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AQUEOUS ADHESIVE DISPERSIONS OF CHLOROPRENE ELASTOMERS

ABSTRACT. Many works were aimed at studying the grafting reaction kinetics and mechanism and obtaining some environmentally friendly aqueous adhesive
dispersions intended to be used in shoe manufacturing, a new environmentally friendly high performance nanomaterial obtained by grafting chemically reacting
groups onto the elastomer chain leading to the aqueous elastomer dispersions with the best bonding strength characteristics. The grafting aim is to obtain high
characteristics by introducing side chains of different structures from the molecule backbone. Grafting was achieved by an accurate chemical process of dispersing
at the nano level, involving some activating sites on the base elastomer structure which are to be bound onto the reacting groups. The paper presents the study of
the possibility of obtaining adhesives showing superior bonding characteristics to those of the classic adhesives, a good bonding strength at high temperature and
humidity resistance, which could be used for a variety of supports.
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DISPERSII APOASE ADEZIVE PE BAZA DE ELASTOMERI CLOROPRENICI

REZUMAT. Numeroase lucrdri au avut drept scop studierea cineticii de reactie si a mecanismului de grefare, precum si obtinerea unor dispersii apoase adezive
ecologice destinate utilizdrii la fabricarea incaltamintei. Astfel s-au obtinut dispersii apoase elastomerice cu cele mai bune caracteristici de aderenta, nanomateriale
noi, ecologice, de inalta performantd, realizate prin grefarea grupdrilor ce reactioneaza chimic pe lantul de elastomer. Scopul grefarii este de a obtine caracteristici
superioare prinintroducerea unor lanturi laterale cu structuri diferite fatd de lantul polimeric. Grefarea s-a realizat printr-un proces chimic radicalic de dispersare la
nivel nano, ce implica puncte active pe structura de baza a elastomerului pe care se leaga gruparile de reactie. Lucrarea prezinta studiul posibilitatii de a obtine
adezivi care prezinta caracteristici de aderenta superioare celor clasici pe baza de solventi organici volatili, o aderenta buna la temperaturi ridicate si rezistenta la
umiditate, putand fi utilizati pentru o varietate de suporturi.

CUVINTE CHEIE: grefare, policloropren grefat, dispersii, aderenta.

DES DISPERSIONS AQUEUSES ADHESIVES A BASE D'ELASTOMERE CHLOROPRENE

RESUME. De nombreux travaux ont étudié la cinétique de réaction et le mécanisme de greffage, aussi que I'obtention des dispersions aqueuses adhésives
écologiques pour utiliser dans la fabrication de chaussures, un nouveau nanomatériel écologique a haute performance obtenu par le greffage des groupes qui
réagissent sut la chaine élastomere, résultant en des dispersions aqueuses élastomériques qui ont les meilleures caractéristiques adhérence. L'objectif du greffage
est d'obtenir des caractéristiques supérieures en introduisant des chaines latérales avec des structures différentes de la molécule. Le greffage a été réalisé par un
processus chimique précis de dispersion au niveau nano, portant sur certains régions actives sur la structure de base de I'élastomere et qui doivent étre liées aux
groupes de réaction. Ce papier présente I'étude de la possibilité d'obtenir des adhésifs avec des caractéristiques d'adhérence supérieures a celles des adhésifs
classiques, une bonne adhérence a haute température et résistance a I'humidité, qui peuvent étre utilisés pour une variété de médias.

MOTS CLES: greffage, polychloropréne greffé, dispersions, adhérence.

INTRODUCTION

A contact adhesive is a kind of adhesive which is
dry to touch and will adhere to a surface
instantaneously upon contact. Such adhesive relies on
the auto-adhesive characteristics of dried polymer,
often enhanced by resin modification. The classic
example is chloroprene rubber in organic solvents [1].
The adhesive production has been enlarged and

INTRODUCERE

Un adeziv de contact este un tip de adeziv care
aderad instantaneu la o suprafatda Tn momentul
contactului. Un asemenea adeziv se bazeaza pe
caracteristicile auto-adezive ale polimerului uscat, de
multe ori Tmbunatatit prin modificarea polimerului.
Exemplul clasic este cel al cauciucului cloroprenic in
solventi organici [1]. Tn ultima perioad3, productia de
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diversified leading to a significant enlargement of their
application areas, therefore, the development of
adhesives with preset best characteristics for the
manufacture and application has been tried. Thus, in
addition to their best rheological and bonding strength
characteristics, adhesives have to show no toxicity,
flammability and environmental pollution.

Because of its characteristics, the chloroprene
elastomer is the raw material stock for adhesives based
on volatile organic compounds (VOCs) and used in
footwear manufacturing. This has led to a large number
of studies aiming at the improvement of such
elastomer performances. The possibility to obtain
adhesives with high initial and final bonding strength
characteristics and low toxicity was investigated by
such operations as dispersing at the nanoparticle level
and grafting some reacting substances onto the
elastomer chain. Because of the tiny particles, at nano
level in size, such products will deeply penetrate the
support, and show high solid contents leading to an
outstanding binding to the rough supports. This
product class will be the most innovative substitution
of adhesives containing VOCs [2, 3].

