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HYBRID BIPOLYMERIC STRUCTURES BASED ON BUTADIENE-CO-ACRYLONITRILE AND STYRENE-BUTADIENE RUBBER REINFORCED WITH NANOPARTICLES
ABSTRACT. This work reports new polymeric structures based on butddiene-co-acrylonitrile and butddiene-styrene rubbers, reinforced with nanoparticles of
functiondlised cldy by the addition of ingredients such as protective agents, accelerators, pldsticizers, etc., in order to obtdin polymeric structures with
predetermined chardcteristics. These were developed on & roller mill and their composition is designed so as to be processed into finished products by press
molding, using the optimum processing technological pardmeters. Determining the optimal batch and ingredients in the structure of hybrid bipolymeric
compounds based on general purpose polymers used in the footwear industry and optimum technological processing conditions led to obtaining qualitative
performadnce in terms of physical-mechanical properties higher than those imposed by standards in force, especially concerning hardness, resistance to petroleum
oils and resistance to high temperature for d long time. Polymer structures were characterized in terms of behdvior in dggressive environments, high temperdture
resistance, physical-mechanical properties (normal state and after dccelerated aging).
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STRUCTURI BIPOLIMERICE HIBRIDE PE BAZA DE CAUCIUC BUTADIEN-CO-ACRILONITRIL $| BUTADIEN-STIRENIC ARMATE CU NANOPARTICULE
REZUMAT. in aceasts lucrare sunt raportate noi structuri polimerice pe bazi de cauciucuri butadien-co-acrilonitril si butadien-stirenic, ranforsate cu nanoparticule
de argila functionalizatd, prin adaosuri de ingrediente precum agenti de protectie, acceleratori, plastifianti etc., cu scopul de a obtine structuri polimerice cu
caracteristici prestabilite. Acestea au fost realizate pe valt si au compozitia proiectatd astfel incat sa fie prelucrate in produse finite prin metode de formare in matrita
si in presa, la parametri tehnologici optimi de prelucrare. Prin stabilirea cantitatii optime de sarjd si de ingrediente de amestecare din structura compoundurilor
bipolimerice hibride pe baza de polimeri de uz general utilizati in industria de incdltaminte si a conditiilor tehnologice optime de prelucrare, s-au obtinut
performante calitative precum proprietati fizico-mecanice superiodre celor impuse de standardele in vigoare, in specidl din punctul de vedere al duritatii, al
rezistentei la uleiuri petroliere si dl rezistentei la temperaturd timp indelungat. Structurile polimerice au fost caracterizate din punctul de vedere al comportarii in
medii agresive de lucru, al rezistenteila temperaturiinalte si al proprietatilor fizico-mecanice (stare normala si dupd imbatranire accelerata).

CUVINTE CHEIE: structuri bipolimere, butadien-co-acrilonitril, butddien-stirenic, nanoparticule

DES STRUCTURES BIPOLYMERIQUES HYBRIDES A BASE DE CAOUTCHOUC ACRYLONITRILE-BUTADIENE ET BUTADIENE-STYRENE RENFORCEES AVEC DES
NANOPARTICULES

RESUME. Cet article présente de nouvelles structures polymériques a bise de cioutchoucs dcrylonitrile-butadiene, butidiéne-styréne et renforcées dvec des
nanoparticules d'argile fonctionnalisée, par I'dddition d' ingrédients tels que des dgents protecteurs, des accélérateurs, des plastifiants, etc., afin d'obtenir des
structures polymériques dux caractéristiques prédéterminées. Celles-ci ont été développées sur un broyeur a cylindres et leur composition est congue de maniére
qu'on leg peut trangformer en produits finis par moulage a Id presse, en employdnt les parametres technologiques de traitement optimales. En déterminant le lot
optimal et les ingrédients de 13 structure des composés bipolymériques hybrides a base de polyméres d'usage général dans I'industrie de 1a chdussure et les
conditions technologiques de traitement optimales, on a obtenu une performance qualitative en tant que propriétés physico-mécaniques supérieures a celles
imposées par les normes en vigueur, notdmment en ce qui concerne |3 dureté, |a résistance a I'huile de pétrole et |3 résistance a 13 température. Les structures
polymériques ont été caractérisées en termes de leur comportement dans les environnements agressifs, 1d résistance a haute température, les propriétés physico-
mécaniques (étdt normal et apres vieillissement accéléré).

MOTS CLES: structures bipolymériques, dcrylonitrile-butadiene, butidiene-styréne, nanoparticules

INTRODUCTION INTRODUCERE

Research in the field of bipolymeric structures Cercetdrile in domeniul structurilor bipolimerice
reinforced with nanoparticles was stimulated by the armate cu nanoparticule au fost stimulate de aparitia
emergence of new reinforcing dgents in the form of unor noi agenti de ranforsare sub forma de particule cu
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nano-structured particles and chemically activated
surfaces and by the development of new composites
that provide high quality performdnce and a greener
processing technology [1-4]. Footweadr manufacturers
require advanced materials for processing and use,
which prompted the development of new hybrid
polymeric structures with nanostructured reinforcing
agents, with optimized properties compared to the
classic materials used in this field [5].

Assortment diversification is necessary due to
the increasingly stringent requirements imposed on
rubber footwear (boots, galoshes) and soles used in
various environments, especially in the field of
petroleum.

