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I 
CHAPTER - l 

I".la"TR:JDUCTIC·N A'.'D PRELI!'o?I~ARIES 

l.~. ISTRODUCTION 

Liquid r~tber has been defined by Eric Sheard in his 1972 and 
1981 reviews as ar elastomer or elastomer precursor which can be poured 
or PCI::?ed (with a visccsity below 1500 poises) at temperatures up to 
100: C before undergoing some type of cure ; either chain extension, 
crosslinking or bet~. Since liquid rubbers are pumfable it is possible 
tc cast them into a variety cf intricate sr.apes and cure ·in place", 
and since they contain no water or volatile solver.ts there is little 
er no shrinkage fol:cwing curing. Natural and synthetic rubbers are also 
avai:a=le as suspe~sions in water or dissolved in a variety o: solvents. 
It is difficult tc derive a satisfactory definition that discinguishes 
bet•een the liquid rubbers and these rubber latices and solutions since 
it is pcssible tc ~anufacture cast products ~sing these materials. 
In order to distin;uish between liquid rubbers and the r~bber latices and 
sclutions, Sheard's definition of liquid rutbers should be modified tc 
becoce ; liquid r~~bers are elastomers or elastomer prec~ssc1s that 
ca~ be you1ed or p;;.r::ped at te~peratures belu~ 100= C withcut the assista~ce 
of a~ external meci:..:.:n. 

The concept of a pumpable and castable LNR has ~een cf consideratie 
interest for a long time to processors and manufac~urers of NR goods. 
A L~'R •=uld enable ~hese manufacturers to ta~e advantage ~f c..~e manuf ac­
t·..:ri:i.g Frocesses a:ready available tc manufactui:ers emplcyir.g ::::-i.thetic 
:.:.q·..:.id :-ubbers and resins or the powder tec!'lnology employed by plastics 
c:an;;:act,_;rer~ and Frocessors. These advantages would include the use cf 
a·..:.t::ma~ed metering equi::iment, lcwer processing energy re-:r..:.ire:::ie:-.t.s, lighter 
e~·..:..i;.i::.e:-.t ar.d short.er c:cle times. The use .~f liq:ad r:..:bter also offers 
t.he pcssibility of t.:sing in-place Cllres following casting intc more 
i:i.tricate ;nd larger shapes. 

::..eld 
Since the ~920'; there have been cor.siderable develop~ents in t.he 
liquid r·.Jbbers. The first. LNR became ·COID.!:'.ercia::.ly available in 

t.!-.e r.;~;.. in 1923. Or.ly 2 years later a ::.iquid polyt.·..:.tadie:-.e, ?lastikat.or 32, 
i:.ar:·..:.:a::t.·..;red by a ~.::rma~ firm. Bt:!tween this time a:-.d the 19..fO':, considerable 
w:::-i< ·•as :lone on t.~e developi;ent of pe~t.izers. Fr::-. this -.:c.:-i< a p!"·'.)cess 
w.:s ::e•:el-::.ped in t:-.e UK for manu:acturi:-•g U;R by t.:-.e -:he:?:..:.ca: de:polymer1-
zat.:.:~ :: r:..;bber !.n solution ·..:.sing coi.:alt li:.oleat.:. Th.is LNR -..as called 
"R~~tc~.::" and thou~~ pro{uction trials -.:ere undertaken t.~.:.s ~recess was 
n€ver =~mmercialise:=. :t was net ur.til the early :9SO's t.~at a ~~mmercial 
;.:-oc:s.: :or LNR c.a:-:..:.:acture 'Oo'as establisheu in the LTK. It tcci( ·.:.ntil :S-43, 
:-,:w~v-s:-, for liqu;'" synthetic elastomers to !:>ecame ar . .:.mpcrt.a:-.t sector 
c: t.!-.c: e:astomers :=.a:-ket wit:: the developme:-.t at :-:.ioi<:jl of : iq· . .:id 
;::ys~:;h:..des. It. was ~irst used as a sel:-sealer :er a~r:ra~t :~el ta~ks 
=~: s.:.~::e t~en it ~as ~eer. used in a w:..de Viriety :f app::..ca:.:.c~s, 1ncl~­

=:.:-.; .:-:=.:ants, mc~:=s, :-:r ca:Cle f.tlL.:-.<;, :.:-.d as a b:..r.cer. :r.s develcpment 
;;.s a ::: :.:-.jer :or rec:-: et ;:rope: ~ants cr>:-ate:.i -::cr.s1der~li:.: demar.c !er li~·~1d 
e:~s::::c:rs -.::.th :-ea::1ve ter:1r.a:s that ~c~:d ~r~d~ce a :hree-~:.mens:..cr.a: 
~e:~:r~ ~~er. =~rP~ '~1 ;:.ve :~e r.~c~ssary :!:.=ens1~~a: s:~t1::.t1 ~= t~~ 



rocket fuel. Liquid elastomers with reactive terminals have been defined 
as the second generation liquid rubbers. 

