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INVESTIGATION OF RHEOLOGICAL BEHAVIOR OF MODIFIED POLYCHLOROPRENE ADHESIVE COMPOSITIONS

ABSTRACT. The pdper proposes @ new approdch to improve the technological properties of polychloroprene ddhesives by changing the mixing regime. This
approdch hds contributed not only to improving the rheological and mechanical properties of the ddhesives used, but also for d detailed theoretical explanation of
the rheological behavior. The purpose of this work is to study the rheological behavior of modified polychloroprene ddhesive compositions in dependence of the
amount of the modifying agent and the mixing regimes to dchieve the optimal process parameters of bonding and prediction of their technological features. Seven
types of polychloroprene-based adhesives were used and d modification with phenol formdldehyde resin was dpplied. Investigations were made on the influence of
modifying dgent dmount, on rubber compounds processing regimes, on redction conditions, on the rheological behavior of polymer fluids, on the interactions
occurring between the rubber and the other components within the adhesive compositions, on the ddhesion properties of the polychloroprene ddhesives. Data
from rheological dnalysis were compared with the results of microscopic observations and physico-mechanical properties. Using rheological analysis, it was found
that the addition of resin to the rubber on the rolls during the mixing process favors the ddhesion, ledds to better wetting of the substrates and the formation of a
strong glue joint. The optimal amount of the resin ds an dgent improving the compatibility between the oxides dssociates and the chloroprene rubber and the
dssociates of the rubberitself was determined.
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STUDIUL COMPORTAMENTULUI REOLOGIC AL COMPOZITIILOR ADEZIVE POLICLOROPRENICE MODIFICATE

REZUMAT. S-a propus o noua abordare pentru @ imbunatati proprietatile tehnologice adle ddezivilor policloroprenici prin modificarea regimului de dmestecare.
Acedsta dbordare a contribuit nu numai 1a imbunatatired proprietatilor reologice si mecanice ale adezivilor utilizate, ci si 1a o explicatie teoretica detaliata a
comportamentului reologic. Scopul dcestei lucrari este de a studia comportamentul reologic al compozitiilor adezive policloroprenice modificate in functie de
cantitdted de agent de modificdre si de regimurile de dmestecare pentru a obtine parametrii optimi de lipire si pentru predictia caracteristicilor tehnologice ale
compozitiilor. S-du utilizat sapte tipuri de ddezivi pe bdza de policloropren si s-a aplicdt o modificare cu rasind fenol-formaldehidica. S-du efectudt investigatii privind
influenta modificarii cantitatii de agent dsupra regimurilor de prelucrare @ compusilor de cduciuc, asupra conditiilor de reactie, asupra comportamentului reologic
al fluidelor polimerice, dsupra interactiunilor care aparintre cauciuc si alte componente dle compozitiilor ddezive si dsupra proprietatilor de dderenta ale adezivilor
policloroprenici. S-3 facut o comparatie a datelor din analiza reologica cu rezultatele observatiilor microscopice si proprietatile fizico-mecdnice. Fologind analiza
reologica, s-a constatat ca adaugdarea rasinii 1a cauciuc pe valt in timpul procesului de amestecdre favorizeaza adeziuned, conduce 1d o mai buna umectare a
substraturilor sila formarea unei imbinari puternice. S-a determindt cantitatea optima de rasina ca agent pentru imbunatatirea compatibilitatii dintre oxizi dsociati
sicauciuccloroprenic i asociatii cauciucului.

CUVINTE CHEIE: adezivi cloroprenici, ragini, modificare, reologie, rezistenta

ETUDE DU COMPORTEMENT RHEOLOGIQUE DES COMPOSITIONS ADHESIVES POLYCHLOROPRENE MODIFIEES

RESUME. On & proposé une nouvelle dpproche pour améliorer les propriétés technologiques des ddhésifs polychloropréne en chingeint le régime de mélinge.
Cette dpproche d contribué non seulement a dméliorer les propriétés rhéologiques et mécaniques des adhésifs utilisés, mais égdlement a une explication théorique
détaillée du comportement rhéologique. Le but de cet drticle est d'étudier le comportement rhéologique des compositions adhésives polychloropréne modifiées
en fonction de I3 quantité d'dgent de modification et les régimes de mélange pour obtenir les pdrameétres optimdux du procédé de collage et pour 13 prédiction de
leurs caractéristiques technologiques. Sept types d'adhésifs a base de polychloropréne ont été utilisés et on a dppliqué une modification avec résine phénol-
formaldéhyde. On a étudié l'influence de 13 quantité d'agent de modification sur les régimes de trditement des composés de caoutchouc, sur les conditions de
réaction, sur le comportement rhéologique des polymeres liquides, sur les interactions qui se produisent entre le cdoutchouc et les dutres composants au sein des
compositions ddhésives, sur les propriétés d'adhérence des adhésifs polychloropréne. On a fdit une comparaison des données de I'andlyse rhéologique dvec les
résultats des observations microscopiques et les propriétés physico-mécaniques. En utilisant I'analyse rhéologique, on & trouvé que I'addition de I3 résine du
caoutchouc sur les rouledux pendant le processus de méldnge favorise I'ddhérence, conduit a un meilleur mouilldge des substrats et a 1a formation d'un joint forte.
On a déterminé |a quantité optimale de |a résine comme dgent pour améliorer 1a compatibilité entre les oxydes dssociés et le cdoutchouc de chloropréne et les
dssociésdu caoutchouc.

MOTS CLES: adhésifs chloroprene, résines, modificition, rhéologie, résistance
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INTRODUCTION

Polychloroprene adhesives are characterized by
high adhesion to many materidls due to the polar
nature and the crystallization ability of the chloroprene
rubber. They provide a flexible ddhesive film, an
ddhesive seam respectively, which is important to
footwear undergone multiple bending. The presence of
a crystalline phase, their ability to cure with metal
oxides, the compatibility of the chloroprene rubber
towards resin contributes to improved adhesion
properties. Mainly used for gluing, these adhesives,
however, are influenced by many factors that
sometimes have bad effects on the bond strength [1-5].
To achieve greater stability and strength of the glued
seam, different modifications of adhesive
compositions are applied [6-21].

Many of these modifications are with resing that
affect differently the mechanical and rheological
properties of the adhesive compositions. It is
particuldrly important to dchieve optimal amounts of
the resins used in the adhesive compositions, and its
positive effect on the properties of the bonded
substrates.

Modifying additives dare commonly used for
chloroprene based adhesives, i.e. phenol formaldehyde
and coumarone-indene resins, improving the adhesion
and the viscosity of the adhesive. According to the
authors [4] the optimal amount of the aforementioned
resing is 20 phr per 100 phr rubber. According to J.
Martinez [5, 11], the p-tert-butyl phenol resing are most
commonly used as modifiers for polychloroprene based
adhesives, which achieve higher adhesion and heat
resistance of the adhesive. The recommended amounts
of the resin are as follows: from 35 to 50 phr, optimal
properties are obtdined at 40 phrresin.

