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INFLUENCE OF MONTMORILLONITE NANOPARTICLES ON POLYCHLOROPRENE ADHESIVE PROPERTIES

ABSTRACT. The aim of this study was to investigate the influence of montmorillonite nanoparticles on polychloroprene adhesive properties. This paper deals with
obtaining ecologic adhesive nanodispersions based on chloroprene elastomer grafted with functional chemical groups on the chain of the basic elastomer
compounded with Na-montmorillonite (Cloisite Na +). The water dispersing of an elastomer with significant crystallization characteristics (which is specific for the
elastomers used as adhesives, as chloroprene rubbers) subjected previously to chemical grafting and dispersion by means of fillers (Na-montmorillonite - Cloisite Na
+), dispersing and crosslinking agents will be tested. This way a solution of grafted elastomer in methylene chloride is prepared. To the cold solution a water solution
of (anionic or non-ionic) surfactantis added under strong stirring provided by an agitator with high shearing rate. The resulting ecological adhesive nanodispersions
were characterized using FTIR, SEM, particle size distribution analysis and peeling resistance. The presence of lateral chains in the grafted elastomer and
montmorillonite nanoparticles influence its characteristics. Introduction of graftings and dispersion will be accomplished at a nano scale and using a high accuracy
technology in chemistry, namely through forming active sites on the basic elastomer macromolecule, on which reactive groups such as methyl methacrylate will
lead toanincrease in bonding capacity.
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INFLUENTA NANOPARTICULELOR DE MONTMORILONIT ASUPRA PROPRIETI\]’ILOR ADEZIVILOR POLICLOROPRENICI

REZUMAT. Scopul acestui studiu a fost de a investiga influenta nanoparticulelor de montmorilonit asupra proprietatilor adezivilor policloroprenici. Aceasta lucrare
prezinta obtinerea unor nanodispersii adezive ecologice pe bazd de elastomer cloroprenic grefat cu grupe chimice functionale pe catena elastomerului de baza
compoundat cu montmorilonit de Na (Cloisite Na +). Se va testa dispersarea unui elastomer cu caracteristici de cristalizare semnificative (specific pentru elastomerii
utilizati ca adezivi, precum cauciucurile cloroprenice) in apa, supus in prealabil grefarii chimice si apoi dispersiei in prezenta unor materiale de umplutura
(montmorilonit de Na - Cloisite Na +) si agenti de dispersare si de reticulare. In acest fel se prepard o dispersie de elastomer grefat in clorura de metilen. Se adaugé o
solutie apoasa de surfactant (anionic sau neionic) tensioactiv, sub agitare puternicd intr-un agitator cu rata de forfecare mare. Nanodispersiile adezive ecologice
rezultate au fost caracterizate prin FTIR, SEM, analiza distributiei dimensiunii particulelor si rezistenta la desprindere. Prezenta lanturilor laterale in elastomerul
grefat sia nanoparticulelor de montmorilonit influenteaza caracteristicile sale. Introducerea grefelor si dispersarea se va realiza |a scard nano printr-o tehnologie de
mare precizie in chimie, sianume prin formarea unor puncte active pe macromolecula elastomerului de baza, pe care grupurile reactive, cum ar fi metacrilatul de
metil, vor conduce la cresterea adezivitatii.

CUVINTE CHEIE: montmorilonit, grefare chimicd, policloropren, nanodispersii, adezivi

L'INFLUENCE DES NANOPARTICULES DE MONTMORILLONITE SUR LES PROPRIETES DES ADHESIVES POLYCHLOROPRENE

RESUME. Le but de cette étude a été d'étudier I'influence des nanoparticules de montmorillonite sur les propriétés des adhésives polychloropreéne. Cet article
présente |'obtention des nanodispersions adhésives organiques a base d'élastomeére chloropréne greffé avec des groupements chimiques fonctionnels sur la chaine
d'élastomere de base combiné avec montmorillonite de Na (Cloisite Na +). On testera la dispersion d'un élastomére aux caractéristiques de cristallisation
signifiantes (spécifique pour les élastomeres utilisés comme adhésifs tels que le caoutchouc chloropréne) dans I'eau, soumis précédemment au greffage chimique,
puis a la dispersion en présence de charges (montmorillonite de Na - Cloisite Na +) et des agents de dispersion et de réticulation. De cette maniére, on prépare une
dispersion d'élastomere greffé dans du chlorure de méthyléne. On ajoute une solution aqueuse d'agent tensio-actif (anionique ou non ionique), sous agitation
vigoureuse dans un agitateur a un taux de cisaillement élevé. Les nanodispersions adhésives organiques résultantes ont été caractérisées par FTIR, MEB, analyse
granulométrique et la résistance au détachement. La présence de chaines latérales dans les élastomeres greffés et de nanoparticules de montmorillonite
influencent ses qualités. L'introduction des greffes et la dispersion se fera a nano-échelle en employant une technologie de haute précision en chimie, a savoir la
formation de points actifs sur la macromolécule d'élastomeére de base, sur lequel les groupes réactifs tels que le méthacrylate de méthyle, augmenteront
I'adhérence.

MOTS CLES: montmorillonite, greffage chimique, polychloropréne, nanodispersions, adhésifs
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INTRODUCTION

Due to the considerable expansion of the fields it is
are used in, adhesive production has extended and
diversified in the last years. At the same time, adhesives
with optimal pre-established properties, both regarding
the way they are obtained and the types of blends, have
been developed. But aside from the optimal values of the
rheological and adherence properties, adhesives must
meet other conditions as well: not to be toxic,
inflammable and not to pollute the environment.
Classical adhesives, based on volatile organic
compounds, do not meet these conditions entirely [1, 2].

In 2004, through the Governmental Decree no.
254, the Romanian Government adopted the European
Directive to ecologically label clothing and leather
articles, which specify the total quantity of volatile
organic compounds (VOC) allowed for use during the
final assemblage (adhesive bonding) of footwear
articles, namely 25 mg VOC/pair for adult footwear and
20 mg VOC/pair for children's footwear. For reasons
such as pollution, fire hazard and economical ones,
adhesives with aqueous dispersion medium have
become more and more used and they are not far from
practically replacing adhesives with organic solvents for
good, but they need to have comparable properties in
order for this to happen [3].

International, environmental protection and
legislative pressure to eliminate the use of solvents in
the adhesive industry have inspired the search for safer
alternatives. In the area of contact adhesives, the
waterborne route has proved to be of particular
interest. Based on the synergistic effect of
polychloroprene, metyl methacrylate and
montmorillonite emulsion, a waterborne contact
adhesive consisting of polychloroprene (PC), metyl
methacrylate (MMA) and montmorillonite (MMT)
blend has been developed [4, 5].

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 the dried polymer,
often enhanced by resin modification. The classic
example is natural rubber [6]. However, natural rubber
does not possess the performance expected of
modern-day adhesives, and thus alternative
elastomers are employed, the most widely used is

INTRODUCERE

Datorita largirii considerabile a domeniilor in care
sunt utilizati, productia de adezivi s-a extins si s-a
diversificat in ultimii ani. Totodata, s-au obtinut adezivi
cu proprietati prestabilite optime atat in ceea ce
priveste obtinerea, cat si tipurile de Tmbinari. Dar, pe
langa valori optime ale proprietatilor reologice si de
aderenta, adezivii trebuie sa indeplineasca si alte
conditii: sa nu fie toxici, inflamabili si sa nu polueze
mediul. Adezivii clasici, pe baza de compusi organici
volatili, nuTntrunescin totalitate aceste cerinte [1, 2].

