarcina constanta si viteza
de contact) privind principiile de functionare
mecanicd ar putea afecta interactiunile la
interfata de alunecare, influentand astfel in mod
direct efectele parametrilor canelurilor asupra
frecarii existente si valorilor COF raportate. in
plus, materialul talpii a constituit un alt factor
cheie responsabil pentru aceste variatii. Li si
colab. [1, 7-8] au luat in studiu cauciucul, iar in
aceasta lucrare s-a evaluat TPU. Prin urmare,
prima ipoteza enuntata a fost confirmata.

Tn acest experiment s-a luat in considerare
si duritatea. S-a constatat ca COF al duritatii intre
75A si 90A a avut diferente semnificative, n
special Tn cazul podelei cu diferiti contaminanti.
Din aceasta constatare rezulta cd duritatea
modifica latimea canelurii, prin care variaza
fortele aplicate pe talpa pantofului. Cu exceptia
conditiei uscate, la duritatea de 80A in conditiile
de contaminare cu apa si cu ulei s-a obtinut un
efect de brdazdare mai bun, precum si un COF mai
mare. Astfel, s-a confirmat si a doua ipoteza.

CONCLUZII

Interactiuneadintrerigiditate, contaminant
si orientarea canelurii a avut un impact
semnificativ asupra COF. In cazul contaminantilor,
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of the contaminants. The higher contaminant
viscosity, the lower COF values would be
obtained. Rigidity is the main influence factor on
COF averaged the other factors and should be
considered when designing footwear outsoles
for slip resistance. The influence of rigidity
was weaker with the increasing viscosity of
contaminant, but did not disappear. Variables of
hardness, contaminant and orientation of tread
groove were main influence factors in term of
slip resistance and their interaction effects and
models of combination in outsole design should
be considered in order to achieve a better slip
resistance.
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INVESTIGAREA DIFUZIEI AGENTULUI DE UNGERE $| CROMARE iN STRUCTURA PIELII DE
OAIE CU BLANA

Dmitry SHALBUEV", Yulia KALASHNIKOVA, Sergey POLOMOSHNIKH, Elena LEONOVA
East Siberia State University of Technology and Management, 40 V Kluchevskaya St., Ulan-Ude, 670013, shalbuevd@mail.ru

INVESTIGATION OF CHROME-GREASING DIFFUSION INTO THE SHEEPSKIN STRUCTURE

ABSTRACT. The authors have studied chrome-greasing fluid diffusion into the sheepskin structure by scanning electron microscopy. The
results confirm the even distribution of chrome tanning components in the structure of semi-processed sheepskin during ageing for 2 hours.
The quality of the finished product, produced according to the innovative technology of combined tanning and greasing with integrated
mechanical processing, mees the regulatory requirements of TRCU 017/2011 “On the safety of products of light industry”. The proposed
innovative method of tanning and greasing fluid diffusion into sheepskin structure can significantly reduce processing time of semi-finished
sheepskin from 4 hours to 4.5 minutes, ageing time from 4 to 2 hours and considerably reduce water consumption and, thus, decrease toxic
effluents emission containing trivalent chromium.

KEY WORDS: tanning and greasing, chrome-greasing emulsion, leather, diffusion, scanning electron microscopy

INVESTIGAREA DIFUZIEI AGENTULUI DE UNGERE $I CROMARE IN STRUCTURA PIELII DE OAIE CU BLANA

ABSTRACT. Autorii au studiat difuzia in structura pielii de oaie a unui amestec de saruri de crom si agent de ungere prin microscopie
electronica de baleiaj. Rezultatele au confirmat distributia omogena a compusilor tananti cu crom in structura semi-fabricatelor de piele
de oaie in perioada de odihna de 2 ore. Calitatea produsului finit, realizat in conformitate cu tehnologia inovatoare combinatd de tabacire
si ungere cu prelucrare mecanica integratd, indeplineste cerintele de reglementare ale TRCU 017/2011, ,,Siguranta produselor din industria
usoard”. Metoda inovatoare propusa, de tabacire si ungere prin difuzia fluidului in structura pielii de oaie, poate reduce semnificativ timpul de
prelucrare a semifabricatelor de piele de oaie de la 4 ore la 4,5 minute, timpul de odihnd de la 4 la 2 ore si poate reduce considerabil consumul

de apa, reducand, prin urmare, si emisiile de efluenti toxici cu continut de crom trivalent.

CUVINTE CHEIE: tabdcire si ungere, emulsie de ungere cu crom, piele, difuzie, microscopie electronica de baleiaj

L'INVESTIGATION DE LA DIFFUSION DE UAGENT LUBRIFIANT ET DE CHROMAGE DANS LA STRUCTURE DE LA FOURRURE DE MOUTON

RESUME. Les auteurs ont étudié la diffusion d’un mélange de sels de chrome et de lubrifiant dans la structure de la peau de mouton par
la microscopie électronique a balayage. Les résultats ont confirmé la répartition homogéne des composés de tannage au chrome dans la
structure de la peau de mouton au cours du repos pendant 2 heures. Le produit fini réalisé selon une technologie innovante combinée de
tannage et graissage au traitement mécanique intégré répond aux exigences réglementaires de TRCU 017/2011, «La sécurité des produits de
I'industrie légére». La méthode innovante proposée, le tannage et le graissage par la diffusion du fluide de lubrification dans la structure de la
peau de mouton, peut réduire considérablement le temps de traitement des peaux de mouton de 4 heures a 4,5 minutes, le temps de repos
de 4 a 2 heures et peut réduire considérablement la consommation d’eau, réduisant ainsi 'émission d’effluents toxiques au chrome trivalent.

MOTS-CLES: tannage et graissage, émulsion de graissage au chrome, cuir, diffusion, microscopie électronique a balayage
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INTRODUCTION

The basis of the leather and fur production
technologyis skin processinginaqueoussolutions
of chemicals, interchanging with throughfeed
and close-end machine working of semi-finished
leather. Skins processing in an aqueous medium
is relatively simple and inexpensive, but has
some serious disadvantages: long permeation
of aqueous colloidal solutions into the dermis
structure, followed by fibers agglutination at
dehydration forms a large amount of waste
water requiring special treatment.

A major leather and fur production process
is tanning, i.e. treating skins and furs to produce
leather, which is suitable for footwear, clothing,
fancy and other goods production. Interreactions
of tanning substances with protein functional
groups and cross bonding of protein polypeptide
chains, leading to irreversible changes in their
properties, occur during tanning process.
Properties of both dermis and hair of leather and
fur change under the influence of tanning agents
of different chemical nature [1].

Mineral (chrome, aluminum), aldehyde,
oil, vegetable tannage and combined types of
tanning are currently used in leather and fur
processing. A most common mixture for leather
and fur tanning consists of chromium compounds
(1), which were first used in the second half
of the XIX century. Chromium compounds
interreact with collagen carboxyl groups
succeeded by formation of stable pentacycles.
This does not prevent interaction of chromium
compounds with other collagen functional
groups, in particular with amino, hydroxyl
or peptide groups. Skin should be loosened
and have an acidic pH, which is achieved after
drenching and pickling to facilitate diffusion of
tanning compounds into the dermis depth and
penetration of collagen active groups into it.

Chromium tanning provides a good quality
skin for long-term storage. For more than a
hundred years chromium compounds have been
used in tanning industry, but no appropriate
substitution for chrome tanning has been found
yet. Many researchers modified chrome tanning
to reduce chromium (lll) consumption, thus
reducing its losses during leather manufacture.
Nevertheless, until now from 25 to 40% of

INTRODUCERE

Baza tehnologiei de fabricare a pieilor
si blanurilor o reprezinta prelucrarea pielii in
solutii chimice apoase, transformandu-se in
piele semi-finita prin tratare utilizand utilaje
specifice. Prelucrarea pieilor intr-un mediu
apos este relativ simpla si ieftind, dar are cateva
dezavantaje serioase: patrunderea indelungata a
solutiilor coloidale apoase in structura dermei,
urmata de lipirea fibrelor la deshidratare, are ca
rezultat o mare cantitate de apa reziduala care
necesita un tratament special.

Un proces major in cadrul fabricarii pieilor
si blanurilor este tabacirea, adica tratarea
pieilor si blanurilor pentru a obtine pielea finita,
care este destinata fabricarii de incaltaminte,
imbracdminte, produse de lux si alte bunuri. Tn
timpul procesului de tabacire au loc reactiile
substantelor tanante cu grupele functionale ale
proteinelor si reticularea lanturilor polipeptidice
ale proteinelor, care duc la schimbari ireversibile
ale proprietatilor acestora. Atat proprietatile
dermei, catsiale parului se modificd sub influenta
agentilor tananti de natura chimica diferita [1].

in prezent, in procesul de prelucrare a
pieilor si blanurilor se utilizeaza agenti tananti
minerali (pe baza de crom, aluminiu), aldehide,
ulei, agenti de tabacire vegetali si combinatii
ale diferitelor tipuri de agenti de tabacire.
Un amestec uzual pentru tdbacirea pieilor si
blanurilor consta din compusi de crom (lll),
care au fost folositi pentru prima data in a
doua jumatate a secolului al XIX-lea. Compusii
de crom reactioneaza cu gruparile carboxil ale
colagenului formand pentacicluri stabile. Acest
lucru nu impiedica interactiunea compusilor de
crom cu alte grupe functionale ale colagenului,
in special cu grupari amino, hidroxil sau peptide.
Structura pielii trebuie sa fie relaxata si sa aiba
un pH acid, obtinut dupa inmuiere si piclare,
pentru a facilita difuzia compusilor tananti in
profunzimea dermei si patrunderea in gruparile
active ale colagenului.

Prin tabacirea in crom se obtine o piele de
buna calitate care poate fi depozitatd pe termen
lung. Timp de maibine de osutadeani,inindustria
de pielarie s-au utilizat compusii de crom, insd nu
s-a gasit inca un substitut corespunzator pentru
tabacirea in crom. Multi cercetatori au modificat
procesul de tabacire Tn crom pentru a reduce
consumul de crom (lll), reducand, prin urmare,
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chrome tanning agent gets into the effluents [2].
In fact, the overall chromium waste is yet more,
taking into account all the chromium-containing
waste:

- leather cuttings left after shaving of
tanned skins;

- leather trimmings left after skins outlining
or after mechanical operation of breaks and
cutting for footwear components;

- leather scraps up to 7 dm? as a result of
mechanical operations of tears or breaks, as well
as waste from cutting skins for parts of footwear,
saddlery and clothing goods;

- leather splits from 4 to 7 dm? left after
chrome tanning, which are subdivided into
footwear, haberdashery and underlayment.

World leather industry annually consumes
about 65 thousand tons of chromium. 45
thousand tons of chromium is left in leather
goods, the rest goes into solid and liquid waste,
which can lead to general toxic, allergenic,
carcinogenic and mutagenic effects on living
organisms.

A comprehensive solution to
environmental problems is possible only by
developing innovative methods of chemicals
penetration into the leather structure. An
advanced method elaborated by the authors
of the article is a technological process of
sheepskin leather processing at a tanning and
greasing stage. Greasing, as well as tanning, is an
important process of leather and fur production.
It is a process of coating leather fabrics by oil.
Qil is absorbed on the surface and penetrates
between structural elements of leather splitting
them to plasticize, soften, attain higher tenacity
and improve water resistance property. This
innovative method of emulsion introduction
into the structure, developed by the authors,
enables not only the combination of tanning
and greasing processes but also intensifies them
by integrated mechanical effect on leather and
tanning and greasing emulsion. All this will
greatly reduce trivalent chromium and greasing
substances flow into drainage, while maintaining
high quality of the finished product [3].

Working mixture penetration into semi-
finished leather is due to diffusion during
nonmoving and slow-moving processes. The

si pierderile in timpul fabricarii pielii. Cu toate
acestea, in prezent, in efluenti ajunge o cantitate
de agent de tdbacire cu crom de la 25 pana la
40% [2]. De fapt, cantitatea generala de deseuri
de crom este si mai mare, luand in considerare
toate deseurile cu continut de crom:

- resturi de piele ramase dupa faltuirea
pieilor tabdcite;

-stutuitura ramasa dupa operatia mecanica
de stutuire sau dupa croirea componentelor
pentru incaltaminte;

- resturi de piele de pana la 7 dm?, rupte
in urma unor operatii mecanice, precum si
deseuri de la taierea pieilor pentru componente
de incaltaminte, harnasamente si articole de
Tmbracaminte;

- spalturi de piele de la 4 la 7 dm? ramase
dupa tabacirea in crom, care sunt subdivizate in
articole de incaltaminte, galanterie si captuseli.

Industria de pieldarie mondialda consuma
anual circa 65 mii de tone de crom. in produsele
de piele raman 45 de mii de tone de crom, iar
restul reprezinta deseuri solide si lichide, care
pot duce la efecte toxice, alergene, cancerigene
si mutagene generale asupra organismelor vii.

O solutie completda la problemele de
mediu este posibild numai prin dezvoltarea unor
metode inovatoare de introducere a produselor
chimice in structura pielii. O metoda avansatd
elaborata de autorii acestui articol este un proces
tehnologic de prelucrare a pieilor de oaie, in
etapa de tabacire si de ungere. Ungerea, ca si
tabacirea, este un proces important in cadrul
fabricarii pieilor si blanurilor. Aceasta presupune
acoperirea suprafetei pielii cu un strat de ulei.
Uleiul este absorbit pe suprafata si patrunde intre
elementele structurale ale pielii, separandu-le
pentru a obtine un efect de plastifiere, moliciune,
pentru a obtine o durabilitate mai mare si pentru
a imbunatati proprietatea de rezistenta la apa.
Aceasta metoda inovatoare de introducere a
emulsiei Tn structura, dezvoltata de autori, nu
permite doar combinarea proceselor de tabacire
si de ungere, ci si intensificarea acestora printr-un
efect mecanic integrat asupra pielii si al emulsiei
de tabacire si ungere. Toate acestea vor reduce
foarte mult cantitatea de crom trivalent si de
substante de ungere din efluent, pastrand in
acelasi timp calitatea inalta a produsului finit [3].

Patrunderea amestecului in pielea semi-
finita se datoreaza difuziei in timpul proceselor
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diffusion time is influenced by temperature,
concentration and viscosity of the working
solution, the float ratio (FL), structure condition
before soaking, mechanical, physical and other
effects on semi-finished leather and working
solution. A significant strength increase,
viscosity reduction of the working solutions
and mechanical treatment intensify chemical
interaction between the agent and leather,
accelerating liquid operation. Increasing
mechanical impact and its certain change can
bring to minor diffusion, but working substances
penetrationintosemi-finished product willbe due
to injection into the capillary and microcapillary
tubes of the sheepskin. Mechanical effect
in this case can be carried out by stretching-
compression and bending deformation of semi-
finished leather. Compressional deformation
leads to a “sponge” effect, i.e. leather disposes
solution with a lowered concentration of the
treatment substances at compression, and when
the load is removed it adsorbs the solution with
increased concentration. Bending deformation
result in repositioning of capillaries in the skin,
which are periodically opened and closed,
sponging up the working solution (Figure 1).

fara miscare si cu miscare lenta. Timpul de difuzie
este influentat de temperatura, concentratia si
vascozitatea solutiei de lucru, raportul de flota
(FL), conditia structurii Tnainte de inmuiere,
efectele mecanice, fizice si de altd natura asupra
pielii semi-finite si solutia de lucru. O crestere
semnificativa a rezistentei, reducerea vascozitatii
solutiilor de lucru si tratarea mecanica intensifica
interactiunea chimica dintre agent si piele,
accelerand actiunea lichidului. Cresterea
impactului mecanic si modificarea acestuia
poate duce la o difuzie minora, dar patrunderea
substantelor in produsul semi-finit va avea loc
datorita injectarii acestora in tuburile capilare
si microcapilare ale pielii de oaie. Efectul
mecanic, Tn acest caz, poate fi determinat prin
solicitari la intindere-compresiune si deformare
la indoire ale pielii semi-finite. Deformarea prin
compresiune conduce la un efect de ,burete”,
adicd la compresiune pielea cedeaza solutie
Cu o concentratie scazuta de substante de
tratare, iar atunci cand sarcina este indepartata,
aceasta adsoarbe solutia cu concentratie
crescutd. Deformarea la indoire are ca rezultat
repozitionarea capilarelor din piele, care sunt
deschise si inchise in mod periodic, absorbind
solutia de lucru (Figura 1).

Figure 1. Position changing of the sheepskin capillaries:
1 —sheepskin, 2, 3 — sheepskin, subjected to bending deformation, stretching-compression
Figura 1. Modificarea pozitiei capilarelor din pielea de oaie:
1 — piele de oaie, 2, 3 — piele de oaie supusa deformarii prin indoire, intindere-comprimare

The purpose of the work was to study
chrome-greasing fluid diffusion into the
sheepskin structure during combined brushing
method of tanning and greasing.

Obiectivul acestei lucrdri a fost de a studia
difuzia agentilor de ungere si de cromare in
structura pielii de oaie la aplicarea metodei de
tabacire si ungere prin periere.
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MATERIALS AND METHODS

The object of the study was flint-dried
sheepskin, preliminary exposed to soaking,
degreasing, fleshing and pickling. The process
of combined brushing method of tanning and
greasing was performed on symmetrical sheepskin
halves according to two ways (Table 1).

MATERIALE S| METODE

Studiul a fost efectuat utilizand piele
de oaie cu blana uscata pe piatra, in prealabil
fnmuiatd, degresata, seruita si piclata. Metoda
combinata de tabdcire si ungere prin periere s-a
aplicat pe piei de oaie cu blana tdiate in jumatati
simetrice in doua moduri (Tabelul 1).