For an explanation of the mechanism of the
rubber with thermosetting resins, it is necessary to take
into account the high reactivity and the poly-
functionality of the resins [6]. Various rubber-resin
structures on the molecular and over-molecular level
dare formed. Great influence on the mechanism of
reinforcement has the rubber type and the method of
mixing [4, 6, 10].

The rheological behavior of the adhesive
composition is important, and it is a problem in
industrial application of concentrated suspensions,
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INTRODUCERE

Adezivii policloroprenici se caracterizeaza prin
daderenta mare la multe materiale datorita naturii
polare si capdcitatii de cristalizare a cauciucului
cloroprenic. Acestia oferd o peliculd adeziva si o
imbinare flexibila, ceed ce este important pentru
incdltdmintea supusa la indoiri multiple. Prezenta fazei
cristaline, capacitatea adezivilor de a se vulcaniza cu
oxizi metalici si compatibilitatea cauciucului
cloroprenic cu rasind contribuie 1a Tmbunatatirea
proprietatilor de adeziune. Utilizate in principal pentru
lipire, acesti adezivi sunt insa influentati de mai multi
factori care au uneori efecte negative dsupra rezistentei
imbinarii [1-5]. Pentru a obtine o mai mare stabilitate si
rezistenta a imbinarii, se aplica diferite modificari ale
compozitiilor adezive [6-21].

Multe dintre aceste modificari se efectueaza cu
rasini care afecteaza in mod diferit proprietatile
mecadnice si reologice adle compozitiilor adezive. Este
deosebit de important sa se obtina cantitatile optime
dle rasinilor utilizate in compozitiile adezive si efectul
pozitiv al acestora asupra proprietatilor substraturilor
lipite.

Aditivii de modificare sunt frecvent utilizati
pentru adezivii pe baza de cloropren, de exemplu fenol-
formaldehida si rdsinile cumaron-indenice,
imbunatatind aderenta si vascozitatea adezivului.
Potrivit autorilor [4] cantitatea optima a rasinilor
mentiondte mai sus este de 20 phr I3 100 phr cauciuc.
Potrivit lui J. Martinez [5, 11], rasinile fenol p-tert-butil
sunt cel mai frecvent utilizate ca modificatori pentru
adezivi pe baza de policloropren, oferind adezivului
dderenta sirezistenta la caldura mai mari. Cantitatile de
rasina recomandate sunt urmatoarele: 35-50 phr,
proprietati optime obtinandu-se 13 40 phrrasina.

Pentru o explicatie @ mecanismului de ranforsare
a cauciucului cu rasini termoreactive, este necesar sa se
ia Tn considerare reactivitatea mare si poli-
functionalitatea rasinilor [6]. Se formeaza diferite
structuri cauciuc-rasina la nivel molecular si supra-
molecular. Tipul de cauciuc si metoda de amestecare
du o mare influenta asupra mecanismului de ranforsdre
[4,6,10].

Comportamentul reologic 3l compozitiei ddezive
este importdnt si constituie o problema in aplicatiile
industriale ale suspensiilor concentrate, dispersiilor,
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dispersions, latex, etc., which exhibit very strong
rheological effects, usually related to the
microstructure of the composition [2, 22]. The
mechanical and rheological properties of polymer
compositions are of interest, attributed not only to the
various technological issues of ddhesion, blending, and
lubrication, but they are also interesting from a
scientific perspective ds a prognosis of the behavior of
polymer blends in different conditions of deformation.
To ensure the best technological properties, it is
necessary that the plasticizers and the additives be
ddded in a larger amount to chloroprene blends. Very
often modification of the rheological behavior of such
blendsisrequired[21, 23].

It should be tdaken into daccount that
macromolecules of the chloroprene rubber are rigid or
in other words non-flexible and during the flow process
they move like “sticks”. If, in addition {o this effect,
there is a presence of filler and other ingredients in the
compound, this will resulf in & supplementary
increasing of the effective viscosity. For such materials
as chloroprene rubber it is typically the so-called
“chemical flow”, which passes through different stages
of breaking the chemical bonds due to the rupture of
the elastomeric chdins during the processing [24, 25].

The purpose of this work is to study the
rheological behavior of the adhesive compositions
based on chloroprene rubber with varying amount of
the phenol formaldehyde resin and of rubber
compounds processing regimes to achieve optimal
process parameters and to predict their technological
features.

MATERIALS AND METHODS

Objects of Investigation

1. Polychloroprene solvent based adhesives
prepared in ldboratory: PHL1, PHL2, PHL3, PHL4, PHLS5,
PHL6 and PHL7;

2. Varying of the p-tert.phenol-formaldehyde
resin amount (Resin 2402), respectively: 0, 16, 30, 40
and 60 phrresin dt different mixing regimes.

3. Substrates:

- standard rubber vulcanizates: DURELASTIK
compact rubber sheets (based on styrene-butadiene
rubber) for production of soles in footwear industry —
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l[atexului etc., care prezinta efecte reologice foarte
puternice, de obicei legate de microstructura
compozitiei [2, 22]. Proprietatile mecanice si reologice
ale compozitiilor polimerice prezinta un interes ridicat,
nu numai datorita diverselor aspecte tehnologice de
adeziune, amestecare si ungere, dar si din punct de
vedere stiintific, pentru prognoza comportamentului
amestecurilor polimerice in diferite conditii de
deformare. Pentru a asigura cele mai bune proprietati
tehnologice, este necesar ca plastifiantii si aditivii sa fie
adaugati intr-o cantitate mai mare in amestecurile
cloroprenice. Foarte adesea este necesara modificarea
comportamentului reologic al acestor amestecuri [21,
23].

Ar trebui sa se tina seama de faptul ca
macromoleculele de cauciuc cloroprenic sunt rigide
sau cu alte cuvinte, non-flexibile, siTnh timpul procesului
de curgere se misca precum ,bastoanele”. Daca, pe
langa acest efect, Tn compus exista sarja si alte
ingrediente, dcest lucru va dvea ca rezultat o crestere
suplimentara a vascozitatii efective. Pentru materiale
precum cauciucul cloroprenic este vorba, de obicei, de
dsa-numitul ,flux chimic”, care trece prin diferite stadii
de rupere a legaturilor chimice datorate ruperii
catenelorelastomericein timpul prelucrarii [24, 25].

Scopul acestei lucrari este de a studia
comportamentul reologic al compozitiilor adezive pe
baza de cauciuc cloroprenic cu cantitati varidbile de
rasina fenol-formaldehidica si regimuri diferite de
prelucrare @ compusilor de cauciuc pentru a obtine
parametrii optimi ai procesului si pentru a anticipa
caracteristicile tehnologice ale acestora.

MATERIALE S| METODE

Materiale utilizate in studiu

1. Adezivi policloroprenici in solvent preparati in
I3boritor: PHL1, PHL2, PHL3, PHL4, PHL5, PHL6 si
PHL7;

2. Rasina p-tert fenol-formaldehidica (Resin
2402), in cantitati variabile, respectiv: 0, 16, 30, 40 5i 60
phrrasina la diferite regimuri de amestecare.