Processing natural and synthetic eldastomers
involves the use of numerous auxiliaries playing a well-
defined role in influencing the properties of finished
products or their cost. In order to obtain products with
predetermined physical and mechanical characteristics
depending on theirintended purpose, it is necessary to
use fillers and Aactivators of various types and
concentrations.

Labour protection is a state issue and includes all
rules and regulations of labour safety and hygiene,
dimed at providing the best working conditions,
preventing accidents and occupational diseases for
people who work in aggressive environments. In this
context, the topic of this phdse of the project was to
develop a bipolymeric material that combines the
properties specific to each elastomer to manufacture
products with predetermined characteristics,
depending on the area of application. These polymeric
structures obtdined by combining elastomers and
nanoparticles in different proportions, will be obtdined
in such manner as to be fit for use in chemical and
petrochemical industry, for security and protection in
chemical risk environments, such as those in the
metallurgical, dutomotive, petroleum, food sectors,
etc. working environments where footwear comes into
contact with aggressive chemicals [6-8].

The purpose of the paper is to develop hybrid
bipolymeric structures based on butadiene-co-
acrylonitrile and styrene-butddiene rubber by
reinforcing with nanoparticles for assortment
diversification, in which the continuous phase (polymer
matrix) is represented by butadiene-co-dcrylonitrile
rubber and butadiene-styrene rubber, and the

structura nano si suprafete activate chimic si de
dezvoltared unor noi compozite care sa asigure
performanta calitativa si ecologizarea tehnologiei de
prelucrare a acestora [1-4]. Producatorii de Tncaltaminte
solicita materiale performante la prelucrare si utilizare,
fapt ce a determinat realizarea unor noi structuri
polimerice hibride cu agenti de ranforsare
nanostructurati cu proprietati optimizate fata de
materialele clasice utilizate in acest domeniu [5].

Diversificarea sortimentala este necesara datorita
cerintelor tot mai riguroase impuse incaltamintei din
cauciuc (cizme, galosi) si talpilor, utilizdte in diverse
mediide lucru, in special in cel petrolier.

Prelucrarea elastomerilor naturali si sintetici
implica utilizarea a numeroase materiale auxiliare cu
rol bine determinat in influentarea proprietatilor
produselor finite sau a pretului de cost. Pentru a se
obtine produse care sda posede caracteristici fizico-
mecanice prestabilite Tn functie de destinatia lor, este
necesar sa se utilizeze sarje si activatori de diferite
tipuri si concentratii.

Protectia muncii este o problema de stat si
cuprinde ansamblul normelor si regulilor de tehnica a
securitatii si igiena a8 muncii, care au ca scop asigurarea
celor mai bune conditii de munca, prevenirea
dccidentelor si imbolndvirilor profesiondle pentru
persodnele cire muncesc in medii dgresive. Tn dcest
context s-a dezvoltat tematica prezentei faze a
proiectului de readlizare a unui material bipolimeric care
sa combine proprietatile specifice fiecarui elastomer
pentru a realiza produse cu cardcteristici prestabilite, in
functie de domeniul de utilizare. Aceste structuri
polimerice, obtinute prin combinareda in proportii
diferite a cauciucurilor si a cantitatii de nanoparticule,
vor fi astfel obtinute Tncat sa corespunda utilizarii in
industria chimica si petrochimica, pentru securitate si
protectie in medii de lucru cu risc chimic, precum cele din
sectodrele metalurgice, constructii de masini, petrolier,
dlimentar efc., locuride muncain careincaltdminted vine
n contact cu substante chimice agresive [6-8].

Scopul lucrarii este de realizare a unor structuri
bipolimerice hibride pe baza de cauciuc butadien-co-
acrilonitril si butddien-stirenic prin drmare cu
nanoparticule pentru diversificare sortimentala, in care
faza continua (matriced polimerica) este reprezentata
de cauciucul butadien-co-acrilonitrilic si butadien-
stirenic, iar faza discontinua o constituie materidlul de
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discontinuous phase is the reinforcing nanomedtric
material in powder form (mineral cldy with sandwich
structure (2:1) of montmorillonite functionalized with
various redactive octadecyldamine and
aminopropyliriethoxysildne groups) and other
ingredients characteristic to rubber mixtures
processed by vulcanization (antioxidants, accelerators,
activators, fillers, etc.) [9-12]. Nitrile rubber (NBR),
copolymer of acrylonitrile with butadiene is part of the
category of elastomers used in the manufacture of
products with special properties regarding resistance
to oils, thermostability, dabrasion and low gas
permeadbility. Styrene-butadiene rubber (SBR) is a
copolymer whose structural units consist of
butadiene and styrene monomers. This kind of rubber
was produced during the Second World War for
economic reasons, particularly expanded oil types,
with d cost about 50% lower compared to NBR and
natural rubbers [1, 13-15]. Although the characteristics
of tensile strength, permanent deformation and
impermeability to gases are similar to those of
butadiene-co-acrylonitrile rubber, resistance to
dbrasion, chemicals and contact heat are much better,
making this combination between {wo types of
eldstomer lead to products with advanced
characteristics. Given the good compatibility of NBR
rubber with other elastomers and the use of
montmorillonite in the mixture, bipolymeric NBR/SBR
structures were obtained, merging properties of the
two types of eldstomers.

The functional groups on the surface of
montmorillonite mineral clay interact with the
functional groups of the two types of rubber, ledding to
the development of a third intermediate layer called
interface. The interface can also serve as a nucleation
center, ds preferential site for adsorption and space for
chemical reactions. The use of such systems is required
by thermal resistance, mechanical strength, resistance
to dggressive agents, light weight, flexibility
characteristics, etc. [16-19].