In 1972, RAPRA defined liqu_d rubbers as : 

1st generation - no reactive terminals leading to low physical 
properties, 

2nd generation - reactive terminals, low physical pr~perties, eg 
functional polybutadienes, 
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3rd generation - low HW, reactive terminals, good physical properties 
eg liquid silicones and polyurethanes. 

The first generatio~ liquid rubbers, including LNR and 
nonfunctional polybutadienes without reactive terminal groups, cannot be 
chain-extended to recreate the rubbery properties of the original 
elastomer. These elastomers do have specific applications ; for example 
butyl is used in mastics and sealants because of its excellent ageing 
properties. The market for liquid elastomers expanded with the introduction 
of the llK>re versatile second generation liquid rubbers but the dramatic 
increase in this market came with the arrival of the third generation 
liquid rubbers, the polyurethanes and liquid silicones, which have been 
available for the last 10 years. They now dominate the market for liquid 
rubbers for, despite their high cost, they ~an be tailored 
chemically for almost any application. 

UNIDO and IRRDB project of development of liquid natural rubber : 

Following a symposium held in May 1981 in Phuket, Thailand, on the 
new forms of natural rubber, UNIDO granted IRRDB a special contribution 
of us $ 1,200,000 paid by the Federal German Republic to transpose on 
a semi-industrial stage (200 ~g per operation) in a natural rubber 
producing country, the Ivory Coast, the process developed by IRCA and !RAP. 
The existing qualities of low molecular weight polysoprene were so far 
made either by polymerization of the isoprene monomeride or by mechano­
chemical depolymerization of compact natural rubber. 

The aims of the project, defined in "Terms of reference dated 
28th December 1982" were 

- to select the most promising routes to the preparation cf 
liquid NR, 

to assess the ind~strial applicability of liquid NR in ~erms of 
properties and economics, 

to develop liquid NR to a stage where its prod1ction in NR 
producing countrie~ can be carried out. 

Thir new technique will re~nforce the competitiveness of natural 
rubber towards its synthetic competitors and, by wjdening its possiLle uses, 
will give r;atural rubber prod'.lcing co 1..1ntries, the Institut ..;:.:; of which are 
IRRDB members, new assets tc increase natura: rubb~r deveJ.cpment. 
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1.2. PRELIMINARIES 

1. 2 .1. Depolymerizatior.. process adjustme!1t to field l_a_t ~ 

A patent registered by the Institut Fran~ai~ ~u Caoutchouc 
described the depolymerization process fr0m redilutec r·c ~on-rediluted 
centrifuged latex. It therefore was ?..rnport.:mt to check -1ht ,..her the process 
could be applied to field latex which cont.:t.ins a la:rger .m'-'mt of non-rubber 
elements and whose colloidal structure, esf -:!Cially the ;;:_;_;r.£, of rubber 
particles, is very different. 

Tests conducted on field latex have shown that. u.,~ ;.>:. "'cess could 
perfectly be used. The paramet~rs of the depciymerization .~E><•L-ion could 
thus be optimized for the running of the pilot plant built i1: u ~ Cote 
d'Ivoire. They arr the following 

- latex DRC 30 \ 

- latex stabilization by 0.2 \ NaOB and 1 \ ammor.ia :0.:>z!, ~~·· r) 

- 9 \ phenylhydrazine in weight of dry rnbber to obtain ~ 

viscosimetric molecular weight, Mv from 9 to 11,cxx.> ; a highet pe:::er_to.-e 
of phenylhydrazine gives a LNR with a Mv of 7 ,cxx.> ; by reducira t.1 ! perc·:~1-

tage of phenylhydrazine, it is easy to obtain Mv ranging frcJJ -ic t..1 ~'J,00... 

- air flow : 60-80 l/mn per 200 kg of dry rubber 

- reaction temperature : 65° c 

- reaction duration :2~ continuous hours 

coagulation by acetic (50 g per kg of drv LNRl or fo:mic '.40 g 
per kg of dry LNR) acid 

- washing 

- vacuum drying at 60° c. 