3.Substrat:

- Cauciuc vulcanizat standard: foi de cauciuc
compact DURELASTIK (pe baza de cauciuc stiren-
butadienic) pentru fabricarea talpilor din industria
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supplied by “Elastik AD” (Bulgaria);
-natural ledather: calf nappa leather.

Ingredients, Formulations and Compounding of
Rubber Blends

The quantities of the ingredients used for the
rubber compounds are givenin Table 1.

incaltamintei - furnizate de ,, Eldastik AD” (Bulgarid);

- Piele naturala: piele Nappa de vitel.
Ingrediente, recepturi si compoundarea
amestecurilor de cauciuc

Cantitatile ingredientelor utilizate pentru
compozitele de cauciuc sunt prezentate in Tabelul 1.

Table 1: Ingredients for rubber compounds
Tabelul 1: Ingrediente pentru compozitele de cauciuc

;IIIIIII

Chloroprene rubber CR (Baypren 210)
Cauciuc cloroprenic CR (Baypren 210)

100 100 100 100 100 100 100

Chloroprene rubber (CR) Baypren 210 (LANXESS),
characterized by [26]: poly(2-chloro-1,3-butadiene),
mercaptan modified; of medium crystallization rate;
p=1.23 g/cm’; TT ~86°C; Tg ~-40°C, Mooney
UHL(1+4)100°C=3+4; Mm = 120000.

Zinc oxide (ZnO) (Briiggemann) was used as
vulcdnizing agent for CR [26]. White, solid, powder with
particles size 0.8+2.0 um, moisture content < 0.2 %;
p=4.9g/cm’.

Magnesium oxide (MgO) grade Elastomag 100
(Morton) was used as a scorch retarder in a variety of
elastomers and adhesives [26]. White, crystalline
powder with particles size > 150 um; p=3.2 g/cm’; pH
10.3; BET surface area 104 - 141 m’/g.

p-tert.Phenol-formaldehyde resin, grade Resin
2402 (Meyors Chemicals) was used as a tackifying resin
for chloroprene base adhesive, improving the heat
resistance and adhesive force. Itis especially applicable
to the adhesive for shoes [26]. Itis light yellow to amber
transparent lumpish solid; Mm = 500 - 1000; methylol

Cauciuc cloroprenic (CR) Baypren 210 (Ldnxess),
cu urmatoarele caracteristici [26]: poli(2-cloro-1,3-
butadiend), mercaptan modificat; cu grad mediu de
cristalizare; p = 1,23 g/cm’; TT ~ 86°C; Tg ~ -40°C,
Mooney UHL (1+4) 100°C=3+4; Mm =120000.

Oxidul de zinc (ZnO) (Briggemann) a fost utilizat
ca agent de vulcanizare pentru CR [26]. Pudra alba,
solidd, cu particule de dimensiuneda 0,8+2,0 um,
continut de umiditate <0,2%; p=4,9 g/cm’.

Oxidul de magneziu (MgO), Elastomag 100
(Morton), a fost folosit ca incetinitor de prevulcanizare
intr-o varietate de eldastomeri si adezivi [26]. Pudra
alba, cristaling, cu particule de dimensiunea > 150 um;
p=3,2g/cm’; pH 10,3; suprifatd BET 104-141 m°/g.

Rasina p-tert fenol-formaldehidica, Resin 2402
(Meyors Chemicals), a fost folositd ca rasina pentru
marirea aderentei pentru adezivul pe baza de
cloropren, Tmbunatatind rezistenta la caldura si
aderenta. Se poate aplica in specidl Ia ddezivi pentru
incdltaminte [26]. Este sub forma solida transparenta
cu forma neregulata, de culodre gdlben deschis
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groups more than 7 %; p = 1,04 g/cm’; softening point
75-85°C.

The compounding of rubber compositions was
performed with open laboratory mixing rolls: size L/D
320x360, revolutions of the slower roll 25 min™ &nd
friction1.27[1, 27].

Methods for Preparation of the Polychloroprene
Adhesives in Laboratory Conditions

Adhesive PHL1 (no resin): For the preparation of
ddhesive PHL1 was used a rubber compound
contdining respective amounts of ZnO and MgO (see
Table 1), which was dissolved in & mixed solvent in 3
ratio: acetone: toluene: petrol = 1:1.1:1.3, with
concentration of 25%. The solution was stirred in the
laboratory mixer at 1500 rpm for 4 hours [1, 27].

Adhesive PHL2: The same rubber compound was
used for the preparation of PHL2. Two separate
solutions with concentration 25% were prepdred: 1)
solution of the rubber compound and 2) solution of the
16 g resin in the same solvents. The solution of rubber
blend was stirred in the laboratory mixer at 1000 rpm
for 30 min. After that the solution of the resin was
added and stirring was continued at 1500 rpm for 4
hours.

Adhesive PHL3: For the preparation of PHL3 the
same method as for PHL2 was used, but the quantity of
theresinwas 30 phr.

Adhesive PHL4: For the preparation of PHL4 the
same method was used, but the quantity of the resin
was 60 phr.

Adhesive PHL5: The resin in an amount of 16 phr
was added to the rubber blend during the mixing on the
rolls. After that the solution of the rubber blend in
presence of the resin was stirred in the mixer at 1500
rpm for 4 hours.

Adhesive PHL6: The same mixing procedure (see
PHL5) was used for the preparation of PHL6, but the
quantity of the resin was 30 phr.

Adhesive PHL7: The same mixing procedure (see
PHL5) was used for the preparation of PHL7, but the
resin was 40 phr.

All 3adhesives were analyzed after preparation [1,
27].
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chihlimbar; Mm =500 - 1000; peste 7% grupari metilol;
p=1,04g/cm’; punct de ilnmuiere 75-85°C.

Compoundaread acestor compozitii de cauciuc s-a
realizat pe un valt de laborator cu urmatoarele
caracteristici: marimea L/D 320x360, revolutii ale rolei
mailente de 25 min™ sifrictiunea 1,27 [1, 27].

Metode de preparare a adezivilor policloroprenici in
conditii de laborator

Adezivul PHL1 (fara rasind): Pentru prepararea
adezivului PHL1 s-a folosit un amestec de cauciuc care
contine danumite cantitati de ZnO si MgO (vezi Tabelul
1), care a fost dizolvat intr-un amestec de solventi in
raport acetona:toluen:benzind = 1:1,1:1,3, cu
concentratie de 25%. Solutia a fost amestecata in
agitatorul de laborator, 1a 1500 rpm timp de 4 ore [1,
27].

Adezivul PHL2: Acelasi compus de cduciuc s-a
folosit pentru prepararea adezivului PHL2. S-au
preparat doua solutii separate cu concentratie de 25%:
1) solutia compusului de cauciuc si 2) solutia de rasina
16 gin dceidsi solventi. S-a dgitat solutia amestecului de
cauciuc in agitator, la 1000 rpm timp de 30 min. Dupa
aceea s$-a adaugat solutia de rasinad si s-a continuat
agitareala 1500 romtimp de 4 ore.