Table 1: Parameters of combined brushing method of woolskin tanning and greasing

Tabelul 1: Parametrii metodei combinate de tabacire si ungere prin periere a pielii de oaie

Tanning Chemical name Water Waste
> and . . water
and greasing . Temperature Duration of consumption,
consumption R ) . 342 volume,
method . of the process, °C  Time, min.  the process, h. sm¥dm 34
Metoda Qenum/rea Temperatura Timp, min. Durata Consumul smdm
e .. si consumul Do . . Volum
de tdbdcire si procesului, °C procesului, h de apd, . .
ungere subst'an.te/or sm3/dm? apd uzatd,
chimice sm3/dm?
Brushing with Tanning and
mechanical greasing
treatment emulsion — 3 sm¥
Aplicare prin dm? 24+2 4.5 2 0.67 0.0
periere cu Emulsie de
prelucrare tdbdcire si ungere
mecanicd -3 sm3/dm?
Brushing without ~ Tanning and
mechanical greasing
treatment emulsion — 3 sm¥
Aplicare prin dm? 2412 4.0 24 0.67 0.0
periere fdrd Emulsie de
prelucrare tabdcire si ungere
mecanicd —3sm3/dm?
Sodium chloride
-40.0 g/dm3;
chrome tanning
agent-3.0g/
dm3;
sodium
carbonate - 0.5
g/dm3, sodium
thiosulphate
-2g/dm?;
Dipping Mehsinol” - 6 g/ 3842 240.0 4 386.2 347.6
Imersiune dm
Clorurd de sodiu
- 40,0 g/dm?;
agent tdbdcire
crom - 3,0 g/dm?3;
Carbonat de
sodiu-0,5g/
dm?, tiosulfat de
sodiu - 2 g/dm?3;
»Mehsinol” - 6 g/
dm?
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As reflected by the data in Table 1,
experimental samples were tanned and greased
by brushing method with and without mechanical
treatment. Dipping method of tanning and
greasing according to the standard technology
of woolskin curing was a control sample.

The first method (mode 1), proposed
by the authors, involves applying emulsion to
the woolskin leather surface, which contains
chromium compounds (hydrophilic phase), a
mixture of greasing substances (hydrophobic
phase) and surfactants (a stabilizer) with
integrated mechanical action of tanning and
greasing machine (Figure 2), taking into account
selected processing modes at the preliminary
stage [4]: relative deformation of semi-finished
leather € = 10%; action frequency on semi-finished
leather v = 0.04 Hz; the number of cycles n = 9.

Tanning and greasing emulsion was
applied to woolskin leather surface by irrigation
method at a rate of 3 sm3*/dm?, then woolskins
were subjected to cyclic stretching-compression
on a tanning and greasing machine for 4.5 min.,
afterwards they were folded flesh sides together
and left for ageing for 2 hours [5].

10

Asa cum reflecta datele din Tabelul 1,
probele experimentale au fost tabacite si unse
prin periere, cu si fara prelucrare mecanica.
Proba martor a fost prelucrata prin metoda
de tabdcire si ungere prin imersiune conform
tehnologiei standard de prelucrare a blanurilor.

Prima metoda (metoda 1), propusa de
autori, presupune aplicarea emulsiei pe suprafata
pielii cu blana, emulsie care contine compusi de
crom (faza hidrofild), un amestec de substante
de ungere (faza hidrofoba) si agenti activi de
suprafata (un stabilizator) cu actiunea mecanica
integrata de tabdacire si ungere a unui utilaj (Figura
2), ludnd in considerare metodele de prelucrare
selectate in etapa preliminard [4]: deformarea
relativa a semi-fabricatelor de piele € = 10%;
frecventa de actiune asupra semi-fabricatelor de
piele v=0,04 Hz; numarul de ciclurin =9.

Emulsia de tabacire si ungere a fost aplicata
pe suprafata pielii cu blana prin metoda de irigare
cu un debit de 3 sm3*/dm?, apoi pieile au fost supuse
solicitarilor de intindere-compresiune ciclice
folosind un utilaj de tabacire si ungere timp de 4,5
min., dupa care au fost impaturite pe partea cu
carne si lasate la odihna timp de 2 ore [5].

2000

7
s

1
& | I

i

2000

Figure 2. Tanning and greasing machine for semi-finished sheepskin: 1 - body, 2 - base, 3 - cylindrical
tank, 4 - compressor, 5 - flexible hose, 6 - tube, 7 - collar, 8 - cover, 9 - rubber belt, 10 - collar,
11 - rubber membrane, 12 - sheepskin, 13 - mounting, 14 - control valve, 15 - pneumatic drive,
16 - control console (a - front view, b - view with the raised cover, c - top view, d - cross sectional view)

Figura 2. Utilaj de tabacire si ungere pentru pieile de oaie semi-finite: 1 - carcasa, 2 - baza, 3 - rezervor
cilindric, 4 - compresor, 5 - furtun flexibil, 6 - tub, 7 - manson, 8 - capac, 9 - banda cauciuc, 10 - manson,
11 - membrana cauciuc, 12 - piele de oaie, 13 - cadru, 14 - supapa control, 15 - actionare pneumatica,
16 - panou control (a - vedere fata, b - vedere cu capacul ridicat, c - vedere de sus, d - vedere in sectiune)
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The second method of tanning and
greasing (mode 2) was performed without
mechanical action, according to the woolskins
processing technology practiced in ECOM “Small
innovative company” LLC (Ulan-Ude, Russia).
Tanning and greasing emulsion was applied to
woolskin leather surface by irrigation method
at a rate of 3 sm3/dm?, evenly distributing it
over the entire surface. The treatment duration
was 5-10 minutes. After emulsion applying
sheepskins were folded flesh sides together and
left for ageing for 24 hours.

The third method of tanning and greasing
(mode 3) was performed by dipping according to
the woolskins processing technology practiced
in ECOM “Small innovative company” LLC
(Ulan-Ude, Russia). Sheepskin samples were
dipped into the working solution containing
chromium tanning agent and sodium chloride
at a temperature of 38+2°C for 4 hours after
pickling process. Tannin basicity was 38%. After
tanning and greasing processes sheepskins were
folded flesh sides together and left for ageing for
4 hours.

As reflected by the data in Table 1,
application of tanning and greasing by brushing
method with mechanical action (mode 1) reduces
water consumption by 99.83% (from 386.2 sm?3/
dm? to 0,67 sm3/dm?), and reduces duration of
tanning and greasing process from 4 hours to 4.5
minutes and ageing from 24 to 2 hours.

Tanning and greasing emulsion, estimated
by the following parameters: dynamic viscosity,
aggregative and sorption stability, was used for
experimental samples.

Aggregative stability was measured in a
measuring cylinder at a temperature of 40+2°C
for the time period during which the emulsion
completely separates into layers.

Five drops of tanning and greasing
emulsion were applied to pickled pelts to
determine sorption stability and the time for
emulsion splitting (during which chromium drops
appeared on the pelt surface) was figured out.

Rheotest was used to find out dynamic
viscosity by means of cone-plate measuring
device, able to work large shear stresses. To
do so, 0.144 g of emulsion was applied to the
surface of the measuring plate. The plate was

Cea de a doua metoda de tabacire si
ungere (metoda 2) s-a realizat fara actiune
mecanica, conform tehnologiei de prelucrare
a pieilor cu bland practicate in companiile
inovatoare mici (Ulan-Ude, Rusia). Emulsia de
tabacire si ungere a fost aplicata pe suprafata
pieilor prin metoda de irigare cu un debit de 3
sm3/dm?, distribuindu-se uniform pe intreaga
suprafata. Durata tratamentului a fost de 5-10
minute. Dupa aplicarea emulsiei, pieile de oaie
au fost impaturite pe partea cu carne si lasate la
odihna timp de 24 de ore.

A treia metoda de tabdcire si ungere
(metoda 3) s-a realizat prin imersiune fin
conformitate cu tehnologia de prelucrare a
pieilor practicata Tn companiile inovatoare mici
(Ulan-Ude, Rusia). Probele de piele de oaie s-au
imersat in solutia de lucru ce contine agent
tanant pe baza de crom si clorurd de sodiu la
o temperatura de 38+2°C timp de 4 ore dupa
procesul de piclare. Bazicitatea solutiei tanante
a fost de 38%. Dupa procesele de tabacire si
gresare, pieile au fost impaturite pe partea cu
carne si lasate la odihna timp de 4 ore.

Dupa cum arata datele din Tabelul 1,
aplicarea emulsiei de tabacire si ungere prin
periere cu actiune mecanica (metoda 1) reduce
consumul de apa cu 99,83% (de la 386,2 sm3/dm?
la 0,67 sm3/ dm?) si reduce durata procesului de
tabacire si de ungere de la 4 ore la 4,5 minute si
timpul de odihna de la 24 de ore la 2 ore.

Emulsia de tabacire si ungere, evaluata
in functie de urmatorii parametri: vascozitate
dinamica, stabilitate la agregare si stabilitatea
sorbtiei, a fost utilizata pentru probele
experimentale.

Stabilitatea la agregare a fost masurata
intr-un cilindru gradat, la o temperatura de
40+£2°C, in perioada de timp in care emulsia se
separa complet in straturi.

Cinci picaturi din emulsia de tabacire si
ungere au fost aplicate pe piei piclate pentru a
determina stabilitatea absorbtiei si timpul de
descompunere al emulsiei (s-a Tnregistrat timpul
n care picaturile de crom au aparut pe suprafata
pielii gelatind).

S-a determinat vascozitatea dinamica
cu dispozitivul de masurare Rheotest cu placa
con, capabil sa lucreze la tensiuni mari de
forfecare. Pentru aceasta s-au aplicat 0,144 g
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inserted into the guideway, tensioning lever was
pressed, plate’s position was set to the approach
value of 6.49, while the test material was
evenly distributed over the V-shaped surface.
An indicating instrument measured the data to
calculate a angle and frequencies.

The results are given in Table 2.

de emulsie pe suprafata placii de masurare.
Placa a fost introdusa in calea de ghidaj, levierul
de tensionare a fost apasat, pozitia placii a
fost stabilita la valoarea de 6,49, iar materialul
de testat a fost distribuit uniform pe suprafata
in forma de V. Unghiul a si frecventele au fost
calculate utilizdnd un instrument de masurare a
datelor.
Rezultatele sunt prezentate in Tabelul 2.

Table 2: Tanning and greasing emulsion properties

Tabelul 2: Proprietatile emulsiei de tabdacire si ungere

Ne Indicator Indicator value
Nr. crt. Indicator Valoare indicator
1 Agg'rfegatlve stability, mer. 2889’
Stabilitate la agregare, min.
) Sorppon StabI|ItY, .mm.. 560"
Stabilitatea sorbtiei, min.
3 Dynamic viscosity, mPasxs 276.84421.11

Viscozitatea dinamicd, mPasxs

Analyzing the datain Table 2 it can be noted
that the emulsion is characterized by relatively
high aggregative stability, low sorption stability
and dynamic viscosity. Thus, the emulsion can be
recommended as the main working solution for
tanning and greasing by brushing method.

Conventional and modern research
methods were used to determine the diffusion
rate of chromium compounds into the leather
structure and their interaction with the protein
functional groups.

The diffusion process of chromium
compounds into the sheepskin depth was
estimated on the cure temperature change. For
this purpose, the test sheepskins were dehaired
and their thickness was measured according to
the State Standard 32078-2013 “Cured fur skins
and sheepskins. A method for determining cure
temperature”. If leather thickness was less than
0.5 mm, the sample’s width should be 5 mm. If
the thickness was 0.5 mm and more, the width
should be 3 mm. Two punctures were made
on the midline at a distance of 3 mm from the
samples’ edges to fix the samples on device
hooks. They were fixed on nonmoving and
moving hooks and dipped into a glass of distilled
water. The cure temperature (in Celsius degrees)

Analizand datele din Tabelul 2, se poate
observa ca emulsia se caracterizeaza printr-o
stabilitate la agregare relativ ridicata, stabilitatea
sorbtiei si vascozitatea dinamica scazute. Astfel,
emulsia poate fi recomandat ca solutie principala
de lucru pentru tabacire si ungere prin periere.

S-au utilizat metode de cercetare
conventionale si moderne pentru a determina
rata de difuzie a compusilor de crom in structura
pielii si interactiunea acestora cu gruparile
functionale ale proteinelor.

Procesul de difuzie a compusilor de crom
n structura pielii de oaie a fost evaluat in functie
de modificarea temperaturii de prelucrare. in
acest scop, s-a indepartat parul de pe probele
de piele de oaie de testat, iar grosimea acestora
a fost masuratd in conformitate cu standardul
national 32078-2013, ,Piei cu blana si piei de
oaie prelucrate. Metodd de determinare a
temperaturii de prelucrare”. Daca grosimea pielii
afost mai mica de 0,5 mm, latimea probei trebuie
sa fie de 5 mm. Daca grosimea a fost de minim 0,5
mm, latimea trebuie sa fie de 3 mm. S-au facut
douad gauri pe linia mediana, la o distantd de 3
mm de la marginile probelor pentru prinderea
probelor de carligele dispozitivului. Acestea au
fost prinse de carlige fixe si mobile si imersate
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was determined at the time when the sample
started to shrink and the arrow of a traversing
pulley drifted from zero position.

Investigation of the leather structure was
carried out by the scanning electron microscope
JSM-6510LV JEOL with ‘INCA Energy 350
microanalysis system (UK, 2008) at ESSUTM
“Progress” common use center (Ulan-Ude,
Russia). The sheepskin sample preparation,
preliminary tanned, degreased and subjected
to finishing operations, was carried out by
dehydration.

The method of scanning electron
microscopy (SEM) is sensing the sample’s surface
by electron probe. The summary of the test
method is that the sample’s surface is irradiated
with a finely focused electron beam (its diameter
is up to 5+10 um), by so-called electron probe,
the sources of information are reflected and
secondary electrons. This method enables
to study the leather fine structure by visual
observation and photo magnification by 10 to
30,000 times or more, providing sufficiently
high resolution. Built-in INCA Energy 350 X-ray
analyzer performs elemental analysis at a point,
over section and area mapping. Elemental
composition of micro volumes is found out by
excited characteristic X-radiation. Examination
of the samples was carried out under low and
high vacuum [6].

Basic instrumentation of standard test
methods was used to determine sheepskin
quality characteristics: the State Standard
938.1-67 “Leather. A test method for moisture
content”, Russian National Standard 53013-
2008 “Fur skins and cured sheepskins. A test
method for chromium oxide (lll)”, the State
Standard 17631-72 “Fur skins and curried
sheepskins. A test method for ash residue in
leather”, Russian National Standard 53018-
2008 “Fur skins and cured sheepskins. A test
method for mass fraction of unconnected greasy
substances”, Russian National Standard 53017-
2008 “Fur skins and cured sheepskins. A test
method for pH of aqueous extract”, Russian
National Standard 52957-2008 “Fur skins and
cured sheepskins. Mechanical testing”, the State
Standard 938.24-72 “Leather. A test method for
moisture-retaining power”, the State Standard
938.21-71 “Leather. A test method for water
penetration and water penetration capacity in

intr-un pahar cu apa distilata. Temperatura de
prelucrare (in grade Celsius) a fost determinata
in momentul in care proba a Tnceput sd se
micsoreze si sageata unui scripete deplasabil s-a
indepartat de pozitia zero.

Structura pielii a fost investigata utilizand
un microscop electronic cu baleiaj JSM-6510LV
JEOL cu sistem de microanaliza INCA Energy
350 (Marea Britanie, 2008), la centrul ESSUTM
,Progress” (Ulan-Ude, Rusia). Proba de piele de
oaie 1n prealabil tabacitd, degresata si supusa
operatiunilor de finisare a fost pregatita prin
deshidratare.

Analiza de microscopie electronica de
baleiaj (SEM) presupune scanarea suprafetei
probei utilizdand o sonda electronica. Pe
scurt, metoda de analizd presupune iradierea
suprafetei probei cu un fascicul de electroni
ingust (diametrul este de pana la 5+10 um), prin
intermediul unei asa-numite sonde electronice,
si obtinerea informatiilor prin reflectarea
electronilor secundari. Aceasta metoda permite
studierea structurii fine a pielii prin observare
vizuala si fotografie marita de 10 pana la 30.000
de ori sau mai mult, oferind o rezolutie suficient
de mare. Analizorul cu raze X incorporat INCA
Energy 350 efectueaza analiza elementald intr-un
punct, la cartografierea suprafetei si a sectiunii
transversale. Compozitia elementala a volumelor
micro este determinata prin excitarea radiatiilor
X caracteristice. Probele au fost examinate sub
vid scdzut si ridicat [6].

S-au utilizat instrumentele de baza
specifice metodelor de testare standard pentru
a determina calitatea pielii de oaie: standardul
de stat 938.1-67, ,Piele. Metoda de fincercare
pentru continutul de umiditate”, standardul
national rus 53013-2008, ,,Blanuri si piei de oaie
prelucrate. Metoda de determinare a oxidului de
crom (II1)”, standardul de stat 17631-72, ,,Blanuri
si piei de oaie prelucrate. Metoda de determinare
a reziduurilor de cenusa din piele”, standardul
national rus 53018-2008, ,,Blanuri si piei de oaie
prelucrate. Metoda de determinare a fractiuniide
masa a substantelor grase nelegate”, standardul
national rus 53017-2008, ,,Blanuri si piei de oaie
prelucrate. Metoda de determinare a pH-ului
extractului apos”, standardul national rus 52957-
2008, ,,Blanuri si piei de oaie prelucrate. Testare
mecanica”, standardul de stat 938.24-72, ,Piele.
Metoda de determinare a capacitatii de retinere
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static conditions”, Russian National Standard 1SO
17229-2009 “Leather. A test method for vapor
capacity”.

Processing of experimental results was
carried out by methods of mathematical
statistics.

RESULTS AND DISCUSSION

The effectiveness of tanning and greasing
by brushing method and therefore, the process of
chromium compounds diffusion into the leather
depth was evaluated by cure temperature change
of leatherin0, 1, 2, 3, 4, 6, 8 and 24 hours ageing
after tanning and greasing treatment (table 3).

a umiditatii”, standardul de stat 938.21-71,
,Piele. Metoda de determinare a penetrarii apei
si a capacitatii de penetrare a apei in conditii
statice”, standardul national rus ISO 17229-2009,
,Piele. Metoda de determinare a capacitatii
vaporilor”.

Rezultatele  experimentale au fost
prelucrate prin metode de statistica matematica.
REZULTATE SI DISCUTII

Eficacitatea metodei de tabacire si ungere
prin periere si, prin urmare, difuzia compusilor
de cromin piele au fost evaluate prin modificarea
temperaturii de contractie a pieliidupa0, 1, 2, 3,
4,6, 8 si 24 de ore dupa tratamentul de tabacire
si ungere (Tabelul 3).