Tn 2004, prin HG nr. 254, Guvernul Romaniei a
adoptat Directiva Europeana de acordare a etichetei
ecologice pentru articolele de fincaltaminte si
marochinarie, care precizeazd cantitatea totalda de
compusi organici volatili (COV) permisa a fi utilizata in
timpul asamblarii finale (lipire cu adezivi) a articolelor
de fincdltaminte, respectiv 25 mg COV/pereche la
Tncaltamintea pentru adulti si 20 mg COV/pereche la
incdltamintea pentru copii. Din motive de poluare,
pericol de incendiu si economice, adezivii cu mediu de
dispersie apos au devenit din ce In ce mai utilizati,
tinzand sa inlocuiasca practic complet adezivii pe baza
de solventi organici, dar acestia trebuie sa prezinte
performante comparabile [3].

Presiunile legislative, la nivel international si
privind protectia mediului pentru eliminarea utilizarii
solventilor in industria adezivilor au dus la cautarea
unor alternative mai sigure. In domeniul adezivilor de
contact, sistemele pe baza de apd au suscitat un interes
deosebit. Pe baza efectului de sinergie al
policloroprenului, metacrilatului de metil si emulsiei de
montmorilonit, s-a dezvoltat un adeziv de contact pe
baza de apa constand dintr-un amestec de
policloropren (PC), metacrilat de metil (MMA) si
montmorillonit (MMT) [4, 5].

Un adeziv de contact este un tip de adeziv uscat la
atingere si care aderd instantaneu la contactul cu o
suprafata. Un astfel de adeziv se bazeaza pe
caracteristicile auto-adezive ale unui polimer uscat,
adesea amplificate prin modificarea rasinii. Exemplul
clasic este cauciucul natural [6]. Cu toate acestea,
cauciucul natural nu are performantele asteptate de la
adezivii din vremurile moderne si, astfel, se utilizeaza
elastomeri alternativi, dintre care cel mai utilizat este
policloroprenul [7, 8]. Adezivul de contact cu
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polychloroprene [7, 8]. Polychloroprene based contact
adhesive is largely solvent-borne [6, 7], but growing
environmental and legislative pressures have inspired
the search for safer alternatives [9, 10].

Waterborne contact adhesives offer a safer
alternative and polychloroprene (PC) is available for
their formulation [11]. Polychloroprene is probably one
of the most widely used and versatile polymers ever
developed as an adhesive base. Its inherent
contactability, flexibility and adhesive ability make it a
good choice for formulating waterborne contact
adhesives [12, 13]. However, its lack of adhesion to a
range of substrates and low initial bond strength must
be overcome by formulating with other polymers.
Recently the polymer blending route has been
investigated based on initial study showing much
potential for improvement of product properties [14-
16]. Careful choice of polymer type and blend ratio will
lead to formulation of a new generation of water based
contactadhesives.

Aqueous polymer dispersions can be obtained by
three methods: emulsion polymerization, dispersion of
water-insoluble polymer solutions dissolved in
coupling solvents in the presence of sufficient
surfactant amounts or dispersion of concentrated
hydrophilic polymer solutions [17].

Natural clays with modified surface are layered
silicates used successfully to obtain nano-composite
polymeric materials and adhesives due to the
properties theyimpart.

The modified sodium montmorillonite have the
following characteristics:

- the chemistry of advanced intercalation, which
facilitates the exfoliation of layered structures into
individual nanometric layers, which maximizes the
interfacial contact;

- the capacity to modify the chemistry of the
surface by organic and inorganic ionic exchange
reactions.

The possibility of obtaining some adhesives
showing higher adhesive characteristics than classical
adhesives proper to be used for a variety of supports
(natural and synthetic materials), good bonding
strength at high temperatures and resistance to
humidity, and most importantly, not to be toxic will be
investigated. The studies performed by specialists from
abroad in the last years have revealed the major
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policloropren este dezvoltat in mare masura pe baza de
solvent [6, 7], insa presiunile crescande legislative si
cele privind mediul au dus la cautarea unor alternative
maisigure [9, 10].

Adezivii de contact pe baza de apa ofera o alternativa
mai sigurd, iar policloroprenul (PC) este disponibil pentru
dezvoltarea acestora [11]. Policloroprenul este, probabil,
unul dintre cei mai utilizati si versatili polimeri dezvoltati ca
baza pentru adeziv. Proprietatile sale inerente deaaderala
contact, flexibilitatea si capacitatea de lipire fac din acesta
o alegere buna pentru formularea unor adezivi de contact
pe baza de apa [12, 13]. Cu toate acestea, lipsa sa de
aderenta la o gama larga de substraturi si capacitatea de
lipire initiala scazuta se rezolva prin combinarea cu alti
polimeri. Recent, s-a investigat varianta de amestecare cu
polimer pe baza studiuluiinitial care a demonstrat un mare
potential de imbunatatire a proprietatilor produsului [14-
16]. Alegerea cu atentie a tipului de polimer si a
proportiilor amestecului va duce la formularea unei noi
generatii de adezivide contact pe baza de apa.

Dispersiile apoase de polimeri se pot obtine prin
trei metode: polimerizare in emulsie, dispersarea
solutiilor polimerilor insolubili in apa dizolvati in
solventi de cuplare in prezenta de cantitati suficiente
de surfactantisau dispersarea solutiilor concentrate ale
polimerilor hidrofili [17].

Argilele naturale cu suprafata modificata sunt
silicati stratificati folositi la obtinerea materialelor
polimerice nanocompozite si a adezivilor, datorita
proprietatilor ce le confera.

Caracteristicile montmorilonitului de sodiu
modificat sunturmatoarele:

- chimismul intercalarii avansate, care faciliteaza
exfolierea structurilor stratificate in straturi individuale
nanometrice, exfoliere care maximizeaza contactul
interfacial;

- capacitatea de a modifica chimismul suprafetei
prin reactii de schimb ionic cu cationi organici si
anorganici.

Se va investiga posibilitatea obtinerii unor adezivi
care sa prezinte caracteristici de aderenta superioare
celor clasici si sa poata fi utilizati pentru o varietate de
suporturi (materiale naturale si sintetice), cu aderenta
buna latemperaturiridicate si rezistenta la umiditate si,
cel mai important, sa nu fie toxici. Studiile efectuate in
ultimii ani de specialisti din strdindtate au relevat
preocuparea majora privind obtinerea de adezivi cu
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concern of obtaining adhesives of low toxicity level. In this
context the target is the production and use of new hybrid
nano materials, both showing technological advantages
and assuring safety conditions for the population, in the
industry and environment. Classical adhesives are known
to have a high toxicity level because of their high content of
volatile organic compounds (VOCs) resulted from the rapid
evaporationwhenused [18-21].

EXPERIMENTAL

Materials

The following materials were used:
polychloroprene  NEOPRENE AD 20, (DuPont) as
polymer, methyl methacrylate (Merck, Germany) as
monomer, benzoyl peroxide as initiator and
dodecylmercaptan as inhibitor (both Sigma-Aldrich
Chemie, Germany), thickening agent, montmorillonite
—Cloisite Na "1 (MMT) — natural refined nanoclay used
for the rheological control of water dispersions, ZnO
and MgO as cross-linking agents and to consume the
HCI eliminated during the reaction, a diphenylamine
derivative as antioxidant (the last three from Bayer,
Germany); polyvinyl alcohol and triethanolamine as
dispersion agent and pH stabilizer respectively (Merck,
Germany), natural resin colophony (Caroco, Bulgaria)
as adherence improver, and Desmodur RE — triphenyl
methane triisocyanate 27% in ethyl acetate — as cross-
linking agent (Bayer, Germany).

Procedure

The technology of obtaining grafted polychloroprene
dispersions involves three steps: chemical grafting of
polymer, its dissolving in a convenient solvent and
dispersion of concentrated solution in water containing
dispersion stabilizers and pH regulators.