Adezivul PHL3: Pentru prepdrarea adezivului
PHL3 s-a utilizat aceedsi metoda ca si pentru PHL2, dar
cantitatea derasind afost de 30 phr.

Adezivul PHL4: Pentru prepdrarea adezivului
PHL4 s-a utilizat aceedsi metoda, dar cantitatea de
rasind afostde 60 phr.

Adezivul PHL5: S-a adaugat rasina in cantitate de
16 phrla amestecul de cauciuc in timpul amestecarii pe
valt. Dupd aceea s-a agitat solutia amestecului de
cauciuc in prezenta rasinii in agitator, 1a 1500 rpm {imp
de4ore.

Adezivul PHL6: s-a utilizat aceedsi procedura de
amestecare (vezi PHL5) pentru prepardred adezivului
PHL6, dar cantitatea de rasina a fost de 30 phr.

Adezivul PHL7: s-a utilizat aceeasi procedura de
amestecare (vezi PHL5) pentru prepardred adezivului
PHL7, dar cantitatea de rasina afost de 40 phr.

Toti adezivii au fost analizati dupa preparare [1,
27].
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Methods for Investigation

Determination of the Viscosity

The rheo-viscometer Hoppler was used according
Standard BDS EN 12092:2003 (Determination of
viscosity). The adhesive was poured into a test tube and
at 20°C above it was mounted a glass ball, which was
loaded with different weights. The time for passing the
ball through the solution in the tube was medsured and
the dynamic viscosity was calculated using the
following formula [27]:

7

n — viscosity [cP]; K — constant of the used
tube;

p — shear stress [g/cm’]; t — time for passage the
ball [s].

Optical Microscopy

Optical microscopy is one of physical methods
which are applied when studying the structure of
polymers [28]. For morphological studies was used
polarizing microscope type MIN-9. Diluted adhesive
solutions were prepared and were poured on slides and
then 2 hours after evaporation of the solvents to form
dadhegsive film. The films were subjected to mechanical
impact by metal blade. In the resulting texture
repeated medsurements with graticule in different
areds of its deformation band width (d) and total width
of the texture (L) were made. The ratio between the
total width of the deformation texture and the
deformation band width was represented by
coefficient of mechanical crystallization (CMC) of the
ddhesive. Microscopic imdges were made at
magnification of 70 times.

Determination of Peel Resistance

The bond strength of adhesive was measured by
peel resistance tests daccording to Standard BDS EN
1392:2006 (Test methods for medsuring the bond
strength under specified conditions). The
measurements were performed on dynamometer type
SATRA — STM 466. Samples of 150 x 20 mm have been
cut from the standard rubber material (Durelastik) with

Metode de studiu

Determinarea vdscozitatii

S-a utilizat reoviscozimetrul Hoppler in
conformitate cu standardul BDS EN 12092:2003
(Determinarea vascozitatii). Adezivul a fost turnat intr-
o eprubeta si deasupra acesteia, la 20°C, a fost montata
o bila de sticld, incarcata cu greutati diferite. S-a
masurat durata trecerii bilei prin solutia din eprubetad si
s-a calculat vascozitatea dinamica folosind urmatoarea
formula [27]:

=K. pt (1)

n — vascozitatea [cP]; kK — constantd eprubetei
utilizate;

p — tensiuned de forfecire [g/cm’]; t — durdtd
treceriibilei [s].

Microscopie opticd

Microscopia opticd este una dintre metodele
fizice care se aplica atunci cand se studiaza structura
polimerilor [28]. Pentru studiile morfologice s-a
folosit microscopul cu polarizare de tip MIN-9. S-au
preparat solutiile adezive diluate si s-au turnat pe
[amele; dpoi, la 2 ore dupa evaporarea solventilor s-
a format pelicula de adeziv. Peliculele du fost supuse
impactului mecanic al ldmelor metalice. S-au
efectuat masuratori repetate in textura rezultata, cu
reticul in diferite zone ale latimii benzii de
deformare (d) si ale latimii totdle (L) a texturii.
Raportul dintre latimea totala a texturii de
deformare si latimed benzii de deformare a fost
reprezentat prin coeficientul de cristalizare
mecanica (CMC) al adezivului. S-au redlizat imagini
microscopice |a magnitudine 70.

Determinarea rezistentei la desprindere

Aderenta compozitiilor adezive a fost masurata
prin teste de rezistenta 1a desprindere conform
standardului BDS EN 1392:2006 (Metode de incercare
pentru masurarea rezistentei Tmbindrii in conditii
specificate). Masuratorile au fost efectuate cu un
dindmometru tip SATRA - STM 466. S-au tdiat probe de
150 x 20 mm din materidlul de cauciuc standard
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2 mm thickness and from leather, respectively. The
samples were joined by applying the adhesives in two
layers. Drying time for first layer is 10 min and for
second layer is 25 min at room temperature. The
samples were pressed and then separdated on a
dynamometer at speed of 100 mm/min after 168
hours. The lodd (power) causing bredking the bond in
each of the zones (the sample is pre-divided into 10
zones in length) was recorded and the peel strength
[N/mm] of the investigated samples was calculdted
[27].

RESULTS AND DISCUSSION

Determination of the Viscosity of Investigated
Adhesives

In order to determine the viscosity of
polychloroprene adhesives we used Hoppler Reo-
viscometer. Medsurements were performed at the
same temperature, respectively 20°C, but under
different shear stresses. Rheological characteristics are
presentedin Table 2.

(Durelastik), cu 2 mm grosime, respectiv din piele.
Probele s-au Tmbinat prin aplicarea adezivilor in doua
straturi. Timpul de uscare pentru primul strat este de 10
min, idar pentru al doiled strat este de 25 min I3
temperatura camerei. Probele du fost presdte si apoi
separate cu un dinamometru la viteza de 100 mm/min,
dupd 168 de ore. S-a inregistrat sarcind (forta) care
cauzeaza ruperea legaturii in fiecare zona (proba este
pre-impartitd in 10 zone pe lungime) si s-a calculat
rezistentd |3 desprindere [N/mm] & probelor studiate
[27].

REZULTATE SI DISCUTII

Determinarea vascozitatii adezivilor studiati

Pentru a determind vascozitatea adezivilor
policloroprenici s-a folosit reoviscozimetrul Hoppler.
Masurdtorile au fost efectuate la aceeadsi
temperatura, respectiv 20°C, dar |3 diferite tensiuni
de forfecdre. Caracteristicile reologice sunt
prezentate in Tabelul 2.

