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CHLORINATED RUBBERS AS FLAME RETARDANT 
ELASTOMERS 

Elastomers with high chlorine content in their structure are more resistart to flame. lucre 

are variety of choice of elastomers type and grade that contain cli! lerent level ol chlorine 

concentrations. Traditionally. polychioroprene (CR) elastomers are used as flame 

resistant elastomers. Despite it has been used satisfactorily for a long time, modern 

application requires longer exposure to flame/heat or higher temperature increase the 

needs of better flame retardancv. Relevant i ndLlstries such as transportation i.e. train. 

aeroplane, as well as petroleum rigs, civil engineering and even aerospace consistently 

revise their flame retardancy standards to improve safety. CR flame retardancy is limited 

to certain period of exposure and temperature. Apart from that. these applications often 

require excellent chemical and mechanical properties. These requirements occasionally 

exceed CR capability. Therefore it is expedient to investigate other elastomers with better 

engineering properties but at least comparable to CR in flame retardacy. Two clastomers 

have been identified as potential flame resistant elastomers. Chlorinated Polyethylene 

(CM) is chosen because of its low cost, better thermal resistance and will not degrade 

easily. Epichlorohydrin is recognised as potential flame retardant elastomer due to its 

chlorine content and broad range of service temperature. 

Apart from mechanical properties. various test methods to study their flammahilit 

including 111,94 were also used. Limiting Oxygen Index (LOl) was also perlormed. [he 

results were compared and discussed injhis study. Chlorinated Polyethylene lound to be 

the elastomer to replace polychloroprene. This found to have 36% of LOl test value and 

categorise as V 0 in UI. 94 test. 
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Chapter 1 
INTRODUCTION 

Elastomers. like all organic substances are capable of burning. Much attention 

has been paid to the resistant ol clastomers to flame. A lot ol previous work has been done to 

investigate in improving the flame resistance of these materials. 

Elastomers, which contain more chlorine in their structure. arc more resistant 

to 	flame. Variety of elastoniers has chlorine. in various concentrations. lraditional lv. 

elastomers used to satisfy the flame resistant requirement is polvchloroprene, although 

difièrent grades will contain ditThrent amount of chlorine1 	Despite the fact that it has been 

used satislactorily for a long time. the modern application requires better flame resistance. 

Relevant industries such as transportation i.e. train. aei-oplane. petroleum rigs, consistently 

revise their flame retardaney standards to iniprove salèty. Apart from that. these appl ications 

require high engineering properties which occasionally exceed the polyelloroprctie 

capability. In addition to polyehloroprene. two other elastoniers have been identified as 

potential Ilanie resistant rubber materials. ('h lorinatcd Polyethylene (CM) is chosen bccaiise 

of its low cost. better thermal resistance and slo\\ degradation. Epieh  lorohvdrin also has a 

lmtential to be developed as a flame retardant clastomers due to its chlorine content and broad 

range of service temperature. 	 - 



1.1 OVERVIEW 

ITire is a serious issue around the world. Many countries through their relevant 

authorities are Irving their best to reduce fire accidents. One way of doing it is by introducing 

flame resistant materials to he used in manuthcturing consunier goods. This is partiCLilarly 

relevant to rubber and plastic materials which increasingly used as commoditiesH  hut c an 

cause fire hazard. 

lechnolocical developnients during the last century have led to dc use ol 

synthetic carbon based polymers for everyday house hold and ollice itenis i.e. lurnure, 

ftthric. automotive parts. where wood oi metal might once have been used. The high hid 

value of these materials means that their very presence could pose a danger. particularl\ in 

instances where a high risk of ignition is associated with the item's LI5C. As a result the 

demands for the flame resistant materials grow rapidly in last two decades. Alter experienced 

various disasters related flammable materials, particularly in commercial transportation i.e. 

trains, planes. more and more country especial K in Europe have subjected motor WhiCICS to 

legislative requirements for fire safety through the directive 95/28/EC. In England public 

transport vehicles are required to con firm to the standards lay out in l3S6853 with title ( 'o/e 

ofpi'uclicctortii'e /)I'eC(lltlU)/iS ill the (/('XI(I1 ((fl(f ('L'iIViI'If(iiOFI ot pu.c.eiiger cUI'I'l'iI/g i/O/Fly. 

Improving the lianie resistance of elastomers and maintaining the 

environmental safity in the same time is-a challenge fiuced by material researchers. Most of 

the liame retardant elasiomei-s contained halogens which will he released as toxic Runes 

when burn. German and Nordic national standards organisation have recently set the eco-

labelling standards whereby equipment (such as house hold and office electronics housings) 

cannot be label led as environmentally friendly it' it contains certain chemicals including 

broin iIlaLcJ 11allIC rctardaiits. Most ol tlic Iluinc ictardants use in U nitcd Stales and Asia are 

based on Brom inc as shown in figure I . 
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Figure 1.1: Annual consumption of' lianie retaidants by type aiid region, 2001. 