NEOPRENE AD 20 was grafted with methyl
methacrylate on a laboratory roll with water-cooled
cylinders in the presence of components presented in
Table 1and the compounds C1-C6 were obtained.

Two types of polychloroprene composites were
prepared: with 2, 4 and 7% montmorillonite reported
to polychloroprene, as well as containing 4%
montmorillonite, which were subjected to grafting on
roller with different amounts of methyl methacrylate.

nivel scizut de toxicitate. In acest context, obiectivul
este productia si utilizarea unor noi materiale nano
hibride care sa asigure atat avantaje tehnologice, cat si
conditii de siguranta pentru populatie, in industrie sin
mediul Tnconjurator. Se stie ca adezivii clasici au un nivel
de toxicitate ridicat, din cauza continutului lor mare de
compusi organici volatili (COV) rezultati din evaporarea
rapidain timpul utilizarii [18-21].

PARTEA EXPERIMENTALA

Materiale

S-au utilizat policloropren NEOPRENE AD 20,
(DuPont) ca polimer, metacrilat de metil (Merck,
Germania) ca monomer, peroxid de benzoil ca initiator
si dodecilmercaptan ca inhibitor (ambele de la Sigma-
Aldrich Chemie, Germania), agent de fingrosare,
montmorilonit — Cloisite Na " 1 (MMT) — nanoargild
rafinatd naturala utilizata pentru controlul reologic al
dispersiilor apoase, ZnO si MgO ca agentide reticulare
si pentru consumul HCl eliminat in timpul reactiei, un
derivat al difenilaminei ca antioxidant (ultimele trei
de la Bayer, Germania); alcool polivinilic si
trietanolamina ca agent de dispersie, respectiv
stabilizator de pH (Merck, Germania), rasina
colofonica naturala (Caroco, Bulgaria), ca agent de
imbunatatire a aderentei, si Desmodur RE — trifenil
metan triizocianat 27% in acetat de etil — ca agent de
reticulare (Bayer, Germania).

Procedura

Tehnologia de obtinere a dispersiilor de
policloropren grefat implica trei faze: grefarea chimica
a polimerului, dizolvarea acestuia intr-un solvent
convenabil si dispersarea solutiilor in apa ce contine
agenti de stabilizare a dispersiei sia pH-ului.

S-a grefat NEOPRENE AD 20 cu metacrilat de metil
pe un valt de laborator cu cilindri raciti cu apa in
prezenta componentelor prezentate in Tabelul 1 si s-au
obtinut compusii C1-C6.

S-au preparat doud tipuri de compozite
policloroprenice: Tn care s-a adaugat montmorilonit
proportiile 2, 4 si 7% fata de policloropren, precum si
care contin 4% montmorilonit care s-au grefat pe valt
cu cantitati diferite de metacrilat de metil. S-a selectat
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The amount of 4% was selected because a higher
quantity has as effect the strengthening of mixtures.
The producers recommend using 2-5%.

The technology involves three steps: compounding
the polychloroprene rubber or the ones grafted with
methyl methacrylate with montmorillonite and
ingredients specific to adhesive compounds from Table
1, dissolution of products obtained in the same mixture
of solvents and dispersion of solutions obtained
following the formulation from Table 1.

Compounds in Table 1 were subjected to roller
grafting in the same way as polychloroprene ones (C
series). Differences occur only for the time zinc oxide
and magnesium oxide, styrenated phenol and
montmorillonite were introduced, the total time
increasing from 10 to 15-20 minutes.

The dissolution was made in a glass flask: the
sample was introduced, the solvent mixture added and
the stirrer adapted to the reaction vessel. The stirring
(300 rpm) was maintained for 1.5-2.0 h, until
homogenization was produced. The compounds were
swollen for % h in the same solvent mixture, introduced
into the dissolution container under stirring (400 rpm)
until full homogenization (about 30 min), then the 10%
poly(vinyl alcohol) aqueous solution, triethanolamine
and de-mineralized water were added (Table 2).

procentul de 4% datorita faptului ca o cantitate mai
mare conduce la rigidizarea amestecului. Producatorii
indicd introducerea a 2-5%.

Tehnologia implica trei faze: compoundarea
elastomerului policloroprenic sau a celor grefati cu
metacrilat de metil care contin montmorilonit si
ingredientele specifice compoundurilor pentru adezivi
din Tabelul 1, dizolvarea produselor rezultate in acelasi
amestec de solventi si dispersarea solutiilor obtinute
urmand retetele din Tabelul 1.

Compoundurile din Tabelul 1 s-au prelucrat pe
valt in acelasi mod ca cele de policloropren grefat pe
valt (seria C). Diferente apar numai pentru timpul de
introducere a oxidului de zinc si de magneziu, fenol-
stirenatului si montmorilonitului, acesta marindu-se de
la10la15-20 min.

Dispersarea s-a efectuat intr-un balon de sticla: s-
aintrodus proba, s-a addugat amestecul de solvent si s-
a adaptat agitatorul la vasul de reactie. S-a efectuat
agitarea (300 rpm) timp de 1,5-2,0 h, pana la
omogenizare. Compoundurile s-au gonflat % h in
acelasi amestec de solventi, apoi s-au introdus in vasul
de dizolvare sub agitare (400 rpm) pdna laomogenizare
completd (aprox. 30 min), dupa care s-a adaugat solutia
apoasa 10% de poli(alcool vinilic), trietanolamina si apa
demineralizata (Tabelul 2).

Table 1: Formulations for obtaining polychloroprene compounds non-grafted and grafted
with methyl methacrylate containing montmorillonite (parts by weight)
Tabelul 1: Recepturi pentru obtinerea compusilor policloroprenici negrefati §i grefati
cu metacrilat de metil cu continut de montmorilonit (parti per masa)

Polychloroprene Denka AD 20
Policloropren Denka AD 20

Na montmorillonite
Montmorilonit de Na

Dodecylmercaptan
Dodecilmercaptan
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Table 1: Continued
Tabelul 1: Continuare

Total

Table 2: Formulations to prepare dispersions from compounds C1-C6
Tabelul 2: Recepturi pentru prepararea dispersiilor din compusii C1-C6

Compound
Compus

Polyvinyl alcohol, liquid solution 10%
Alcool polivinilic, solutie lichidd 10%

De-mineralized water
Apd demineralizatd

47.03 47.87 49.12 50.58 52.63 54.77

Total
The adhesive dispersions obtained were physico- Dispersiile adezive obtinute au fost caracterizate
chemically characterized. The results are presented in din punct de vedere fizico-chimic. Rezultatele sunt
Table 3. prezentate in Tabelul 3.

Table 3: Physico-chemical characteristics of adhesive dispersions obtained
by grafting on roller in the presence of sodium montmorillonite
Tabelul 3: Caracteristicile fizico-chimice ale dispersiilor adezive obtinute
prin grefare pe valt in prezenta montmorilonitului de sodiu

Solid compounds concentration
Concentratie compus solid

Poly(methyl methacrylate) concentration,%
Concentratie polimetacrilat de metil, %

Flowing time through Ford viscosity cup, s
Timp de curgere prin cupa de viscozitate Ford, s

48.58 52.06 53.64 57.59 58.02 56.14

18 17 19 20 21 20
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Testing Methods

1. FT-IR spectra were recorded using the FT-IR
4200 JASCO, Herschel series, instrument, equipped
with ATR having diamond crystal and sapphire head,
within the spectrometric range 2000-570cm™.