Table 2: Viscosity of investigated adhesives in dependence of the sheadr stress
Tabelul 2: Vascozitatea adezivilor studiati in functie de tensiunea de forfecare

Viscosity of PHL1, [cP]
ViGscozitatea PHL1, [ cP]

1695 1590 1416 1361

Viscosity of PHL3, [cP]
Vi@scozitatea PHL3, [ cP]

Viscosity of PHL5, [cP]
Vi@scozitatea PHLS5, [ cP]

Viscosity of PHL7, [cP]
Vi@scozitatea PHL7, [ cP]

The data from the table show that the majority of
the tested solutions exhibit non-Newtonian behavior
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Datele din tabel arata ca majoritatea solutiilor
testate prezinta un comportament non-newtonian si se
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and which is characterized by the phenomenon thixotropy
duetothe presence of supramolecular structures.

In Figure 1 and 2 the dependences of the
viscosity of the adhesive solutions v/s the resin
amount dre shown. Interestingly, in Figure 1 the
presence of maximum at resin amount of 16 phr is
observed, i.e. the viscosity of the ddhesive PHL2 is
significantly higher than the viscosity of PHL1
(without resin) and then a sharp reduction in the
viscosity is observed at the PHL3 (the resin amount is
30 phr). The redson for the high viscosity of the
dadhesive PHL2 is most likely due to the incompatibility
betweentheresinandtherubber.

- PHL2
UES!
2000
PHL1
1500 o
1000
500
.‘-\_________-.
PHL3
PHL4
0 T T T T

0 0 20 D 0 B 60Cmesh,phr

Figure 1. Dependence of viscosity n v/s
the resin concentration C for adhesives:
PHL1, PHL2, PHL3 and PHL4 at shear stress of 30 g/cm’
Figura 1. Dependenta vascozitatii, n,
de concentratia rasinii, C, pentru adezivii
PHL1, PHL2, PHL3 si PHL4
la tensiunea de forfecare de 30 g/cm’

The mixing of the rubber with resol and novolak
resing during the thermal processing the resin is
structured by a complex variety of sized insoluble resin
particles [6]. The high reactivity and the poly-
functionality of the resins are to be under review.
Different rubber-resin structure formation occurs on
molecular and overmolecular level. This leads to
increasing of the viscosity of the adhesive compositions
in the presence of resins. The other reason is the

caracterizeaza prin fenomenul de tixotropie datorat
prezentei unor structuri supramoleculare.

Figurile 1 si 2 prezintd dependenta vascozitatii
solutiilor adezive de cantitatea de rdsina. Este
interesant de observat in Figura 1 prezenta unui punct
maxim |3 cantitatea de rasind de 16 phr, ceea ce
inseamnad ca vascozitatea adezivului PHL2 este
semnificativ mai mare decat vascozitatea adezivului
PHL1 (fara rdsind), si apoi se observd o reducere
considerabila a vascozitatii adezivului PHL3 (cantitatea
de rasina este de 30 phr). Vascozitated mare a
ddezivului PHL2 se datoreaza, cel mai probabil,
incompatibilitatii dintre rasina si cauciuc.

N[cP]
2000
1500 -
1000 4
500
N
0 T T T T
0 10 20 0

Cresins, phr

Figure 2. Dependence of viscosity n v/s
the resin concentration C for adhesives:
PHL1, PHLS5, PHL6 and PHL7 3t shear stress of 30 g/cm’
Figura 2. Dependenta vascozitatii, n,
de concentratia rdsinii, C, pentru adezivii
PHL1, PHL5, PHL6 si PHL7
la tensiunea de forfecare de 30 g/cm’

Prin amestecarea cauciucului cu rezol si rasini
novolac in timpul tratamentului termic rasina este
structurata intr-o varietate complexa de particule
insolubile de rasind de dimensiuni diferite [6]. Se vor
evalua reactivitatea ridicata si polifunctionalitatea
rasinilor. Formarea unor structuri diferite cauciuc-
rasind are loc la nivel molecular si supramolecular.
Aceadsta conduce |a cresterea vascozitatii compozitiilor
ddezive in prezenta rasinilor. Un alt motiv este prezenta

Ledther and Footwedr Journal 14 (2014) 4




INVESTIGATION OF RHEOLOGICAL BEHAVIOR OF MODIFIED POLYCHLOROPRENE ADHESIVE COMPOSITIONS

presence of undispersed ingredients in the rubber
matrix, as evidenced by microscopic images of PHL2
(Figure 4). The resin remains on separate domdins and
itis not well dispersed inthe mass of the elastomer.

The high content of overmolecular structures in
the chloroprene rubber ledads to an abrupt change in
the mechanism of flow. Therefore, the flow of
chloroprene rubber compound is a sophisticated
complex of pardllel running physicdl and chemical
processes, where each of them is with a different rate
at different temperature [24]. It is due to the polarity of
rubber macromolecules and their strong effect of
decredsing the flexibility; the “chemical” flow of the
rubber, which probably leads to a substantial change in
its macromolecules, because of the fact that the
macromolecules produced during the flow recombine
in the presence of the oxygen and other ingredients in
the compound during the processing (i.e. on the mixing
rolls); the mixing of the rubber with different
ingredients leads to change the viscosity; the physical
and chemical interactions occur between the
ingredients of the blend and others.

The amount of the resin in the adhesive PHLS is
the sdme ds in PHL2 (16 phr), but it is added during the
blending on the mixing rolls (Figure 2). A significant
decreasing of the viscosity of the PHL5 in the presence
of the modifying agent was observed. The curve from
the dependence on Figure 2 there is the reverse course
in compadrison with Figure 1, but only for the region
corresponding to the resin concentration of 16 phr. This
peculidrity is due to the fact that the resin enters more
fully between the macromolecules of the elastomer at
the adhesive PHL5 under the influence of the rubbing
action of the mixing machine, and this structure
corresponds to a real plasticization [29]. In preparing
the adhesives by adding of the resin solution, the resin
acts as an intermediary structural plasticizer (i.e. PHL2)
which is positioned between the over-molecule
structures of the chloroprene rubber. Under the
influence of mechanical forces the resin is dble to enter
between the macromolecules of the rubber during the
mixing process on the rolls, playing the role of internal
structural plasticizer (PHL5) [7, 30, 31].

According to J. Martin-Martinez [11], p-tert-butyl
phenol resins are the most used as modifiers for
polychloroprene based adhesives, which achieve
higher adhesion and heat resistance of the adhesive.
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unor ingrediente nedispersate in matricea de cauciuc,
dupa cum reiese din imaginile microscopice ale adezivului
PHL2 (Figura 4). Rasina ramane Tn zone distincte si nu este
bine dispersatain masa elastomerului.

Continutul ridicat de structuri supramoleculare in
cauciucul cloroprenic conduce la o schimbare brusca a
mecdnismului de curgere. Prin urmare, fluxul
amestecului de cduciuc cloroprenic este un complex
sofisticat de procese fizice si chimice care functioneaza
in paralel, fiecare dintre ele I3 o viteza diferita si Ia
temperaturi diferite [24]. Aceasta se datoreaza
polaritatii macromoleculelor de cauciuc si efectului lor
puternic de scadere a flexibilitatii; fluxul ,chimic” al
cauciucului, care conduce, probabil, 13 o schimbare
substantiala Tn macromoleculele sale, din cauza
faptului ca macromoleculele produse in timpul fluxului
se recombina in prezenta oxigenului si a altor
componente dle compusului in timpul prelucrarii (de
exemplu pe valt); amestecdrea cauciucului cu diferite
ingrediente conduce 13 modificarea vascozitatii;
interactiunile fizice si chimice du locintre ingredientele
amesteculuisicelelalte.