Table 3: Change in sheepskin cure temperature during ageing, depending on the processing mode

Tabelul 3: Modificarea temperaturii de contractie a pielii de oaie in perioada de odihna, in functie de
metoda de prelucrare

Ageing time, h
Tanning and greasing mode Timp de odihnd, h
. e 0 1 2 3 4 6 8 24
Metodd de tabdcire si ungere Cure temperature, °C
Temperatura de contractie, °C
Brushing with mechanical
) treatment 4842 2 81+2 812  82t2  82+2  83%2 8412
Aplicare prin periere cu prelucrare
mecanicd
Brushing without mechanical
_ treatment 48+2 6212 63£2 63t2 6412 6582  66:2  74%2
Aplicare prin periere fard
prelucrare mecanicd
Dipping 48£2 6242 6612 68:2  70t2  75:2 782  83%2
Imersiune

The results in Table 3 show a gradual
increase in cure temperature of the sheepskin
during 24 hours of ageing regardless of the
tanning and greasing method. For modes 1 and
3 it is up to 83-84+2°C, for mode 2 it is up to
74£2°C. The intense cure temperature change
of the sheepskin is related to the experimental
sample with an integrated mechanical action.
The cure temperature exceeds 80°C for two
hours of ageing after brushing method of tanning
and greasing with a mechanical action, whereas
the cure temperature averages 65°C for the
other treatment options during the given period
of time.

The data obtained proves that combined
brushing method of tanning and greasing with
a complex mechanical action of the tanning
and greasing machine (Figure 2) with regard

Rezultatele din Tabelul 3 aratad o crestere
treptata a temperaturii de contractie a pielii de
oaie intr-o perioada de 24 de ore de odihng,
indiferent de metoda de tabdcire si ungere
folosita. in cazul metodelor 1 si 3, temperatura
este de pana la 83-84+2°C, iar pentru metoda 2,
este de pana la 74£2°C. Modificarea temperaturii
de contractie a pielii este valabila pentru proba
experimentala cu actiune mecanica integrata.
Temperatura de contractie depaseste 80°C,
dupa doua ore de odihna in cazul aplicarii
metodei de tabacire si ungere prin periere cu
prelucrare mecanica, in timp ce temperaturile
medii de contractie de 65°C s-au obtinut pentru
celelalte tipuri de tratament in perioada de timp
specificata.

Referitor la metodele de prelucrare alese
in prealabil [4]: deformarea relativa a semi-
fabricatelor de piele € = 10%, frecventa de
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to preliminary chosen processing modes [4]:
relative deformation of semi-finished leather € =
10%; action frequency on semi-finished leather v
=0.04 Hz; the number of cycles n = 9 significantly
reduces the process time to 4.5 m, as well as
intensifies the diffusion process of chrome
tanning compounds into the leather structure.

It should be noted that the rate and depth
of the emulsion penetration depends upon
the degree of a mechanical action, duration
of impact of working parts on semi-finished
sheepskin surface and emulsion consumption
per unit area of the leather. This effect is achieved
due to the forced injection of the emulsion into
the dermis depth, compression, stretching, skin
surface friction while processing on the machine.
These processes lead to leather structure
deformation and achieve more complete
emulsion penetration into the thickness of semi-
finished leather. Under the influence of various
effects (sponge, capillary soaking, peristaltic,
hydrodynamic indentation) emulsion is quickly
“sucked” into the leather structure.

Cross-section micrographs of the samples
at different time intervals after tanning and
greasing were taken by scanning electron
microscopy to get information about semi-
finished leather structural change, diffusion
process intensity of chromium oxide into the
leather depth and its distribution over the
dermis thickness. The intensity of characteristic
K-a chromium radiation was found out and the
elemental composition by X-ray microanalysis
was carried out.

Figure 3 is a sheepskin cross-section
micrograph before tanning and greasing, and it
shows measuring points.

! Trm

BNEKTHOHHOE W3DBpaKEHHE 1

actiune asupra semi-fabricatelor de piele v =
0,04 Hz, numarul de cicluri n = 9, datele obtinute
demonstreaza ca metoda de tabacire si ungere
prin periere combinatd cu o actiune mecanica
complexa a utilajului de tabacire si ungere (Figura
2) reduce semnificativ timpul de prelucrare
panad la 4,5 min. si intensifica difuzia compusilor
tananti de crom in structura pielii.

Trebuie remarcat faptul ca viteza si
profunzimea penetrarii emulsiei depinde de
gradul actiunii mecanice, durata impactului
instrumentelor de lucru asupra  semi-
fabricatelor de piele si consumul de emulsie pe
unitatea de suprafata a pielii. Acest efect este
obtinut datoritd injectarii fortate a emulsiei in
profunzimea dermei, compresiunii, intinderii si
frictiunii care au loc la suprafata pielii in timpul
prelucrarii folosind utilajul descris. Aceste
procese conduc la deformarea structurii pielii si
la obtinerea unei penetrari complete a emulsiei
in profunzimea semi-fabricatelor de piele.
Sub influenta diferitelor efecte (de absorbtie,
umplerea capilarelor, efect peristaltic, indentare
hidrodinamica), emulsia este absorbita rapid in
structura pielii.

Micrografiile  probelor in  sectiune
transversald efectuate la diferite intervale de
timp dupa tdbacire si ungere au fost realizate
prin microscopia electronica de baleiaj pentru a
obtine informatii despre modificarea structurala
a semi-fabricatelor de piele, intensitatea
procesului de difuzie a oxidului de crom fin
profunzimea pielii si distributia acestuia pe toata
grosimea dermei. S-au determinat intensitatea
radiatiei K-a caracteristice cromului si compozitia
elementala prin microanaliza cu raze X.

Figura 3 prezinta micrografia pielii de oaie
in sectiune transversald Tnhainte de tabacire si
ungere, indicand punctele de masurare.

N

Figure 3. Measuring points on a sheepskin cross-section before tanning and greasing, x50
Figura 3. Puncte de masurare pe sectiunea transversala a pielii de oaie Thainte de tabacire si ungere, x50
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Table 4 presents the results of the
elemental composition analysis of a sheepskin
cross-section before tanning and greasing,
obtained by X-ray microanalysis.

Tabelul 4 prezinta rezultatele analizei
compozitiei elementale a sectiunii transversale
a pielii de oaie Tnainte de tabacire si ungere,
obtinute prin microanaliza cu raze X.

Table 4: Elemental composition analysis of a sheepskin cross-section before tanning and greasing (wt%), x50

Tabelul 4: Analiza compozitiei elementale a sectiunii transversale a pielii de oaie nainte de tabacire si
ungere (wt%), x50

Spectrum

C 0 Na Si S Cl Ca Total
Spectru
Total spectrum 47.77 36.18 7.49 ; 4.98 3.05 0.54 100.00
Spectru total
Line (1) spectrum 41.41 34.53 12.95 0.36 7.73 278 0.25 100.00
Spectru linia (1)
Line (2) spectrum 48.87 31.56 6.79 ; 6.82 5.57 0.39 100.00
Spectru linia (2)
Line (3) spectrum 58.56 28.40 5.83 ; 3.68 3.36 0.17 100.00
Spectru linia (3)
Line (4) spectrum 36.29 41.17 13.44 ; 6.78 1.82 0.50 100.00
Spectru linia (4)
Line (5) spectrum 58.86 34.24 254 ; 2.45 191 - 100.00
Spectru linia (5)
Max. 58.86 41.17 13.44 0.36 7.73 5.57 0.54
Min. 36.29 28.40 2.54 0.36 2.45 1.82 0.17

According to Figure 3 and Table 4,
the sheepskin thickness was conventionally
divided into five segments; each of them has
been analyzed for elemental composition. A
comparative study of the elemental composition
in five points gave information on 7 elements:
carbon (36-59%), oxygen (28-41%), sodium (2.5-
13%), silicon, sulfur, chloride and calcium.

Figure 4 and Table 5 show the data
obtained within 20 minutes after sheepskin
tanning and greasing.

Analysis of the characteristic K-a
chromium radiation intensity, chromium ratio in
the sheepskin cross sections (Figure 4, Table 5)
show that within 20 minutes after tanning and
greasing by brushing method with integrated
mechanical processing, the diffusion of
chromium tanning compounds into the leather
structure is more intensive and equal to 0.42-
4.3% compared with the experimental samples
without mechanical action (0.06-0.19%) and
control samples (0.01-0.69%). Chrome tannin
penetration into the leather structure with
integrated mechanical action is more than 2/3 of
the semi-finished leather thickness. The diagram
of chromium radiation intensity in cross sections
of the control samples (tanning and greasing
by brushing method without mechanical

Conform Figurii 3 si Tabelului 4, grosimea
pielii de oaie a fost impartita in mod conventional
n cinci segmente; fiecare segment a fost analizat
pentru a determina compozitia elementald. Un
studiu comparativ al compozitiei elementale
in cinci puncte a oferit informatii despre 7
elemente: carbon (36-59%), oxigen (28-41%),
sodiu (2,5-13%), siliciu, sulf, clorura si calciu.

Figura 4 si Tabelul 5 prezinta datele
obtinute la 20 de minute dupa tabacirea si
ungerea pielii de oaie.

Analiza intensitatii radiatiei K-a
caracteristice cromului, continutul de crom din
sectiuniletransversale ale pieilor de oaie (Figura4,
Tabelul 5) arata c3, la 20 de minute dupa tabdacire
si ungere prin periere cu prelucrare mecanica
integratd, difuzia compusilor tananti de crom in
structura pielii este mai intensa si egala cu 0,42-
4,3%, comparativ cu probele experimentale fara
prelucrare mecanica (0,06-0,19%) si cu probele
martor (0,01-0,69%). Penetrarea cromului in
structura pielii, cu actiune mecanica integrata,
reprezinta mai mult de 2/3 din grosimea semi-
fabricatului de piele. Diagrama intensitatii
radiatiei cromului in sectiunea transversala a
probelor martor (tabdacire si ungere prin periere
fara prelucrare mecanica, tabdcire si ungere prin
imersiune) prezinta o distributie neuniforma a
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Figure 4. Diagram of the characteristic K-a chromium radiation intensity in the sheepskin cross-
section in 20 minutes after treatment: a — Tanning and greasing by brushing method with mechanical
action, b — Tanning and greasing by brushing method without mechanical action, c —tanning and
greasing by dipping method; x50

Figura 4. Diagrama intensitatii radiatiei K-a caracteristice cromului in sectiunea transversala a pielii de
oaie dupa 20 de minute de tratament: a —tabacire si ungere prin periere cu prelucrare mecanica,

b — tabacire si ungere prin periere fara prelucrare mecanica, c — tabacire si ungere prin imersiune; x50

Table 5: Chromium weight content in the sheepskin cross section in 20 minutes after treatment (wt%)

Tabelul 5: Continutul de crom din sectiunea transversala a pielii de oaie dupa 20 de minute de la tratament (wt%)

Chromium weight content, wt%
Continut crom, calculat la greutate, wt%
Tanning and greasing by
Spectrum brushing method with
Spectru mechanical treatment
Tdbdcire si ungere prin

Tanning and greasing by
brushing method without
mechanical treatment
Tabdcire si ungere prin periere

Tanning and greasing by
dipping method
Tdbdcire si ungere prin

periere cu prelucrare . . imersiune
- fard prelucrare mecanicd
mecanicd

Line (1) spectrum
Spectru linia (1) 2.43 0.06
Line (2) spectrum
Spectru linia (2) 3.92 0.09 0.03
Line (3) spectrum
Spectru linia (3) 0.47 0.15 0.01
Line (4) spectrum
Spectru linia (4) 4.30 0.07 0.69
Line (5) spectrum
Spectru linia (5) 042 0.19

Max. 4.30 0.19 0.69

Min. 0.42 0.06 0.01
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processing, tanning and greasing by dipping taninului in grosimea semi-fabricatelor de piele.

method) shows uneven tannin distribution over Figura 5 si Tabelul 6 prezintda datele

the semi-finished leather thickness. obtinute la 2 ore de la inmuiere dupa tdbacirea
Figure 5 and Table 6 show the data si ungerea probelor de piele.

obtained in 2 hours of soaking after tanning and
greasing of sheepskin samples.

05 os
05 o ! -

Crromium Kel

Chromium Kt

Chromium Kl

a b C
Figure 5. Diagram of the characteristic K-a chromium radiation intensity in the sheepskin cross-
section in 2 hours after the following treatments: a — Tanning and greasing by brushing method with
mechanical treatment, b — Tanning and greasing by brushing method without mechanical treatment,
¢ — Tanning and greasing by dipping method; x50
Figura 5. Diagrama intensitatii radiatiei K-a caracteristice cromului in sectiunea transversala a pielii de
oaie dupa 2 ore de tratament: a — tabacire si ungere prin periere cu prelucrare mecanica, b — tabacire
si ungere prin periere fara prelucrare mecanica, c — tabacire si ungere prin imersiune; x50

Table 6: Chromium weight content in the sheepskin cross section in 2 hours after treatment (wt%)

Tabelul 6: Continutul de crom din sectiunea transversala a pielii de oaie dupa 2 ore dupa tratament (wt%)

Chromium weight content, wt%
Continut crom, calculat la greutate, wt%

Tanning and greasing by Tanning and greasing by brushing . :
Spectrum
P brushing method with method without mechanical Tannlr\g .and greasing by
> dipping method
mechanical treatment treatment e .
e . . G . . Tdbdcire si ungere prin
Tdbdcire si ungere prin periere Tdbdcire si ungere prin periere . .
. . L imersiune
cu prelucrare mecanicd fdrd prelucrare mecanica
Line (1) spectrum
Spectru linia (1) 4.53 1.95 0.01
Line (2) spectrum
Spectru linia (2) 16.23 6.63 0.08
Line (3) spectrum 456 282 101

Spectru linia (3)

N
[}
N
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Line (4) spectrum

Spectru linia (4) >89 2.46
Line (5) spectrum
Spectru linia (5) 3.13 2.03 1.07
Max. 16.23 6.63 1.07
Min. 3.13 1.95 0.01
Tanner penetration is even practically Penetrarea tanantului este, practic,

all over the sheepskin thickness in 2 hours
after tanning and greasing by brushing method
with integrated mechanical treatment, while
chromium weight content in the control samples
shows uneven distribution of the tanner over the
semi-finished leather thickness on the diagram
of the characteristic K-a chromium radiation
intensity (Figure 4, Table 6).

Analysis of the data in Figures 4 and 5, in
Tables 5 and 6 is supported by the data in Table 3:
when chromium ratio is 3+5% cure temperature
of the leather reaches the required 80°C. Thus,
the cure temperature of the leather correlates
well with chromium oxide distribution in the
investigated samples by X-ray microanalysis.

Effectiveness of the combined sheepskin
tanning and greasing with integrated mechanical
treatment is proved by the research results.
Semi-finished leather obtained by the proposed
technology has high physical, mechanical and
hygienic properties (Table 7).

uniforma pe intreaga grosime a pielii la 2 ore
dupad tabacire si ungere prin periere cu prelucrare
mecanicd integratd, Tn timp ce continutul de
crom calculat la greutatea pielii la probele
martor aratd distributia inegald a tanantului pe
grosimea semi-fabricatului de piele Tn diagrama
intensitatii radiatiei K-a caracteristice cromului
(Figura 4, Tabelul 6).

Analiza datelor din Figurile 4 si 5 si Tabelele
5 si 6 este sustinuta de datele din Tabelul 3:
atunci cand procentul de crom este de 3+5%
fata de greutatea pieilor piclate, temperatura de
contractie a pielii ajunge la temperatura dorita, de
80°C. Astfel, temperatura de contractie a pielii se
coreleaza bine cu distributia oxidului de crom in
probele investigate prin microanaliza cu raze X.

Eficacitatea metodei combinate de
tabacire si ungere a pielii de oaie cu prelucrare
mecanicd integratd este demonstrata de
rezultatele cercetdrii. Semi-fabricatele de piele
obtinute prin tehnologia propusa au proprietati
fizice, mecanice si igienice bune (Tabelul 7).
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Table 7: Indicators of sheepskin quality cured by different tanning and greasing methods

Tabelul 7: Indicatori de calitate pentru pieile de oaie tratate prin diferite metode de tabacire si ungere

Tanning and greasing method
Metodd de tdbdcire si ungere

Tanning and Tannlr.mg and
. greasing by .
greasing by ) Tanning
brushi brushing d
Reference Standard rus |ng method an.
Ne . . method with ) greasing
Indicator documents indicators . without -
Nr. . . . mechanical A by dipping
Indicator Documente de Indicatori mechanical
crt. L treatment method
referintd standard DA treatment o
Tabdcire si e Tabdcire
. Tdbdcire si .
ungere prin ] si ungere
: ungere prin :
periere cu . L prin
periere fard . .
prelucrare imersiune
. prelucrare
mecanicd .
mecanicd
Cure temperature, °C
L State Standard
1 Temperaturaoge contractie, (GOST) 32078-2013 80 83.5 74.0 83.0
Weight content, %
Continut calculat la greutate,
%
Moisture State Standard
<
Umiditate (GOST) 938.1-67 <14.0 73 6.9 7.6
Chromium oxide Russian State
Oxid de crom Standard (GOST R) 1.5+3.5 2.6 3.0 2.7
53013-2008
Ash State Standard
2 <
Cenusd (GOST) 17631-72 9.0 6.8 8.0 75
S agen | sinsin
Substante arase neleaate din Standard (GOST R) <12.0 10.9 11.1 11.0
fe gra: g 53018-2008
piele
bctonton of narcover | Fusian State
Substante arase neleaate din Standard (GOST R) <4.0 3.3 3.7 3.4
fe grase neleg 53018-2008
nvelisul pilos
pH of the leather aqueous
extract . FOCT 53017-2008 233 4.8 5.05 4.01
pH-ul extractului apos din
piele
Whole hide rupture load, H Russian State
4 Sarcina la rupere pentru Standard (GOST R) >250 421.4 406.1 395.3
pielea intreagd, H 52957-2008
Russian State
i N
5 lﬂfufa}fez';”ﬁ%”';’ Standard (GOST R) >30 420 38.0 453
g s 52957-2008
Moisture-retaining power, %
State Standard
6 Capacitatea de a retine (GOST) 938.24-72 >27.2 382.9 >82.3
umezeala, %
Water penetration capacity,
%
State Standard
7 - 25.7 20.4 19.6
Capacitatea de pdtrundere (GOST) 938.21-71
a apei, %
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H 2
Vapor capacity, mg/sm Russian State

8 . . Standard (GOST R - 15.9 13.7 12.6
C tatea de absorb
apacitated de absorbfie a sy 175397009
vaporilor de apd, mg/sm
Porosity, %
9 - - 62+66 63+67 72+74
Porozitate, %
Hygroscopicity, %
10 - - 14+19 14+16 17+20
Higroscopicitate, %
Water-yielding capacity, %
11 Capacitate de cedare a ) ) 14+17 13+14 14+18
apei, %
Adhesive strength of hair
12 with leather, H - - 17+25 21:26 1425
Aderenta pdrului la piele, H
CONCLUSION CONCLUzII

The data obtained confirm acceleration
of the chrome-greasy mixture diffusion into
the sheepskin structure by cyclic stretching and
subsequent compression, resulting in overall
pores and capillaries filling with tanning agent
due to its geometry change.