2.Particle size distribution was determined by laser
light scattering using the Mastersizer Hydro 2000S
Particle Size Analyzer, Malvern Instruments Ltd.,
equipped with the Malvern soft, which controls the
system during the measurements and processes the
information based on standard operation procedure
(SOP). The three standard points to read the distribution
characteristics are D(v, 0.1), D(v, 0.5) and D(v, 0.9), which
represent the fractions from the total particle volume
having the volume higher thanagivenvalue.

3. SEM. Dispersions C1-C6 were transformed into
films by evaporating the disperse medium at 105°C.
They were cryogenically fractured and their cross
sections analyzed by SEM, using an ESEM QUANTA 200
instrument operating in low vacuum, equipped with
LFD detector.

4. DSC. DSC analyses were made using the
Diamond DSC — Perkin Elmer equipment calibrated
with indium (99% purity) both for temperature and
energy, inthe range (-60)+140°C, using a heating rate of
5°C/min. The 5-7 mg samples were placed in non-
hermetic aluminium crucibles. To ensure a thermal
homogeneity, nitrogen was introduced into the cell.

5. The adherence was measured according to SR
EN 1392:2006 standard [21], test known as “peeling
test at (23+2)°C”. The following supports were used: (a)
mixture of standard rubber, hardness 85°ShA; (b)
leather; (c) split leather; (d) linen; (e) cotton cloth; (f)
synthetic leather. The steps followed were: preparing
of support by polishing to increase its roughness when
standard/standard samples were joined, application of
the adhesive dispersion, drying, joining test samples,
conditioning and peeling measurements.

The adhesives were applied by brushing as
monolayers on rubber and as bilayers on textiles, split
and synthetic leather. The drying was done in separated
rooms, equipped with devices for vapor absorption.
The open time ranged between 15 min and 1-2 h,
depending on the absorptive properties of supports.
The drying time was reduced by preheating the
supportsat 70°C.
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Metode de testare

1. Spectrele FT-IR au fost inregistrate cu ajutorul
unui instrument FT-IR JASCO 4200, seria Herschel,
echipat cu ATR cu cristal de diamant si cap de safir, in
intervalul spectrometric 2000-570 cm™.

2. Distributia dimensiunilor particulelor s-a
determinat prin dispersia luminii laser, folosind
analizorul de particule Mastersizer Hydro 2000S,
Malvern Instruments Ltd., cu software Malvern, care
controleaza sistemul Tn timpul masuratorilor si
prelucreaza informatiile pe baza procedurii standard de
operare (SOP). Cele trei puncte standard de citire a
caracteristicilor de distributie sunt D(v, 0.1), D(v, 0.5) si
D(v, 0.9), care reprezinta fractiuni din volumul total de
particule, volumul fiind mai mare decat o valoare data.

3. SEM. Dispersiile C1-C6 au fost transformate in
pelicule prin evaporarea mediului de dispersie la 105°C.
Acestea au fost fracturate criogenic, iar sectiunile
transversale s-au analizat prin SEM, folosind un
instrument ESEM QUANTA 200 ce opereaza in vid
scazut, dotat cu detector de camp larg (LFD).

4. DSC. Analizele DSC s-au realizat utilizand
aparatul Diamond DSC - Perkin Elmer calibrat cu indiu
(puritate 99%), atat pentru temperatura si energie, in
intervalul (-60)+140°C, folosind o viteza de incalzire de
5°C/min. Probele de 5-7 mg au fost plasate in creuzete
de aluminiu non-ermetice. Pentru a asigura
omogenitatea termica, s-a introdus azot in celula.

5. Aderenta s-a masurat conform standardului SR EN
1392:2006 [21], cunoscut sub numele de "Testarea
rezistentei la desprindere la (23+2)°C". S-au utilizat
urmatoarele suporturi: (a) amestec de cauciuc standard,
duritate 85°ShA; (b) piele; (c) spalt de piele; (d) panza; (e)
bumbac; (f) piele sintetica. S-au efectuat urmatorii pasi:
pregatirea suportului prin polizare pentru cresterea
rugozitatii la lipirea probelor standard/standard, aplicarea
dispersiei adezive, uscarea, imbinarea probelor,
conditionarea si masurarearezistenteila desprindere.

Adezivii s-au aplicat cu o pensula intr-un singur
strat pe cauciuc si in doua straturi pe textile, spalt si
piele sinteticd. Uscarea a avut loc in camere separate,
dotate cu dispozitive de absorbtie a vaporilor. Timpul
de deschidere a variatintre 15 minsi 1-2 h, in functie de
proprietatile absorbante ale suporturilor. Timpul de
uscare a fost redus prin preincalzirea suporturilor la
70°C.
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After drying, the supports were joined and
pressed down for 30 s at 3.5-4.0 atm, then conditioned
according to the European standard EN 1391 [22] (24
and 72 h at the standard temperature of 23+2°C;
samples conditioned for 72 h heated for 3 h at 50°C or
168 h at 70°C to accelerate the aging, but only for St/St
joints).

The peeling test was done using a TEBA
dynamometer (Timisoara, Romania) after 24 and 72 h
for the samples conditioned at room temperature,
immediately for those heated at 50°C and after 24 h
for those heated at 70°C using a speed of 100
mm/min.

RESULTS AND DISCUSSION

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”
[12] was adopted. In addition to assessing the methods
for determination of the footwear material bondability,
some minimum bonding strength requirements for the
materials used in the footwear manufacture based on
the results obtained from tests carried out with
solvent-based adhesives were established, as well as a
classification of such materials usedin bonding soles.

According to the SR EN 15307:2007 standard [23]
the peeling resistance must be of 3 N/mm for sole-
upper bonds and 4 N/mm for working shoes. But the
best water-based polychloroprene adhesives,
produced by Bayer-Germany or Merquinsa-Spain, have
—according to their prospects — a peeling resistance of
maximum 2 N/mm. Thus, even such additives are too
weak to be used in footwear manufacture.

The natural clays with modified surface are
layered silicates used successfully to obtain nano-
composite polymeric materials and adhesives due to
the properties theyimpart.

The grafting reactions had been conducted using
polychloroprene in the presence of benzoyl peroxide
which, besides initiating the monomer polymerization,
is able to produce grafting. The obtained dispersions
are stable for 30 to 40 days and can be re-dispersed
easily after settling by gentle stirring.

Dupa uscarea suporturilor, acestea s-au lipit si
apasat timp de 30 s la 3,5-4,0 atm, apoi s-au conditionat
in conformitate cu standardul european EN 1391 [22]
(timp de 24 si 72 h, la temperatura standard de 23+2°C;
probele conditionate timp de 72 de ore s-au incalzit timp
de 3 hla50°Csautimpde 168 hla 70°C pentru a accelera
imbatranirea, dar numai pentru perechile St/St).

Testarea rezistentei la desprindere s-a realizat cu
ajutorul unui dinamometru TEBA (Timisoara,
Romania), dupad 24 si 72 h pentru probele conditionate
latemperatura camerei, imediat pentru cele incalzite la
50°Csidupa 24 h pentru celeincalzite la70°C cu o viteza
de 100 mm/min.

REZULTATE SI DISCUTII

fn anul 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 clasificarea
materialelor" [12]. Tn plus fatd de evaluarea
metodelor de determinare a capacitatii de lipire a
materialului pentru Tncdltaminte, s-au stabilit unele
cerinte minime de aderenta pentru materialele
utilizate la fabricarea fincaltamintei pe baza
rezultatelor obtinute Tn urma testelor efectuate cu
adezivi pe baza de solvent, precum si o clasificare a
acestor materiale utilizate la lipirea talpilor.