Cantitatea de rasina din adezivul PHL5 este
dceedsi ca in cazul adezivului PHL2 (16 phr), dar este
addugata in timpul amestecarii pe valt (Figura 2). S-a
observat o scadere semnificativa a vascozitatii PHL5 in
prezenta agentului de modificare. Curba dependentei
din Figurd 2 dre un curs invers in comparatie cu cea din
Figura 1, dar doar pentru regiunea care corespunde
concentratiei de rasina de 16 phr. Aceasta
particularitate se datoreaza faptului ca rasina patrunde
mai bine intre macromoleculele elastomerului in cazul
ddezivului PHL5 sub influenta actiunii de frecdre a
masinii de amestecare, iar aceasta structura
corespunde unei plastifieri redle [29]. La prepararea
adezivilor prin adaugarea solutiei de rasind, rasina
actioneaza ca un plastifiant structural intermediar
(adica PHL2) care este pozitionat intre structurile
supramoleculare ale cauciucului cloroprenic. Sub
influenta unor forte mecanice, rasina este capabila sa
patrunda intre macromoleculele de cduciuc in timpul
procesului de amestecare pe valt, cu rol de plastifiant
structuralintern (PHL5) [7, 30, 31].

Potrivit lui J. Martin-Martinez [11], rasinile
fenolice p-tert-butil sunt cele mai folosite ca
modificatori Tn ddezivii pe baza de policloropren, care
du aderenta si rezistenta la caldura mai mare. El a
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He described the reaction of this type of resin with MgO
in solution to obtain an infusible resinate which
improves heat resistance and reduces thermoplasticity
of adhesive mixture. Carried over {o our case, we could
suggest another possible reason for the sharply
observed increase of the viscosity value when adding of
small amount of resin (16 phr), i.e. the formation of
such a complex compound.

The better dispersion of the resin (due o the
mechanical stress of the mixing machine) leads to
increase of the contact surface area, and hence the
ddhesion of the adhesive to the substrate. By incredsing
the amount of the resin of 16 phr (PHL2) to 30 phr (PHL3)
(see Table 2, Figure 1), the viscosity value sharply
decreased, i.e. from 2496 to 425 cP, which severadl orders
of magnitude lower. A change in the mechanism of the
structure formation in the solution of the rubber and the
resin was observed. Most likely due to the resinin alarge
amount which the role of a dispersing agent and a
plasticizer, i.e., incredsing the macromolecules mobility
and reduce the viscosity of the mixture. As a result of the
interdction of the rubber with the surface of the resin
particles may be formed upon them & rubber cover,
which can lead to increased adhesion properties. When
the resing have a high affinity to the surface of the rubber
phase, it creates a specific highly organized structure [6].
It was found that the resinin an amount of 30 phrand the
mixing conditions favor the chemical interactions
between the resin and the rubber on the one hand and
withthe oxides onthe other [9].

Theresin added inthe largest amount, respectively
60 phr (PHL4) also reduces the viscosity das compared
with PHL3. This medns that with increasing the amount
of the resin more than 16 phr the viscosity of the
ddhesive composition is decredsed as a result of the
plasticizing, dispersing and the destructive action of the
resin with respect to the crystalline phase of the rubber.
Thus, incredsing the concentration of the resin makes it
difficult for the formation of the overmolecular
structures of the elastomer. It wds proved that the
compatibility between it and the chloroprene rubber is
deteriorated with increasing the amount of the resin
more than 30 phr. This large amount of the resin
deterioratesthe properties of the adhesive joint [8,9].

The viscosity of the adhesive PHL5 is several
orders of magnitude lower in compdrison with PHL2
(see Table 2), becduse the resin in an amount of 16 phr

descris reactia acestui tip de rasinda cu MgO in solutie
pentru d obtine un rezindt insolubil care imbunatateste
rezistenta la caldura si reduce termoplasticitatea
amestecului ddeziv. Revenind |a cazul nostru, am putea
sugera un alt posibil motiv pentru cresterea valorii
vascozitatii observata brusc atunci cand se adauga
cantitati mici de rasina (16 phr), si anume formarea
unui astfel de compus complex.

Dispersia Tmbunatatita a rdsinii (ca urmare 3
stresului mecanic al masinii de amestecare) duce 13
cresterea suprafetei de contdct, si prin urmare 1a
daderenta adezivului pe substrat. Prin cresterea
cantitatii de rasina de |a 16 phr (PHL2) Ia 30 phr (PHL3)
(vezi Tabelul 2, Figura 1), valoarea vascozitatii a scazut
brusc, sianume de 13 2496 13 425 cP, cu cateva ordine de
marime. S-a observat o schimbare in mecanismul de
formare a structurii in solutid de cduciuc si rasina. Cel
mai probabil se datoreaza rasinii infr-o cantitate mare
care are rolul de agent de dispersie si plastifiant,
crescand mobilitated macromoleculelor si reducand
vascozitdted dmestecului. Tn urma interactiunii
cauciucului cu suprafata particulelor de rasind, pe
dcestead se poate forma un strat de cauciuc, care poate
duce 13 cresterea proprietatilor de adeziune. Cand
rasinile au o afinitate mare pentru suprafata fazei de
cauciuc, se creeaza o structura specifica foarte bine
organizata [6]. S-a constatat ca rasina int{r-o cantitate de
30 phr si conditiile de amestecare favorizeaza
interactiunile chimice dintre rasina si cauciuc, pe de o
parte, si cu oxizii, pe de alta parte [9].

Rasina addugatd n cantitated ced mai mare,
respectiv 60 phr (PHL4) reduce, de asemened,
vascozitatea in comparatie cu PHL3. Aceasta inseamna
ca, odata cu cresterea cantitatii de rasina peste 16 phr,
vascozitatea compozitiei ddezive este redusa ca urmare
a plastifierii, dispersarii si actiunii distructive a rasinii in
raport cu faza cristalind a cauciucului. Astfel, cresterea
concentratiei de rdsinda ingreuneaza formarea
structurilor supramoleculare ale elastomerului. S-a
demonstrat ca compatibilitatea dintre acedsta si
cauciucul cloroprenic scade odata cu cresterea
cantitatii de rasina peste 30 phr. Aceasta cantitate mare
de rasina deterioreaza proprietatile de imbinare ale
adezivului [8, 9].

Vascozitatea adezivului PHL5 este cu cateva ordine
de marime mai mica in comparatie cu adezivul PHL2
(vezi Tabelul 2), deodrece s-a adaugat rasind intr-o
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was added to the mixture during processing of the
rubber on the rolls. It is not such a significant difference
between the values of the viscosity of the PHL3 and
PHL6 containing the same amount of resin (30 phr), but
with different blending mode. The resin exhibits
optimal plasticizing effect at the amount of 30 phr and
is not affected by mixing regime that conclusion is not
valid for other ddhesives.