The chrome-greasy mixture diffusion
was studied by scanning electron microscopy,
the results of which indicate that tanning and
greasing by brushing method with integrated
mechanical treatment ensures even tannin
distribution through the leather thickness in 2
hours after ageing.

The suggested combined process of
tanning and greasing by brushing method with
integrated mechanical treatment significantly
reduces processing time of semi-finished
sheepskin from 4 hours to 4.5 min., as well as
ageing time after tanning and greasing from 4 to
2 hours, and considerably cuts down the water
consumption and discharge of toxic wastewater
and, thus, minimizes negative environmental
impact of leather and fur tanneries.
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Datele obtinute confirma accelerarea
difuziei amestecului de ungere cu saruri de crom
in structura pielii de oaie prin intindere ciclica
si compresiune ulterioara, avand ca rezultat
umplerea porilor si a capilarelor cu agent tanant,
datorita modificarii geometriei structurii.

Difuzia agentului de ungere si a tanantului
cu crom a fost studiatda prin microscopie
electronica de baleiaj, iar rezultatele indica faptul
ca metoda de tabacire si ungere prin periere cu
prelucrare mecanica integrata asigura distributia
uniforma a tanantului in grosimea pielii la 2 ore
dupa odihna.

Procedeul combinat de tabacire si ungere
prin periere cu prelucrare mecanica integrata
reduce semnificativ timpul de prelucrare a
semi-fabricatelor de piele de oaie de la 4 ore
la 4,5 min., precum si timpul de odihna dupa
tabacire si ungere de la 4 pana la 2 ore si reduce
considerabil consumul de apa si cantitatea de ape
uzate toxice eliminate, reducand, prin urmare, si
impactul negativ asupra mediului al tabacariilor
care prelucreaza piele si blana.
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PRODUCT OF BATIK IKAT MOTIF ON LEATHER IN SUMBERSEKAR, DAU MALANG, INDONESIA

ABSTRACT. The study aimed to describe the product of batik ikat on leather generated by people of Sumbersekar, Dau, Malang, in terms of
process, motifs and color quality. The type of research is qualitative. The collected data are about process of making batik ikat motif on tanned
leather by people of Sumbersekar village and quality of its products that is obtained by observation, interviews, and laboratory analysis.
Data analysis techniques are using data presentation and draw conclusions or verification. The results showed: 1) process of making leather
with batik ikat motif on it is started by making the design, pattern, transferring the pattern onto the leather, binding and coloring using dye
technique. To create texture of its motif, people use pebbles and small pieces of bamboo tied to the leather and use tie dye technique and
spray technique for the coloring, both techniques combined with wax coating; 2) the batik motifs made by people of Sumbersekar are inspired
by environment in their village, such as leaves, flowers, etc. The motifs commonly made in Sumbersekar are parang bunga, wiru jumputan,
bunga jumputan, and wiru bunga, those are made by ikat system and jumputan technique; 3) the colors applied to the tanned leather with
batik ikat motif are synthetic dyes based on naphtol. Quality of the tanned leather’s adhesion strength of paint is 180.16 gram/cm? with the
assessment of leaching resistance, perspiration resistance, scrub resistance, and resiliency durability, are about 5. It means that quality of
tanned leather with batik ikat motif produced by people of Sumbersekar is very good.

KEY WORDS: tanned leather, batik ikat, Sumbersekar, Dau Malang
VOPSIREA PIELII CU MOTIVE BATIK IKAT IN SUMBERSEKAR, DAU MALANG, INDONEZIA

REZUMAT. Studiul a urmarit sa descrie tehnica de vopsire batik ikat realizata de comunitatea din Sumbersekar, Dau, Malang, Indonezia, in
ceea ce priveste desfasurarea procesului, motivele si calitatea culorii. Acest tip de cercetare este calitativd. S-au colectat date despre pielea
tabdacita, prelucrata prin tehnica batik ikat de catre satenii din Sumbersekar si despre calitatea produselor, obtinute prin observare, interviuri
si analize de laborator. Sunt prezentate tehnicile de analiza a datelor si concluziile in urma verificarii. Rezultatele au aratat urmatoarele: 1)
procesul de prelucrare a pielii cu motivul batik ikat incepe prin proiectarea modelului, transferarea acestuia pe piele, legarea si colorarea
acesteia folosind tehnici de vopsire. Pentru a crea o texturd, se folosesc pietricele si bucati mici de bambus legate de piele, iar pielea se
vopseste prin tehnici precum tie dye (vopsire cu noduri), vopsire prin pulverizare si vopsire combinata cu ceara; 2) motivele din regiunea
Sumbersekar sunt inspirate de frunzele si florile plantelor care se gasesc in jurul satului. Motivele utilizate in mod obisnuit in Sumbersekar
sunt parang bunga, wiru jumputan, bunga jumputan si wiru bunga, folosind tehnicile ikat si jumputan; 3) culorile sunt aplicate prin tehnica
batik ikat pe pielea tabacitd utilizind coloranti sintetici pe baza de naftoli. Calitatea adeziunii vopselei pe pielea tibacitd este de 180,16 g/
cm?, evaluand rezistenta la levigare, rezistenta la transpiratie, rezistenta la frecare si durabilitatea, rezultatele reprezentand valoarea medie
a 5 masurdtori. Aceasta demonstreaza o calitate foarte buna a pielii tabacite si vopsite prin tehnica batik ikat in comunitatea Sumbersekar.

CUVINTE CHEIE: piele tabacita, batik ikat, Sumbersekar, Dau Malang
LA TEINTURE DU CUIR AUX MOTIFS BATIK IKAT DANS SUMBERSEKAR, DAU MALANG, INDONESIE

RESUME. Cette étude décrit la technique de teinture batik ikat réalisée par la communauté de Sumbersekar, Dau, Malang, Indonésie, en ce
qui concerne le processus, les motifs et la qualité de couleur. Ce type de recherche est qualitative. On a recueilli des données sur le cuir tanné
et traité avec la technique batik ikat par les villageois de Sumbersekar et sur la qualité des produits, par observation, des entrevues et des
tests de laboratoire. On présente les techniques d’analyse des données et les conclusions apres vérification. Les résultats montrent ce qui suit
: 1) le traitement de la peau au motif batik ikat commence par la conception du dessin, le transfert sur la peau, la fixation et la coloration a
I'aide des techniques de teinture. Pour créer une texture, on utilise des cailloux et de petits morceaux de bambou attachés au cuir et le cuir
est teint par des techniques telles que tie dye (teinture par nouage), la teinture par pulvérisation et la teinture combinée avec de la cire ; 2) les
motifs de la région Sumbersekar sont inspirés par les feuilles et les fleurs de plantes qui se trouvent autour du village. Les motifs couramment
utilisées dans Sumbersekar sont parang bunga, wiru jumputan, bunga jumputan et wiru bunga, en utilisant les techniques ikat et jumputan;
3) les couleurs sont appliquées par la technique batik ikat sur le cuir tanné en utilisant des colorants synthétiques a base de naphtols. La
qualité de I'adhérence de la teinture sur le cuir tanné est de 180,16 g/cm?, avec I'évaluation de la résistance a la lixiviation, la résistance a la
transpiration, résistance a babrasion et la durabilité, dont les résultats représentent la valeur moyenne de 5 mesures. Cela démontre une tres
bonne qualité du cuir tanné et teint par la technique batik ikat dans la communauté de Sumbersekar.

MOTS-CLES: cuir, batik ikat, Sumbersekar, Dau Malang

** Correspondence to: Wehandaka PANCAPALAGA, Faculty of Agriculture and Animal Science, Malang Muhammadiyah University, JI. Raya
Tlogomas 246, Malang 65148 Indonesia, pwehandaka@yahoo.com
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INTRODUCTION

There are four ways of making batik: using
canting (known as batik tulis/written batik),
using stamp (known as batik cap), using screen
printing technique (known as screen printing
batik/batik sablon), and using tie dye technique
(known as tie dye batik/batik jumputan) [1].

The process of making batik ikat motif on
leather started with pinching some parts of the
leather, pulling it up so the leather is tented a
bit. Then, bundle it with rubber band or string an
inch or two from the peak of the tent, the color
will be perfectly absorbed all over the leather
except in the tied part. Thus patterns will form
on the leather. Tied art or jumputan art is a way
to prevent the absorption of the dye on leather.

Basically, batik ikat similar to batik tulis,
both are an artwork, the result of crafts on a
medium such as cloth or tanned leather with
coloring process results with counteraction [2].
The difference is in their color counteraction.
Color counteraction on batik tulis is using wax
and canting, while batik ikat use raffia rope/
rubber band/yarn as the color barrier and
marbles or small bamboo pieces. Tanned leather
with batik ikat dyeing method has its own
artistic value. The beauty of complexion, color,
and all of batik leather appearance depend on
raw material of its leather, the making process,
creativity in making motifs, and the dye.

Nowadays, tanned leather coloring has less
variation and motifs. Therefore, it is necessary to
develop new innovation which combined batik
tulis and batik ikat on leather. The advantage of
tanned leather coloring with batik ikat method
produces leather products with more than one
coloronits upper part (nerf) and make the tanned
leather look more beautiful and attractive [3].
Beautiful leave and floral motifs could appear
because of color counteraction caused by tied
marbles or seeds and rubber band or raffia rope.

Tanned leather with batik ikat motif started
to be one of the most popular fashion product
in Malang. Batik is one of Indonesia’s culture
heritage, soitis not possible to make leather with
batik ikat motif as a characteristic batik product
from Malang, therefore, tanned leather with
batik ikat motif product should be developed so
it can compete with other products.

Considering the great role and the benefit
of tanned leather with batik ikat motifin Malang’s

INTRODUCERE

Exista patru moduri de vopsire
prin tehnica batik, si anume prin utilizarea
instrumentului numit canting (cunoscut ca batik
tulis), imprimare cu mulaje (batik cap), serigrafie
(batik sablon) si prin legare cu snur sau ata (batik
tie-dye sau jumputan) [1].

in procesul de vopsire utilizand tehnica
batik ikat, pielea tabacita este stransa din loc in
loc si ridicatd, apoi legata cu o banda de cauciuc
sau cu ata si vopsitd. Pielea absoarbe culoarea,
cu exceptia partilor legate, formandu-se astfel
un model. Tehnica de vopsire prin legare sau
jumputan este o modalitate de a preveni
absorbirea colorantului pe piele.

Tehnica batik ikat este, in principiu,
similara tehnicii batik tulis, ambele constituind
o artd, rezultatul unui mestesug ce utilizeaza
suporturi cum ar fi panza sau pielea, printr-un
proces de rezervare a suprafetei de vopsire, care
diferd la cele doud tehnici [2]. Tn cadrul tehnicii
batik tulis, rezervarea suprafetei se face utilizand
instrumentul canting si ceara, iar tehnica batik
ikat presupune rezervarea suprafetei prin
legarea pielii cu sfoara de rafie/benzi elastice/ata
si bile sau bucati mici de bambus. Pielea tabacita
si vopsita prin metoda batik ikat are valoare
artistica n sine. Frumusetea complexitatii,
culoarea si aspectul pielii vopsite cu tehnica
batik sunt influentate de materia prima, de
procesul de fabricare, de creativitatea motivelor
si de colorantii utilizati.

in prezent, vopsirea pielii nu permite
prea multa variatie, astfel Tncat este necesara
dezvoltarea unei noi metode inovatoare, o
combinatie intre batik tulis si batik ikat aplicate
pe piele. Avantajul vopsirii pielii utilizand metoda
batik ikat este obtinerea unor produse din piele
in mai multe culori, pielea capatand un aspect
mai frumos si atractiv [3]. Se obtin motive florale
frumoase prin rezervarea suprafetei de vopsit
utilizand bile sau seminte si elastic sau sfoara de
rafie.

Pielea vopsitda cu tehnica batik ikat a
devenit unul dintre cele mai cdutate produse
de moda din Malang. Batik este un element
de patrimoniu cultural al Indoneziei, asadar
pielea cu motive batik ikat nu este specifica
regiunii Malang si, prin urmare, este oportuna
dezvoltarea produselor competitive din piele
tabacita si finisata cu tehnica batik ikat.
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economic condition and in its employment
or human resources aspect, it is essential for
researchers to obtain information about the
process of making leather batik with batik ikat
finishing method, the motif is produced and the
quality of the skin color of the coloring is done by
people of Sumbersekar, Dau, Malang.

MATERIAL AND METHOD

The research was conducted using a
survey method in Sumbersekar, Dau, Malang.
This research was conducted because the
development of batik on tanned leather is
rising in Sumbersekar village. This case indicates
considerable interest from public in running this
business.

Objective of this research is conducted
on aspects of the production and the quality of
leather with batik ikat motif product. It aims to
find out how to make it, the result of its motifs,
and its color quality.

The study population is craftsmen
of tanned leather with batik ikat motif in
Sumbersekar village. Samples were taken by
purposive sampling, there are 20 craftsmen of
tanned leather Batik in Sumbersekar.

Data was collected by giving questionnaires
to the respondents who have been chosen in
the sample. The required data are primary and
secondary data. Primary data is in the form of
guestionnaire, distributed to the respondents
directly. While the secondary data was obtained
from Industrial Department of Malang’s
government. Data were analyzed descriptively
using distribution table, which is based on
primary data and secondary data that have been
collected.

The dyes used are AS napthol 50 grams,
Turkish red oil (TRO) 10 ml, 150 ml caustic soda.
They are all dissolved in 10 ml of warm water
and stirred until blended.

The measurement of adhesion strength of
paint was conducted with Indonesian National
Standard method 06-083-1996. Washing
durability test was conducted with the test
method BS 1006:1990 UK LE. Paint rub resistance
test was conducted according to Indonesian
National  Standards (SNI  06-0996-1989).
Crockmeter was used for measuring paint rub
resistance of the leather. Limber durability test
was conducted in accordance with Indonesian

intrucat produsele din piele vopsitd cu
motive batik ikat joaca un rol important in
economiaregionaldadistrictului Malang, precum
si In ocuparea fortei de munca, este esential
pentru cercetatori sa obtina informatii cu privire
la procesul de finisare a pielii utilizand aceasta
tehnica, motivele obtinute si calitatea vopsirii
pielii realizate de catre membrii comunitatii din
Sumbersekar, Dau, Malang.

MATERIAL S| METODA

Cercetarea a fost realizatda cu ajutorul
unui chestionar aplicat in randul comunitatii din
Sumbersekar, Dau, Malang. S-a procedat astfel
deoarece utilizarea tehnicii batik la vopsirea
pielii este din ce In ce mai frecventa in satul
Sumbersekar, indicand un interes considerabil
din partea publicului in acest tip de afacere.

Subiectul cercetarii priveste aspectele
legate de productia si calitatea produselor din
piele cu motivul batik ikat, cu scopul de a afla
cum se desfasoara procesul, ce motive sunt
utilizate si care este calitatea culorii.

Populatia luata in studiu a fost reprezentata
de artizanii care vopsesc pielea cu motivul batik
ikat din satul Sumbersekar. Tn acest studiu s-a
utilizat esantionarea rationala, esantionul fiind
constituit din 20 de artizani care utilizeaza
tehnica batik pe piele.

Datele au fost colectate prin intermediul
chestionarelor distribuite respondentilor inclusi
in esantion. Datele necesare sunt date primare
si secundare; datele primare au reprezentat
chestionarul distribuit respondentilor in mod
direct, iar datele secundare au fost obtinute
de la Departamentul Industrial al Guvernului
din Malang. Datele au fost analizate descriptiv
folosind tabelul de distributie, pe baza datelor
primare si secundare colectate.

Vopselele utilizate sunt AS naftol 50 g, ulei
rosu turcesc (TRO), 10 ml, 150 ml soda caustica,
dizolvate in 10 ml de apa calda si amestecate
pana la omogenizare.

Masurarea aderentei vopselei s-a realizat
prin metoda standard indoneziana 06-083-1996.
Durabilitatea la spalare s-a determinat conform
metodei de testare BS 1006:1990 UK LE.
Rezistenta la frecare a vopselei s-a determinat in
conformitate cu standardeleindoneziene (SNI106-
0996-1989). S-a utilizat dispozitivul Crockmeter
pentru madasurarea rezistentei la frecare a
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National Standards (SNI 06-0995-1989). Water
resistance test was conducted according to ISO
11642:1993. Visual assessment was done by
comparing the color changes with the standard
color change. The used standard is issued by
International Standard Organization (ISO), it is a
standard scale for color change [4].

Data were analyzed descriptively using
distribution table, which is based on primary and
secondary data that have been collected.

vopselei. Rezistenta la indoire s-a determinat in
conformitate cu standardele indoneziene (SNI
06-0995-1989). Rezistenta la apa s-a determinat
conform 1SO 11642:1993. S-a realizat evaluarea
vizuala prin compararea modificarilor de culoare
cu valorile de referintda. Standardele utilizate
sunt emise de catre Organizatia Internationald
pentru Standardizare (ISO), scara standard
pentru modificarile de culoare [4].

Datele au fost analizate descriptiv prin
utilizarea unui tabel de distributie, pe baza
datelor primare si secundare colectate.