A method for quickly determining the .1e;...oi-.;u,':rization state has 
been finalized and successfully developed. 

Studies on the noxiousness of effluent:; h :; ~ shown that they 
could be discharged in lagoon waters after decan~a. :..n, r.eutralization 
and filtration. 

Allergy tests with LNR have been nfgative. 

1.2.2. Commissioning tests 

These took place in October 1984, in the faG - ·y ~tJt produced 
t!le pilot plant, in the presence of UNI DO ,ind UTA rep;._ ·:nt. ,, ~ i ··~s, with 
the following objectives : 

- check t.he smooth running of the p. lot before i. 
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- check the good adaptation to field latex of the depolymerization 
reaction parameters. 

1.2.3. Setting up of the pilot plant in the Cote d'Ivoire 

Civil engineering works have been conducted in the c.:-~e d'Ivoire 
from April to October 1984, to construct a building meeting the 
specificatior.s laid down by the pilot manufa~tu~er 

- length 18 m 
- width 9 m 
- height 6.5 m. 

Having been dismantled, the pilot plant arri?ed on the site in 
January 1985, reassembled and !>tarted up early April 1985. 

Reception tests gave rise to an official inaugural ceremony 
to which participated representatives of the Government of~~~ Cote d'Ivoire, 
of UNIDO, GFR and IP.RDS. 

The starting up did not raise any difficulty. 

1.2.4. Production of LNR in the Cote d'Ivoire 

The pilot plant has run perfectly, at the rate expected of one 
reaction a week, i.e. 200 kg dry liquid rubber per operation. It made 
it IXJssible to produce LNR with various molecular weights ra~ging from 
7,000 to 25,000. It also allowed to produce depolymerized latex coagulum 
for the development of a continuous flow dryer and to meet all the 
sampling requirements. 

While this pilot plant was running, a new phenomena~ of 
depolymerization appeared during coagulation. It could not b~ emphasized 
in the laboratory. It has b~en controlled ruodifying some operating 
conditions (cold rapid coagulatiun). The pilot plant has therefore 
perfectly reached the first objective, whic:. was to pass free:. the 
laboratory to the industrial stage. 

A 5mall laboratory pilot has been set up to carry o~t various 
accompaniment studies including : 

- search for a system of field latex stabilization, 

- attempted study of the clonal effect, 

- study of coagulati~n conditions. 

l.2.5. C~emical modification of LNR 

Chlorine modification : 

Liquid rubber is dissolv~d in carbon tetrachloride at a concen­
tration cf 8 \.Chlorination occurs at atmospheric pressure by chlorine 
bubt:.lir.g under ultraviolet rays. Chlorinated rubber is recove::ed after 
carbon tetrachloride is removed by a stripping. The product r.=.tained is 
~erfect:: suited to manufacture anticurrosive paints and some adhesives. 
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Maleic anhvdrid modification : 

Two possible mechanisms of maleic anhydrid fixation on LNR have 
been studied. 

The fi!"st is of radical type : it is induced by moderate 
temperature heating in presence of free radical catalysers. 

The se.:::ond is of ther.nal type : it is induced by high temperature 
heating without any catalyser. 

Finally the chemical modification by thermal way has been chosen 
because it is giving better fixation rates up tc 65 \ in simplified 
operating concitions. 

For a codification rate about 20 ~. the modifi€d polymer possesses 
interesting adhesive properties which are c~mparable to those of ce!"tai~ 
structural adhesives ; however the use of a sclvent may be an handicap. 

The presence of reactive sites sue~ as succiniques anhydrid 
cycles makes it possi::le to envisage the fixation of active substances 
giving access to prod~cts with a higher value added. 

Epoxydatior. cf latex of depol".!-'1lle!"ize::! natur.31 rub!::er is achieved 
in =~nditions ~ha~ a!"e identical or even easier than those of latex of high 
mc~ecula!" weight !"-.iCber. It leads to a fti::!e !"ange of p~od~cts, some of ~hich 
~il: find outle~s es?ecially in t~e adhesi~e indust!"y. 

G!"aftin= cf antioxvdants 

An LNR .. 4 nitroso-diphenylamine add~ct does show some promise as 
an ~.tioxidant ca~al::le of becon.ing "network ::.Ound". In assessing the 
findings however, due account must be paid to two other considerations. 
F1rst, experien.:::e bet.~ at MRPRA and else~here, has shewn t.~at in t~is 
area predictic:". cf service performance frci:. laboratory data is very 
ur .. =ertair:.. Seco:-id, ar.d probably mere import.a:-:t., the likely carcinogenic 
=haracter of N:>PA renders its co!IlIDercial use, even as a precursor, 
s·...J:.Ject to co~siderable constraints. Alter~~tive che~ical routes co~ld 
douctless be devised but these are most un:ikely to be economically viable. 