EXPERIMENTAL

Materials

The following materials were used: butadiene-co-
acrylonitrile rubber (NBR) (Bdyer, Germany) and
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ranforsare pulverulent de dimensiuni nanometrice
(reprezentat de argila minerala cu structura sendvis de
tip (2:1) montmorilonit functionalizat cu diverse grupari
reactive de tip octadecilamina si aminopropiltrietoxisilan)
si dlte ingrediente de amestecare specifice amestecurilor
de cduciuc procesate prin vulcdnizare (antioxidanti,
acceleratori, activatori, sarje etc.) [9-12]. Cduciucul nitrilic
(NBR), copolimer al &crilonitrilului cu butadiena, face
parte dintre elastomerii care se utilizeaza |a fabricarea
unor produse cu insusiri deosebite privind rezistenta Ia
uleiuri, termostabilitate, abraziune si permeabilitate
pentru gaze redusa. Cauciucul butadien-stirenic (SBR)
este un copolimer ale carui unitati structurale sunt
reprezentate de monomerii butadiena si stiren. Acest tip
de cauciucafost produsin timpul celui de-al doilea razboi
mondial din motive economice, in principal a tipurilor
extinse cu ulei, avand un pret de cost cu aproximativ 50%
mai mic, comparativ cu cauciucurile NBR si natural [1, 13-
15]. Desi caracteristicile de rezistenta I3 rupere,
deformare permanenta si impermeabilitate |3 gaze sunt
asemdndtoare cu ale cauciucului butadien-co-
acrilonitrilic, rezistenta la abraziune, rezistenta la agentii
chimicisi caldura de contact sunt mult mai bune, ceea ce
face ca aceasta combinatie intre cele doua tipuri de
elastomeri sa conduca la produse cu caracteristici
performante. Avand in vedere compatibilitatea buna cu
alti elastomeri a cauciucului NBR si utilizarea
montmorilonitului Th amestec, s-au obtinut structuri
bipolimerice, NBR/SRB, caracterizate de proprietati
combinate ale celor doua tipuri de elastomeri.

Gruparile functiondle de pe suprafata argilei
minerdle de tip montmorilonit interactioneaza cu
gruparile functionale ale celor doua tipuri de cduciuc,
ceed ce conduce I3 dezvoltarea unui al treilea strat
intermedidar numit interfata. Interfata poate servi, de
asemenea, ca centru de nucleere, ca loc preferential de
adsorbtie si ca spatiu pentru redctii chimice. Utilizarea
unor astfel de sisteme este impusa de caracteristicile de
rezistenta termica, rezistentd mecadnica, rezistentad la
agentiagresivi, greutate redusa, flexibilitate etc. [16-19].

PARTEA EXPERIMENTALA

Materiale

Au fost utilizate urmatoarele materiale: cauciuc
butadien-co-acrilonitril (NBR) (Bayer, Germania) si
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styrene-butadiene rubber (SBR) (DuPont, France), with
the role of continuous polymeric phase; stedrin as
plasticizer and stabilizer; ZnO; active filler, curing
initiator, calcium carbonate, carbon black (all
manufictured by CAROCO, Bulgaria), graphite and
montmorillonite (MMT) nanoparticles, commercial
name Nanocor 1.31.PS (both Sigma-Aldrich Chemie,
Germany) - fillers, paraffin oil as plasticizer, N-isopropyl-
N'-phenyl-p-phenylenediamine (IPPD) antioxidant,
sulfur as curing agent, and tetramethylthiuram disulfide
(Th) and diphenylgudnidine (D) (Bdyer, Germany) ds
curing accelerators.

Preparation of Samples

Bipolymeric structures based on nitrile and
styrene-butddiene rubber, reinforced with
montmorillonite mineral cldy with octadecylamine and
aminopropyliriethoxysilane redctive groups, in the
presence of auxiliary materials such as plasticizers,
curing agents, curing accelerators, protective agents,
stabilizers, etc. were developed according to
formulation presented in Table 1, on a laboratory roller
mill with processing capacity of 1 kg of mixture, strictly
observing the order of infroducing mixing ingredients
(Table 2) and processed into finished products (plates)
by mold pressing methods, under optimal
technological processing parameters.

butadien-stirenic (SBR) (DuPont, Franta), cu rol de faza
continua polimerica; stedrind cu rol de plastifiant si
stabilizator; ZnO; sarja activa, initidtor de vulcanizare,
carbonat de calciu, negru de fum (todte produse de
firma CAROCO, Bulgarid), nanoparticule de grafit si
montmorilonit (MMT), cu denumired comerciald
Nanocor 1.31.PS (dmbele de 13 Sigma-Aldrich Chemie,
Germania) - sarje, ulei parafinic cu rol de plastifiant,
dntioxidantul N-izopropil-N'-fenil-p-fenilendiamina
(IPPD), agentul de vulcanizadre sulf si dcceleratorii de
vulcdnizare disulfurd de tetrametiltiuram (Th) si
difenilguanidina (D) (Bayer, Germania).