In 2000 the European standard EN 1391,
“Adhesives for leather and footwear materials.
Methods for evaluating the bondability of materials.
Minimum requirements and material classification”
[4], was adopted. In this standard, in addition to the
method of assessing footwear material bondability,
some minimum bonding strength requirements for the
materials used in the footwear manufacture are
established, and a classification of such material is set
up based on the results obtained from tests carried out
with adhesives usually usedin bonding soles.

EXPERIMENTAL

Grafted polymers are a type of copolymers that
are currently drawing the attention of researchers and
adhesive producers. Considering the importance of
synthesizing compounds with preset properties, a
series of methods based on the use of
polycondensation and radical and ionic polymerization
processes have been suggested. The studied methods
can be thus categorized [5, 6]:

1) Chemical methods:

adezivi a fost extinsa si diversificata, conducand la o
extindere semnificativa a domeniilor de aplicare, ceea
ce a condus la dezvoltarea de adezivi cu caracteristici
prestabilite pentru fabricare si aplicare. Astfel, pe langa
cele mai bune caracteristici reologice si de aderents,
adezivii trebuie sa nu prezinte toxicitate, inflamabilitate
sisa nu polueze mediul.

Datorita caracteristicilor sale, elastomerul
cloroprenic reprezinta baza de materii prime pentru
adezivi pe bazd de compusi organici volatili (COV)
folositi la fabricarea incaltamintei. Acest lucru a condus
la un numar mare de studii care vizeaza imbunatatirea
performantelor unui astfel de elastomer. Posibilitatea
de a obtine adezivi cu mare caracteristici de aderenta
initiala si finala si cu toxicitate redusa a fost investigata
prin operatiuni precum dispersia la nivelul
nanoparticulelor si grefarea unor substante reactive pe
lantul de elastomer. Din cauza particulelor minuscule,
cu dimensiune de nivel nano, aceste produse patrund
adanc in suport si prezintda un continut ridicat de
materii solide, ducand la o capacitate extraordinara de
lipire pe suporturi solide. Produsele din aceasta clasa
vor reprezenta cei mai inovatori tnlocuitori ai adezivilor
carecontinCOV [2, 3].

Tn 2000 s-a adoptat standardul european EN 1391
"Adezivi pentru piele si materiale pentru incaltaminte.
Metoda pentru evaluarea capacitatii de lipire a
materialelor. Prescriptii minime si clasificare a
materialelor" [4]. Tn acest standard, in plus fatd de
metoda de evaluare a capacitatii de lipire a materialelor
pentru Tncaltaminte, se stabilesc cerinte minime de
aderenta pentru materialele utilizate la fabricarea
incdltamintei si se face o clasificare a unor astfel de
materiale pe baza rezultatelor obtinute la testele
efectuate cu adezivi utilizati de obiceila lipirea talpilor.

PARTEA EXPERIMENTALA

Polimerii grefati reprezinta un tip de copolimeri
care dezvolta in prezent interesul cercetatorilor si al
producatorilor de adezivi. Avand in vedere importanta
sintetizarii compusilor cu proprietati prestabilite, s-au
sugerat o serie de metode pe baza proceselor de
policondensare si polimerizare radicald si ionica.
Metodele studiate se pot clasifica astfel [5, 6]:

1) Metode chimice:
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a) Chain transfer reaction;

b) Copolymerization method;

c) Active point method.

2) Methods using radiation, which comprise three
types of processes:

a) Irradiation of blend or solution of two high
polymers;

b) Irradiation of polymer found in contact with the
monomer, in solution or emulsion;

c) Irradiation of polymerin argon environment.

3) Mechanical-chemical and mechanical-physical
methods.

From the multitude of presented processes, in the
case of chloroprene rubber, two grafting and dispersion
procedures have been established for experiments,
according to the conditions of process and use, as
presented below.

The first process refers to obtaining chloroprene
rubber grafted by processing on aroller and blender [7,
8]. For grafting chloroprene rubber on roller by the
mechanical-chemical method, a basic blend specific to
footwear adhesives — A0 has been used, made up of
Neopren AD 20 chloroprene rubber, zinc oxide,
magnesium oxide, styrene phenol, phthalic anhydride,
in which grafting agents have been introduced in
different proportions, namely methyl methacrylate (Al
—10%, A2—-30%, A3—-50%), accordingto Table 1.

These grafted chloroprene elastomer blends were
subjected to dissolution and dispersal operation as the
basic recipe, consisting of elastomer dissolved in
dichloromethane 1:1, polyvinyl alcohol-stabilized
dispersion, triethanolamine — emulsifier Rhenofit
DDA50 (benzenamine group containing styrene, N
Diphenylamine-phenyl) — antioxidant, stabilizer ZnO,
dispersion, dispersion of nano-SiO, — thickener and
demineralized water.