1.Z.6. Indust.ria: aEFlications a~d development ir. the laboratory 

Ccnsider:..ng the ?redictat.le fiel:::.= cf LNR ·..1tiliS!ltlor., formu.:ae 
have been dev~lcped ;~ the following sectcrs : 

• LNR =a .sed : :lmp~·..:n js v·..: l =a:\ iz :..:-. ~ :: ~ modf=:r ~ t:e tt2::.!J'? !" !! t~r~ : ~r low 
~ . .::-~.-ess :i:ld pc·..:r:~:.-: =o:ipc·Jr'.ds :1:-.d ::;re;:.a!":.:.:.:~ . . J: ::-ex.:..t:e ;no:;l:is, 

• LNR fer =e:lular r~bber, 

= :.~: ::.s 

. ~"JR as ~ react.i·.."e plas~:=izer .:.:-.1 ;:r~cessi~~ ai1, 
• ~NR ~sej as an atras:7e parti=le ::~njer ~=r ;rir:Jing wheels, 

LNR as a :~at:..n~ :t·~e~t :er- p·...;:·:e:-·..::e=1t ::-:e:r.ii:a:s. 

:=r.t3=-:s ·:-.3.·:e tee~ .c:.;:~b: -:.s!"'.ej :..:-. ::-.. :: :::..v·,:-::-:r,~:--.t:.:.;,,:.:: ~:-ir,: :.i:.?~:~:--. 

?ranee, ~F?, Gr~~t 3r~:•~n ~~J :~e ~SA : :;r~s, ~~i~s:ri~l r;tt~r, 
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is its use to coat rubber che~ical~. This market could use in excess of 
100 tons U~R/year. Ther~ is dlso d substantial market in wes~ern Europe 
for LNR in the manufacture of ~rinding wheels. Up to 300 tons 'year of 
liquid rubbers are consumed by this industry and a futher 300 ton~ of 
masticated natural rubber. This masticated rubber could be subs!tuted by L"ffi 
(as well as some of the liqui..'.! rubber) if manufacturers recie\·ej assurances 
about con tin.ti. t;· of supply and ::iaintenance of quality control. 

It is difficult to s~stantiate other end-uses. Depoly!:lerized NR is 
already sold for use in mas~ics and this tlk-;rket could be increased if the 
price of the LNR was competiti\·e with other materials currently used; for 
example, a substantial market ;:ould be created if LNR was used to replace 
some of ~he more expensive polysulphide. LNR could also be used for cable 
filling, though its use would be restricted since it cannot be used where 
temperatures exceeded 60°C. Its use as an encapsulating a~ent is also res­
ticted by this constraint except for low power components. The colc:..r and 
low MW of LNR limits its use i~ adhesives but it could still be used in low 
cost domestic glues (where the absence of organic solvents and water are 
definite advanta;es) and as a \"iscosity modifier in hot melt a..:i.'i.esi\·es. There 
is also a small market of 2 t=~s !year as a binder in the mar.~:acture of 
paint br:;shes. 

Two of the major tyre :nanufacturers have received L.~R samples and 
thougi: they all indicated the .?OSSibility of substantial dema:d if the 
applications under considerati:::n were successful, they dij not identify what 
these applications were. The ~irst has indicated a potential ae~and for 25 
tons I...'JR/year for one application whilst: the second was considering an 
application requiring in excess of 100 tons /year. Kuraray sell 60G-700 
t~ns c: liquid synthetic pcl~·isoprene to the tyre industry i~ the Far East 
where it is used as a tackifier. The potential of LNR in the 2~ropean and 
American tyre industries is u:-.:::lear and at the present time sh;:·.ild not be 
incl:..jej in the estimate of t~e readily available market. One o: the largest 
in t:-.e world producer of rubbe.::- chemical is interested by LNR :or a patented 
application. 