With regard to Fire safety. in December 2004. C'PSC (U.S. Consumer Product Safety 

('omm ission) has started the proceeding to set flammability standards for bedclothes. It begin 

with a noiicc in the Federal Register requesting public comments on the lire risks and 

possible approaches to reducing them. Bedc!oil'es are the first item to ignite in about 80 

percent of mattress and bedding fires and can contribute substantially to the risks associated 

with mauress/bedcling fires. Same time According to the NFPA's National Fire Safely Survey 

findings: Although the U.S. has a higher lire death rate than Canada. Western Europe and the 

Pac lie Rim, the najorit uI Americans arc \ cr\ con lidciut about their lire safet\. Older adults 

express the greatest confidence even though they have the greatest risk of' fire death. Men are 

more confident about fire safet than 	omen: although. of the t\\0 groups. men are at a 

higher risk of fire death. the majority of' Americans feel safest from fire in their homes. when 

in truth. home fires account fr rough lv 80% of' alt Fires - and they pose the greatest threat to 

life, the cost of' operating public fire prevention services in theU.S. costs the taxpayers 

bill ions of dol fars per year. 11051 of' which is spent on suppression of fire. Many people have 

the attitude that 'fire only happens to other people. But until fire strikes their home and 

Eni i ly. lire prevention is ignored. Once lire prevention week comes and goes each October. 

little thought is given to fire safety and prevention until next year's cam paign. Fire 

suppression is a necessary and vital lv important service. It is. however. "after-the-fact". 'lliis 

includes smoke detectors, alarms. sprinklers and extinguishers. The use of H re retardants or 

firestops are logical "before-the-fict" steps that should be taken. Fire spreads I I OO°/u in the 

first 4 minutes. F teat rises at 90 feet per second or approximatel\ 60 mph .A pp' i mutely 



90% of fire fatalities are in the home and 90% of the fatalities occur durine the 

sleeping hours I Opni to 6am. Reniember% smoke alarms and sprinklcrs cannot prevent the 

fire. but fire retardants in most cases can prevent and/or slow the spread oF fire. which can 

greatly prevent lose oF life and property in addition to using smoke alarms or sprinklcrs.H 

1.2 OBJECTIVES 

UEach year 600 people (lie ID fires in Gerrnan' alone and 6000 are seriously injured''. 

The Objective of work proposed to develop a new elastomer which is resistant to fire and the 

same time to achieve the given mechanical properties. Proposed vulcanite should pose the 

F3rit ish Standard for flame retardancy. Polvchloroprene compound was used to benchmark 

this research as it is ti-aditionalk,  and widel\ used as the flame retardant elastomer. 

[he objectives of the present work can be summarised as follo\vs: 

To formulate the flame resistant rubber C0111I)OL111CI using elastomer other than 

polychloroprene which can satisfy fire safit requirement according to ISO 9772. 

9773 and ASTM D 2863 as outLined by Uzdcuniie, Australia. 

To optimise the physical properties i.e. tensile strength. elongation and hardness of 

the flame retardant compound to suit its application.t 41  

1.3 MATERIALS 

1.3.1 Llastoiiiers 

Most of the elasiomers which contain chlorine are more resistant to burn. With 

that basis, ch lorinaled elastomers are chosen br this research. Chlorinated l'olveth lene 

(CM) and Epichiorohydrin (1/CO) are used alongside the traditional flame resistant elastomcr. 

Polychloroprene. They are all compounded based on typical flame resistant compound. 
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a) ('hloriiiated IoIvethyIene (CM Tvrin CM3630E) 

('M elastomer is polyethylene \\ h cli  contains vanous limits of chlorine iii its 

back hone. CM grades differ mainly in the degree of chiot-ination (i.e. 25% and 42% b 

weight of chlorine). Mooney viscosity and amount ol crystal] inity. It is produced in solution. 

emulsion or in suspension polymensation. 