Table 1: Assessment of the gray scale

Tabelul 1: Evaluarea pe scara de gri

The value of the color difference
Value of color fastness (in units of CD / color difference) Rating
Valoarea rezistentei culorii Valoarea diferentei de culoare Calificativ
(Tn unitdti de diferentd de culoare)
Excellent
5 0
Excelent
Good
4-5 0,8
Bun
Good
4 1,5
Bun
Average
34 2,1
Mediu
Average
3 3,0
Mediu
Below average
2-3 4,2
Sub mediu
Below average
2 6,0
Sub mediu
Poor
1-2 8,5
Slab
Poor
1 12,0
Slab
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RESULTS AND DISCUSSION

The Process of Making Leather with a Finishing
Stain of Batik Ikat Motif

The process of making tanned leather
with ikat motif staining method is very simple.
The materials are tanned leather and dyes, and
the equipment needed includes pencils, buckets,
gloves, color scales, grains, rope, plastic, and
bamboo strips. The process started with binding
the leather following the design of the motif, then
dyeing it. The usage of wax in batik is necessary
to combine the final result. The function of
using batik ikat method as finishing is to prevent
absorption of the dye. Bundling the leather with
rubber band or rope and filling the bundle with
pebbles or seeds is an easy and effective way to
give such an unique color effect on its texture.

The specific steps of making batik ikat
motif on leather are presented below. First of
all, a design or motif is created with a pencil on
paper, then copied onto the leather. But it also
can be made directly on the tanned leather.
Anyone can create their own motifs or follow
existing motifs. Motif determination also can
be based on costumer’s demand. Second, the
tanned leather is bound according to the design.
Third, some parts of the leather are pinched,
also according to the design, and pulled up so it
is tented a bit, then the peak of the tent is filled
with seeds/pebbles/pieces of bamboo to give
an unique color effect, and then it is tied with
rubber band or rope. Fourth, leather is dyed
using synthetic colors based on napthol. Fifth,
the rope is untied to make the wrapped seeds
not perishable. Last of all, it is soaked in cold
water to prevent the color from fading.

Batik /kat Motif on Leather

Motif is a design created from shapes,
various lines, and lot of elements that are
sometimes inspired by the shape of things found
in nature like leaves, flowers, clouds, and many
more. Motif also shows characteristics of batik
from Sumbersekar village. Lot of incidents,
nature conditions, and culture heritage are
sources of inspiration for people of Sumbersekar
to create their batik motifs.

Based on survey’s result of process of
making tanned leather with batik ikat coloring

REZULTATE $I DISCUTII

Procesul de fabricare a pielii finisate prin vop-
sire utilizand tehnica batik ikat

Procesul de fabricare a pieilor tabacite
si vopsite cu motive ikat este foarte simplu.
Materialele necesare sunt pielea tabacita si
colorantii, iar echipamentul necesar include
creioane, galeti, manusi, scari de culoare,
seminte, sfoard, benzi de plastic si de bambus.
Procesul incepe cu legarea pielii in functie de
modelul dorit, apoi vopsirea acesteia, utilizand
ceara pentru a obtine rezultatul final. Metoda
batik ikat se utilizeaza la finisare pentru a preveni
absorbtia colorantului in anumite sectiuni.
Legarea pielii cu banda de cauciuc sau sfoara
si umplerea acesteia cu seminte sau pietricele
reprezinta un mod simplu si eficient de a obtine
un efect de culoare unic.

in continuare se prezintd metoda de
vopsire a pielii cu tehnica batik ikat. Mai intai se
creeaza un desen sau un motiv cu creionul pe
hartie si apoi se copiazad pe piele. Se poate desena
motivul si direct pe piele. Oricine isi poate crea
propriul motiv sau poate alege dintre motivele
existente. Motivul se poate alege, de asemenea,
pe baza cererii consumatorilor. in al doilea rand,
se leagd pielea urmand modelul existent. in al
treilea rand, se ,ciupeste” pielea din loc in loc
si se umple cu seminte, pietricele sau bucati
de bambus pentru a conferi un efect unic de
culoare, apoi se leaga cu banda de elastic sau
cu sfoard. n al patrulea rand, pielea se vopseste
folosind coloranti sintetici pe baza de naftol. in al
cincilea rand, se dezleaga sfoara pentru a scoate
semintele. in cele din urm4, pielea se inmoaie in
apa rece, pentru a preveni estomparea culorii
materialului vopsit.

Motive batik ikat pe piele

Motivul este un design creat din forme,
diferite linii sau elemente care sunt uneori
inspirate de elemente din naturd, precum frunze,
flori, nori si altele. De asemenea, motivul este
o caracteristica a comunitatii din Sumbersekar.
Diversele evenimente, natura si bogatia culturala
reprezinta o sursa de inspiratie pentru motivele
variate batik ikat create de comunitatea din
Sumbersekar.
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Figure 1. Product batik ikat motifs on leather and finished product
Figura 1. Piele si produs finit cu motive batik ikat

method, basically ikat motifs produced by
people of Sumbersekar, including batik parang
bunga, batik wiru jumputan, and batik bunga
jumputan. The process of making all of those
ikat motifs is almost the same, the difference is
in forming each motif, with its own shape and
its coloring technique. In the process of making
batik parang bunga, its forming process uses
length tied system and the coloring technique
used is dye technique. While forming process
in making batik ikat celup (tie dye batik) with
wiru jumputan motif is done by using rempel,
and the coloring method used is dye and spray
technique.

Color Quality of Tanned Leather with Batik /kat

Color is vibration or wave received by
human’s sense of sight. Each color has a particular
characteristic, sodoesthe color created by people
of Sumbersekar, it has a different character than
the color created by other companies. Color can
also complete shape to be a perfect motif and
gives character in an artwork.

The synthetic dye used for leather
coloring is based on napthol. Allegedly napthol’s
molecular particle size is smaller than any other
color such as indigosol and Remazol. This shows
that napthol’s holding capacity is stronger than
any other color [5]. Ratio of the formulation
is 1:3, those are 6 g napthol and 18 g salt. The
quality of napthol’s color on to leather with batik
ikat motifs is presented in the table below.

The bonding materials of the colors on
tanned leather depend on its chemical structure
and active particle on its surface. A bond is

Pe baza rezultatelor sondajului privind
vopsirea pieilor cu tehnica batik ikat, motivele
realizate de catre oamenii din Sumbersekar au
fost batik parang bunga, batik wiru jumputan
si batik bunga jumputan, iar procesul a fost
aproximativ acelasi in toate cazurile, diferenta
constand in formarea motivelor si in tehnicile
de colorare. In cazul primului proces de vopsire,
batik parang bunga, motivul s-a realizat prin
legarea materialului pe lungime si vopsirea
folosind coloranti. procesul de vopsire batik
ikat celup (vopsire prin legare) cu motiv wiru
jumputan s-a realizat utilizand modelul rempel
prin tehnica pulverizarii.

Calitatea culorii pielii vopsite prin tehnica batik
ikat

Culoarea este vibratie sau unda
receptionata prin simtul vederii umane.
Fiecare culoare are o caracteristica specifica.
in mod similar, culorile folosite de oamenii din
Sumbersekar au un caracter diferit comparativ
cu cele folosite de alte companii. Culoarea
poate contribui la formarea unui motiv perfect si
confera caracter unei opere de arta.

La vopsirea pielii s-au utilizat materiale
sintetice pe bazda de naftol. Dimensiunea
particulelor de naftol este mai mica decat
a colorantilor precum indigosol si Remazol.
Aceasta arata ca rezistenta naftolului este mai
puternica decat cea a oricarui alt colorant [5].
Formula utilizata contine naftol si sare in raport
de 1:3, sianume 6 g naftol si 18 g sare. Calitatea
colorantului pe baza de naftol utilizat la vopsirea
pielii cu motive batik ikat este prezentata n
tabelul de mai jos.
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Table 2: Color quality of tanned leather with batik ikat

Tabelul 2: Calitatea culorii pielii vopsite prin tehnica batik ikat

Rezistenta la frecare

Variable Naphtol
Variabila Naftol
Paint compressive strength (g)
180.16
Rezistenta la compresiune a vopselei (g)
Laundering resilience
4-5
Rezistenta la spalare
Perspiration resilience
5
Rezistenta la transpiratie
Water resistance
5
Rezistenta la apa
Flexibility
4-5
Flexiblitate
Rub resilience
4-5

formed between Cr®* with leather’s proteins
through hydroxyl group (OH) [6]. Chrome salt in
principle would bind the carboxylic acid group
of the leather proteins so the chrome tanned
leather tends to increase the amount of its
cationic charge (+). then, chromium salt will be
hydrolyzed by releasing acids that increase the
amount of acidity in the leather, thus the higher
the acidity of the skin surface, the stronger the
color of paint this acid binds. This cause a type
of acid color material has a strong ability of
adhesion.

CONCLUSION AND RECOMMENDATIONS

Products of leather finishing with batik
ikat motif made by the people of Sumbersekar,
Dau, Malang, are presented below.

The process of making tanned leather with
batik ikat motif started from making the designs
using pencils, then transferred onto the leather,
after that the leather is pinched and pulled to
make it tented a bit, then its peak is filled with
pebbles/seeds/small pieces of bamboo to create
an unique color effect, lastly the leather is dyed.
Coloring technique can be done by using dye or
spray technique combined with wax coating.

Batik motif created by people of
Sumbersekar is basically inspired by their

Aderenta culorilor pe pielea tabacita
depinde de structura chimica a acesteia si de
ingredientele active de pe suprafata pielii. Se
formeaza legaturi intre Cr®** cu proteinele din
piele prin intermediul gruparilor hidroxil (OH)
[6]. Sarea de crom se leaga, in principiu, de
gruparea carboxilicd a proteinelor din piele,
ducand la tabdacirea pielii, si tinde sa creasca
valoarea sarcinii cationice (+). In plus, sarea de
crom se hidrolizeaza prin eliberarea acizilor care
duc la cresterea nivelului de aciditate al pielii
si, prin urmare, cu cat este mai mare aciditatea
suprafetei pielii, cu atdt mai puternica este
aderenta vopselei. Astfel, un colorant acid are o
aderenta puternica.

CONCLUZII S| RECOMANDARI

Rezultatele finisarii pielii cu motivele
batik ikat realizate de membrii comunitatii din
Sumbersekar, Dau, Malang, sunt prezentate in
continuare.

Procesul de realizare a pieilor tabacite
vopsite cu motivul batik ikat porneste de la
realizarea modelelor cu creionul, transferarea
modelelor pe piele, umplerea unor portiuni de
piele cu pietricele, seminte, bucatele de bambus
pentru a crea un efect de culoare unic si, in cele
din urma, vopsirea cu tehnica de colorare prin
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environment, they created flower and plant
patterns. Some of motifs created by people of
Sumbersekar are parang bunga, wiru jumputan,
and wiru bunga. They made it using batik ikat
method and tie dye coloring technique.

The color applied to the leather is a
synthetic dye based on naphtol. Coloring result
using napthol make adhesive strength of paint
as much as 180.16 g/cm? with the assessment
of laundering resilience, perspiration resilience,
rub resilience, and durability result is about 5,
which means that the quality of tanned leather
with batik ikat motif produced in Sumbersekar is
excellent.

People of Sumbersekar, Dau, Malang need
coaching to improve their knowledge and insight
about the process development, motifs and
colors.

REFERENCES

legare. Tehnicile de vopsire se pot realiza prin
colorare sau pulverizare si prin combinarea cu
un strat de ceara.

Motivele batik create Tn comunitatea
Sumbersekar sunt inspirate de florile si plantele
din jurul satului. Motivele create de oamenii din
Sumbersekar sunt parang bunga, wiru jumputan
si wiru bunga, folosind tehnica batik ikat si
tehnici de vopsire prin legare.

Pielea este vopsitd cu coloranti sintetici pe
baza de naftol. Vopseaua utilizata are o aderenta
puternica, de 180,16 g/cm?, iar la determinarea
rezistentei de spalare, rezistentei la transpiratie,
rezistentei la frecare si durabilitatii, s-a obtinut
valoarea medie 5, ceea ce inseamnad ca pielea
tabacita si vopsita cu motive batik ikat realizata
in Sumbersekar are o calitate excelenta.

Oamenii din Sumbersekar, Dau, Malang
au nevoie de instruire pentru a-si pentru a
fmbunatati intelegerea si cunostintele legate de
desfasurarea procesului, de motivele si culorile
utilizate.

1. Susanto, S., Seni Kerajinan Batik Indonesia, Balai Penelitian Batik dan Kerajinan, Lembaga Penelitian
dan pendidikan Industri, Departemen Perindustrian Republik Indonesia, 1980, 3, 35-45.

2. Pancapalaga, W., Bintoro, P., Triatmojo, S., Pramono, Y.B., The Evaluation of Dyeing Leather Using
Batik Method, International Journal of Applied Science and Technology, 2014, 4, 236-242.

3. Pancapalaga, W., Bintoro, P., Triatmojo, S., Pramono, Y.B., Batik Quality of Chrome Tanned Goat
Leather, J Indonesian Trop Anim Agric, 2014, 39, 188-193.

4. Moerdoko, W., Evaluasi Tekstil Bagian Kimia, Institut Teknologi Tekstil, Bandung, 1975, 5, 98-105.

5. Pancapalaga, W., Bintoro, P., Triatmojo, S., Pramono, Y.B., Evaluasi Formulasi Lilin Batik untuk Kulit
Samak, Proseding Seminar Nasional Akselerasi Pembangunan Pertanian Berkelanjutan Menuju
Kemandirian Pangan dan Energi, 2013, ISBN 978 — 602 — 14235 -0- 9.

6. Lollar, R.M., Criteria Which Define Tannage in the Chemistry and Technology of Leather, edited by
Fred O’Flaherty, W.T. Rody, R.M. Lollar, Krieger R.E. Publishing Company, Huntington, New York.
1978, 2, 97-320.

Article received/Data primirii articolului: 13.06.2016
Accepted/Acceptat la data: 18.08.2016

236 Leather and Footwear Journal 16 (2016) 3



FOOT PRESSURE CHARACTERISTICS OF CHINESE OVERWEIGHT AND OBESE CHILDREN
DURING GAIT

CARACTERISTICILE PRESIUNII PLANTARE IN TIMPUL MERSULUI LA COPIIl SUPRAPONDERALI
S1 OBEZI DIN CHINA

Shiyang YAN?, Linshan ZHANG?, Xiaoyun LI, Ruoyi LI?, Nan ZHOU?, Xiaoyue CAP, Luming YANG'"
!Key Laboratory of Leather Chemistry and Engineering (Sichuan University), Ministry of Education, Chengdu, China
’National Engineering Laboratory for Clean Technology of Leather Manufacture, Chengdu, China

3The First People’s Hospital of Shuangliu County, Chengdu, China

FOOT PRESSURE CHARACTERISTICS OF CHINESE OVERWEIGHT AND OBESE CHILDREN DURING GAIT

ABSTRACT. There are differences in foot pressure characteristics depending on ethnicity. This is the first study to evaluate dynamic plantar
pressures of overweight children, not only obese children in China, which can provide the pressure patterns of Mongoloid population with
data references. Totally 438 children, including 228 boys and 209 girls, aged 7-16 years were recruited from China. Data of plantar pressures
was collected by Footscan® plate system. All subjects were classified into groups of non-overweight, overweight and obesity based on body
mass index (BMI). Overweight children displayed significantly higher peak pressures and impulses in the 4™ metatarsal, midfoot and heel
relative to non-overweight children (p < 0.017). Elevated impulses and pressure-time integrals of obese children were found at the hallux
when compared to non-overweight counterparts (p = 0.017). Pressure rates were higher in obese children on the metatarsals (p < 0.017).
Excessive and repetitive overload for children can increase the risk of foot damage. Since significantly higher pressures at the hallux for obese
children were found for the first time, we theorize that races and customs may affect the biomechanical function of the hallux or alter the
walking habits of obese children rather than the skeletal structural changes responsible for this finding.

KEY WORDS: overweight; obesity; Chinese; children; dynamic plantar pressure
CARACTERISTICILE PRESIUNII PLANTARE IN TIMPUL MERSULUI LA COPIII SUPRAPONDERALI $I OBEZI DIN CHINA

REZUMAT. Caracteristicile presiunii plantare a piciorului diferd in functie de etnie. Acesta este primul studiu care evalueaza presiunile plantare
in dinamica la copiii supraponderali, nu doar la copiii obezi din China, cu posibilitatea de a oferi modele de presiune de referintd ale populatiei
mongoloide. S-au recrutat Tn total 438 de copii din China, din care 228 baieti si 209 fete, cu varsta cuprinsd intre 7 si 16 ani. Datele presiunilor
plantare au fost colectate utilizand platforma de fortd Footscan®. Subiectii au fost clasificati in trei grupe: normali, supraponderali si obezi, pe
baza indicelui de masa corporald (IMC). Copiii supraponderali au prezentat presiuni maxime semnificativ mai mari si impulsuri la nivelul celui
de-al 4-lea metatarsian, in zona centrala a piciorului si in zona calcaiului fata de copiii cu greutate normala (p < 0.017). S-au observat impulsuri
si integrale presiune-timp crescute la nivelul halucelui in cazul copiilor obezi in comparatie cu copiii cu greutate normala (p = 0.017). Valorile
de presiune au fost mai mari la nivelul metatarsienelor in cazul copiilor obezi (p < 0.017). Supraincarcarea excesiva si repetitiva in cazul copiilor
poate creste riscul de leziuni la nivelul picioarelor. Intrucat s-au constatat pentru prima oard presiuni semnificativ mai mari la nivelul halucelui
n cazul copiilor obezi, propunem teoria ca rasele si obiceiurile pot afecta mai degraba functia biomecanica a halucelui sau modifica obiceiurile
de mers ale copiilor obezi, decat modificarile structurale ale scheletului responsabile de aceasta constatare.