The second chemical grafting process in the
presence of catalysts (active point method) has been
performed in solution at temperature and pressure, as
a result of which three adhesives have been obtained;
their compositionis presentedin Table 1.
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a) Reactia detransferdelant;

b) Metoda copolimerizarii;

¢) Metoda punctelor active.

2) Metode ce utilizeaza radiatia, care cuprind trei
tipuride procese:

a) Iradierea amestecului sau solutiei de polimeri
superiori;

b) Iradierea polimerului in contact cu monomerul,
insolutie sau emulsie;

c) Iradierea polimeruluiin mediu de argon.

3) Metode chimico-mecanice si fizico-mecanice.

Din multitudinea proceselor prezentate, in cazul
cauciucului cloroprenic, s-au stabilit pentru
experimente doua proceduri de grefare si dispersare,
conform conditiilor de prelucrare si de utilizare, dupa
cum se prezintain continuare.

Primul proces se refera la obtinerea cauciucului
cloroprenic grefat prin prelucrare pe valt si in agitator
[7, 8]. Pentru grefarea cauciucului cloroprenic pe valt
prin metoda chimico-mecanica, s-a utilizat un amestec
de baza specific adezivilor pentru incaltaminte — AO,
compusdin cauciuc cloroprenic Neopren AD 20, oxid de
zinc, oxid de magneziu, fenol - stirenat, anhidrida
ftalica, in care s-a introdus agentul de grefare in diverse
proportii, sianume: metacrilat de metil (A1-10%, A2 —
30%, A3—50%), conform Tabelului 1.

Aceste amestecuri de elastomeri cloroprenici
grefati au fost supuse operatiunilor de dizolvare si
dispersare, ca reteta de baza, constand in dizolvarea
elastomerului in diclormetan 1:1, alcool polivinilic —
agent de dispersare, trietanolamind — emulgator si
stabilizator de pH, Rhenofit DDA50 (grupare
benzenamina care contine stiren, N difenilamina-fenil)
-antioxidant, dispersie ZnO,in apa —agent de reticulare,
dispersie nano de SiO, - agent de ingrosare si apa
demineralizata.

Al doilea proces de grefare chimica in prezenta
catalizatorilor (metoda punctelor active) a fost efectuat
in solutie la temperatura si presiune, avand ca rezultat
obtinerea a trei adezivi; compozitiile acestora sunt
prezentate in Tabelul 1.
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Table 1: Compositions of adhesive dispersions of chloroprene
Tabelul 1: Compozitiile dispersiilor adezive pe baza de cloropren

Methyl methacrylate
Metacrilat de metil

Aqua : chloroform/1:1
Apd : cloroform/1: 1

Thickener - Dispercoll S3030 (dispersion
nanometric SiO,)
Agent de ingrosare - Dispercoll S3030
(dispersie nanometricd SiO,)

Antioxidant - Rhenifit DDA50 (benzenamine
group containing styrene, N Diphenylamine-
phenyl)

Antioxidant - Rhenifit DDA50 (grupare
benzenamind care contine stiren, N
difenilamind-fenil)

The chloroprene rubber used in the study
(Neopren AD 20) is characterized by a high
crystallization and Mooney viscosity ML (1+4) at 100°C,
properties specific to elastomers used to produce
adhesives for footwear.

The compounding-grafting operation has been
carried out on a laboratory equipment (rubber), with
the following characteristics:

e Capacity 2 kg;

e Coefficient of friction 1-1.25;

 Roller cylinders heated at the temperature of 60°C.

For the process of grafting by chemical method
(active point method) a laboratory equipment specific

Cauciucul cloroprenic utilizat Tn acest studiu
(Neopren AD 20) se caracterizeaza printr-un grad Tnalt
de cristalizare si vascozitate Mooney ML (1+4) la 100°C,
proprietati specifice elastomerilor utilizati la fabricarea
adezivilor pentruincaltaminte.

Operatiunea de compoundare-grefare s-a
efectuat cu ajutorul aparaturii de laborator (cauciuc),
cuurmatoarele caracteristici:

« Capacitate 2 kg;

« Coeficient de frecare 1-1,25;

» Valt incalzit la temperatura de 60°C.

Pentru procesul de grefare prin metoda chimica
(metoda punctelor active) s-a construit o aparatura de
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to conditions imposed by work procedures has been
put together (Figure 1). The equipment is made up of
an electric heat-regulating water bath in which the
reaction vessel has been inserted, consisting of a three-
necked flask. The reaction vessel is made from heat
resistant glass, to which a propeller agitator, a vacuum
pump, a thermometer and a refrigerator can be
adapted.

laborator specific conditiilor impuse de procedura de
lucru (Figura 1). Aparatura este compusa dintr-o baie
electrica cu controlul temperaturii, in care s-a introdus
vasul de reactie, constand dintr-un balon cu trei gaturi.
Vasul de reactie este fabricat din sticla rezistenta la
temperaturd ridicatd, la acesta adaptandu-se un
agitator cu elice, o pompa de vid, un termometru si un
refrigerent.