The immediately avai:able market for LNR is abo:.:t SJC t:ons . This 
mar~et is fragmented and a co::siderable marketing effort would be required 
to rea:ise this market. A!:j we:::. as technical suppc·rt LNR ;iur::-.asers will 
demar.d guarantees for continuity of supply and maintenance of ~-..:.ality 

control. r>emand for the I..."ffi co·..;ld be stimulated by offering a l:road product 
range; for example LNRs of dif:erent viscosities and che~icall:::· modified 
L."ffis, as well as by reducing t!".e price of LNR. To do this manu:acturing 
costs have to be mini .is~d; by finding a cheaper source cf phe::ylhy~razine 
and :=·..- cost investment capita::.. 

A techno-economist !"'.:;.s studied the estimate of :..~R :;rice at the 
pilot :;.::j industrial levels. C:.:;sidering the short time availa~le since the 
pilot: ;i:..:::t started up, these :igures are only an approa·:h to a rea: price. 

On the basis of t:-.e ;::.lot plant established at the I?.CA Ccte d'Ivoire 
and a !':ypothetical industrial ~lant (1300 tonnes/year) desig::ej by th~ pilot 
plant =.a:-.·..:.:actur-ers (De Dietr:.:::-: Cie - Reischshoffen France) ·,..:...•:-: ROI being 
15\ =~er 6 ;ears and capacity ~t:ilisation dropped to 60\ ~an..:.:a:turing cost 
in::l 1..:.ji:-.:_: workinq capital tec:.::.e Fr. 26.423/tons for t!':e ::.•,.. ·:is-:::sity LNR 
anj ::- • :::3. J99/tc,ns for t!':e "·:-.i;h ·n scosity" LNR. 

1.2.-. ~::::clusion 

~eading these pr~:i=~~~ri~s shows that the contr3~t :as~c1 1.ona 
1emonst:-atc '.Jn:l:r: ... : :;-·.::.·.:.s: J the smi:,oth r'.Jnnini -:.: t:-.': r-:. :i:;t : ... ~~nt. ');. 

t:--.;;_. :-::.-.'?!" :-.a:~d, th~ asp(·:t -:;~ :!c.·1~:l-:.~m'2:-~t f1;1:.; br.:r1;. wt:-11 s'::1r~r.--; :,;, : .. ..:t t.1mr· 
::le°,,;~.:: ~:. --;.:)t tr.'' me.st ::;·~t -:.!' :. ... ! t~.'" ,.·sc:t1v!.t1• .. 5 •.Jnd1. rt~3:...:r_.~1. 



CHAPTER - 2 

DEPOLYMERIZATION ?ROCESS ADJUSTMENT 
TO FIELD LATEX 

2.1.PRESENTATION OF THE PROCESS 

The reaction of natural polyisoprene depolymerization involves 
the action c: an oxydo-reducing couple (oxy;e:-,-phenylhydrazine) which, 
under some conditions, generates a polymere =~ains oxidizing break. 

7 

The ori;inal polyisoprene molecu::.a!:" ·.:eight, of around 600,000, -
1,000.000, is jecreased to 8,000 - 20,0JC tc o~tain oligomeres of a more 
or less fluid consistency according to the conditions selected. The 
simplified reaction mechanism is ill~strated ~y figure 2.1 • 

.0-NH·NHi 
0

2 
(air) 

A 

I 

I 

+ 

I 

j 

.0·NH-NH
2

; , r A-, 
,._ ___ l R-C - -R 

' II II 
0 0 

L J 

rigure 2.1 

Df'po l ym.~ ;· ! 1 at ion mec han 1 sm r: f •. ..; c 1 !; ~JO\.., 1 •;op u·m· 

:'he re:i=ti.:m process fol l:>ws t!".ese st:i:res ( ~ igure 2 . .:. l 

- ::itex stab:..:izat:..:ir. a:-.d arru:ion:..a e:i:nl:-.at1c:-. 1 rea:;tor Ai 



j~:xilym~iizdtion : 4ddition of phenyihydrazine in a hot dqueous :nedium 
and air bubbling (reactor s~ 

- rrecipitation - washings - ~acuum drying (reactor C) 

PHENYL HYDRAZINE 

IA' \:_:,} = latex 

®= latex 

stabilization. 

depolymerizotion _ 

VACUUM 

:::£_; = latex coogulatian -washing ' drying of liquid rubber_ 

Figure 2.2. 
Schematic layout of a natural rubber depolymerization unit 

In the initial process, polyisoprene depolymerization had been 
st.~died on centrifuged latex. ~he initial DRC of 60 i was decreased to 

3 

52 ~ i, presence of a stabilizing agent of the non ionic type (MERGITAL 01 
req~iring the use of 3cetone i~ large quantities tG pre=i~itate li1uid 

The :Jse of ano-:.::-.er stabilizing a;er-.t. of the a:-.ion1c t:pe (NEKAL 
3X ::al<es it possible tc recover liquid r..l.Cber by coa~'..::ation thar.%s to 
a di:~ted acid such as formic acid. 