(H HC1H 
I 	I 	I 	I 

- c-c-c-c 
I 	I 	I 	I 

C1H H H 
Figure 1.2 Structure of CM 

Because of the lack of double bonds in CM. it has better resistance to chemical 

atuicl. improve \vcatherahil ii . and heat. On the oilier hand it means that it is nearI 

impossible to establish crosslink by sulphur. Peroxide is the option and known as to gives 

good heat resistant to the compound. Like all other ch Ion ic containing rubbers CM also have 

to be protected against 1-ICI cleavage durine. vulcanisation bN adding metal oxides to the 

compoLind. Suitable metal oxides are MgO and Lead Oxides. CM processing required strict 

temperatLire control. Normal vu Icanising temperature is I 50C. Properties ol vu Icanisate ale 

as lollows: 

I. 	Good median ica I properties 

2. Lo compression set 

3 	Low brittleness temperature 

Very gocd dynamic fatigLie 

Excellent aging 

Better weathering and ozone resistant 

Good oil resistant even in higher oil tern per11ures1  

Materiel data sheet ol Tvrin CM3630E which was supplied by Oma (1K IH 

Fvrin CIVI 3630E 

Aspect Specification 

Appearance Powder 
Colour I,ight cream 

Melting  point range U- I 20 C 
Spec 	gravity 1 .3 
Relative Densit\ I . I g/cm3 
Water So] ubi I itv Insoluble 



Epich lOI'()hyd rin (ECO). 

[pichlorohydrin elastoniers have higher chlorine content than do many oilier 

chlorine-containing elastomers. The liomopolymer has the highest content of chlorine which 

out ol' all three derivatives. ECO tbrmcd b\ rini.t opening polymerisation of epichlorohydriti 

and eth lene oxide as shown in licure 1. I & I .2: 

C H 7  Ci 
	

CH7U 

Figure 1.3: E1)ichlorohydrin 1-loinopolyrner (CO) 

HC 
	

0- 

Figure 1.4: Epichlorohvdrin Copolyrner (ECO) 

l-lvdvin 11-55 clastomer Used in the test is an epiehlorohydrin homopolymer with 

high oil. fuel and solvent resistance. Supplied by Zeon Chemicals USA. Compounds Lising 

Hydrin 1-1-55 typically exhibit good heat resistance, excellent ozone resistance along \\ ith  

outstanding gas impermeability. Sufficient antioxidant is added (Iuring the manuflicturing 

process for normal aging conditions. 	- 

Polvchloroprenc Rubber (CR). 

Poly(2-Chloro- I .3-hutadiene) or Polychioroprene clastonier was discovered in 1930 by W. II 

Carothers and his co workers. Large scale production began in the USA in I 93 I / I 932 by bu IL 

p]\ inerisation process. It 	as initial l\ cal led as DupreIIL' and latci' oil it was become to 

known as Neoprene. At the beginning it was famous lbr high resistance for oil and excel ciii 

mechanical properties. Later oil it has been used as flame resistance as well. CR is used in 

di flrent techn cal areas. mainly in the rubber industry (6 I 0/)  and also important as material 

or adhesives (33%). The typical delivery form ol'CR is 'chips' as it shown in figure I .5: 
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lodavCR is exclLlsivel\ produced iii emulsion. and Lising Free radical 

iniliators. Vv liii aid ot radical initiators, polych loroprene in the loam of an aqueous emulsion 

is converted in to homopolvmers, or in the presence of comonomers into copolymers as it 

shown in Figure 1.4. 

H 

H 	 H,Id 

	

—C 	H 

	

ci 	 ..-- 	 ci' 	H 

4 -trarn 	 1.4 -cts 

_• 	H, 	
.-.. 	i_itI 

c —cl 
Ii 	 II 

.CH, 	 ,CH 

Li 	 LL 

Figure 1.6: Polychloroprene 

For this experimeiital work Aeapiene WRY as use(l. SLipplier was DuPont Dow elastomers 

USA. 

Basic properties as tollows 71  

Neoprene WRT 

Aspect 	 Specification 

' ppearance 	 Clii ps 
Colour 	 White to silvery gray 
Odour 	 Mild, characteristic 
Speciflc gravity a t 25/4 C' ASTM D7020-66 	I .25 
Mooney \'iscositv. MIJI+4) at 100 C 	 41-51 
Crystallization Rate 	 Very slow 
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1.4 CHEMICALS 

1.4.1 Flame retardant 

In this research work. the flame retardant additives used are: 

Antimony Oxide, supplied by Omya UK with the trade name of Gurf1anie 

SB96DINP 

Magnesium 1-lydroxide, supplied by Omya UK with the trade name of Magluifin H5 

Zinc. Borate, SuppLied by Omya UK with the trade name of Zinhorel® 

GAROFLAM SB96 DINP 

0ecription 	 AI,tii1t1y lrioxWe 4ust sLIppresed villi I-Is- 
riCiiI l)ItltC 

Appearnc 	 - 	WlF ncI1.clLJstIncJ pov(ler 

Plant 	 HUMBER. rea1 3n:airi 

Chemical analysis of the raw material 	Sb:C 	 99.5 % 
Pb 	 0.1 % 
As 	 0.1 % 

D,.iso nonyl phthalate content 	 '1 2 	 3.0 4.0 O  

Antimony trioxide content 	 By differe'iye 	 96 - 97 % 

Sieve residue 45 pm 	 2B LTf.i U '. 	 0.01 o 

I, 

Is' 

Magnesium Hydroxide & Aluminium Tri Hydrate. 