For adhesive PHL7 at two different stresses the
viscosity values are dlmost identical, which implies the
presence of less overmolecular structures and
disappedrance of the crystalline phase, which is
observed by microscopic investigations. In this case,
the resin acts as a plasticizer and dispersing agent
which facilitates the homogenization process of the
compound. This different behavior, most probably,
contributes to the better distribution of the resin within
the rubber compound. Much of the chloroprene
rubber is dissolved in the resin. This is the resulting
effect of plasticized elastomer. This, probably, increases
the physical bonds between the resin and the rubber.
Theresinis separated ds a second phase.

The alkyl phenol formaldehyde resin, that we
used, contdins terminal methylol groups, which during
the mixing process are grafted to the rubber
macromolecules, and thus probably, create chemical
bonds [9,32]. The proof is the resulting homogenous
solution which does not stratifies into fwo phdses—one
for the resin and other for the rubber, while this
stratification is observed for other adhesives.

The type of the rubber and the mixing method
exercise important influence on the reinforcement
mechanism [6]. Most of reinforced rubbers by
thermoplastic and thermosetting resins are incompatible
and which form a heterogeneous two-phase system. If
large amounts of resing introduced in the compositions,
which is necessary for the interaction with the rubber on
molecular level, @ new resin phase is formed within the
rubber medium. The essentidl damount of the resinisin the
form of a separate phase (Figure 3).
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cantitate de 16 phr la amestec in timpul prelucrarii
cauciucului pe valt. Nu existd o astfel de diferenta
semnificativa intre valorile vascozitatii adezivilor PHL3
si PHL6 care contin aceedsi cantitate de rasina (30 phr),
dar cu mod de amestecare diferit. Rasina prezinta un
efect optim de plastifiere in cantitatea de 30 phr si nu
este afectatda de regimul de amestecare, aceasta
concluzie nefiind valabila si pentru alti adezivi.

Pentru adezivul PHL7 la doua tensiuni diferite,
valorile vascozitatii sunt aproape identice, ceea ce
implica prezenta unui numar mai mic de structuri
supramoleculare si disparitia fazei cristaline, care se
observa prin investigatii microscopice. in acest caz,
rasind actioneaza ca plastifiant si agent de dispersie
care faciliteaza procesul de omogenizare a compusului.
Acest comportament diferit, cel mai probabil,
contribuie la o mai buna distributie a rasinii in interiorul
compusului de cauciuc. O mare parte din cauciucul
cloroprenic se dizolva in rasina. Acesta este efectul care
rezulta in urma plasticizarii elastomerului. Acest lucru,
probabil, creste legaturile fizice intre rasina si cauciuc.
Rasina este separatd ca o adouafaza.

Rasina alchil fenol-formaldehidica folosita contine
grupe metilol terminale, care in timpul procesului de
amestecare sunt grefate pe macromoleculele
cauciucului, si astfel creeaza, probabil, legaturi chimice
[9, 32]. Dovada este solutia omogena rezultata care nu
se stratifica in doua faze - una pentru rasinad si cealalta
pentru cauciuc, iar aceasta stratificare se observa si la
altiadezivi.

Tipul de cauciuc si metoda de amestecare exercita
o influenta importanta asupra mecanismului de
ranforsare [6]. Majoritatea cauciucurilor ranforsate cu
rasini termoplastice si termorigide sunt incompatibile
si formeazd un sistem bifazic eterogen. Tn cazul in care
in compozitii se adauga cantitati mari de rasini,
necesare pentru interdctiunea cu cauciucul la nivel
molecular, se formeaza o noua faza de rasina in mediul
de cauciuc. Cantitatea esentidla a rasinii este sub forma
uneifaze separate (Figura 3).
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Figure 3. Microscopic observations on the rubber-resin phase in the structure of the adhesive composition PHL4
Figura 3. Imagini microscopice ale fazei cauciuc-rasina in structura compozitiei adezive PHL4

By rheological investigations of the adhesive
compositions with varying the resin amounts it can be
concluded that the optimal amount of resin, is 30 phr,
which is confirmed by microscopic and physico-
mechanical tests. The resin in an dmount different from
30 phr is influenced by mixing regime, for example at
PHL2 and PHL5. In these cases the preliminary mixing of
the resin withthe rubber ontherollsis preferable.

The viscosity of the adhesive composition is
extremely important for high ddhesive bond strength
and the wetting of the substrate by the adhesive. The
high values of the viscosity, for example at PHL2, do not
favor the good adhesion properties and adhesive is
dpplied difficulty on the surface of the substrate. With
PHL4 and PHL7 the viscosity was too low, the adhesive
well wetted substrate, but the ddhesion properties are
deteriorated due to stratification of the adhesive
solution and the absence on a crystalline phase in the
rubber matrix. For the technological processes, is
extremely importdnt to know the optimal process
pardameters in order to facilitdte the processing and
exploitation of the products. Therefore, we can
recommend the optimum amount of the resin at 30 phr
for such adhesive compositions.

Results of Microscopic Investigations

Using optical microscopy the crystallization
process of CR-building seven different adhesives were
studied [28]. Applying that method an attempt was
made to expldin the results obtdined for bonding
various substrates with the investigated adhesives, and
to expldin the processes occurring in the formation of
ddhesive joint.

Prin studiile reologice dle compozitiilor adezive cu
diferite cantitdti de rdsind se poate concluziona ca
valoarea optima a cantitatii de rasina este de 30 phr,
fapt confirmat prin teste microscopice si fizico-
mecanice. Rasina intr-o cantitate diferita de 30 phr este
influentata de regimul de amestecare, de exemplu la
PHL2 si PHL5. Tn aceste cazuri este de preferat
amestecarea preliminara a rasinii cu cauciuc pe valt.

Vascozitatea compozitiei adezive este extrem de
importanta pentru o buna rezistenta a imbinarii si
pentru umectarea substratului cu adeziv. Valorile
ridicate ale vascozitatii, de exemplu la PHL2, nu
favorizeaza proprietatile bune de aderenta si adezivul
este dplicat cu dificultate pe suprafata substratului. La
PHL4 si PHL7 vascozitatea a fost prea mica, adezivul a
umezit bine substratul, dar proprietatile de aderenta
du fost slabe din cauza stratificarii solutiei adezive si
dbsentei fazei cristaline in matricea de cauciuc.
Pentru procesele tehnologice, este extrem de
important sa se cunoasca parametrii optimi ai
procesului, pentru a facilita prelucrarea si exploatarea
produselor. Prin urmare, se poate recomanda
cantitatea optima de rasina la 30 phr pentru astfel de
compozitii ddezive.