At the same ti~e, difficulties appeared in the small pilot unit 
ex:sting in France wit~ ~heny:~ydrazine introduction. 

Acccrding to ir.trod'..;:tion and :igu:.ation speeds, t::-.e f")rmation o: 
:ncr-;: or less vol•Jrt:..r.o'..!s :oa::r•..::a is observed, r~qu1r:..ng the reactor be 
st:=~ed to remove them. 
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~ir-intake pi,:>e or directly. Addition can be much quicker, without produ­
l:-ing any coa·~.iluma Depolym~ri:?ation kinetics is displ-:t}'ed c~ the graph 
of figure :.3. 
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REACTION TEMPERATURE 

-- 1o•c 
---- 65 •c 

'-- .... -- ' - .... 
5 7,5 TIME I h) 

Figur~ 2.3. 

Kinetics of depolymerization 
- centrifuced latex 

~•H "H , • :: '·.- 4 c· 1 -- ~-= -~ - " , • ~. • v :n _ e, ~ ""'_ ~utUer 

C:::s:jerir.g t~at :ield :~tex ~RC • was ~ear 3:-35 \ ar.d that 
:ts co~position dlffers from centrifuged latex (since the :atter does 
~ot include a :ar~e part cf non-rubber substances/, this study ai:ned at, 
or. the on~ hand, checking ~hether the conditions could to applied 

- to :::.ore diluted latex 
- tc fie:d latex 

:.:::! t:-.erefore -:ra:.sposed to t:-.e f.:.lot ·~nit est.abl.:.shed :in t.:-.e very pr:iduc­
::on ~:ace, a~d, ~n the ot~er hand, opt:mizing t~e ~on1:t:~r.s :if reaction. 
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2.2. OPTIMIZATION OF THE CONDITIONS OF REACTION 

Different deciding parameters have been particularly examined. 

2.2.1. Conditions of ~~~~y:~ydrazine introductlon 

In the laboratory, phenylhydrazine is introduced i~ the reactional 
medium in a few minutes. In the small pilot unit existing in France, intro­
duction requires about ten minutes and this operation was sure to take 
longer in an industrial pilot unit. 

It therefore see~ed necessary to determine whether prolonged 
contact in hot water could partially decompose phenylhydrazine, impairing 
thus the effectiveness of the reactiofi. 

The results cf ti'.e tests L.1, L.2 and L.3, L.7, L.11 and L.17 
carried out at 75°C and 65°C respectively, which are listed in table 2.1, 
show that phenylhydrazine reactivity is not affected by a one-hour stay 
in hot water. 

On the other hand, one test showed that it was preferable that 
introduction should take place in the reactional medium brcu~ht to reaction 
temperature (test L.12). 

For the pilot ;::=.:-.:.,it was admitted i!'l agreement with r>= Dietri.c!-1 
Company, that fluct~~t:.ons ~f temperature of 5°C (± 2,5 °C' were possible. 
Experiments have been :::on.=·.;:::ted covering the ::5 tw g5=c te:::;-::rat.'.;re rar.:;e, 
5 by 5°C. 

According to t?-:e results of the tests L4 through L.1 J (table 2. :) , 
a large margin of safety has been determi:-ied, ranging from ~5 to 75°C, 
without any modificat:.o:-i i:-. the molecular wei~:-.t of t:-,e r-..±::er producej. 

To study the ~ther parameters, the mean temperature of 65°C was 
adopted. 

A somewhat def:.cient reproductibility in the results had been 
observed for reactions performed under equivale!'lt conditions but for which 
latex had higher concer.trations (37 to 40% DRC). 

In these cases, a~ increase in latex viscosity i~ ~~e first ins­
tar.ts cf phenylhydrazi~e i~trcduction had been observed i~ :-,0th the labora­
tory and small pilot ~~it existing in France. This phenome~~~ decreased 
the effectiveness of air-d:spersion. 

Control tests =c~:irmed this hypothesis. Later c~. a standard 
:i:.: -" ::'":': was a1mit.te·~. 

!=:. l Ct 

Latex with hi;~er initial concentra~:or. may be use~ ir. the small 
•.:r.it, consider:r.-;: t:-.~ power and effect.1veness cf agita':ion. 