Prepararea probelor

Structurile bipolimerice pe baza de cauciuc nitrilicsi
butddien-stirenic, ranforsate cu argile minerdle de tip
montmorilonit cu grupari reactive de tip octadecilamina
si aminopropiltrietoxisilani, in prezenta materialelor
duxilidare precum plastifianti, agenti de vulcanizare,
dcceleratori de vulcanizare, agenti de protectie,
stabilizatori etc., s-au realizat conform recepturilor din
Tabelul 1, pe un valt de labordtor cu capdcitate de
prelucrare a 1 kg de amestec, cu respectarea stricta a
ordinii de introducere a ingredientelor de amestecare
(Tabelul 2) si prelucrate in produse finite (placi) prin
metode de formare in matrita si in presa tinand cont de
parametrii tehnologici optimide prelucrare.

Table 1: Formulations of hybrid bipolymeric structures based on butadiene-co-acrylonitrile
and styrene-butddiene polymers reinforced with MMT mineral clay
Tabelul 1: Recepturile structurilor bipolimerice hibride pe baza de polimeri butadien-co-acrilonitril
si butadien-stirenic prin armare cu nanoparticule de argila minerala de tip MMT

Butddiene-co-dcrylonitrile rubber
Cauciuc butadien-co-acrilonitril

Steadrin
Stearind

Calcium carbondte
Carbonat de calciu
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Table 1: Continued
Tabelul 1: Continuare

Carbon black
Negru de fum

IPPD dntioxidant
Antioxidant IPPD

Th dccelerator
Accelerator Th

Total

753.25
Total

The roller mill work method for the manufacture
of bipolymeric structures based on butadiene-co-
dcrylonitrile and styrene-butadiene rubber
reinforced with montmorillonite mineradl clay
functiondlized with octddecylamine and
aminopropyliriethoxysilane in the presence of
graphite nanoparticlesis the following:

e Nitrilerubberisintroduced on the thin roll (1-2
mm) and mixed until it becomes easy to process
(rubber plasticizing); it is removed as a sheet and
styrene-butadiene rubber is then plasticized under the
same conditions, then the nitrile rubber sheet is added
and mixed further until homogenisation;

e Zincoxideand stearinare added;

e Montmorillonite mineral clday functionalized
with octadecylamine and aminopropyltriethoxysilane
reactive groups, graphite nanoparticles, technical
grade CaCoO,, furndce carbon black, paraffin oil (3s
plasticizer) are added and mixing is continued until the
polymer composite becomes perfectly homogeneous
at40°c;

e |IPPD antioxidant is ddded and the mixture is
cut untilhomogenisation;

Revista de Pieldrie Incdltdminte 14 (2014) 1

753.25 783.25 783.25 783.25 783.25 783.25

Modul de lucru pe valt pentru realizarea
structurilor bipolimerice pe baza de cauciucuri
butadien-co-acrilonitrilic si butadien-stirenic
ranforsate cu argila minerala de tip montmorilonit
functionadlizat cu octadecilaminad, respectiv
dminopropiltrietoxisilan, in prezenta nanoparticulelor
de grafit este urmatorul:

* Se introduce cauciucul nitrilic pe valtul strans
(1-2 mm) si se amesteca pana devine usor de prelucrat
(plastifiere cauciuc); se scoate in fodie si se plastifiazain
dceleasi conditii si cauciucul butadien-stirenic, peste
care se adauga foaia de cauciuc nitrilic si se amesteca in
continuare pe valt panala omogenizare;

e Seaddaugaoxidul de zincsistearina;

e Se ddauga argila mineradla de tip
montmorilonit functionalizat cu grupari redctive de tip
octadecilamind, respectiv aminopropiltrietoxisilan,
nanoparticulele de grafit, CaCO, tehnic, negrul de fum
de furnal, uleiul parafinic (cu rol de plastifiant) si se
continua amestecarea pana cand compozitul polimeric
devine perfect omogen la temperatura de 40°C;

e Se adduga antioxidantul IPPD si se taie
amestecul panala omogenizare;
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processing times dre presentedin Table 2.

Sulfur and curing agents are added and the e Se adauga sulful si agentii de vulcanizare si se
mixture is refined;

rafineaza;

The order of introducing materials and the e Ordinea de introducere a materidlelor si {impii
de prelucrare pe valt se prezinta in Tabelul 2.

Table 2: Order of introducing materials and roller processing times
Tabelul 2: Ordinea de introducere a materialelor si timpii de prelucrare pe valt

Butddiene-co-acrylonitrile and styrene-butddiene rubber 3
Cauciuc butadien-co-acrilonitril si butadien-stirenic

Montmorillonite mineral cldy, CACO ;+ cdrbon black + pardffin oil
3. Argild minerald de tip montmorilonit, CaCO3+ negru de fum + 25-30
uleiul parafinic

Sulfur + Curing accelerators 3
Sulf + Acceleratorii de vulcanizare

1.

5.

Total

% Total

The mixture was removed from the roller mill in
the form of a sheet with a thickness of 2 mm and
dllowed to rest for 24 hours to condition it prior to
testing. It is important to note that in order to obtain a
polymeric composite with optimal properties, first
active fillers are added, and inactive or semi-active
fillers are added later to the mixture, along with liquid
plasticizers, to obtain a better dispersion. Bipolymeric
structures obtdined were tested in terms of their
physicdl-mechanical parameters (normal and
dccelerated aging) according to current standards,
presentedin Table 3.