Rezultatele studiilor microscopice

Procesul de cristalizare pentru obtinerea a sapte
ddezivi diferiti pe baza de CR a fost studiat folosind
microscopia optica [28]. Prin dplicarea acestei metode,
s-a incercat explicarea rezultatelor obtinute pentru
lipirea diferitelor substraturi cu adezivii sudiati, precum
si explicired proceselor care au loc |a formarea
Tmbinarii.
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The best crystallizing ability was observed in the
ddhesive film PHL1, in the absence of the resin in the
composition. Adding resin and increasing its
concentration within the adhesive compositions, a
decredse of the orientation ability of the rubber was
observed.

At PHL2 and PHLS5 (Figures 4 and 5) can be seen
well expressed fibrils, at PHLS5 all components were well
dispersed in the elastomer in contrast to PHL2.
Therefore, the resin amount 16 phr does not effect on
the crystallization, but it influences the viscosity.

Cea mai buna capacitate de cristalizare a fost
observata la pelicula adeziva PHL1, in dbsenta rasinii in
compozitie. La adaugarea rasinii si cresterea
concentratiei dcesteia in compozitiile adezive a fost
observata o scadere a capacitatii de orientare a
cauciucului.

La PHL2 si PHLS (Figurile 4 si 5) se pot vedea fibrile
bine definite; 1a PHL5 toate componentele du fost bine
dispersate n elastomer, spre deosebire de PHL2. Prin
urmare, cantitatea de rasina de 16 phr nu afecteaza
cristalizarea, darinfluenteaza vascozitatea.

Figure 4. Micrographs of adhesive PHL2
Figura 4. Micrografia adezivului PHL2

As it can been seen in Figures 6 and 7 there are
less expressed fibrils at the adhesive film of PHL3 in
contrast to the PHL6 (the same resin amount but
different mixing regime).

Figure 5. Micrographs of PHL5
Figura 5. Micrografia adezivului PHL5

Dupa cum se poate observa in Figurile 6 si 7,
fibrilele din pelicula adeziva PHL3 sunt mai slab
definite, in comparatie cu pelicula adeziva PHL6
(aceeasi cantitate de rasina, dar regim de amestecare
diferit).

Figure 6. Micrographs of adhesive PHL3
Figura 6. Micrografia adezivului PHL3
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Figure 7. Micrographs of PHL6
Figura 7. Micrografia adezivului PHL6
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With PHL3 components are not well dispersed in
the rubber matrix, while with the PHL6 there is a better
dispersion of the ingredients. The redson is the role of
the resin as a dispersing dgent and plasticizer on the
components in the rubber compound depending on
the mixing regime.

The resin in an damount of more than 30 phr
destroys completely the crystalline phase of the rubber
and the sdmple behaves as amorphous and the resin is
dllocated as a second phase (Figure 3).

Results of Determining Peel Strength

The reported results of the final bond strength
from repedted medsurements on the dynamometer
dre shownin Figure 8.

The polychloroprene adhesive is dppropriate for
bonding mainly the upper to sole details. To clarify the
reasons for the formation of a weadker or stronger
ddhesive bond between substrates, physico-
mechanical tests of the prepared by us seven
chloroprene bdsed adhesives have been carried out
with varying the amount of the resin and the mixing
regime of the resin with the rubber.

The bonding strength value for the ddhesive PHL1
(without resin) is high but irreguldr bonding in length of
the sample was observed. Adding the resin leads to
decredse the values for PHL2. For the adhesives: PHL3,
PHL5 and PHL6, the resin favors increased adhesion
properties, while with PHL2, PHL4 and PHL7, the
opposite is observed - a decrease in the bond strength
inthe presence of resin. The adhesive PHL2 was dpplied
on the sdmples too difficult due to its heterogeneity. At
PHL6 the value of bond strength is highest due to
optimal viscosity, good wetting capability and the
homogeneous distribution of the components.

These data strongly support the data from the
rheological tests and the microscopic studies
concerning the optimal amount of the phenol
formaldehyde resin and its mixing regime.

La PHL3, componentele nu sunt bine dispersate in
matricea de cauciuc, in timp ce I3 PHL6 exista o mai
buna dispersie a ingredientelor. Motivul este rolul
rasinii ca agent de dispersie si plastifiant asupra
componentelor din compusul de cauciuc, in functie de
regimul de amestecare.

Rasina intr-o cantitate mai mare de 30 phr
distruge complet faza cristalind a cauciucului, proba
este amorfa si rasina constituie o a doua faza (Figura
3).

Rezultatele determinarii rezistentei la desprindere

Rezultatele raportate n urma masuratorilor
repetate ale rezistentei Tmbinarii finale efectuate cu
dinamometrul sunt prezentate in Figura 8.

Adezivul policloroprenic este adecvat in special
pentru lipirea fetei de talpa. Pentru a clarifica
motivele pentru formared unei Tmbinari mai slabe
sau mai puternice Tntre substraturi, s-au efectuat
teste fizico-mecanice ale celor sapte adezivi pe baza
de cloropren preparati cu diferite cantitati de rasina
si regimuri diferite de amestecare a rdsinii cu
cauciuc.

Valoarea aderentei pentru adezivul PHL1 (fara
rasind) este mare, dar s-3 observdat o Tmbinare
neregulatda pe lungimea probei. Adaugarea rasinii
conduce la scaderea valorilor pentru PHL2. Pentru
ddezivii PHL3, PHL5 si PHL6, rasina favorizeaza
cresterea proprietatilor de dderenta, in timp ce la PHL2,
PHL4 si PHL7, se observa opusul - o scadere arezistentei
TmbindriiTn prezenta rdsinii. Adezivul PHL2 a fost aplicat
cu mare dificultate pe probe, datorita eterogenitatii
sale. La PHL6 valoarea rezistentei imbinarii este cea mai
mare datorita vascozitatii optime, capacitatii bune de
umezire sidistributiei omogene a componentelor.

Aceste date sustin cu tarie datele obtinute Tn urma
testelor reologice si studiilor microscopice privind
cantitated optima de rasina fenol-formaldehidica si
regimul de amestecare.
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Figure 8. Peel resistance for bonding substrates with investigated adhesives
Figura 8. Rezistenta la desprindere pentru substraturile lipite cu adezivii studiati

CONCLUSIONS

Investigations were mdde on the influence of the
preparation methods and the concentration of the alkyl
phenol formaldehyde resin in adhesive compositions
based on chloroprene rubber on the properties.

A new approach was proposed to improve the
technological properties of polychloroprene adhesives
by changing the mixing regime. This approach has
contributed not only to improve the rheological and
mechanical properties of the adhesives used, and also
for a detdiled theoretical explanation of the rheological
behavior.

By rheological studies, the flow regimes can be
established and it is possible to predict the properties
of the adhesive composition of given recipe, which is
extremely important for the technological processes.

The plasticizing and dispersing influence of the
resin was proved. It is in definite amounts when added
to the rubber compound on the rolls, is to obtain
adhesives of high quality. It was found that the optimal
amount of the resin at 30 phr and the method of
mixing, favors the good adhesion properties.
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