CUVINTE CHEIE: supraponderabilitate; obezitate; chinez; copii; presiune plantara dinamica
LES CARACTERISTIQUES DE LA PRESSION PLANTAIRE CHEZ LES ENFANTS CHINOIS EN SURPOIDS ET OBESES PENDANT LA MARCHE

RESUME. Les caractéristiques de la pression plantaire varie selon l'origine ethnique. Cette étude est la premiére qui évalue les pressions
plantaires dynamiques chez les enfants en surpoids, non seulement chez les enfants obeses de Chine avec la possibilité de fournir des
modeles de référence de la pression de la population mongole. On a recruté un total de 438 enfants chinois, dont 228 gargons et 209 filles,
agés entre 7 et 16 ans. Les données de la pression plantaire ont été recueillies a I'aide de la plate-forme de force Footscan®. Les sujets ont été
classés en trois groupes : au poids normal, en surpoids ou obeses en fonction de I'indice de masse corporelle (IMC). Les enfants en surpoids
avaient le niveau de pression maximale significativement plus élevé et des impulsions chez le 4-eme métatarsien, dans la zone centrale du
pied et chez le talon, par rapport aux enfants ayant un poids normal (p < 0,017). Des impulsions et des intégrales pression-temps élevées
ont été observées au gros orteil chez les enfants obeses par rapport aux enfants ayant un poids normal (p = 0,017). Les valeurs de pression
sont plus élevées aux métatarses chez les enfants obéses (p < 0,017). La surcharge excessive et répétitive chez les enfants peut augmenter
le risque de blessures aux jambes. On a constaté pour la premiére fois des pressions significativement plus élevées a l'orteil chez les enfants
obeses, ensuite on propose la théorie selon laquelle les races et les habitudes peuvent affecter plutot la fonction biomécaniques de I'orteil ou
changer les habitudes de la marche des enfants obéses que les changements structurels squelettiques responsables de la cette constatation.

MOTS-CLES: surpoids, obésité, chinois, enfants, pression plantaire dynamique

* Correspondence to: Luming YANG, Key Laboratory of Leather Chemistry and Engineering (Sichuan University), Ministry of Education, Sichuan
University, No.24 in South pare of First ring road, Wuhou district, Chengdu, Sichuan, China, email: yangluminglulu@gq.com
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INTRODUCTION

Obesity is known as one of the three
recognized global health hazards along with
smoking and AIDS. The total number of
children in the world has grown to 1.6 billion
[1]. As reported, seventy per cent of obesity in
childhood has the possibility of becoming adult
obesity [2]. Since 2009, the percentage of obese
children is approximately 10% in China, and with
the growth of 8% per year [3]. Several studies
found that obesity has a detrimental impact
on the bone strength of children as a result of
weaker bone strength in obese children [4-6]. In
this regard, overload in children can adversely
affect the function and structure of lower limbs,
especially of foot.

Feet as the base of human body supporting
the kinematics and kinetics of lower limbs
cannot be ignored. In an attempt to quantify
and characterize the functional capacity of foot
during locomotion, studies on gait characteristics
[7], plantar pressure distributions [8], foot
structure [9] and electromyography [10] have
been conducted with obese children. Plantar
pressure distributions can intuitively reflect the
total loading as well as the loading in each region
of the foot.

Plantar pressure is affected by age, body
mass, walking speed and daily activities [11].
There are studies showing that different races
and customs may lead to the diversity of plantar
pressure. [12-13]. Cavanagh et al. [14] pointed
out that the correlation coefficient of plantar
max force of Caucasian and body mass is 0.37,
higher than that of Mongoloid population. All
the literature mentioned above fully proved that
foot pressure characteristics of different races
were unique. In view of this, we just explored
the plantar pressure of Chinese overweight and
obese children which can provide the plantar
pressure distributions of Mongoloid population
with data references.

Yan et al. [8] has reported that obese
children displayed weaker walking stability with
flatter foot pattern, and larger dynamic plantar
pressure changes. Excessive and repetitive loads
can lead to a high risk of developing foot injuries
and pathologies [15]. Butterworth et al. [16]
demonstrated that body mass and fat mass were

INTRODUCERE

Obezitatea este cunoscuta ca unul dintre
cele trei riscuri pentru sanatate la nivel mondial,
fmpreund cu fumatul si SIDA. Numarul total de
copii la nivel global a crescut la 1,6 miliarde [1].
S-a raportat ca in saptezeci la sutd din cazuri,
obezitatea din copilarie se poate mentine si la
maturitate [2]. Tncepand cu anul 2009, procentul
de copii obezi este de aproximativ 10% in China,
cu o crestere de 8% pe an [3]. Mai multe studii
au constatat ca obezitatea are un impact negativ
asupra rezistentei oaselor copiilor ca urmare a
rezistentei osoase mai slabe la copiii obezi [4-6].
Astfel, suprasarcina in cazul copiilor poate afecta
negativ functionarea si structura membrelor
inferioare, in special la nivelul labei piciorului.

Ca baza a corpului uman, labele picioarelor
sustin cinematic si cinetic membrele inferioare si
nu pot fi ignorate. intr-o incercare de a cuantifica
si caracteriza capacitatea functionala a piciorului
in timpul locomotiei, s-au efectuat studii cu
privire la caracteristicile de mers [7], distributia
presiunilor plantare [8], structura piciorului [9] si
testele de electromiografie [10] in cazul copiilor
obezi. Distributia presiunilor plantare poate
reflecta Tn mod intuitiv incarcarea totala, precum
si incarcarea in fiecare regiune a piciorului.

Presiunea plantara este influentata
de varsta, masa corporald, viteza de mers si
activitatile de zi cu zi [11]. Exista studii care arata
ca diferite rase si obiceiuri pot duce la diferente
privind presiunile plantare. [12-13]. Cavanagh si
colab. [14] au subliniat faptul ca coeficientul de
corelatie al fortei plantare maxime la populatia
caucaziana si masa corporald este de 0,37,
mai mare decat cea a populatiei mongoloide.
Literatura de specialitate mentionata mai sus
a dovedit clar unicitatea caracteristicilor de
presiune a piciorului la diferite rase. Avand
in vedere acest lucru, am explorat presiunea
plantara doar la copiii supraponderali si obezi din
China, pentru a obtine distributiile de presiune
plantara de referinta la populatia mongoloida.

Yan si colab. [8] au raportat o stabilitate
mai slaba Tn mers la copiii obezi, cu picior mai
plat si modificari mai mari ale presiunii plantare
in dinamicd. Tncircarea excesivd si repetitivd
poate duce la unrisc crescut de a dezvolta leziuni
ale picioarelor si patologii [15]. Butterworth si
colab. [16] au demonstrat cd masa corporald
si procentul de grasime s-au numarat printre
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among the factors causing foot pain. Several
studies have found that overweight and obese
children experienced higher plantar pressures in
foot regions [9, 15, 17]. Small variations in foot
pressure characteristics must be incorporated to
the shoe design to satisfy the shoe functionality
and comfort requirements of overweight and
obese children.

However, most studies of plantar pressure
distribution, gait characteristics and foot
structure highlighted the comparison between
normal children and obese children [7-9, 17-19],
few studies have compared in pairs among non-
overweight, overweight and obese children. The
aim of this study was to compare the dynamic
plantar pressure between any two means
of Chinese non-overweight, overweight and
obese children for the first time. As reported,
overweight children would be involved into an
increased risk of ankle injury [20]. Furthermore,
overweight children are accepted as a potentially
high-risk group of developing obesity and are
worthy of attention, viewing to find more specific
information about plantar pressure distributions
of Chinese children associated with magnitude
of excessive mass.

RESEARCH METHODS AND PROCEDURES

Subjects

Totally 438 children, including 228 boys
and 209 girls, aged between 7-16 years were
initially recruited from several consenting
primary schools and middle schools throughout
Yantai City, China. Excluding foot diseases,
musculoskeletal deformity and other health
problems, the valid samples were 393 (age: 10.5
+ 2.2 years; height: 148.2 + 14.4 cm; body mass:
49.1 £ 18.0 kg; BMI: 21.7 + 4.8 kg/m?). According
to the body mass index (BMI) reference norm
established by Group of China Obesity Task Force
[21], which was used to screen overweight and
obesity based on age and sex in Chinese children
and adolescents, all participants were classified
into three groups: non-overweight, overweight
and obese, descriptive data was shown in Table
1. All research procedures and methods were
approved by Sichuan University (China) Human
Research Ethics Committee. Written informed

factorii care cauzeaza dureri la nivelul piciorului.
Mai multe studii au constatat presiuni plantare
mai mari in regiunile piciorului in cazul copiilor
supraponderali si obezi [9, 15, 17]. Micile variatii
ale caracteristicilor de presiune ale piciorului
trebuie sa fie 1incorporate la proiectarea
incdltamintei pentru a satisface cerintele de
functionalitate si de confort ale pantofilor pentru
copiii supraponderali si obezi.

Cu toate acestea, cele mai multe studii
au efectuat comparatii intre copiii cu greutate
normala si cei obezi privind distributia presiunii
plantare, caracteristicile mersului si structura
piciorului [7-9, 17-19]; putine studii au comparat
in perechi copiii cu greutate normald, cei
supraponderali, si cei obezi. Scopul acestui
studiu a fost acela de a compara pentru prima
oara presiunea plantara in dinamica intre oricare
doua grupe de copii chinezi cu greutate normala,
supraponderali si obezi. Dupa cum reiese din
studiu, copiii supraponderali prezintda un risc
crescut de leziunila nivelul gleznei [20]. Mai mult,
copiii supraponderali sunt considerati un grup
cu risc potential ridicat de a dezvolta obezitate,
fiind de interes in vederea adunarii mai multor
informatii specifice despre distributia presiunii
plantare la copiii chinezi cu greutate excesiva.

METODE S| PROCEDURI DE CERCETARE

Subiecti

S-au recrutat in total 438 de copii, dintre
care 228 baieti si 209 fete, cu varste cuprinse
intre 7 si 16 ani, din mai multe scoli primare
si gimnaziale din orasul Yantai, China, cu
consimtamantul acestora. Dupa excluderea
bolilor de picioare, deformarilor musculo-
scheletice si a altor probleme de sanatate, au
ramas 393 de subiecti valabili (varsta: 10,5
+ 2,2 ani; ndltime: 148,2 + 14,4 cm; masa
corporald: 49,1+ 18,0 kg; IMC: 21,7 + 4,8 kg/m?).
Conform indicelui de masa corporala (IMC) de
referinta stabilit de Grupul pentru Combaterea
Obezitatii din China [21], care a fost utilizat
pentru a selecta copiii si adolescentii chinezi
supraponderali si obezi in functie de varsta si sex,
toti participantii au fost clasificati in trei grupe:
cu greutate normald, supraponderali si obezi,
iar datele descriptive sunt prezentate in Tabelul
1. Toate metodele si procedurile de cercetare
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consent was obtained from all participants prior
to data collection under supervision.

au fost aprobate de catre Comitetul de Etica in
Cercetare al Universitatii Sichuan (China). Toti
participantii si-au dat consimtamantul in scris
fnainte de colectarea datelor sub supraveghere.

Table 1: Baseline data* of subjects

Tabelul 1: Datele de baza* ale subiectilor

Non-overweight (n=166)

Greutate normald (n=166)

Group

Grupd

Overweight (n=73) Obese (n=154)

Supraponderali (n=73) Obezi (n=154)

Age (years)

10.8+2.3
Virsta (ani)
Height (cm)
146.8 +14.0
Indltime (cm)
Body mass (kg)
39.0+10.5
Masd corporald (kg)
BMI (kg/m?)
17.7+19
IMC (kg/m?)

10.0+2.1 103+2.1
145.8+14.0 150.9+14.1
45.5+12.5 61.8+18.9

209+19 26.4+3.8

*Values are the mean + SD.
*Valorile reprezintd mediile + SD.

Experimental Methods

Each participant’s height was measured
once to the nearest 0.1 cm using a calibrated
height and weight scale with barefoot, while
body mass was measured once to the nearest
0.5 kg using the same instrument. BMI was then
calculated using body mass divided by height
squared (kg/m?). To minimize the artificial error,
all the anthropometric measurements were
measured by a fixed experimenter.

A Footscan® plantar pressure plate system
(RSscan International, Olen, Belgium) was
used to test the plantar pressure during gait.
This plate system included a 40 cm x 100 cm
platform with 4 sensors per square centimeter,
and a high sample frequency of 253 Hz which
can capture more precise data from dynamic
plantar pressures. This plate was mounted on a
smooth and level ground. Each participant was
tested using a two-step gait initiation protocol
[22], that is to say, after some practice under
the experimenter’s guidance, participants were
then required to walk barefoot three times or
more, crossing the plate at self-preferred speed
to complete the test procedure. Participants
stood about a meter away in front of the edge

Metode experimentale

S-a masurat Tnhaltimea fiecarui participant
o singura data cu o marja de 0,1 cm, folosind o
scara de inaltime si greutate gradata, subiectii
nepurtand Tncaltaminte, iar masa corporala a
fost mdsurata o singura data cu o marja de 0,5 kg,
folosind acelasi instrument. IMC a fost calculat
fmpartind masa corporala la patratul Tnaltimii
(kg/m?). Pentru a reduce la minimum eroarea
artificiald, toate masuratorile antropometrice au
fost masurate de aceeasi persoana.

S-a utilizat platforma Footscan® (RSscan
International, Olen, Belgia) pentru a masura
presiunea plantard in timpul mersului. Acest
sistem cuprinde o platforma de 40 cm x 100 cm,
cu 4 senzori pe centimetru patrat, si o frecventa
mare de esantionare de 253 Hz, care poate capta
date mai exacte privind presiunile plantare in
dinamica. Aceastd platforma a fost montata
pe un teren neted si uniform. Pentru fiecare
participant, testul a constat intr-un protocol de
initiere a mersului in doua etape [22], adica, dupa
o serie de exercitii, sub indrumarea expertilor,
participantilor li s-a cerut sa traverseze platforma
desculti de trei ori sau mai mult, cu o viteza la
alegere pentru finalizarea procedurii de testare.
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of platform, and then cross the walkway to the
ground. Three trials of a subject were selected
as valid by the following criteria: a whole gait
cycle on the plate during natural walking but not
aiming at.

Data Analysis

Hylton [23] has suggested that by only
selecting one foot or by averaging observations
from both feet, spurious findings from paired
data can be avoided, the author hereby chose
the right foot (the dominant foot) to analyze
the statistical differences. Hennig et al. [24] and
Yan et al. [25] has reported that no difference
was found in plantar pressures between girls
and boys. Mean values of three valid trials of
each right foot were calculated and analyzed.
Ten plantar anatomical regions were defined by
Footscan 7 Gait 2" generation (V7. 97) (Figure
1) which is an application program software of
Footscan® plate system. Data of plantar pressures
was collected by the instrument. Biomechanical
parameters of peak pressure, maximum force,
impulse, pressure-time integral and pressure
rate were extracted from database for statistical
analysis.

Participantii au traversat platforma pornind de
la aproximativ un metru distantd de marginea
platformei. S-au selectat ca fiind valabile trei
incercari ale unui subiect pe baza urmatoarelor
criterii: efectuarea unui ciclu intreg de mers pe
platforma, adoptand un mers natural.

Analiza datelor

Hylton [23] a sugerat ca, prin selectarea
unui singur picior sau prin calcularea mediei
observatiilor de la ambele picioare, se pot
evita constatari false din datele asociate; astfel,
autorul a ales in acest studiu piciorul drept
(piciorul dominant) pentru a analiza diferentele
statistice. Hennig si colab. [24] si Yan si colab. [25]
au raportat ca nu s-a constatat nicio diferenta
privind presiunile plantare intre fete si bdieti. S-au
calculat si analizat valorile medii a trei incercari
valabile pentru piciorul drept. Programul
Footscan 7 generatia a 2-a (V7. 97), aferent
sistemului de masurare a presiunii Footscan®, a
definit zece regiuni anatomice de analiza (Figura
1). Datele privind presiunile plantare au fost
colectate cu ajutorul acestui instrument. Din
baza de date s-au extras parametri biomecanici
cum ar fi presiunea maxima, forta maxima,
impulsul, integrala presiune-timp si presiunea,
pentru analiza statistica.

Figure 1. Ten anatomical regions of foot. T1: hallux, T2-5: 2"-5% toes, M1: 1% metatarsal, M2: 2™ metatarsal,
M3: 3" metatarsal, M4: 4" metatarsal, M5: 5! metatarsal, MF: midfoot, HM: heel medial, HL: heel lateral

Figura 1. Cele zece regiuni anatomice ale piciorului. T1: haluce, T2-5: degetele 2-5, M1: primul metatarsian,
M2: al 2-lea metatarsian, M3: al 3-lea metatarsian, M4: al 4-lea metatarsian, M5: al 5-lea metatarsian, MF:
zona centrald a piciorului, HM: zona interioard a calcaiului, HL: zona exterioara a calcaiului
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Based on the extracted data above, SPSS
software (version 17.0 for Windows; SPSS
Corp., Chicago, IL) was used to analyze the
intergroup and intragroup differences. One-
sample Kolmogorov-Smirnov-test (K-S) was used
to perform the normality test of all data, and
analysis result shows that not all data conforms
to normal distribution in all regions for each
group. Kruskal-Walls H-test and Chi-square test
were then selected to compare peak pressure,
maximum force, impulse, pressure-time integral
and pressure rate in all anatomical regions among
three groups classified above to certify whether
there were any significant differences. p values
less than 0.05 were perceived as significant in all
groups. Since repeated hypothesis testing makes
calibration standard a error expansion, when
performing Post Hoc Multiple comparisons,
calibration standard a was calibrated by the
following formula: o’ = a/N (N represents amount
of testing). Bivariate Correlation was conducted
to analyze the potential associations of age, body
mass and BMI with peak pressures and pressure-
time integrals. The magnitude of correlation
coefficient (r) is divided into four grades: low (O-
0.25); weak (0.26-0.50); moderate (0.51-0.75);
very strong (0.76-1.00) [26].

RESULTS

Descriptive data of the maximum
forces and peak pressures in non-overweight,
overweight and obese children are summarized
in Table 2. Significantly higher maximum forces
and peak pressures were found in the 4%
metatarsal, midfoot, medial heel and lateral heel
between non-overweight (p = 0.004, p =0.004, p
=0.011) and overweight children (p = 0.009, p =
0.003, p=0.003, p=0.012). When obese children
were compared to those both overweight and
non-overweight children, significant differences
were found in all regions excepting for the
hallux and 2"-5" toes (p < 0.017). However,
significantly higher maximum forces (p = 0.004)
and peak pressures (p = 0.015) under the hallux
in those who were obese when compared to
non-overweight children.