51-57

Amestecul a fost scos de pe valt sub forma de
fodie cu grosimea de 2 mm si ldsat in repdus 24 de h
pentru conditionare, indinte de testare. Este important
de mentionat faptul ca, pentru obtinerea de proprietati
optime dle compozitului polimeric, sa se adauge mai
intai sarjele active, iar sarjele indctive sdu semiactive sa
fie introduse ulterior in amestec impreuna cu
plastifiantii lichizi pentru a se obtine o dispersare mai
buna. Structurile bipolimerice obtinute du fost testate
din punctul de vedere al parametrilor fizico-mecanici
(stare normald si Tmbatranire accelerata) conform
standardelorinvigoare, prezentate in Tabelul 3.
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Table 3: Physical-mechanical properties of bipolymeric structures based on butadiene-co-acrylonitrile
and styrene-butadiene rubber reinforced with MMT, in normal condition and after ageing
Tabelul 3: Caracteristicile fizico-mecanice ale structurilor bipolimerice pe baza de butadien-co-acrilonitril
si butadien-stirenic armate cu nanoparticule de MMT, in stare normala si dupa imbatranire stare normala

Hardness, °Sh A
Duritate, °Sh A 66 61 67 66 66 66 64
SR 1SO 7619-1:2011

Modulus, N/mm? 100%
Modul, N/mmzloo% 1.6 1.4 1.7 1.7 1.4 1.6 1.8
SR ISO 37:2012

Elongation at break, %
Alungire la rupere, % 400 200 340 387 340 273 300
SR ISO 37:2012

Tedr strength, N/mm
Rezistentd la sfdsiere, N/mm 20 15 23 22 26.5 17.5 22
SR EN 12771: 2003

Weir, mm?®
Uzurd, mm® 161 203 204 255 284 289 298
SR ISO 4649: 2010

Hardness, °Sh A
Duritate, °Sh A 66 61 68 67 67 67 65
SRISO 7619-1:2011

Modulus, N/mm2 100%
Modul, N/mm2 100% 1.5 1.4 1.7 1.7 1.7 1.5 1.3
SR ISO 37:2012

Elongation &t break, %
Alungire la rupere, % 380 220 373 340 300 340 300
SR ISO 37:2012

Tear strength, N/mm
Rezistentd la sfasiere, N/mm 22 9 29 20.5 18.5 22 17.5
SR EN 12771: 2003
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RESULTS AND DISCUSSIONS

The values of physical and mechanical
characteristics, in normal condition and after aging,
presented in Table 3, for samples of mixtures based on
nitrile and styrene-butddiene rubber and reinforced
with montmorillonite mineral cldy compared with
reference mixtures NO and BSO lead to the following
conclusions:

e Hardness values vary in small proportions in
relation to reference values (from 66 - NBR and 61 - SBR
at 67° Sh A) depending on the content of reinforcing
dgent used in polymeric structures, which
demonstrates that hardness increases proportionally
with the amount of montmorillonite nanoparticles.
After accelerated aging at 70°C for 168 h, insignificant
hardness increases by 1-2° Sh A are noticed in all
composites tested. In the case of bipolymeric
structures it is found that hardness decreases
proportionally with the amount of SBR rubber. NBS1
sample has a higher hardness than NO control, due to
the amount of MMT in the mixture, which is shown in
Figure 1.

REZULTATE SI DISCUTII

Valorile caracteristicilor fizico-mecanice, stare
normala si dupa Timbatranire, prezentate in Tabelul 3,
pentru probele redlizate din dmestecuri pe baza de
cauciuc nitrilic si butadien-strirenic ranforsate cu argila
minerala de tip montmorilonit, comparativ cu
amestecurile de referinta NO si BSO, conduc Ia
urmatoadrele concluzii:

e Valorile duritatii variaza in proportii mici
raportate la valorile de referinta (de la 66 - cauciuc NBR
si 61 - cduciuc SBR 13 67° Sh A) in functie de continutul
de agent de ranforsare utilizat 13 realizarea structurilor
polimerice, fapt ce demonstredza ca duritatea creste
proportiondl cu cantitatea de nanoparticule de
montmorilonit. Dupa imbatranire accelerata la 70°C,
timp de 168 h, se observa cresteri nesemnificative a
duritatii amestecurilor cu 1-2° Sh A 13 toate
compozitele testate. Se constata in cazul structurilor
bipolimerice ca duritateda scade proportional cu
cantitatea de cauciuc SBR. Proba NBS1 prezinta
duritate mai mare decat martorul NO datorita cantitatii
de MMT din amestec, fapt prezentatin Figura 1.
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Bipolymeric structures based on butadiene-co-acrylonitrile and styrene-butadiene rubber reinforced with nanoparticles
Structuri bipolimerice pe bazé de cauciuc butadien-co-acrilonitrilic $i butadien-stirenic prin armare cu nanoparticule

Figure 1. Hardness variation of bipolymeric structures based on butadiene-co-acrylonitrile and styrene-
butadiene rubber reinforced with nanoparticles, in normal condition and after dccelerated ageing 70°C x 168h
Figura 1. Variatia duritatii structurilor bipolimerice pe baza de cauciuc butadien-co-acrilonitril
si butadien-stirenic prin armare cu nanoparticule, in stare normala si dupa imbatranire accelerata 70°C x 168h

e Tensile strength value for NO control sample
bdsed on NBR is 9.1 N/mm’, dnd th&t of BSO control
sdmple based on SBR, 2.0 N/mm’. Mixing the two types
of eldastomers and MMT slightly decredses tensile
strength compared to NO, but it is higher than that of