Conform standardului SR EN 15307:2007 [23],
rezistenta la desprindere trebuie sa fie de 3 N/mm
pentru Tmbinari talpa-fatda si de 4 N/mm pentru
incdltdmintea de lucru. Tnsd cei mai buni adezivi
policloroprenici pe baza de apa, produsi de Bayer,
Germania sau Merquinsa, Spania, au - conform
prospectelor acestora - o rezistenta la desprindere de
maxim 2 N/mm. Astfel, chiar si acest tip de aditivi este
preaslab pentru a fi utilizat la fabricarea incaltamintei.

Argilele naturale cu suprafata modificata sunt
silicati stratificati folositi la obtinerea materialelor
polimerice nanocompozite si a adezivilor, datorita
proprietatilor ce le confera.

Reactiile de grefare s-au efectuat folosind
policloropren in prezenta peroxidului de benzoil, care,
pe langa faptul ca initiaza polimerizarea monomerului,
este capabil de a realiza grefarea. Dispersiile obtinute
sunt stabile timp de 30 pana la 40 de zile si pot fi re-
dispersate cu usurinta dupa depunerea prin agitare
usoara.

Leather and Footwear Journal 13 (2013) 1




INFLUENCE OF MONTMORILLONITE NANOPARTICLES ON POLYCHLOROPRENE ADHESIVE PROPERTIES

FT-IR Spectra

FT-IR spectra of the films obtained from
NEOPRENE AD 20 and dispersions C1-C6 were recorded
within the spectral range 2000-530 cm™ in which the
differences between the non-grafted and grafted
polychloroprene can be seen.

The FT-IR spectrum of film obtained from
NEOPRENE AD 20, given in Figure 1, shows the
fundamental bands of trans-1,4-polychloroprene.

Spectre FT-IR

Spectrele FT-IR ale peliculelor obtinute din
NEOPRENE AD 20 si dispersiile C1-C6 au fost
inregistrate in domeniul spectral 2000-530 cm™ in care
se pot observa diferentele dintre policloroprenul grefat
sicel negrefat.

Spectrul FT-IR al peliculei obtinute din NEOPRENE
AD 20, prezentat in Figura 1, aratda benzile
fundamentale ale trans-1,4-policloroprenului.
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Figure 1. FT-IR spectrum of film obtained from NEOPRENE AD 20D
Figura 1. Spectrul FT-IR al peliculei obtinute din NEOPRENE AD 20D

Comparing the spectra of the films obtained from
dispersions C1-C6 given in Figure 2a-f with that given by
the film resulted from NEOPRENE AD 20 the following
differences can be emphasized: on one hand the
decreasing of intensity of some bands from the
polychloroprene spectrum which depends on the
amount of methyl methacrylate introduced (1657 cm™
—assigned to C=C stretching, 1310 cm™ — specific to CH,
wagging, 823 and 777 cm™ — assigned to CH, rocking
and 664 cm™ — assigned to C-C stretching), indicating
the decreasing of contribution of the above bonds, and
on the other hand the changing of the aspect and
broadening of the bands in the region 1150-1015 cm™.
Thus, the bands from 1119 cm™ (i), 1048 cm™ (m) and
1038 cm™ (shoulder) from Figure 1, assigned to C-C
stretching in polychloroprene, are practically non-
modified when the grafting was done with the
minimum amount of monomer (Figure 2d), while in the
spectrum of the film given by the dispersion C5 for
which the amount is higher (Figure 2e) the intensity of
the bands changes, the first one becoming less intense
than the second and the shoulder transforms into a
weak band.
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Comparand spectrele peliculelor obtinute din
dispersiile C1-C6 ilustrate in Figura 2a-f cu cel al
peliculei rezultate din NEOPRENE AD 20, se pot
evidentia urmatoarele diferente: pe de o parte,
scaderea intensitdtii unor benzi din spectrul
policloroprenului, care depinde de cantitatea de
metacrilat de metil introdus (1657 cm™ — atribuit
intinderii C=C, 1310 cm™ — specificd balansarii CH,,
823 si 777 cm™ — atribuit penduldrii CH, si 664 cm™ —
atribuit intinderii C-C), indicand reducerea
contributiei benzilor de mai sus si, pe de alta parte,
modificarea aspectului si ldrgirea benzilor in
domeniul 1150-1015 cm™. Astfel, benzile de la 1119
cm™ (i), 1048 cm™ (m) 5i 1038 cm™ (umar) din Figura 1,
atribuite intinderii C-C in policloropren, sunt practic
nemodificate la realizarea grefarii cu o cantitate
minima de monomer (Figura 2d), intimp ce in spectrul
peliculei date de dispersia C5, care are o cantitate mai
mare (Figura 2e), intensitatea benzilor se modifica,
prima devenind mai putin intensa decat cea de a
doua, iarumarul se transformaintr-o banda slaba.
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Figure 2. FT-IR spectra of films obtained from dispersions: a—C1; b—C2;c—C3;d-C4; e—C5;f-C6
Figura 2. Spectrele FT-IR ale peliculelor obtinute din dispersiile:a—C1; b—-C2; c—C3;d-C4; e - C5; f-C6

At the same time the region containing the bands
extends the lower limit, ranging between 1150 and 970
cm™. For C6, in which the polychloroprene is grafted
with the highest amount of methyl methacrylate, the
band from the lower wave number increases in
intensity and the range of the region remain the same.
The broadening of the above region and changing of
bands' aspect can be explained by the superposition of

n acelasi timp, regiunea care contine benzile Tsi
extinde limita de jos, situandu-se inintervalul 1150-970
cm’. Pentru C6, in care policloroprenul este grefat cu
ceamai mare cantitate de metacrilat de metil, banda de
la numarul de unda mai mic creste in intensitate, iar
domeniul regiuniiramane lafel. Largirea regiunii de mai
sus si modificarea aspectul benzilor pot fi explicate prin
suprapunerea vibratiei de fintindere C-C fin

Leather and Footwear Journal 13 (2013) 1
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the C-C stretching vibration in polychloroprene with the
broad peak ranging between 1260 and 1000 cm™ specific
to polymethylmethacrylate, assigned to the C-O (ester
bond) stretching. The broadening accompanied by
splitting is considered a proof for the grafting of methyl
methacrylate onto a polymer backbone.

Particle Size Distribution

Knowing the particle size and particle size
distribution is very important, providing information on
the stability and viscosity of disperse systems, their
optical properties, as well as on the kinetic aspects of
emulsion polymerization or preparation of some
composite materials. The Malvern instrument used is
able to measure a large range of particle size.

The particle size distribution curves for the
adhesive dispersions from Table 1 are presented
superposed in Figure 3 to facilitate comparison.
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policloropren, maximul larg situandu-se intre 1260
si 1000 cm™, specific polimetacrilatului de metil,
atribuit intinderii C-O (legatura ester). Largirea
insotita de scindare este consideratd o dovada a
grefarii metacrilatului de metil pe o structura
polimerica.

Distributia dimensiunilor particulelor

Cunoasterea dimensiunilor particulelor este foarte
importanta, deoarece ofera informatii privind stabilitatea
siviscozitatea sistemelor de dispersie, proprietatile optice,
precum si aspectele cinetice ale polimerizarii emulsiei sau
obtinerii unor materiale compozite. Instrumentul Malvern
utilizat are capacitatea de a masura un domeniu larg de
dimensiuniale particulelor.

Curbele de distributie a dimensiunii particulelor
suprapuse pentru dispersiile adezive din Tabelul 1 sunt
prezentate in Figura 3 pentru a facilita comparatia.
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Figure 3. Superposed distribution curves for samples C1-C6
Figura 3. Curbele de distributie suprapuse pentru probele C1-C6

For the sample containing the lowest amount of
montmorillonite, the distribution is bimodal. This is
due, in addition to the method of obtaining the
dispersion — mechanical dispersion, to the presence of
montmorillonite, with particles ranging between 13
and 16 um.