H C:' - IV 	H 
	 ME 

lure 1.7 Magnesium Ilydroxide 

	

H':)-' 	':::' H 
I"iaurc 1.8 Aluminium In I lydrate 
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Alum iii LUll Tri l-l\drale (All-!) and Niutnesium 1-lydroxide are the most 

important flame retardants in recent past. [hey lumiction as Ilanie retardant in both the 

condensed and V[X)Li phase. When these additives are heated. it decomposes and release 

water that Forms an envelope around the Ilame, which tends to exclude air and dilute the 

llaii'mmable gases. In addition this endotherm mc reaction lowering the ambient temperature. 

A II I ambient temperature is around 230 °C and magnesium hydroxide temperature is around 

330 C. But magnesium hydroxide Forms char and produce less smoke than ATI-l. In general 

these compounds has very low levels oF toxicit) except W11CIl there are high exposure levels 

or unusual ways oF exposure) 11  

Zinc I3orate.( 2ZnO.3I3O3.3.5l-I2O) 

Zinc Borate is an important additive to help achieve excel lent flame resistance in 

rubber articles. It is a free-Ilowing po der that disperses easily. tinc borate can he added to 

an\ 	flame retardant system and s ill iiprove flame test resLilts with minimal elThct on 

compound properties. Zinc borate will Form a glassy char at high temperatures that prevents 

flame propagation. It also releases water of hydration similar to ATH. / inc borate is a 

synergist with antimony oxide and halogenated Ilame-retardants as well as All I. '[he 

combmed ingredients wil I have better flame resistance than the separate materials would 

have, tine borate helps in compoundin(—' halogen-free, flame-resistant rLmhher that generates 

minimum acidic smoke. 

Antimony Trioxide. (Sh,03) 

liguic 1 •o) J\nLinlüllc\ IrR)\ide 

Amtinioney Oxide appears as white. polymorphic crystals. It is slightly solublc in 

water and sol tmble in most of the acids. It has a molecular weight ol' 29 I .2g/mol and has a 

melting point of 65C. Approxinlatel\ aroLmnd over 40000 metric tons will be using in 

only per year. Major share oI'this used as flame retardant. Importantly, Antimoncy oxide has 

not been categorise as carcinogenic by LJS[PA 
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1.5 FILLERS 

1.5.1 Kaolin Clay 

Kaolin clay is the primarN non-black filler in rubber, accounting br mote than 50% of 

all non-black Ill Icr used. (if' this. about 80% is air lloat hard clay, with calcined cla\ 

delam i nated clay and water-washed clay making LI the balance. A revie ot kaolin cia> and 

its performance in rubber compounds is best undertaken within the context of certain general 

considerations regarding the ways that fillers and elastomers interact. The characteristics 

which determine the properties filler will inipart to a rubber compound are particle size, 

particle shape. surface area and surface activity. Surface activity i-elates to the compatibility 

ol the filler with a specific elastomer and the ability of the elastomer to adhere to the filler. If 

the size of the filler particle greatly exceeds the polymer interchain distance, it introduces an 

area of localized stress. This can contribute to elastomer chain rupture on flexing or 

stretching. Fillers 	ith particle size greater than 10.000 nm (If) mm) are therefbre general 

avoided because they can reduce performance rather than extend or reinlbrce. F if lers with 

particle sizes between 1.000 and I 0f000 nm (I to 10 mm) are used primarily as diluents and 

usual lv have no significant af'f'ect, positive or negative, on rubber properties. Semi-rein Ibre ing 

ii Ilers range from 100 to 1000 nm (0.1 to I mm). The truly reti Ibreing fillers. which range 

from 10 nm to 100 nm (0.01 to 01 mm) signi l'icantl\ improve rubber properties1  

1.5.2 Carbon Black (FEF N 550) 

Carbon black fillet's are fbrmed from pyrolvsis of hydrocarbon materials whilst they 

are in vapour pi-tase. The rnechan ism liv which  hydrocarbons can be thermally decomposed 

may be represented as lollows: 

	

heat 	 XC -
il 

I I-) 

What ever the process by which hydrocarbons are decomposed the main requirement is to 

carry out the thermal decomposition in a I im ited supply of' air. If hydrocarbons are in an 

abundance of air then combustion will take place:' 12  

	

C'lI1.+ (X±)07 	 -2 	() IbO 