Figure 1. Equipment for chemical grafting of chloroprene rubber
Figura 1. Aparatura pentru grefarea chimica a cauciucului cloroprenic

Eachinstrument attached to the flask has a precise
role in experimentation, namely [9]:

e The electric propeller agitator homogenizes
the reaction mass;

e The vacuum pump exerts a pressure of 5 mm
Hginthe vessel;

e The thermometer controls the temperature in
the reaction mass;

e Therefrigeratoris connected to the source and
prevents solvent evaporation from the reaction mass.

e With the help of this equipment, three types of
grafted chloroprene rubber have been achieved, by
increasing the grafting agent type; the recipes are
presentedinTable 1(B1,B2, B3).

The following work parameters have been used:

e Temperature 80-100°C;

e Pressure5mmHg;

« Rotational speed 80 rotations/minute;

e Time5h.

The second grafting process is a chemical process,
in the presence of a catalyst. This reaction is based on a
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Fiecare instrument cuplat la balon are un rol
precisin cadrul experimentului, sianume [9]:

« Agitatorul electric cu elice omogenizeaza masa
dereactie;

« Pompa de vid exercita o presiune de 5 mm Hg
invasul de reactie;

« Termometrul controleaza temperatura din
masa de reactie;

« Refrigerentul este cuplat la sursa de apa si
impiedica evaporarea solventilor din masa de reactie.

« Cu ajutorul acestui aparat, s-au obtinut trei
tipuri de cauciuc cloroprenic grefat, prin cresterea
cantitatii de agent de grefare; retetele fiind prezentate
inTabelul 1(B1,B2,B3).

S-au utilizat urmatorii parametride lucru:

e Temperatura 80-100°C;

e Presiune 5mmHg;

» Viteza derotatie 80rotatii/ minut;

e Durata5h.

Al doilea proces de grefare este chimic, in
prezenta unui catalizator. Aceasta reactie se bazeaza pe
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chained homolytic mechanism with three
characteristic stages, namely: initiation, propagation
and stopping. The reaction is sensitive to initiators
(benzoperoxide) and inhibitors (hydroquinone). After
an induction period (in which the inhibitors in the
product are consumed), the addition reactions of
radicals to the polymeric structure begin, forming
increasing macroradicals. The life of growing radicals is
very short. They react extremely quickly with the
elastomer, practically turning directly into the polymer
with final degree of polymerization. Hydroquinone has
been used as reaction inhibitor, which released a
hydrogen atom to the peroxide radical, becoming in its
turn an inactive free radical, stabilized by conjugation,
which cannotinitiate other reaction chains.

RESULTS AND DISCUSSION

The resulting adhesive dispersions were
subjected to tests for their chemical (solids),
rheological (viscosity), and adhesive characteristics at
different conditioning times, and the results are
presentedin Table 2.

un mecanism homolitic cu trei etape caracteristice, si
anume: initiere, propagare si oprire. Reactia este
sensibild la initiatori (peroxid de benzoil) si inhibitori
(hidrochinonad). Dupa o perioada de inductie (in care se
consuma inhibitorii din produs), Tncep reactiile
suplimentare ale radicalilor la structura polimerica,
formand macroradicali din ce in ce mai mari. Durata de
viata a radicalilor in crestere este foarte scurta. Acestia
reactioneaza extrem de rapid cu elastomerul, practic
transformandu-se direct in polimer cu grad final de
polimerizare. Hidrochinona, utilizata ca inhibitor de
reactie, a eliberat un atom de hidrogen radicalului
peroxid, devenind la randul sdu un radical liber inactiv,
stabilizat prin conjugare, care nu poate initia alte lanturi
dereactie.

REZULTATE SI DISCUTII

Dispersiile adezive obtinute au fost supuse
testelor in vederea determinarii caracteristicilor
chimice (materii solide), reologice (vascozitate) si
aderente la diferiti timpi de conditionare, rezultatele
fiind prezentate in Tabelul 2.

Table 2: Physical-chemical and rheological characteristics of the resulting dispersions
Tabelul 2: Caracterstici fizico-chimice si reologice ale dispersiilor obtinute

Density, g/cm®
Densitate, g/cm’

Solids, %
Materii solide, %

Flow time, Ford cup, s
Timp de curgere, cupd Ford, s

Rheological behaviour of the prepared aqueous
dispersions was investigated by means of a rotating
viscosimeter — Haake VT 550 fitted with temperature
control bath, at 25°C and shearing rate in the range of
0.3-1312s7[10].

90-95

Comportamentul reologic ale dispersiilor apoase
preparate a fost investigat cu ajutorul unui
vascozimetru cu rotatie — Haake VT 550 dotat cu baie de
control al temperaturii, la 25°C si viteza de forfecare in
intervalul 0,3-1312s"[10].
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Adhesive dispersions based on chloroprene (A2
and B1) have shown good rheological behaviour.

The plot of the shearing stress against the
shearing rate for the A2 dispersion - A2 dispersion
rheogramis shownin Figure 2.

Shearing stress, dyn/cm*

Forta de forfecare, dyn/cm?