Increasing the amount of montmorillonite the
peaks of fractions with small and medium sizes
increases also (it appears as a shoulder at 7-8 um for
sample C1), and the one at larger sizes becomes a
shoulder peak. The highest montmorillonite amount
used — 7 parts to 100 parts rubber — gives completely
different sizes and distribution: peaks at small and
medium values disappear practically and very large size
particles appear and prevail, ranging from approx. 100
to 700 um. Tis is explained by the agglomeration of
latex particles produced by the high amount of
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Proba ce contine cea mai redusa cantitate de
montmorilonit prezinta distributie bimodala. Aceasta
se datoreaza, pe langa modul de obtinere a dispersiei —
dispersare mecanica, si prezentei montmorilonitului,
care are particule cu dimensiuni cuprinse intre 13 si
16 um.

Cresterea cantitatii de montmorilonit mareste
maximul fractiei de la dimensiuni mici si medii (apareca
umar la 7-8 um in proba C1), iar cel de la dimensiuni
mari devine umar. Cantitatea cea mai mare de
montmorilonit utilizatda — 7 parti la 100 parti cauciuc —
conduce la dimensiuni si distributie a dimensiunilor
complet diferitd: maximele de la valori mici si medii
practic dispar, apar si predomina net particulele cu
dimensiuni foarte mari, cuprinse intre cca. 100 si 700
pum. Aceasta se explica prin aglomerarea particulelor de
latex produsa de cantitatea mare de montmorilonit,
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montmorillonite, exceeding the recommended one.
Grafting with methyl methacrylate was done only for
polychloroprene rubber having the composition C2,
from which compounds C4-C6 in Table 1 were
obtained.

Dispersion C4, with the same amount of
montmorillonite as sample C2 and the lowest amount
of grafted MMA has a completely different particle size
distribution from that presented by C2: particles size
range between 0.12 and about 600 um, prevailing the
particles with average diameters of about 1.02 and 12
um, respectively. The weight of large particles, with
average diameters of about 260 um, is very small.
Increasing the amount of MMA, dispersions have
different size distribution, very similar in shape, but not
in size, to dispersion C3. Thus, most particles range
between 15 and 100 um, the fractions ranging between
0.3 and 1.0 um and between 2 and 10 um, being
negligible.

peste cea indicatad. Grefarea cu metacrilat de metil s-a
facut numai pentru probele de cauciuc policloroprenic
cu compozitia C2, din care s-au obtinut compoundurile
C4-C6 dinTabelul 1.

Dispersia C4, cu aceeasi cantitate de montmorilonit
ca proba C2 si cea mai mica cantitate de metacrilat de
metil grefat, are distributia dimensiunilor particulelor
complet diferita de cea prezentata de C2: particulele au
dimensiuni cuprinse intre 0,12 si cca. 600 um, ponderea
cea mai mare avand-o particulele cu diametrele medii de
cca. 1,02, respectiv 12 um. Particulele mari, cu
diametrele medii de aproximativ 260 um, au pondere
foarte redusa. Marirea cantitatii de MMA conduce la
dispersii cu distributie a dimensiunilor diferita de a celei
anterioare, foarte asemanatoare ca forma, dar nu ca
dimensiuni cu a dispersiei C3. Astfel, majoritatea
particulelor sunt cuprinse intre 15 si 100 um, fractiile au
dimensiunile intre 0,3 si 1,0 um, respectiv intre 2 si 10
um, fiind practic neglijabile.

Table 4: Standard points for reading distribution characteristics for dispersions C1-C6
Tabelul 4: Puncte standard de citire a caracteristicilor de distributie pentru dispersiile C1-C6

1.039 18.351 76.753

4.206 244.891 399.907

20.245 38.204 61.837

The maximum amount of MMA grafted on
polychloroprene has as result, again, a broad
distribution, close to that of dispersion C4, but the
fractions of particles have reversed predominant size:
the preponderant fraction is the one with large size,
ranging between 10 and 100 um (peak at about 40 um),
followed by the one between 100 and 700 um and the
peak at ca 240 um, while the one with the smallest size,
between 0.4 and 9 pum, is much lower. The values of
standard points for samples C1-C6 are given in Table 4.

It is found that both control chloroprene rubber
dispersions containing different amounts of
montmorillonite, and those modified by chemical
grafting with increasing amounts of MMA have

Cantitatea maxima de metacrilat de metil grefat
pe policloropren conduce din nou la o distributie larga,
apropiata de a dispersiei C4, dar cu fractiile de particule
cu dimensiuni predominante inversate: predomina
fractia cu dimensiuni mari, cu intervalele cuprinse intre
10 si 100 um (maximul la cca. 40 um), urmata de cea
dintre 100 si 700 um si maximul la cca. 240 um, pe cand
cea cudimensiunile cele mai mici, intre 0,4 si 9 um, este
cu mult mai redusa. Valorile punctelor standard pentru
probele C1-C6 sunt prezentate in Tabelul 4.

Se constatd ca atat dispersiile de cauciuc
cloroprenic martor, care contin cantitati diferite de
montmorilonit, cat si cele modificate prin grefare
chimica, cu cantitati crescatoare de MMA, prezinta
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polymodal particle size distribution. Analyzing the
size distribution for sample C3, containing 7 parts
montmorillonite/100 parts rubber, it can be seen
that the largest particle population has sizes larger
than 200 pum, while populations with sizes smaller
than 100 um are reduced, so that the distribution
curve can be practically assimilated with the
unimodal type. The same aspect is found for sample
C5, which contains 4 parts montmorillonite and 15
parts MMA reported to rubber, except that the
largest particle population has sizes smaller than
100 pum.

SEM images of the cross section of the film
obtained from dispersions C1-C6 are presented in
Figure4.

distributii polimodale ale dimensiunilor particulelor.
Din analiza distributiei dimensiunilor pentru proba C3,
care contine 7 parti montmorilonit la 100 parti cauciuc,
se observa ca populatia cea mai mare de particule
prezintd dimensiuni mai mari de 200 pum, in timp ce
populatiile cu dimensiuni mai mici de 100 pm sunt
reduse, astfel incat curba de distributie poate fi practic
asimilata cu tipul unimodal. Acelasi aspect se constata
si pentru proba C5, care contine 4 parti montmorilonit
si 15 parti MMA raportate la cauciuc, cu diferenta ca
populatia cea mai mare de particule prezinta
dimensiuni mai micide 100 um.

Imaginile SEM ale sectiunilor transversale ale
peliculelor obtinute din dispersiile C1-C6 sunt
prezentatein Figura 4.

C4, 1000x

C5, 1000x

C6, 1000x

Figure 4. SEM images of cross sections of films obtained from dispersions C1-C6
Figura 4. Imagini SEM cu sectiunile transversale ale peliculelor obtinute din dispersiile C1-C6

The samples C1-C3, which contain non-grafted
polychloroprene, but have 2, 4, and 7%
montmorillonite, respectively, present a globular
morphology, consisting of large spherical particles
(tens of microns). However, non-structured material
can be also observed. Montmorillonite dispersed
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Probele C1-C3, care contin cauciuc
policloroprenic negrefat, dar au 2, 4, respectiv 7%
montmorilonit, prezintd morfologie de tip globular,
constituitd din particule sferice mari (zeci de microni).
Se observa insa si material nestructurat. Atat in
particulele sferice, cat si in materialul nestructurat
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aggregates are present both in spherical particles and
inthe unstructured material.

SEM images for the sections of films obtained
from C4-C6 dispersions are also presented in Figure 4.
Their morphology is also globular, but the spherical
particles are more finely dispersed. The particles
present an obvious coalescence, resulting in globules of
hundreds of microns distributed in a matrix of non-
structured material. The spherical particles and the
non-structured material contain dispersed aggregates
consisting of montmorillonite.