Statistical characteristics of impulses and
pressure-time integrals are summarized in Table
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Pe baza datelor extrase de mai sus, s-a
utilizat programul SPSS (versiunea 17.0 pentru
Windows, SPSS Corp., Chicago, IL) pentru a
analiza diferentele dintre grupe si in interiorul
grupelor. S-a utilizat testul Kolmogorov-Smirnov
(K-S) pentru un singur esantion pentru a
determina normalitatea datelor, iar rezultatul
analizei a aratat ca nu toate datele sunt conforme
cu distributia normala in toate regiunile la fiecare
grupa. S-au selectat apoitestele Kruskal-Walls Hsi
Chi-patrat pentru a compara presiunea maxima,
forta maxima, impulsul, integrala presiune-timp
si presiunea in toate regiunile anatomice intre
cele trei grupe mentionate mai sus pentru a
confirma daca au existat diferente semnificative.
Valorile p mai mici decat 0,05 au fost percepute
ca fiind semnificative in toate grupele. Intrucat
testarea repetata a ipotezelor duce la erori
de calibrare standard o, la efectuarea unor
comparatii multiple post hoc, calibrarea standard
a a fost efectuata cu urmatoarea formula: o’ =
a/N (N reprezintd numarul de testari). S-a realizat
corelarea bivariata pentru a analiza potentialele
asocieri ale varstei, masei corporala si IMC cu
presiunile maxime si integralele presiune-timp.
Marimea coeficientului de corelatie (r) este
fmpartitd in patru niveluri: scazuta (0-0,25);
slaba (0,26-0,50); moderata (0,51-0,75); foarte
puternica (0,76-1,00) [26].

REZULTATE

Datele descriptive ale fortelor maxime
si ale presiunilor maxime masurate la copiii cu
greutate normald, supraponderali si obezi sunt
prezentate pe scurt in Tabelul 2. S-au constatat
forte maxime si presiuni maxime semnificativ
mai mari la nivelul celui de-al 4-lea metatarsian,
in zona centrald a piciorului, in zonele interioara
si exterioara ale cdlcaiului la copiii cu greutate
normala (p = 0,004, p = 0,004, p = 0,011) si la
copiii supraponderali (p = 0,009, p = 0,003, p =
0,003, p = 0,012). Comparand datele obtinute
in cazul copiilor obezi cu cele ale copiilor
supraponderali si ale celor cu greutate normala,
s-au constatat diferente semnificative in toate
regiunile cu exceptia halucelui si a degetelor
2-5 (p < 0,017). Cu toate acestea, s-au observat
forte maxime (p = 0,004) si presiuni maxime (p =
0,015) semnificativ mai mari in zona halucelui la
copiii obezi In comparatie cu copiii cu greutate
normala.
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Table 2: Descriptive statistics* of maximum force (N) and peak pressure (N/cm?) for non-overweight
(n=166), overweight (n=73) and obese (n=154) children

Tabelul 2: Statistici descriptive* ale fortei maxime (N) si presiunea maxima (N/cm?) la copiii cu
greutate normala (n=166), supraponderali (n=73) si obezi (n=154)

Maximum force (N)

Forta maximd (N)

Peak pressure (N/cm?)

Presiunea maximd (N/cm?)

Region
Regiune Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Grupa 1 Grupa 2 Grupa 3 Grupa 1 Grupa 2 Grupa 3
T1 69.58 (29.88) 75.45 (34.54) 84.15 (41.15)° 4.68 (1.68) 5.01 (2.04) 5.33 (2.14)°
T2-5 25.19 (13.75) 21.92 (11.43) 26.23 (15.89) 1.26 (0.57) 1.17 (0.54) 1.21 (0.65)
M1 77.15 (42.83) 81.38 (39.58)° 101.08 (55.01)° 4.93(2.28) 4.95 (1.86)° 5.63 (2.50)°
M2 94.87 (44.65) 97.55 (53.39)° 130.22 (59.13)¢ 10.68 (3.94) 10.25 (4.37)° 12.3 (4.24)°
M3 88.44 (36.12) 96.67 (42.93)° 135.9 (58.29)¢ 10.58 (3.29) 10.94 (3.63)° 13.76 (4.28)°
M4 60.15 (26.08)° 72.82 (34.31)° 103.35 (45.60)° 7.38 (2.75)° 8.52(3.23)° 10.84 (3.75)°
M5 31.34 (18.25) 37.83(22.73)° 59.34 (30.66)° 3.44 (1.76) 3.98 (2.02)° 5.55 (2.39)°
MF 76.89 (41.44)° 100.80 (59.76)° 164.68 (81.04)° 2.24 (0.94) 2.74 (1.24)° 3.88 (1.41)°
HM 140.61 (51.67)° 161.47 (60.47)° 206.29 (84.97)° 8.52(2.22)° 9.37 (2.27)° 10.60 (2.94)°
HL 112.14 (38.9) 127.05 (48.17)° 160.34 (62.94)° 7.79 (1.94)° 8.56 (2.18)° 9.61 (2.42)°

*Values are the mean (SD) of three trials.

Group 1: non-overweight; group 2: overweight; group 3: obese.
2Significant difference (p < o’ = 0.017) between group 1 and group 2; ®Significant difference (p < 0.017) between group 2 and

group 3; Significant difference (p < 0.017) between group 3 and group 1.

* Valorile reprezintd mediile (SD) a trei incercdri.

Grupa 1: greutate normald; grupa 2: supraponderali; grupa 3: obezi.
Diferentd semnificativd (p < o’ = 0,017) intre grupa 1 si grupa 2; *Diferentd semnificativd (p < 0,017) intre grupa 2 si grupa 3;

Diferentd semnificativd (p < 0,017) intre grupa 3 si grupa 1.

3. Significantly increased foot impulses (p =
0.001, p=0, p=0.001, p =0.001) and pressure-
time integrals (p = 0.006, p =0, p = 0.001, p =
0.001) were observed in the 4% metatarsal,
midfoot, medial heel and lateral heel between
non-overweight and overweight children.
Elevated impulses (p = 0) and pressure-time (p =
0) integrals of obese children were found at the

Caracteristicile statistice ale impulsurilor
si integralelor presiune-timp sunt prezentate pe
scurt in Tabelul 3. S-au observat impulsuri ale
piciorului (p = 0,001, p =0, p = 0,001, p = 0,001)
si integrale presiune-timp (p = 0,006, p =0, p =
0,001, p = 0,001) semnificativ mai mari la nivelul
celui de-al 4-lea metatarsian, in zona centrala a
piciorului, Tn zonele interioara si exterioara ale
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Table 3: Descriptive statistics* of impulse (N-s) and pressure-time integral (N/cm?:s) for non-
overweight (n=166), overweight (n=73) and obese (n=154) children

Tabelul 3: Statistici descriptive* ale impulsului (N-s) si integralei presiune-timp (N/cm?:s) la copiii cu
greutate normala (n=166), supraponderali (n=73) si obezi (n=154)

Impulse (N-s) Pressure-time integral (N/cm?s)
Region Impuls (N-s) Integrala presiune-timp (N/cm?:s)
Regiune Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Grupa 1 Grupa 2 Grupa 3 Grupa 1 Grupa 2 Grupa 3
T1 18.11 (9.62) 21.15 (12.31) 24.71 (14.84) 1.21(0.59) 1.40 (0.75) 1.56 (0.81)°
T2-5 5.80 (3.67) 5.42 (3.36) 6.64 (4.85) 0.29 (0.16) 0.28 (0.16) 0.30 (0.20)
M1 23.18 (13.36) 25.76 (13.54)° 34.78 (21.85)° 1.48 (0.71) 1.58 (0.66) 1.93 (1.02)°
M2 30.84 (16.96) 31.88 (18.64)° 46.11 (23.75) 3.45 (1.50) 3.38 (1.56)° 4.34 (1.72)
M3 29.71 (14.70) 32.70 (15.82)° 49.15 (23.66) 3.54 (1.38) 3.70 (1.44)° 4.95 (1.77)
M4 20.68 (10.31) 26.38 (14.20)° 38.75 (18.95) 2.54 (1.09)° 3.04 (1.35)° 4.04 (1.55)°
M5 9.24 (6.09) 12.00 (8.25)° 19.99 (11.60)° 1.01 (0.60) 1.24 (0.75) 1.86 (0.91)°
MF 22.14 (14.06)° 33.28 (23.79)° 57.25 (36.94) 0.64 (0.33) 0.90 (0.52)° 1.32 (0.67)°
HM 38.26 (17.72) 48.47 (23.11)° 63.24 (32.81)° 2.32(0.86)° 2.82 (1.12)° 3.24 (1.26)¢
HL 29.89 (13.13)° 37.42 (17.77)° 48.59 (24.08)° 2.09 (0.76)° 2.51(0.95)° 2.90 (1.06)°

*Values are the mean (SD) of three trials.

Group 1: non-overweight; group 2: overweight; group 3: obese.

aSignificant difference (p < @’ = 0.017) between group 1 and group 2; "Significant difference (p < 0.017) between group 2 and

group 3; Significant difference (p < 0.017) between group 3 and group 1.

*Valorile reprezintd mediile (SD) a trei incercdri.

Grupa 1: greutate normald; grupa 2: supraponderali; grupa 3: obezi.

“Diferentd semnificativd (p < o’ = 0,017) intre grupa 1 si grupa 2; *Diferentd semnificativd (p < 0,017) intre grupa 2 si grupa 3;

Diferentd semnificativd (p < 0,017) intre grupa 3 si grupa 1.

hallux that merit attention when compared to
their non-overweight counterparts.

Pressure rates were larger in obese
children when compared to non-overweight
and overweight children (Table 4). In addition,
statistical analyses indicated that significant
differences mainly focused on the metatarsals
(p < 0.017). No significant difference existed
between the children who were non-overweight
and overweight.

calcaiului la copiii cu greutate normala si la cei
supraponderali. S-au constatat impulsuri (p = 0)
siintegrale presiune-timp (p = 0) crescute in zona
halucelui la copiii obezi, fapt care merita atentie
in comparatie cu grupa de copii cu greutate
normala.

Presiunea a fost mai mare la copiii obezi,
in comparatie cu cei cu greutate normala si cei
obezi (Tabelul 4). Tn plus, analizele statistice
au indicat ca exista diferente semnificative in
principal la nivelul metatarsienelor (p < 0,017).

244

Leather and Footwear Journal 16 (2016) 3



FOOT PRESSURE CHARACTERISTICS OF CHINESE OVERWEIGHT AND OBESE CHILDREN DURING GAIT

Table 4: Descriptive statistics* of pressure rate (N/cm?-ms) for non-overweight (n=166), overweight
(n=73) and obese (n=154) children

Tabelul 4: Statistici descriptive* ale presiunii (N/cm?-ms) la copiii cu greutate normala (n=166),
supraponderali (n=73) si obezi (n=154)

Pressure rate (N/cm?-ms)

Region Presiunea (N/cm?*ms)

Regiune Group 1 Group 2 Group 3

Grupa 1 Grupa 2 Grupa 3
T1 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)
T2-5 0.01 (0.01) 0.01 (0.02) 0.01 (0.01)
M1 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)°
M2 0.03 (0.02) 0.03 (0.02)° 0.03 (0.02)
M3 0.03(0.02) 0.03 (0.01)° 0.04 (0.02)
M4 0.03 (0.02) 0.03 (0.01)° 0.03 (0.02)°
M5 0.02 (0.02) 0.02 (0.01)° 0.02 (0.02)°
MF 0.02 (0.02) 0.02 (0.02)° 0.03 (0.02)°
HM 0.25 (0.24) 0.22 (0.19) 0.23 (0.16)
HL 0.29 (0.33) 0.25(0.26) 0.30(0.26)

*Values are the mean (SD) of three trials.
Group 1: non-overweight; group 2: overweight; group 3: obese.

aSignificant difference (p < o’ = 0.017) between group 1 and group 2; "Significant difference (p < 0.017) between group 2 and

group 3; Significant difference (p < 0.017) between group 3 and group 1.

*Valorile reprezintd mediile (SD) a trei incercadri.

Grupa 1: greutate normald; grupa 2: supraponderali; grupa 3: obezi.

Diferentd semnificativd (p < o’ = 0,017) intre grupa 1 si grupa 2; *Diferentd semnificativd (p < 0,017) intre grupa 2 si grupa 3;

Diferentd semnificativd (p < 0,017) intre grupa 3 si grupa 1.

Maximum force and peak pressure during
gait correlated to age, body mass and BMI are
shown in Table 5. Both maximum force and peak
pressure displayed significantly low positive
correlations to age, body mass and BMI.

DISCUSSIONS

This study assessed plantar pressure
distributions of non-overweight, overweight
and obese children aged 7 to 16 in China
during gait. The plantar pressure characteristics
for maximum forces and peak pressures are
evidently higher in obese children, followed by
overweight individuals, in all defined plantar
regions, excluding the 2"-5"" metatarsals that,

Nu a existat nicio diferenta semnificativd intre
copiii cu greutate normala si cei supraponderali.

Forta maxima si presiunea maxima
in timpul mersului corelate cu varsta, masa
corporala si IMC sunt prezentate in Tabelul 5.
Atat forta maxima, cat si presiunea maxima
prezinta corelatii pozitive semnificativ mai mici
pentru varsta, masa corporala si IMC.

DISCUTII

Acest studiu a evaluat distributia presiunii
plantare in timpul mersului la copiii cu greutate
normald, supraponderali si obezi din China,
cu varstele intre 7 si 16 ani. Caracteristicile
presiunii plantare pentru fortele maxime si
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Table 5: Pearson correlation analysis between age, body mass and BMI and peak pressure,
pressure-time integral

Tabelul 5: Analiza de corelatie Pearson intre varsta, masa corporala si IMC si presiunea maxima si
integrala presiune-timp

Iltems Age Body mass BMI
Parametri Virsta Masa corporald IMC
Peak pressure
0.248%** 0.248%** 0.208**
Presiunea maximd
Pressure-time integral
0.215** 0.238** 0.237**

Integrala presiune-timp

Correlation coefficient (r): low: 0 - 0.25; weak: 0.26 - 0.50; moderate: 0.51 — 0.75; very strong: 0.76 — 1.00.
**Significant difference (P < 0.01), *Significant difference (P < 0.05).

Coeficientul de corelatie (r): scdzut: 0 - 0,25; slab: 0,26 - 0,50; moderat: 0,51 — 0,75; foarte puternic: 0,76 — 1,00.
**Diferentd semnificativd (P < 0,01), * Diferentd semnificativd (P < 0,05).

on the other hand, show an opposite result. A
previous research of Hlavacek et al. counted
this situation as a reduced toe reflex function
as a result of decreased cushioning capability
of foot [17]. Furthermore, similar results were
found when it comes to the plantar pressure
characteristics of the impulses and pressure-
time integrals.

In the present study, marked differences of
maximum forces and peak pressures were found
in the forefoot (1%-5"" metatarsals), midfoot
and heel (medial heel and lateral heel) when
comparing non-overweight and overweight
children to obese children, respectively. This
result is in line with studies conducted with
children [17, 27] and adults [28]. However, our
study also indicates that overweight children only
suffer greater overload at the midfoot, followed
by the heel, relative to non-overweight children.
Overweight and obese children displayed either
higher peak pressures or maximum forces in the
midfoot, hence increased contact area of the
midfoot was not sufficient to compensate for the
higher forces generated during walking. Several
studies pointed out that long term overload
would lead to a lower arch [15, 29]. Mickle et
al. [19] measured the foot anthropometry and
arch index of 19 preschool overweight and
obese children; their findings confirmed that the
flatter foot of overweight and obese children
was not caused by the fat pad thickness in the

presiunile maxime sunt in mod evident mai mari
la copiii obezi, urmati de cei supraponderali in
toate regiunile plantare definite, cu exceptia
metatarsienelor 2-5, care prezintd o tendinta
opusa. Un studiu anterior efectuat de Hlavacek
si colab. a catalogat aceasta situatie ca o scadere
a functiei de reflex a degetului mare, ca urmare
a capacitatii de amortizare scazute a labei
piciorului [17]. Tn plus, s-au obtinut rezultate
similare referitoare la caracteristici ale presiunii

plantare precum impulsurile si integralele
presiune-timp.
In studiul de fata, s-au constatat

diferente semnificative ale fortelor maxime si
ale presiunilor maxime in zona antepiciorului
(metatarsienele 1-5), in zona centrald si la
calcéi (in zonele interioara si exterioara), facand
comparatie intre copiii cu greutate normal3,
cei supraponderali si cei obezi. Acest rezultat
este In concordanta cu literatura de specialitate
referitoare la studiile efectuate cu copii [17, 27]
si cu adulti [28]. Cu toate acestea, studiul nostru
arata in plus ca in cazul copiilor supraponderali,
se constatd o suprasarcina mai mare doar in
zona centrala, urmata de zona calcdiului, Tn
comparatie cu copiii cu greutate normala. Copiii
supraponderali si obezi au prezentat fie presiuni
maxime, fie forte maxime crescute Tn zona
centrald; prin urmare, cresterea suprafetei de
contact din zona centrala a piciorului nu a fost
suficienta pentru a compensa fortele mai mari
generate Tn timpul mersului. Mai multe studii au
subliniat faptul ca suprasarcina pe termen lung
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midfoot, but the structural changes in their foot
anatomy, not only obesity but also overweight
can affect the foot structure of children at
preschool age [30]. To our knowledge, it is the
first study to investigate the plantar pressure
distributions not only for obese children, but
also for overweight children when compared to
non-overweight children who are from China.
We classified all the subjects into groups of
non-overweight, overweight and obesity based
on the BMI reference norm of Group of China
Obesity Task Force as the circumstance may
require in China. From our findings, it showed
that significant differences for maximum force
and peak pressure also existed at the hallux
between non-overweight children and obese
children. It is a novel finding inconsistent with
other studies conducted with obese children
[8, 19, 27]. Moreover, in a study conducted by
Arnold and his colleagues [31], plantar pressures
of thirty healthy adults were measured under
different loading conditions (0, 5, 10 and 15
kg) respectively, the hallux only displayed
significantly higher peak pressures in the 15 kg
loading condition when compared to the control
group (0 kg), however, Cousins et al. [27] found
no significant difference at the hallux between
normal children and obese children. One possible
explanation for our finding is that the skeletal
structural changes in hallux are not the primary
cause of this apparent difference between non-
overweight and obese children. We theorize that
this condition may be associated with races and
customs which may affect the biomechanical
and kinematical function of the foot or alter
the walking habits of children. This notion is a
speculation and requires further investigation to
confirm the result.