Dispersiile adezive pe baza de cloropren (A2 si B1)
au prezentat comportamente reologice adecvate.

Diagrama fortei de forfecare in comparatie cu
viteza de forfecare pentru dispersia A2 - reograma
dispersiei A2 esteilustrata in Figura 2.

T T T T T T ]
400 500 600 70

Shearing rate, s~
Viteza de forfecare, '

Figure 2. Rheogram for the A2 aqueous adhesive dispersion
Figura 2. Reograma dispersiei apoase adezive A2

The above figure reveals a Newtonian behaviour
for the dispersion at low shearing ratesupto 365 cm™
which becomes thermoplastic at shearing stress values
in excess of the referred to value, the viscosity
decreasing as the shearing rate or shearing stress was
increased.

Viscosity value calculated from the line slope was
of 149.5 cP for the Newtonian flow range, and in the
end, the point at the highest shearing rate values which
can appear on the apparatus scale - 656 s, it has
decreased to 144.2 cP (at the highest rate allowed by
the apparatus—1312s”, the pointer goes off the scale).

The rheogram for the B1 dispersion is shown in
Figure 3.
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Figura de mai sus aratd un comportament
Newtonian pentru dispersia la viteze de forfecare
scdzute, de pand la 365 cm’”, care devine plastic ideal la
valori excesive ale fortei de forfecare fata de valoarea
de referinta, vascozitatea scazand pe masura ce creste
viteza de forfecare sau forta de forfecare.

Valoarea vascozitdtii calculata din fnclinatia
curbei a fost de 149,5 cP pentru intervalul de curgere
Newtoniang, iar la sfarsit indica cele mai mari valori ale
vitezei de forfecare pe care le poate masura aparatul, -
656 s, si scade pana la 144,2 cP (la cea mai mare rat
permisd de aparat — 1312 s* indicatorul dep&seste
valorile maxime de pe cadran).

Reograma pentru dispersia B1 este ilustratd in
Figura 3.
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Shearing stress, dyn/cm*
Forta de forfecare, dyn/cm?

o
1

-
1

Shearing rate, s~

Viteza de forfecare, s’

Figure 3. The plot of the shearing stress against the shearing rate for the B1 aqueous adhesive dispersion
Figura 3. Graficul fortei de forfecare in comparatie cu rata de forfecare pentru dispersia apoasa adeziva B1

Figure 3 reveals a slightly pseudoplastic behaviour
over the whole range of shearing stress values, which is
more marked above shearing rate values of 365 s™.
Considering the first part between the points 2and 4 as
a straight line, a viscosity value of 114.9 cP was
obtained, which is less than for the previous dispersion.
Actually, this fact was expected as the pointer has
entered the scale at a shearing rate of 73 s7, and for the
previous dispersion this occurs at a shearing rate of
40.5s". Viscosity calculated for a shearing rate of 656 s™
alsowasless than for the first part, namely of 112.9 cP.

Following accomplished works, ten adhesive
nanodispersions based on grafted chloroprene rubber
have been obtained, which have been analyzed
physically, mechanically and rheologically [11, 12].

In order to ensure comparability on adhesive and
cohesive properties of adhesives in aqueous
dispersion, the methodology of performing adherence
tests was the following:

e Adherence tests have been performed on the
following support types:

1. standard rubber blend, with 85°ShA hardness;

2. rubber blend based on natural rubber, BTA,;

3. natural leather.

e Tests were conducted in the same
technological conditions (in the absence of a
conditioned chamber), samples were done in parallel -

Figura 3 arata un comportament usor
pseudoplastic de-a lungul intervalului de valori ale
fortei de forfecare, care este mai evident peste valorile
vitezei de forfecare de 365 s™. Considerand prima parte
dintre punctele 2 si 4 ca o linie dreapta, s-a obtinut o
valoare a vascozitatii de 114,9 cP, mai mica decat cea
pentru dispersia anterioara. De fapt, acest lucru era de
asteptat, Intrucat indicatorul a aparut pe cadran la
viteza de forfecare de 73 s”, iar in cazul dispersiei
anterioare, acest lucru are loc la o viteza de forfecare de
40,5 s'. Vascozitatea calculatd pentru o vitezd de
forfecare de 656 s* a fost, de asemenea, mai scizuti
decatin prima parte, sianumede 112,9 cP.

Tn urma lucrérilor efectuate, s-au obtinut zece
nanodispersii adezive pe baza de cauciuc cloroprenic
grefat, care au fost analizate din punct de vedere fizico-
mecanicsireologic[11,12].

Pentru a asigura comparabilitatea proprietatilor
de aderentd si coeziune ale adezivilor in dispersie
apoasa, metodologia efectuarii testelor de aderenta a
fost urmatoarea:

e Testele de aderenta au fost efectuate pe
urmatoarele tipuri de suporturi:

1. amestec cauciuc standard, cu duritate 85°ShA;

2.amestec cauciuc pe baza de cauciuc natural,
BTA,;

3. piele naturala.

e Testele au fost efectuate in aceleasi conditii
tehnologice (in absenta unei camere de conditionare),
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on the same day or in the same period, on different
days and comprised the following phases:

a) preparing support;

b) applying adhesive on the surfaces;

c) joining the samples;

d) separating samples.