The presence of montmorillonite is also proved by
EDX spectra, which present an absorption specific to
elements from which the clay is made: Na, Si, Al.

Energy dispersive X-ray spectra allow, based on
characteristic emission energies, the identification of
elements present into the micro-area examined with
secondary electrons. The total number of captured
impulses characteristic to an element is proportional to
its amount in the area. Thus the existing elements and
their concentration are identified. Figure 5 shows the
presence of montmorillonite for the C6 sample.
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exista agregate dispersate constituite din
montmorilonit.

Imaginile SEM ale suprafetelor sectiunilor
filmelor obtinute din dispersiile C4-C6 sunt prezentate
tot in Figura 4. Morfologia acestora este tot de tip
globular, dar particulele sferice sunt mai fin dispersate.
Particulele prezinta coalescenta evidenta, care da
nastere la globule cu dimensiuni de sute de microni
distribuite intr-o matrice de material nestructurat.
Particulele sferice si materialul nestructurat contin
agregate dispersate constituite din montmorilonit.

Prezenta montmorilonitului este evidentiata si de
spectrele EDX, care prezintd absorbtie specifica
elementelor din care este constituita argila: Na, Si, Al.

Spectrele de raze X dispersive in energie permit, pe
baza energiilor emisiilor caracteristice, identificarea
elementelor componente din microaria examinata cu
electroni secundari. Numarul total al impulsurilor captate
caracteristice unuielement este proportional cu cantitatea
n care se gaseste n zona. Astfel se identifica elementele
existente si concentratia acestora. Figura 5 evidentiaza
prezenta montmorilonitului pentru proba C6.
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Figure 5. EDX spectrum for C6 sample
Figura 5. Spectrul EDX al probei C6

Bonding Capacities

Bonding capacities were determined for the
dispersions C1-C6, as well as for those containing the
usual additives to optimize the adherence: colophony
resin, cross-linking agent DESMODUR RE and their
mixture in equal amounts in the ratios given in the
experimental part.

Dispersions C1-C5 containing the resin, cross-
linking agent or their mixture contain small amounts of

Capacitateade lipire

S-a determinat capacitatea de lipire a dispersiilor
C1-C6, precum si a celor care contin aditivii obisnuiti
pentru Tmbunatatirea aderentei: rasina colofonica,
agent de reticulare DESMODUR RE si combinatia
acestora in cantitati egale in proportiile precizate in
partea experimentala.

Dispersiile C1-C5 ce contin rasina, agentul de
reticulare sau combinatia acestora contin cantitati mici
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VOCs: 2.14% toluene for those containing resin, 3.48%
ethyl acetate for the ones that contain triisocyanate
and 5.36% toluene and ethyl acetate for those
containing the mixture of additives. Compared with the
VOCs content of solvent-based adhesives — 75-80% —
these amounts are negligible.

The peeling resistances of dispersions from Table
1, as well as of those containing the usual adhesion
improver additives of polychloroprene, are presented
in Tables 5-10, but only for the amount specified, the
othertwo ratios giving practically the same values.

de COV: 2,14% toluen pentru cele care contin rasing,
3,48% acetat de etil pentru cele care contin triizocianat
si 5,36% toluen si acetat de etil pentru cele care contin
amestec de aditivi. In comparatie cu continutul de COV
al adezivilor pe baza de solvent — 75-80% — aceste
cantitati sunt neglijabile.

Rezistentele la desprindere ale dispersiilor din
Tabelul 1, precum si ale celor care contin aditivi pentru
optimizarea aderentei policloroprenului sunt prezentate
in Tabelele 5-10, dar doar pentru cantitatea precizata,
celelalte douad proportii dand practic aceleasivalori.

Table 5: Peeling resistance, N/mm, for C1 dispersion and C1 with additives
Tabelul 5: Rezistenta la desprindere, N/mm, pentru dispersia C1 simpla si cu aditivi

C1+ 5% resin
C1 + 5% rdsind

1.6

04 18 19 20 0.7(Sylb)

C1 + 5% resin + 5% DESMODUR RE
C1 + 5% rdsind + 5% DESMODUR RE

1.0

03 13 13 14 03 (Sylb)

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pdnzd; C — bumbac; SyL — piele sinteticd; SyLb — punctul de rupere al SyL

Table 6: Peeling resistance, N/mm, for C2 dispersion and C2 with additives
Tabelul 6: Rezistenta la desprindere, N/mm, pentru dispersia C2 simpla si cu aditivi

C2 + 5% resin
C2 + 5% rdsind

0.5 22 3.5 2.8 1.0

C2 + 5% resin + 5% DESMODUR RE
C2 + 5% rdsind + 5% DESMODUR RE

0.8 2.7 25 31 1.0

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pénzd; C — bumbac; Syl — piele sinteticd,; SyLb — punctul de rupere al SyL

Table 7: Peeling resistance, N/mm, for C3 dispersion and C3 with additives
Tabelul 7: Rezistenta la desprindere, N/mm, pentru dispersia C3 simpla si cu aditivi

C3 + 5% resin
C3 + 5% rdsind
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Table 7: Continued
Tabelul 7: Continuare

C3 + 5% resin + 5% DESMODUR RE

C3 + 5% rdsind + 5% DESMODUR RE 39 0.3 1.7 27 23 09

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pdnzd; C — bumbac; Syl — piele sinteticd; SyLb — punctul de rupere al SyL

Table 8: Peeling resistance, N/mm, for C4 dispersion and C4 with additives
Tabelul 8: Rezistenta la desprindere, N/mm, pentru dispersia C4 simpla si cu aditivi

C4 + 5% resin
C4 + 5% rdsind

C4 + 5% resin + 5% DESMODUR RE
C4 + 5% rdsind + 5% DESMODUR RE

3.6 0.4 2.2 5.2 3.7 1.4

5.9 0.5 34 53 5.3 0.3

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pdnzd; C— bumbac; Syl — piele sinteticd; SyLb — punctul de rupere al SyL

Table 9: Peeling resistance, N/mm, for C5 dispersion and C5 with additives
Tabelul 9: Rezistenta la desprindere, N/mm, pentru dispersia C5 simpla si cu aditivi

C5 + 5% resin
C5 + 5% rdsind

C5 + 5% resin + 5% DESMODUR RE
C5 + 5% rdsind + 5% DESMODUR RE

3.7 1.4 2.6 5.4 3.9 1.7

5.9 3.5 34 5.3 5.3 33

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pénzd; C — bumbac; Syl — piele sinteticd,; SyLb — punctul de rupere al SyL

Table 10: Peeling resistance, N/mm, for C6 dispersion and C6 with additives
Tabelul 10: Rezistenta la desprindere, N/mm, pentru dispersia C6 simpla si cu aditivi

C6 + 5% resin
C6 + 5% rdsind

3.9 0.9 2.9 4.2 4.7 1.4
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Table 10: Continued
Tabelul 10: Continuare

C6 + 5% resin + 5% DESMODUR RE
C6 + 5% rasind + 5% DESMODUR RE

6.4

4.5 44 5.7 5.9 33

St — standard rubber; L — leather; SL — split leather; Le — linen; C — cotton; SyL — synthetic leather; SyLb — breaking of SyL
St — cauciuc standard; L — piele; SL — spalt piele; Le — pdnzd,; C — bumbac; SyL — piele sinteticd; SyLb — punctul de rupere al SyL

Dispersions C1-C3 give low peeling resistance
values. They are slightly increased by the adherence
improving agents, by increasing conditioning time at
room temperature, by conditioning at 50°C, but get
even higher when conditioning is done at 70°C. The
highest values were obtained for sample containing4 g
montmorillonite/100 g rubber in the presence of the
mixture of agents when conditioning is done for 168 h
at room temperature (2.8 N/mm), or in the absence of
additives (1.7 N/mm). The lowest values were obtained
for all pairs of substrates when the sample contained 8
g montmorillonite/100 g rubber.