e Valoarea rezistentei la rupere a martorului pe
bazi de cauciuc NBR-NO este de 9,1 N/mm’, iar a
martorului pe bazi de cauciuc SBR-BS0, de 2,0 N/mm”’.
Amestecarea celor doua tipuri de elastomeri si a MMT
scad slab valoarea rezistentei la rupere fata de NO, dar
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BSO control based on styrene-butadiene rubber (3.8-
7.8 N/mm®), proportiondlly to the percentige of two
elastomers in the tested bipolymeric structures. The
highest value is shown by NBS2 structure, containing
the two polymers in proportion of 50%. Also, adding
the functionalized reinforcing agent (MMT) leads to a
decrease in mixture eldsticity due to increadsed
viscosity and to the limitation of movement of rubber
macromolecules, as well as to an incredse in tensile
strength, from vélues of 2 N/mm?® obtdined for the
reference mixture (BS0) to dpproximately 4-7 N/mm’
in the case of composites containing 4%
montmorillonite, indicating strong interactions
between the functional groups of the polymer matrix
andthose onthe surface of the nano-sized reinforcing
agent. This is evidenced by the values of elongation at
break, from 273% to 387%. After dccelerated aging at
70°C for 168 h, elasticity of composites with higher
concentration of NBR (NO, NBS1, NBS2 and NBS3)
decreases, while for structures with higher
concentration of SBR (NBS4 and NBS5) it increases,
fact demonstrated by values of elongation at break
and elasticity (Figure 2).

e Tedr resistance (Figure 3) of composites
increases proportionally with the incredse in
reinforcing agent content and with the increase of
montmorillonite dmount, from values of 20 N/mm in
the case of NO reference mixture based on NBR and 15
N/mm for SBO reference mixture based on SBR, to
values ranging from 17.5 to 26.5 N/mm in the case of
bipolymeric structures reinforced with MMT. This
demonstrates that the nano-sized treated disperse
particles dbsorb some of the energy and as particle
size decredses, so does the possibility of void
formation. It was established experimentally that a
disperse filler has a reinforcing effect only if the size
of its particles is very small and if they are treated.
Another factor influencing optimization of
composite mixture properties is the presence of
residudl stresses (thermal expansion coefficients of
polymers and mineral fillers differ, which may
facilitate crack propagation and ultimately reduce
material resistance). When using functionalized
nanoparticles, due to interactions that develop
between the former and links existing on the
elastomer surface, stressis absorbed by the polymer
matrix. An unusual phenomenon that occurs after
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este mai ridicata decat a martorului pe baza de cauciuc
butadien-stirenic BSO (3,8-7,8 N/mm?), proportional cu
procentele celor doi elastomeri din structurile
bipolimerice experimentate. Valoarea cea mai mare
este prezentata de structura NBS2 cu amestecul celor
doi polimeri in proportie de 50%. Totodata,
introducerea agentului de ranforsare (MMT)
functionalizat conduce 13 micsordrea elasticitatii
amestecului datorita cresterii vascozitatii si a limitarii
libertatii de miscare @ macromoleculelor de cauciuc,
respectiv |3 cresterea rezistentei |a rupere, de 13 valori
de 2 N/mm’, obtinute in cizul Amestecului de referint3
(BSO) 13 cca. 4-7 N/mm’in cizul compozitelor cu 4%
montmorilonit, ceea ce indica interactiuni puternice
intre gruparile functiondle ale matricei polimerice si
cele de pe suprafata agentului de ranforsare de
dimensiuni nanometrice. Acest lucru este demonstrat
si de valorile alungirii la rupere, de la 273% la 387%.
Dupa imbatranire accelerata la 70°C, timp de 168 h, se
observa scaderea elasticitatii compozitelor cu
concentratie mai mare de NBR (NO, NBS1, NBS2 si
NBS3) si cresteread in cazul structurilor cu concentratie
mai mare de SBR (NBS4 si NBS5), fapt demonstrat de
valorile alungirii la rupere si elasticitate (Figura 2).

e Rezistenta |a sfasiere (Figurd 3) a compozitelor
creste proportional cu cresterea continutului de agent
de ranforsare, respectiv cu cresterea cantitatii de
montmorilonit, de |& valori de 20N/mm, in cazul
amestecului de referintd pe baza de cauciuc NBR-NO, si
de 15 N/mm |3 dmestecul de referintd pe baza de SBR-
SBO |3 valori cuprinse in intervalul 17,5-26,5 N/mm in
cazul structurilor bipolimerice ranforsate cu MMT.
Acest lucru demonstredza ca particulele disperse
tratate de dimensiuni nanometrice absorb o parte din
energie si, pe masura scaderii dimensiunii particulelor,
scade si posibilitatea aparitiei golurilor formate.
Experimental a fost stabilit ca un material de umplutura
dispers are efect de ranforsdare numai daca
dimensiunile particulelor sdle sunt foarte mici si sunt
tratate. Un alt factor ce intervine in optimizarea
proprietatilor amestecurilor compozite este prezenta
tensiunilor rezidudle (coeficientii de expansiune
termica ai polimerilor si umpluturilor minerale difera,
iar acest lucru poate facilita propagarea fisurii si, Tn
ultim& instinta, se reduce rezistentd materidlului). Tn
cazul utilizarii nanoparticulelor functionalizate,
datorita interactiilor ce se dezvoltd intre acestea si
legaturile prezente pe suprafata elastomerului,
tensiunile sunt preluate de matricea polimerica. Un
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dccelerated aging is that, instedd of tear strength
decredsing by a few percentages, a small increase is
noticed in mixtures with higher percentage of NBR
and MMT, which demonstrates the strong stability
given by the interdction of functional groups from
the nanostructure of the reinforcing agent with
elastomers, under the influence of temperature.

fenomen aparte, ce se manifesta dupa imbatranire
dccelerata este ca, in loc sa scada rezistenta |1a sfasiere
cu cateva procente, se observa o mica crestere in
amestecurile cu procent mai mare de cauciuc NBR si
MMT, fapt ce demonstreaza o puternica stabilitate data
de interactiuned, sub influenta temperaturii, a
gruparilor functionale din nanostructura agentului de
ranforsare cu elastomerii.