In the footwear industry, where joining materials
have different structures (fibrous, compact, porous)
and piece or semi-product shapes for assembling are
flat or spatial, in order to perform the above-
mentioned operations, various mechanical or manual-
mechanical processes are used.

Sample Preparation

If tests have been performed on standard/
standard support, the contact surface between
adhesive and material has increased by graining,
obtaining a coarse surface, so that the contact surface
between adhesive and substrate is substantially
increased compared to the geometric surface of the
substrate.

Samples have been cutatasize of 120x 20 mm.

Joining textile materials and the BTA, rubber blend
was done as follows:

- samples of 160 x 30 mm were cut from textile
material;

- the unfinished BTA, rubber blend was pre-heated
on roller, sulphur was added, and it was drawn in 4-4.5
mm thick sheets. From these sheets, 160 x 30 mm
samples were cut.

Applying Adhesives

Adhesives were applied with a brush, as follows:

-asingle layer was applied on rubber samples;

-two layers were applied on textile samples.

Drying time depends on the nature of adhesive
solvents, on absorbent properties of the material on
which it is applied and varies from minimum 15
minutes to 1-2 hours, open time until the assembling of
the two surfaces.

In addition to adhesive solvents, open time
duration is also influenced by certain components in
the adhesive composition, resin type, the
crystallization degree of the polymer, etc. Therefore,
open time is limited for each adhesive, and upon
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probele au fost testate in paralel — in aceeasi zi sau n
aceeasi perioada, Tn zile diferite si au cuprins
urmatoarele faze:

a) pregatirea suportului;

b) aplicarea adezivului pe suprafete;

c) lipirea probelor;

d) desprinderea probelor.

n industria de incdltdminte, unde materialele de
lipit au structuri diferite (fibroase, compacte, poroase),
iar piesele sau semi-fabricatele de asamblat sunt plate
sau tridimensionale, pentru a efectua operatiunile
mentionate mai sus, se utilizeaza diverse procese
mecanice sau manual-mecanice.

Pregatirea probelor

Tn cazul testelor efectuate pe suport cauciuc
standard/cauciuc standard, suprafata de contact dintre
adeziv si material a crescut prin scamosare, obtinerea
unei suprafete aspre, astfel incat suprafata de contact
dintre adeziv si substrat a crescut substantial in
comparatie cu suprafata geometrica a substratului.

Probele au fost tdiate la dimensiunea de 120 x 20
mm.

Lipirea materialelor textile si amestecul de
cauciuc BTA,s-a efectuatin felul urmator:

- s-au tdiat probe de 160 x 30 mm din material
textil;

- s-a preincalzit pe valt amestecul de cauciuc BTA,
neterminat, s-a adaugat sulf si s-a tras in foi de 4-4,5
mm grosime. Din aceste foi s-au taiat probe de 160 x 30
mm.

Aplicarea adezivilor

S-au aplicat adezivii cu ajutorul unei pensule,
dupa cumurmeaza:

-s-aaplicat unsingur strat pe probele de cauciuc;

-s-au aplicat doua straturi pe probele textile.

Timpul de uscare deprinde de natura solventilor
adezivilor, de proprietatile de absorbtie ale
materialului pe care se aplica si variaza de la minim 15
minute pana la 1-2 ore, timp deschis pana la lipirea
celor doua suprafete.

Pe langd solventii din compozitia adezivilor,
intervalul de timp deschis este influentat si de anumite
componente ale adezivului: tipul de rasina, gradul de
cristalizare al polimerului etc. Prin urmare, timpul
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exceeding it, adhesion is performed only by heat
reactivation of adhesive film deposited on the support.

Tested adhesive nanodispersions have a long
drying time, due to the water in the composition, andin
order to shorten the drying time, the following
processes have been used: blowing a hot air jet on
surfaces smeared with adhesive or applying adhesive
on previously heated surfaces, so that water and
solvent evaporation speed in the adhesive film can be
increased.

In the case of studied adhesive solutions, optimal
drying time was of maximum 30 minutes.

Joining Samples

Standard/standard sample pairs are joined after
drying and are pressed in special machines with air
cushions, for 30 seconds at 3.5-4 atm., in order for the
pressing surface to adapt to the surface of joining
pieces.

Textile/rubber sample pairs were joined after
having dried and then rolled.

Vulcanizing textile/rubber assemblies was donein
autoclaves at the following parameters:

-airpressure 2.5-3.5atm.
-time 60-90 minutes
-temperature 135-160°C

Separating Samples

Separating standard/standard samples was
performed after conditioning, as follows:

- for 15 minutes at room temperature;

- for 24 hatroomtemperature;

- for 72 h at room temperature and 3 h at 50°C,
immediate peel;

- for 168 h at room temperature;

- for 72 h at room temperature, 168 h at 70°C,
after 24 h with dynamometer at a speed of 100
mm/minute.