Impulse is a variable used to characterize
the potential damage caused by the overload
to the specific foot structure. The increased
impulses at the forefoot of obese children
indicate that forefoot endures much more
stress. A reasonable explanation attributed this
consequence to the lack of capacity to dissipate
the forces in this area composed by small bones
[18]. Furthermore, our findings show that
higher impulses under the midfoot and heel for
overweight children relative to non-overweight
children. Significantly greater impulses for
overweight and obese children in the midfoot
and heel imply that there is a probability of

ar putea duce la coborarea boltii piciorului [15,
29]. Mickle si colab. [19] au efectuat masuratori
antropometrice ale piciorului, studiind bolta
plantarda la un numar de 19 copii prescolari
supraponderali si obezi, iar concluziile lor au
confirmatcapiciorulplatalcopiilorsupraponderali
si obezi nu s-a datorat tesutului adipos din zona
centrald a piciorului, ci modificarilor structurale
ale anatomiei piciorului, dovedind ca, nu numai
obezitatea, ci si supraponderalitatea poate
afecta structura piciorului la copiii prescolari
[30]. Din cate stim, acesta este primul studiu
care investigheaza distributia presiunii plantare
nu numai n cazul copiilor obezi, ci si Tn cazul
copiilor supraponderali, In comparatie cu copiii
cu greutate normala din China. Toti subiectii au
fost clasificati in trei grupe: cu greutate normal3,
supraponderali si obezi, pe baza indicelui de
masa corporald (IMC) de referinta stabilit de
Grupul pentru Combaterea Obezitatii din China.
Din constatarile noastre, a rezultat ca au existat
diferente semnificative ale fortei maxime si
presiunii maxime in zona halucelui intre copiii cu
greutate normala si copiii obezi. Aceasta este o
constatare noud, care nu se mai regaseste in alte
studii efectuate cu copii obezi [8, 19, 27]. Mai
mult decat atat, intr-un studiu realizat de Arnold
si colab. [31], s-au masurat presiunile plantare
la treizeci de adulti sanatosi in diferite conditii
de incarcare (0, 5, 10 si 15 kg), iar halucele a
prezentat presiuni maxime semnificativ mai
mari doar in situatia de incdrcare cu 15 kg in
comparatie cu grupul martor (0 kg); cu toate
acestea, Cousins si colab. [27] nu au gasit nicio
diferenta semnificativda in ceea ce priveste
halucele in cazul copiilor cu greutate normala
si al copiilor obezi. O posibila explicatie pentru
constatarea noastra este faptul ca modificarile
structurale ale scheletului la nivelul halucelui nu
reprezinta cauza principala a acestei diferente
aparente intre copiii cu greutate normala si cei
obezi. S-a propus teoria ca aceasta situatie poate
fi asociata cu diferentele de rasa si obiceiuri care
pot afecta functia biomecanica si cinematica a
piciorului sau pot modifica obiceiurile de mers
ale copiilor. Aceasta notiune este o speculatie
si necesita investigatii suplimentare pentru a
confirma rezultatul.

Impulsul este o variabild utilizata pentru
a caracteriza potentialele leziuni cauzate de
suprasolicitarea structurii piciorului. Cresterea
impulsurilor Tn zona antepiciorului la copiii
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developing into deformity in foot structure as
a result of excessive mass. Elevated level of the
pressure-time integrals in the forefoot and heel
of obese children is regarded as a signal of soft
tissue damage [6]. Cavanagh and Ulbrecht [32]
speculated that increased plantar pressures and
foot discomforts of obese children might prevent
them from participating in physical activity and
hinder their daily locomotion, which in turn can
give rise to obesity cycle. All in all, more attention
should be given to protect the forefoot and heel
of obese children from injury, such as lighter
shoes with better cushioning for obese children.

Pressure rate is a relative parameter of
dynamic plantar pressure used to describe the
rate of pressure changes per millisecond and can
assess cushioning function of the foot. Pressure
rates were greatest at the heel in all children,
but no significant difference was found there.
However, Yan et al. indicated a significantly larger
pressure rate at the heel for obese children than
those for non-obese children [8]. Significantly
increased pressure rates were observed under
the forefoot and midfoot of obese children.
Higher pressure rate caused increased injury
risk of foot [33]. Hence, significantly increased
pressure rates observed under the forefoot and
midfoot of obese children once more confirm
the underlying damage to these areas.

Plantar maximum force is associated with
contact area, while peak pressure represents
the direct force strengths of specific anatomic
regions to the ground. Peak pressure and
pressure-time integral were thus used to
analyze the relationship to age, body mass and
BMI. A cross-sectional study of Phethean and
Nester [34] drew the conclusion that boys and
girls could be pooled to evaluate the plantar
pressures. Furthermore, Hennig et al. [35]
indicated that there is no significant difference
for plantar pressures between girls and boys.
Therefore, gender influences were not taken into
consideration in this study. Pearson correlation
analysis shows a similar result with several
studies [35, 36] that peak pressure presented a
low correlation to age and body mass. Plantar
pressures also displayed a very weak positive
correlation to BMI, which concurs with a previous
study [37], on the other hand, contrasts with
another study [11]. We can summarize from our

obezi indica faptul ca antepiciorul suporta
mult mai mult stres. O explicatie rezonabila
a atribuit aceastda consecinta lipsei capacitatii
de a risipi fortele in aceasta regiune, compusa
din oase mici [18]. Mai mult decat atat,
descoperirile noastre aratd ca impulsurile sunt
mai mari in zona centrala si Tnh zona calcaiului
la copiii supraponderali Tn comparatie cu cei cu
greutate normala. Impulsurile semnificativ mai
mari in cazul copiilor supraponderali si obezi
in zona centrald si in zona cdlcdiului aratd ca
exista o probabilitate de a dezvolta deformari
ale structurii piciorului, ca urmare a greutatii
excesive. Nivelul ridicat al integralelor presiune-
timp Tn zona antepiciorului si in zona calcaiului
la copiii obezi este considerat un indicator al
leziunilor usoare ale tesuturilor [6]. Cavanagh si
Ulbrecht [32] au speculat ca presiunile plantare
ridicate si disconfortul la nivelul picioarelor
in cazul copiilor obezi ar putea sa Tmpiedice
participarea acestora la activitatea fizica si sa
ingreuneze locomotia, ceea ce poate constitui
cauza obezitdtii. In concluzie, ar trebui s3 se
acorde mai multd atentie protejarii antepiciorului
si cdlcaiului copiilor obezi impotriva leziunilor, de
exemplu, prin utilizarea unor pantofi mai usori,
cu o0 mai buna amortizare.

Evolutia presiunii este un parametru relativ
al presiunii plantare in dinamica utilizat pentru a
descrie modificarea presiunii pe milisecunda si
poate evalua functia de amortizare a piciorului.
Presiunea a fost mai mare in zona calcaiului
la toti copiii, dar nu s-a gasit nicio diferenta
semnificativa. Cu toate acestea, Yan si colab.
au indicat o rata a presiunii semnificativ mai
mare in zona calcaiului la copiii obezi decat la
copii non-obezi [8]. S-a observat o presiune
semnificativ mai mare in zona antepiciorului si
in zona centrald la copiii obezi. Presiunea mai
mare a dus la un risc crescut de accidentare a
piciorului [33]. Astfel, presiunea semnificativ
mai mare observatd in zona antepiciorului si in
zona centrala la copiii obezi confirma inca o data
cauzele leziunilor in aceste zone.

Forta plantara maxima este asociata
cu suprafata de contact, in timp ce presiunea
maxima reprezinta forta directd a regiunilor
anatomice specifice asupra solului. Astfel, s-au
utilizat presiunea maxima si integrala presiune-
timp pentru a analiza relatia acestora cu varsta,
masa corporala si IMC. Un studiu al lui Phethean si
Nester [34] a concluzionat ca presiunile plantare
se pot evalua la baieti si fete in comun. Mai
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findings that these results shed little light on the
variations in plantar pressures for overweight
and obese children. Some other factors may be
used to explain the increased plantar pressures
in them, such as increased contact area [35] and
changes in foot skeleton structure [38].

CONCLUSIONS

This study has demonstrated the plantar
pressure distribution of Chinese overweight
and obese children during normal walking.
Overweight children displayed significantly
higher plantar pressures mainly at the midfoot
and heel than those of non-overweight children,
while obese children endured higher pressures
in all regions excepting for 2"-5 toes. Excessive
and repetitive overload for overweight and obese
children can increase the risk of foot damage.
Particularly significantly higher pressures at
the hallux were found for the first time, which
requires further investigation to explore their
fundamental cause.
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mult decat atat, Hennig si colab. [35] au indicat
faptul ca nu exista nicio diferenta semnificativa
intre fete si bdieti in ceea ce priveste presiunile
plantare. Prin urmare, influenta sexului nu a
fost luata in considerare in acest studiu. Analiza
de corelatie Pearson demonstreaza un rezultat
similar mai multor studii [35, 36], si anume
ca presiunea maxima a prezentat o corelatie
scazutd cu varsta si masa corporald. Presiunile
plantare au aratat, de asemenea, o corelatie
pozitiva foarte slaba cu IMC, ceea ce coincide
cu un studiu anterior [37], dar, pe de alta parte,
se opune unui alt studiu [11]. Din constatarile
noastre, putem deduce ca aceste rezultate nu
[amuresc prea bine variatiile presiunilor plantare
in cazul copiilor supraponderali si obezi. Se pot
lua in calcul alti factori pentru a explica cresterea
presiunilor plantare, cum ar fi suprafata de
contact mai mare [35] si modificarile structurii
scheletului piciorului [38].

CONCLUzZII

Acest studiu a demonstrat distributia
presiunii plantare la copiii supraponderali si
obezi din China in timpul mersului normal.
Copiii supraponderali au prezentat presiuni
plantare semnificativ mai mari, in principal, in
zona centrala si in zona calcaiului, fata de copiii
cu greutate normala, in timp ce copiii obezi au
suferit presiuni mai mari in toate regiunile cu
exceptia degetelor 2-5. Suprasarcina excesiva si
repetitiva pentru copiii supraponderali si obezi
poate creste riscul de accidentare a piciorului.
S-au constatat pentru prima oara presiuni
semnificativ mai mari mai ales in zona halucelui,
fiind necesare investigatii suplimentare pentru a
explora cauza fundamentala a acestora.
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EVENIMENTE INTERNE SI INTERNATIONALE

XXXIV IULTCS CONGRESS

5-8 FEBRUARY 2017, CHENNAI, INDIA

AL XXXIV-LEA CONGRES IULTCS

5-8 FEBRUARIE 2017, CHENNAI, INDIA

of Leather

Union
Technologists and Chemists Societies has the
task to encourage and develop the interchange
of knowledge and experience between leather

The International

technologists and chemists worldwide by
increasing the collaboration between member
societies.

The Indian affiliate to IULTCS - Indian
Leather Technologists Association (ILTA) and
CSIR-Central Leather Research Institute would
jointly organize the XXXIV IULTCS Congress
during 5-8 February 2017.

Abstract submission is open until October
31, 2016.

More information: www.jultcs2017.org

XXXIV IULTCS

2017 - INDIA

Uniunea Internationala a Asociatiilor de
Tehnologi si Chimisti Pielari (IULTCS) are sarcina
de a incuraja si dezvolta schimbul de cunostinte
si experienta dintre tehnologii si chimistii pielari
din toata lumea prin dezvoltarea colaborarii
dintre asociatiile membre.

Partenerii IULTCS din India - Asociatia
Tehnologilor Pielari din India (ILTA) si CISR-
Institutul Central de Cercetare pentru Pielarie
- vor organiza Tmpreuna cel de-al XXXIV-lea
Congres IULTCS in perioada 5-8 februarie 2017.

Rezumatele se pot trimite pana la data de
31 octombrie 2016.

Mai multe informatii: www.iultcs2017.org
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THE 16™ ROMANIAN TEXTILES AND LEATHER CONFERENCE - CORTEP 2016

27-29 OCTOBER 2016, IASI, ROMANIA

A 16-A CONFERINTA DE TEXTILE SI PIELARIE - CORTEP 2016

27-29 OCTOMBRIE 2016, IASI, ROMANIA

The 16th Romanian Textiles and Leather
Conference - CORTEP’2016 will be held in lasi,
Romania, on 27-29 October, 2016.

The Conference is intended to be a
meeting of scientists, researchers and specialists
from academy, national research institutes and
companies in the textile and leather field and
other related fields.

More information: http://www.cortep.tuiasi.ro

//_i'__
-7 || GORTEP

Cea de-a 16-a Conferinta de Textile
si Pielarie - CORTEP’2016 va avea loc la lasi,
Romania, in perioada 27-29 octombrie 2016.

Conferinta se doreste a fi o reuniune
a oamenilor de stiinta, cercetatorilor si
specialistilor din  domeniul academic, din
institute nationale de cercetare si din companiile
de textile si pielarie si din alte domenii conexe.

Mai multe informatii:
http://www.cortep.tuiasi.ro
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succesiune logicd. Este recomandatd clasificarea zecimald. Articolele vor intruni un inalt
standard stiintific si tehnic. Toate manuscrisele vor fi editate utilizand facilitatile MS Office
(Word '97 sau ulterioare) pe hartie albd A4 standard (210 x 297 mm) cu font Times New
Roman (TNR) 11, spatiere la un rand. Continutul articolelor este responsabilitatea
autorilor.

Formatul lucrdrilor. Titlu. Titlul trebuie sd descrie concis continutul lucrarii fara a folosi
abrevieri. Titlul vafi centrat, font TNR 12.

Autori. Se prefera numele complet al autorilor (Centrat, font TNR 10), impreund cu
afilierea (institutia), orasul, tara si adresa de email (Centrat, font TNR 9). Se va indica
autorul pentru corespondentd cu adresa completa.

Rezumat: Un rezumat de 200-250 cuvinte va insoti lucrarea (font TNR 8). Rezumatul
trebuie sd descrie continutul lucrdrii si rezultatele obtinute.

Cuvinte cheie. Se vor prezenta 3-5 cuvinte cheie.

Textul lucrdrilor. Introducere. Va include obiectivele studiului si rezultatele studiilor
relevante anterioare.

Materiale si Metode. Metodele experimentale vor fi descrise clar si pe scurt.

Rezultate si Discutii. Aceasta sectiune poate fi separata in doua parti. Se vor evita
repetitiile care nu sunt necesare.

Concluzii. n aceast3 sectiune vor fi discutate rezultatele generale ale cercetrii.
Multumiri. Vor fi cat mai scurte posibil.

Bibliografie. Referintele bibliografice vor fi numerotate in lucrare si listate in ordinea in
care aparin text.

Diagrame, figuri si fotografii. Vor fi construite in asa fel incat sa fie usor de inteles si vor fi
denumite ,Figuri”; denumirea lor va fi datd sub figura propriu-zisa. Ele vor fi plasate
imediat Iangd (inainte sau dupa) referirea care se face la ele in text. Referirile la figuri se vor
face prin numere, nu prin cuvintele ,mai sus” sau ,,mai jos”. Numarul figurilor sa fie cel

strict necesar (maxim 10).
Tabele. Vor fi numerotate in continuare cu cifre arabe. Fiecare va avea un titlu, centrat

deasupra tabelului (TNR 11). Textul tabelului va respecta fontul TNR 9. Dimensiunile
tabelelor trebuie sa corespunda formatului revistei. Tabelele vor prezenta numai liniile
orizontale ce delimiteaza capul de tabel si sfarsitul tabelului. Tabelele vor fi plasate imediat
langad (inainte sau dupa) referirea care se face la ele in text. Referirile la tabele se vor face
prin numere, nu prin cuvintele ,,mai sus” sau ,mai jos”. Unitatile de masura folosite

(exprimate in Sistem International) trebuie prezentate explicit.
Formule, ecuatii si reactii chimice. \Vor fi numerotate cu cifre arabe, in paranteza mica in

ordinea aparitiei, si vor fi plasate centrat. Partea literala a formulelor trebuie sa fie scrisa cu
caractere italice. Referirile din text la formule se pot face prin numere arabe scrise intre

paranteze rotunde.
Nomenclaturd. Trebuie sa fie corespunzatoare si univoca, sa se conformeze pe cat posibil

regulilor pentru nomenclatura in chimie, iar in text este preferabil sa se foloseascd numele

substantelorinloc de formule chimice.

Referinte bibliografice. Vor fi numerotate in continuare, in ordinea citarii, si notate in text
prin cifre corespunzatoare, in paranteze pdtrate; bibliografia va contine si lucrari recent
publicate. Nu este permisa folosirea notelor de subsol. Daca lucrarile citate sunt in alta
limba decat limba engleza, se va oferi titlul in limba engleza, urmat de precizarea limbii
originale in paranteza rotunda. Exemplu: Handbook of Chemical Engineer (in Romanian),
vol. 2, Technical Press, Bucharest, 1951, 87.

Citarea articolelor din reviste: numele tuturor autorilor (nume, initiale prenume), titlul
articolului, titlul abreviat al periodicului, anul aparitiei, numdrul volumului, numarul
editiei, paginile de inceput si sfarsit ale articolului. Ex: Helissey, P., Giorgi—Renault, S.,
Renault)., Chem. Pharm. Bull., 1989, 37,9, 2413-2425.

Tn cazul in care referinta nu a fost citati in original, se va indica dupa ea si lucrarea care a
fost consultata.

Citarea textelor din cdrti: numele si prenumele (initiala) autorilor, titlul cartii, numarul
editiei in cifre arabe, editura, numele editorilor (dacad este cazul), localitatea, anul

aparitiei, pagina (sau paginile) la care se face referirea.
Citarea brevetelor: numele tuturor autorilor (nume, initiale prenume), sau firmei, tara si

numarul brevetului, data.
Manuscrisele se vor preda in format electronic la urmdtoarea adresd, prin email:
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LUCRARE EDITATA CU SPRIJINUL AUTORITATII NATIONALE PENTRU CERCETARE STIINTIFICA SI INOVARE