I NORMAL CONDITION / STARE NORMALA
I A CCELERATED AGEING / IMBATRANIRE ACCELERATA 70°C x 168h
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Figure 2. Elasticity varidtion of bipolymeric structures based on butadiene-co-acrylonitrile and styrene-
butadiene rubber reinforced with nanoparticles, in normal condition and after dccelerated ageing 70°C x 168h
Figura 2. Variatia elasticitatii structurilor bipolimerice pe baza de cauciuc butadien-co-acrilonitril
si butadien-stirenic prin armare cu nanoparticule, in stare normala si dupa imbatranire accelerata 70°C x 168h
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Figure 3. Tear strength variation of bipolymeric structures based on butadiene-co-acrylonitrile and styrene-
butadiene rubber reinforced with nanoparticles, in normal condition and after dccelerated ageing 70°C x 168h
Figura 3. Variatia rezistentei la sfasiere a structurilor bipolimerice pe baza de cauciuc butadien-co-acrilonitril
si butadien-stirenic prin armare cu nanoparticule, in stare normala si dupa Tmbatranire accelerata 70°C x 168h
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e Density-anincredsein densityis noticed as the
amount of reinforcing dgent increases, and a decrease
occursinrelationto NBR percentage decredse.

e Abrdsion strength falls within the standard
values, having lower values than those required, 204-
298 mm’ compdred to the stdndard vilue of 300 mm’
and increases proportiondlly with the amount of
styrene-butadiene rubber.

e Flexural strength - at room temperature, the
crack does not appear after the maximum number of
flexions required by standards, 150000 cycles, using De
Mattia device.

300

250

Wear, mm3
Uzurd, mm3
N
(=]
(=]

I

150

100
NO BSO NBS1

« Densitatead — se observa o crestere a densitatii
pe masura cresterii cantitatii de dgent de ranforsare sio
scadere raportata |a micsorarea procentului de cduciuc
NBR.

Rezistenta Ia dbraziune - se incadreaza in valorile
standardizate, valorile fiind mai mici decat cele impuse, 204-
298 mm’, fatd de valoarea standard, 300 mm’, si creste
proportional cu cantitatea de cauciuc butadien-stirenic.

e Rezistenta la flexiuni repetate, Ia temperatura
camerei, dparitia fisurii, nu apare dupa numarul maxim
de flexiuni impus de standarde, 150000 cicli, cu
dparatul De Mattia.

(B WEAR/ UZURA, mm3 |
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Bipolymeric structures based on butadiene-co-acrylonitrile and styrene-butadiene rubber reinforced with nanoparticles
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Figure 4. Abrasion strength variation of bipolymeric structures based on butadiene-co-acrylonitrile and styrene-
butadiene rubber reinforced with nanoparticles, in normal condition and after dccelerated ageing 70°C x 168h
Figura 4. Variatia rezistentei la abraziune a structurilor bipolimerice pe baza de cauciuc butadien-co-acrilonitril
si butadien-stirenic prin armare cu nanoparticule, in stare normala si dupa imbatranire accelerata 70°C x 168h

The varidtion behavior of bipolymeric structures
was tested upon immersion in an environment specific
tothe products, such as ASTM 2 - Qils, test environment
for resistdnce to petroleum oils and solvents. The
results are shownin Table 4.
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S-a testat comportarea variatiilor structurilor
bipolimerice 13 imersie in mediu specific domeniilor de
utilizére a produselor, cum ar fi: ulei ASTM 2 - mediu de
testare pentru rezistente |3 uleiuri petroliere si solventi.
Rezultdtele se prezinta in Tabelul 4.
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Table 4: Immersion resistance, %
Tabelul 4: Rezistenta la imersie, %

Immersion resistance, %
Rezistenta la imersie, %

a-0.13 a-1.26 a-0.32

. o el b -0.45 b-1.21 b-0.37

Mdss variation, % c-0.25 -1 c-032
Variatia masei, % " r o

dverage/ dverage/ dverage/

media: 0.27 media: 1.16  media: 0.33

a-04 a—0.99 a—-1.15 a-2.15
b-0.36 b-0.92 b-1.37 b-1.78
c—0.27 c—-1.16 c—1.24 c—1.29
average/ dverage/ dverage/ dverage/

media: 0.34 media: 1.02 media: 1.25 media: 1.74

In ASTM oil - after 168 h
In ulei ASTM - dupd 168 h

a—-143 a—0.96 a—-1.88

Vol Aristion. % b--1.91 b-1.68 b--1.88

olume variation, % . _ 474 c-031 c—-1.97
Variatia volumului, % o .. o

dverage/ dverage/ dverage/

media: 1.36 media: 0.98 media: 1.91

The analysis of test results allows us to state that
the polymeric structures based on butadiene-co-
acrylonitrile and styrene-butddiene rubber reinforced
with montmorillonite are resistant to ASTM oil
immersion, ds standard values are +15 vdridtion of
mass or volume. It is found that the variation of mass
and volume incredses with the amount of styrene-
butadiene rubber used.