Table 3 presents values of peel resistance in
N/mm’ for ecologic adhesive dispersions on standard
rubber/standard rubber support.

deschis este limitat pentru fiecare adeziv, iar in cazul
depasirii acestei limite, adeziunea se efectueaza doar
prin reactivarea la caldura a peliculei adezive depuse pe
suport.

Nanodispersiile adezive testate au un timp mare
de uscare, datorita apei din compozitie, iar pentru a
reduce timpul de uscare, s-au utilizat urmatoarele
procese: suflarea unui jet de aer cald pe suprafetele
unse cu adeziv sau aplicarea adezivului pe suprafete
incalzite in prealabil, astfel Tncat sa creasca viteza de
evaporare a solventuluisiaapeidin pelicula adeziva.

n cazul solutiilor adezive studiate, timpul optim
de uscare afost de maxim 30 de minute.

Lipirea probelor

Perechile de probe cauciuc standard/cauciuc
standard au fost lipite dupa uscare si au fost presate
utilizand prese electrice cu perne de aer, timp de 30
secunde la 3,5-4 atm., pentru presarea suprafetei in
vederea adaptdrii suprafetelor pieselor delipit.

Perechile de probe textile/cauciuc au fost lipite
dupa uscare siapoiau fost rolate.

Vulcanizarea ansamblurilor textile/cauciuc s-a
efectuatin autoclave la urmatorii parametri:

- presiunea aerului 2,5-3,5atm.;

-durata 60-90 minute;

-temperatura 135-160°C.

Desprinderea probelor

Desprinderea probelor cauciuc standard/cauciuc
standard s-a efectuat dupa conditionare, dupa cum
urmeaza:

- timp de 15 minute latemperatura camerei;

- timp de 24 hlatemperatura camerei;

- timp de 72 h la temperatura camerei si 3 h la
50°C, separare imediata;

- timpde 168 h latemperatura camerei;

- timp de 72 h la temperatura camerei, 168 h la
70°C, dupa 24 h cu dinamometrul la o viteza de 100
mm/minut.

in Tabelul 3 se prezintd valorile rezistentei la
desprindere in N/mm’ pentru dispersiile adezive
ecologice pe suport cauciuc standard/cauciuc
standard.
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Table 3: Values of peel resistance in N/mm?’ for ecologic adhesive dispersions
on standard rubber/standard rubber support
Tabelul 3: Valorile rezistentei la separare in N/mm’
pentru dispersiile adezive ecologice pe suport de cauciuc/cauciuc

Peel resistance after 72 h
a5 4 Rezistenta la separare dupa 72 h

Peel resistance after 72h heat
0] Rezistenta la separare dupa 72 h caldurd

454

404

Peel resistance, N/mm?
Rezistenta la separare, N/mm?
Peel resistance, N/mm?
Rezistenta la separare, N/mm?

A Al A2 A3 81 82 RE = 1 BIZ EE
Ai’;ii;:e Adhesive
Adeziv
Figure 4. Peel resistance in N/mm? for ecologic Figure 5. Peel resistance in N/mm’ for ecologic

adhesive dispersions on standard/ adhesive dispersions on standard/

standard rubber support, after 72 h standard rubber support, after 72h heat
Figura 4. Rezistenta la separare in N/mm’ Figura 5. Rezistenta la separare in N/mm’

pentru dispersiile adezive ecologice pentru dispersiile adezive ecologice pe suport
pe suport de cauciuc/cauciuc, dupa 72 h de cauciuc/cauciuc, dupa 72 h tratament termic

Revista de Pielarie Incaltaminte 11 (2011) 3




L. ALEXANDRESCU, M. LECA, M. MIHUT

Table 4 presents the values of peel resistance in in Tabelul 4 se prezintd valorile rezistentei la
N/mm?’ for ecologic adhesive dispersions on standard desprindere in N/mm’ pentru dispersiile adezive
rubber/natural leather support. ecologice pe suport de cauciuc standard/piele naturala.

Table 4: Values of peel resistance in N/mm? for adhesive dispersions on standard rubber/natural leather support
Tabelul 4: Valorile rezistentei la separare in N/mm’ pentru dispersiile adezive pe suport de cauciuc/piele natural

standard/natural leather
cauciuc standard/piele naturald

standard/natural leather
cauciuc standard/piele naturald

standard/natural leather
cauciuc standard/piele naturald

standard/natural leather
cauciuc standard/piele naturald

0.20

0.20 3.1 34 39 4.9 39

7 B3 0.31 4.0 4.7 3.8 4.9 3.8

Peel resistance after 72h heat

Peel resistance after 72 h = = a
Rezistenta la separare dupd 72 h cdldurd

Rezistenta la separare dupda 72 h

Peel resistance, N/mm?
Rezistenta la separare, N/mm?
Peel resistance, N/mm?
Rezistenta lo separare, N/mm?