Dispersions C4-C6, containing 4 g montmorillonite/
100 g and grafted rubber have higher bonding capacities
than those obtained from C2, in which rubber is not
grafted, for all types of substrate pairs and for situations
where conditioning was done. Thus, for samples grafted
using the minimum amount of monomer, none of the
resistance values is below 1 N/mm and the maximum
valueis 5.3 N/mm for the sample containing the mixture of
adherence improving agent and for St/St pair conditioned
for 168 h at room temperature; for samples grafted with a
higher amount, values do not decrease below 1.3 N/mm
and the maximum value is 5.9 N/mm, while for the
maximum amount of monomer values are not lower than
5.7 N/mm and the maximum value is 3.5 N/mm for St/SL
pair conditioned for 24 h atroom temperature.

Grafting with methyl methacrylate of the samples
having this composition has as result an increase in
peeling resistance, which increases with the amount of
monomer used.
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Dispersiile C1-C3 dau valori mici pentru
rezistentele la desprindere. Acestea sunt marite putin de
agentii de optimizare a aderentei, de marirea timpuluide
conditionare la temperatura camerei, de conditionarea
sila50°C, dar sunt mai mari cand conditionarea se face si
la 70°C. Cele mai marivalori s-au obtinut pentru proba cu
4 g montmorilonit/100 g cauciucin prezenta amestecului
agentilor cand conditionarea se face 168 h Ia
temperatura camerei (1,8 N/mm), sau in absenta
aditivilor (1,7 N/mm). Cele mai mici valori s-au obtinut,
pentru toate perechile de suporturi, cand proba contine
8 g montmorilonitla 100 g cauciuc.

Dispersiile C4-C6, ce contin 4 g montmorilonit/100
g cauciuc grefat au capacitati de lipire mai mari decat cele
obtinute din C2, in care cauciucul nu este grefat, pentru
toate tipurile de perechi de suporturisi situatiile in care s-
a facut conditionarea. Astfel, pentru probele grefate cu
cantitatea minima de monomer, niciuna dintre
rezistente nu scade sub 1 N/mm, iar valoarea maxima
este 2,3 N/mm pentru proba ce contine amestecul de
agentide optimizare a aderenteisi pentru perechea St/St
conditionata 168 h la temperatura camerei; pentru cele
grefate cu cantitatea mai mare, acestea nu scad sub 1,3
N/mm, iar valoarea maxima — 2,5 N/mm, iar pentru
cantitatea maxima de monomer valorile nu scad sub 1,5
N/mm si cea maxima este 3,5 N/mm pentru perechea
St/SLconditionata 24 h latemperatura camerei.

Grefarea cu metacrilat de metil a probelor cu
aceasta compozitie conduce la marirea rezistentei la
desprindere, care creste odata cu cantitatea de
monomer utilizata.
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CONCLUSIONS

Polychloroprene was modified by chemical
grafting with methyl methacrylate in the presence of
benzoyl peroxide as initiator and in the presence of
montmorillonite. The grafting is supported by the
absence of monomer and polymethylmethacrylate
from dispersions.

Decreasing of intensity of some bands from the
polychloroprene spectrum, as well as the broadening
and splitting of the C-C stretching band with increasing
of monomer amount due to its superposition with the
broad peak of polymethylmethacrylate ranging
between 1260 and 1000 cm™ assigned to C-O (ester) are
evidences for grafting.

Increasing of particle size and of the width of their
distribution when the amount of monomer increases
demonstrate also the producing of grafting, the grafted
chains acting as branches that impede the close
packing of polychloroprene chains.

SEM images for the samples C1-C3, which contain
non-grafted polychloroprene, but that have 2, 4, and
7% montmorillonite, respectively, present a globular
morphology, consisting of large spherical particles
(tens of microns). However, non-structured material
can be also observed. Montmorillonite dispersed
aggregates are present both in spherical particles and
in the unstructured material. Morphology of C4-C6
dispersions is also globular, but the spherical particles
are more finely dispersed. The particles present an
obvious coalescence, resulting in globules of hundreds
of microns distributed in a matrix of non-structured
material. The spherical particles and the non-
structured material contain dispersed aggregates
consisting of montmorillonite.

Peeling resistance is low for dispersions C1-C3,
but it can be increased by the usual polychloroprene
adherence enhancers — colophony resin, DESMODUR
RE and their mixture, the maximum value being 3.1
N/mm for St/Cjoint.

Grafting increases the peeling resistance,
depending on the amount of monomer and types of
substrates jointed. The highest value —5.9 N/mm —was
obtained for the highest amount of monomer and St/St
joint, value required for solvent-based adhesives.

CONCLUZII

Policloroprenul a fost modificat prin grefare
chimica cu metacrilat de metil in prezenta peroxidului
de benzoil ca initiator si in prezenta montmorilonitului.
Grefarea este sustinuta de absenta monomerului si a
polimetacrilatului de metil din dispersii.

Reducerea intensitatii unor benzi din spectrul
policloroprenului, precum si l[argirea si scindarea benzii
de intindere C-C la cresterea cantitatii de monomer
datoritda suprapunerii acesteia cu maximul larg al
polimetacrilatului de metil situat in domeniul 1260-
1000 cm™ atribuit C-O (legitura ester) reprezinta dovezi
ale grefarii.

Cresterea dimensiunii particulelor si a latimii
distributiei acestora cand creste cantitatea de
monomer demonstreaza, de asemenea, realizarea
grefarii, lanturile grefate actionand ca ramuri care
impiedicd Tmpachetarea stransa a lanturilor
policloroprenului.

Imaginile SEM pentru probele C1-C3, care contin
policloropren negrefat, dar au 2, 4, respectiv 7%
montmorilonit, prezinta morfologie de tip globular,
constituita din particule sferice mari (zeci de microni). Se
observa insa si material nestructurat. Atat in particulele
sferice, cat si in materialul nestructurat exista agregate
dispersate constituite din montmorilonit. Morfologia
dispersiilor C4-C6 este tot de tip globular, dar particulele
sferice sunt mai fin dispersate. Particulele prezinta
coalescenta evidentd, care da nastere la globule cu
dimensiuni de sute de microni distribuite intr-o matrice
de material nestructurat. Particulele sferice si materialul
nestructurat contin agregate dispersate constituite din
montmorilonit.

Rezistenta la desprindere este scdazuta pentru
dispersiile C1-C3, dar se poate mari prin agenti de
optimizare a aderentei—rasina colofonica, DESMODUR
RE si combinatia acestora, valoarea maxima fiind 3,1
N/mm pentruimbinarea St/C.

Grefarea mareste rezistenta la desprindere, in
functie de cantitatea de monomer si de tipurile de
substraturiimbinate. Cea mai mare valoare—5,9 N/mm
— a fost obtinutd pentru cea mai mare cantitate de
monomer si pentru imbinarea St/St, valoare impusa
pentru adezivii pe baza de solvent.
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The colophony resin increases the adherence, the
highest value being 4.7 N/mm for St/L and the highest
amount of monomer.

The effect of cross-linking agent is lower than that
of the resin, but its mixture with resin gives the highest
peeling resistances: 5.9 N/mm for St/St and 5.3 for
St/Le and St/C, respectively, for the dispersion C6.

The obtained adhesives dispersions, and
especially C5 and C6, are very adequate for
manufacturing footwear resistant to high
temperatures.

The performance of this waterborne contact
adhesive was found to be comparable to that of
solvent-based contact adhesives.
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