7[ae main o:C,jE:::~l·;~ :>f this1~est s~r.:..'2s was rIY:i;,tl·,,: :.: ;Jn t::C(.;nomic 



Test number 

!'~''-•twl h'-•d razine 
• J -4 

-0l~s/g ruhher x 10 

I able 2. l 

l-:l·'l"t·:C':'s OF 'l'EMl'EkATUkE HEACTIOt.1 AMO J\ODITIC>~l corJD!'fIQT>lS 
CW PllENYJ.HYDHJ\7.INE ON DEPOLYMl·:J<J~l\'l'ION Hf':l\CTION (CEN'l'HIFUGED LA'PEX) 

L. I J •• 2 L. 3 L.4 I .. 5 

8 8 8 8 8 

L.6 1.. 7 L.8 

8 8 8 

L.9 

8 

I 
l .. 10 I 

I 

8 

I 
I 
I 

L, 11 L. 12 

8 8 

! ! ! ! ! ! ! ! ! ! I I ! 

l.. I 3 

8 

--------------------------!------r-------,-------1------,------,------,------,------,------i------1-------r----------,---------
M~d~tion t~mperature 75 75 7'> Rt l 75 7 (l 65 5 '> ! 4 5 ! 15 I !> 5 I 6 5 ! ~ 'i 

I I ·· ---- ---.. --- ----------,------,-- ----1- ---- --1------1- --- --,------ r- --- --,-- ----,- -----,- -----i- _______ i ______ - - --r- --------
~ld~iliz~r % pHR ! I. 5 I. 5 I. 5 ! I. '> I. 5 I I I 

I ! I I ! ---- --------------------,------1-------,-------,------1------1-------,------1------,------,------1---------i-------------------· 
.\ 1 1 I l (\W \ l /mn) ! 2. 5 ! 2. 5 ! 2. c; ! 2. 'i ! 2. 'i ! 2. '1 ! :! • '.> ! 2. 5 ! 2. 5 ! 2. 5 I 2 . S I 2 . S ! 2. '> 

! ! ! ! ! ! ! ! ! ! I I --·----------------------------------1-------,------!------,------,------,------T------T------i---------i-------------------
t' .. 1:,l1t i••I\'• ,., l'h .. 11yl­

!1•;,1t .1.>.111<· ,1ddi t iun 

",•t .. ,ular \.le-ight {Mv) 

I I 
I time:2 timesi5 times; 

I I 
(30 mn);(60 mn) ! 

) times !Hot water I l time ! 2 times ' 
I 65 •c I in latex !the second 
l+atirrin~I at room ! after 
I (30 mn) I temperatur•e, 5 hours' 

! ! ! ! ! ! ! ! I I ! ------,-------,-------,------,------,------,------,------,------,-----'l---------i--------r---------
.12, 5001 9,700 !11.200 !13,40P!8,Rno !9.700 !7,500 !9,300 !8, IO() !13.8001 8.900 I ll.900 ! 8,4(1(1 

I I --------------------------------------

~ 



nature. To obtain rubber of a molecular weight Mv near lC,000, it is 
necessary to use 10 phr (per hundred rubber) phenlyhydrazine. 

12 

OWing to the price of this reagent, trials to reduce the amount 
required to obtain the same result were i~p~rtant. 

An experiment scheme has been devised, involving simultaneously 

- the amount of phenylhydrazinc (4-6-8-10-12 .10-
4 

mole,:g of rubber) 

- air-flow (1.5-2.5-4.5 l:mn in the laboratory; 5-- an 10 l/mn in the 
small pilot unit) . 

The results appear in table 2.II.Despite the anomalies probably 
due to a defective air dispersion under the conditions of these tests, 
it can be concluded that, in both the laboratory a.~d pilot unit, the 
air flows studied have no appreciable incidence on the polymerizdtion 
state of the rubber obtained. 

Anyway, it should be noted that this is a situation where oxygen 
is largely excessive. The result of this is that depolymerization effec­
tiveness mainly depends on phenylhydrazine amount. 

The molecular weights obtained \Mv) are t~e following : 

17 ,000 
10-12,000 
8,000 
9,000 
8,000 

fer 

" 
" .. 

4 .10-4 

6.10:! 
8.10 -4 

10 .10 -4 
12 .10 

mole of reagent/g of rubber 
" .. 
" 
" 

" 

It seems that the level of molecular weights (Mv 8,000) is a 
limit and th ... t using larger amounts of phenylhydrazine does not bring any 
interesting result, in view of the extra cost originated. 