CONCLUSIONS

Two types of elastomers were selected for the
experiments: nitrile and styrene-butadiene rubber.
Nitrile rubber (NBR), copolymer of acrylonitrile with

a-—-2.35 a—-4.75 a—--2.19 a—-5.89
b--1.27 b--1.97 b--2.53 b--8.12
c—-2.81 c—-3.90 c—-1.93 c—-1.04
average/ dverage/ dverage/ dverage/

media:-2.14 media: 2.37 media: -2.22  media: -5.01

Din analiza valorilor rezultate in urma testarilor, se
poate afirma ca structurile polimerice pe baza de
cduciuc butddien-co-acrilonitil si butadien-stirenic
armate cu montmorilonit rezista la imersie in ulei
ASTM, valorile impuse de standard fiind £15 variatie de
masa sau volum. Se constata ca variatia masei si
volumului creste proportional cu cantitatea de cauciuc
butadien-stirenic.

CONCLUZII

S-3du selectat pentru experimentari doua tipuri de
elastomeri: nitrilic si butadien-stirenic. Cauciucul
nitrilic (NBR), copolimer al acrilonitrilului cu butadiena
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butadiene, is one of the elastomers used in the
manufacture of products with special properties in
terms of resistance to oils, thermostability, abrasion
resistance and low gas permeability. Styrene-
butadiene rubber (SBR) is a copolymer whose
structural units consist of butddiene and styrene
monomers, hdving an dpproximdtely 50% lower
price compared to NBR and natural rubbers. Given
the good compatibility of NBR rubber with other
elastomers and the use of montmorillonite in the
mixture, bipolymeric NBR/SBR structures were
obtained, merging properties of the two types of
elastomers.

The functional groups on the surfiace of
montmorillonite minerdl clay interact with the
functional groups of the two types of rubber, leading to
the development of a third intermediate layer called
interface. The interface cdn also serve as a nucleation
center, as preferential site for adsorption and space for
chemical reactions. The use of such systems is required
by thermal resistance, mechanical strength, resistance
to dggressive agents, light weight, flexibility
characteristics, efc.

Variations of bipolymeric structures were tested
upon immersion in in dn environment specific to the
products, such as ASTM 2 - Qils, test environment for
resistance to petroleum oils and solvents.

The analysis of test results dllows us o state that
the polymeric structures based on butadiene-co-
acrylonitrile and styrene-butadiene rubber reinforced
with montmorillonite are resistant to ASTM oil
immersion, as standard values are £15 variation of
mass or volume. It is found that the variation of mass
and volume increases with the amount of styrene-
butadiene rubber used.

Taking into account both the physical-mechanical
and the immersion characteristics, we can say that the
bipolymeric structures reinforced with mineral clay
functionadlized with nano-scale particles, show optimal
characteristics for use in protective vulcanized
footwear for oil industry and high temperature working
environments.
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face parte dintre elastomerii care se utilizeaza 1a
fabricarea unor produse cu insusiri deosebite privind
rezistenta 13 uleiuri, termostabilitate, dbraziune si
permeadbilitdte pentru gdze redusa. Cauciucul
butadien-stirenic (SBR) este un copolimer ale carui
unitati structurale sunt reprezentate de monomerii
butadiena si stiren, avand un pret de cost cu
aproximativ 50% mai mic, comparativ cu cauciucurile
NBR si natural. Avand in vedere compatibilitatea buna
cu alti elastomeri a cauciucului NBR si utilizarea
montmorilonitului Tn amestec, s-au obtinut structuri
bipolimerice, NBR/SRB, caracterizate de proprietati
combinate ale celor doua tipuri de elastomeri.

Gruparile functionale de pe suprafata argilei
minerdle de tip montmorilonit interactionedza cu
gruparile functionale ale celor doua tipuri de cauciuc,
ceea ce conduce |3 dezvoltarea unui al treilea strat
intermediar, numit interfata. Interfata poate servi, de
asemenea, ca centru de nucleere, ca loc preferential de
ddsorbtie si ca spatiu pentru reactii chimice. Utilizarea
unor astfel de sisteme este impusa de caracteristicile de
rezistenta termica, rezistenta mecanica, rezistenta la
agentiagresivi, greutate redusa, flexibilitate etc.

S-au testat variatiile structurilor bipolimerice la
imersie in mediu specific domeniilor de utilizare a
produselor, cum ar fi: ulei ASTM 2 - mediu de testare
pentru rezistente |a uleiuri petroliere si solventi.

Din analiza valorilor rezultate in urma testarilor, se
poate afirma ca structurile polimerice pe baza de
cauciuc butadien-co-acrilonitil si butadien-stirenic
armate cu montmorilonit rezista la imersie in ulei
ASTM, valorile impuse de standard fiind +15 variatie de
madsa sau volum. Se constata ca vadriatia masei si
volumului creste proportional cu cantitdatea de cauciuc
butadien-stirenic.

Avand in vedere atat caracteristicile fizico-
mecanice, cat si cele de la imersii, se poate spune ca
structurile bipolimerice darmate cu argild minerala
functionadlizata cu particuld de ordin nano prezinta
caracteristici optime utilizarii in domeniul incaltamintei
vulcanizate pentru protectie in medii de lucru din
domeniul petrolier si cu temperaturiridicate.
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