— Az A3 L H
82 83

oy e
Figure 6. Peel resistance in N/mm? for ecologic Figure 7. Peel resistance in N/mm® for ecologic
adhesive dispersions on standard rubber/ adhesive dispersions on standard rubber/
natural leather support, after 72 h natural leather support, after 72 h heat
Figura 6. Rezistenta la separare in N/mm’ Figura 7. Rezistenta la separare in N/mm’
pentru dispersiile adezive ecologice pentru dispersiile adezive ecologice pe suport
pe suport cauciuc/piele naturala, dupa 72 h cauciuc/piele naturala, dupa 72 h tratament termic
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Table 5 presents values of peel resistance in Tabelul 5 prezinta valorile rezistentei la
N/mm? for the two adhesive solutions on the previously desprindere in N/mm?’ pentru cele doud solutii adezive
presented supports and BTA, rubber, joined by heat pe suporturile prezentate mai sus si cauciuc BTA,, lipite
vulcanization. prinvulcanizare la cald.

Table 5: Values of peel resistance in N/mm?®
for the two adhesive solutions on BTAS rubber natural leather support
Tabelul 5: Valorile rezistentei la separare in N/mm’
pentru cele doua solutii adezive pe suport de cauciuc BTA5/piele naturala

BTA5/Natural leather
BTA5/piele naturald

BTA5/Natural leather
BTA5/piele naturald

BTA5/Natural leather
BTA5/piele naturald

BTA5/Natural leather
BTA5/piele naturald

BTAS5/BTA

BTAS/BTA

BTA5/BTA

BTAS/BTA
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Peel resistance after 72 h
Rezistenta la separare dupda 72 h

Peel resistance, N/mm?
Rezistenta la separare, N/mm?

B2 B3

Adhesive
Adeziv

Figure 8. Peel resistance in N/mm?’ for ecologic
adhesive dispersions on BTA5/BTAS5 support,
after vulcanization in autoclave and 24 h rest

Figura 8. Rezistenta la separare in N/mm’pentru
dispersiile adezive ecologice pe suport BTA5/BTAS5,
dupa vulcanizare in autoclava si 24 h odihna

CONCLUSIONS

From these data, it can be concluded that aqueous
adhesive dispersions based on grafted chloroprene
rubber are situated within the values imposed by the
standard, but at the inferior limit, achieving higher
values in the case of heat sealing in temperature and
pressure conditions specific to the vulcanization
operation.

Higher values were obtained especially in
dispersions made with chloroprene elastomers grafted
with methyl methacrylate and through the chemical
grafting process (B1, B2, B3 solutions).

The peel resistance is found to increase together
with the grafting agent percentage.

In the case of adhesives grafted with methyl
methacrylate through the mechanical-chemical
processes (A1, A2, A3), substantial increases of

Peel resistance after 72h heat
704 Rezistenta la separare dupd 72 h cdldurd

Peel resistance, N/mm?
Rezistenta la separare, N/mm?

20 Al a2 a2 81 82
Adhesive
Adeziv

Figure 9. Peel resistance in N/mm? for ecologic
adhesive dispersions on BTA5/natural leather support,
after vulcanization in autoclave and 24 h rest
Figura 9. Rezistenta la separare in N/mm’ pentru
dispersiile adezive ecologice pe suport BTA5/piele
naturald, dupa vulcanizare in autoclava si 24 h odihna

CONCLUZII

Din datele prezentate se poate concluziona ca
dispersiile apoase adezive pe baza de cauciuc
cloroprenic grefat se situeaza in limita valorilor impuse
de standard, dar la limita inferioara, ajungand la valori
mai ridicate in cazul Tmbinarii la cald Tn conditii de
temperatura si presiune specifice operatiunii de
vulcanizare.

Valori mai ridicate au fost obtinute n special
pentru dispersiile compuse din elastomeri cloroprenici
grefati cu metacrilat de metil, utilizdnd procesul de
grefare chimica (solutiile B1, B2, B3).

Rezistenta la separare creste odata cu procentul
agentuluide grefare.

n cazul adezivilor grefati cu metacrilat de metil
prin procesul mecano-chimic (A1, A2, A3), au avut loc
cresteri substantiale ale aderentei la temperaturi

Leather and Footwear Journal 11 (2011) 3




AQUEOUS ADHESIVE DISPERSIONS OF CHLOROPRENE ELASTOMERS

adherence at high temperature, which proves that, by
means of the grafting process, the resistance of
adhesive solutions increases in high temperature
conditions, leading to the possibility of manufacturing
footwear resistant to high temperatures.

Clear high values are obtained in the case of
sample adhesion by vulcanization in autoclave, which
leads to the use dispersions for rubber footwear
vulcanized in autoclave. This type of footwear includes:
manufactured tennis shoe, rubber boots with textile
upper, slippers, walking shoes with textile upper and
protection footwear for adhesion.

Some environmentally friendly adhesives based
on chloroprene rubber grafted with aqueous
dispersions, intended to be used in rubber footwear
bonding by heat vulcanization, were obtained; they
provide the best conditions of temperature and
pressure resistance (specific for the vulcanization
operation), and peeling strength values in accordance
with the usual ones for the rubber footwear.
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