2.:.5. Influence of t.~e met.~od of phe~y:hydrazine i~trcd~=tion 

Depolymerization ~inetics shows a rapid drop in molecular weight 
in the first 5 to 8 reaction hours, w~ere it reaches 25,000-30,000 (figure 
2. 3) • 

It could be assumed that initiating the reaction by a lower amo•..:r:t. 
of phenylhydrazine followed by successive addj tions of other variab.le por­
tions to reactivate this q~ick degradation process, would give rubber of 
lo~er molecular weight, with the same amount of phenylhydrazine. 

Experiments have been performed to that er.d : introduction of 
pher.ylhydrazine in several times, spaced by variable interval~ and in 
vario~s proportions, as indicated by figure 2.4. 

Reaction parameters are as follows 

- phenylhydrazine 

- temperat~re 

- time 

6.10-4 mole/; of rubber _
4 * 2 tests with 4 and S.10 mole/g 

65°C 
24 hours 



lahl1! 2. 11 ·------·--· 
1-:1"1-'l·:CTS OF PllENY LllYDkl\t.l Nt~: IU\'rIO ANU /\[ H !•'I.OW ON m•:POLYMEHJ Zl\'l' ION IU:/\C'l'Im' 

(Cl·:NTH I ,..uc;1·:f) f./\'l'l·:x) - r-111r.1~:c111./\H Wl•;l(;fj'J'S ( Mv) 

I 

1 Pheny lhydral in .. 
!mole/g rubber 

12 >( 10-4 

1() ., 111-4 

t:l x 10-4 

6 >( 10-4 

4 A w-4 

I 1ll.ed c:o11d1l1u11s : Latex concentration 
H1!acl 1on temperature 
Heaclion time 

I . 'J 2.5 

I l, • j} I 7' 7()(J 

rn ~.; 

(J5 or 
24 h 

I(., 50 I B,900 

'I . 29 ' 1 '/., lllJU 
IL. 42 I 6,400 
I( ,l~l) I 1 () I 'JOO 
'l. .49~ i 1 I I 21)[) 

I 

' 
11 ,44 I '.I, Ill.II 
IL. 4 7 I I) I 920 

-----,-· .. ----, ·--- ----------· 
1 l , 4 1J I 

11 • '> 1 I 

1 '>I HJ() 

1(,. /Oil 

I 

I 

'I . j[ I 9, }r HJ 
I 

I 

1 l • 7 I 7 I '>LIO 
IL • 11 I 8,900 
IL. J 1 I U,600 
'l . 2'.> ' 7' 'Jllfl 

' 
I 

1l ,40 I 12 I llll J 

'I . \(, I 10,400 
'l . j 7 I 10,200 
'L.t~Oli' 9, 9}() 

·-
'l . HI I 1 7 I ~JUrJ 
I l •. I~) I 11,nrH1 
I l , \!Iii I H1 I 711( I 

1L •. W 
'l . 41 

IL. 4' 
'l. .46 

11. J9 
1 l. .48 

4.5 

8,500 
7', ,o 

9,S40 
11,700 

1''400 
1', SOD 

------------·----·- ··--·---------- --- ------·---- --------------------------
l 4<Ji - L 4<J 2 
l J6 
l. }7 

Dupl1calt• 1111•a!.lurl' 1111 tilt> !.lClmc• :;ample 

Add1t1un of phe11ylllydrn11111• 111 2 time!.> (')0/50 - UtdU) 

1\ddit1u11 ul phc11ylli)·dri1ll"I' 111 J limes (1/J - 1/} - 1/J - 41130) 

l..J 
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Figure 2.4. 

Diagram of different methods of phenlyhydrazine 
introduction 

The res~:ts given in Table 2.III show cnce mere that rubber 
depclymerizatio'- state depends on phenylhycrazine amoCTlt;the method of 
introduction has no incidence on the physico-chemical ?roperties of the 
product obtained, ?rovided that the last portion is not added too soon 
before the end of the reactior. (test L.53). 

A large '-'.m1ber of these optimization st:.:dies have been carried 
out or. both centrifuged and field latex. 

The results obtained an identical, ei t:1er in the laboratory or 
in the pilot ur.it, as shown for instance by Tablt:! 2.IV which compares the 
rubber obtained ur.der the same conditions in the laboratory, from centri­
fuged and field !atex : the :nolecular wei;:-.ts obtained are identical. 

It shcu:d however be noted that the liquid ru~ber obtained in 
t!'le si:a!.l pilct -.. :-.it has a higher molecular weight tha:'. -:.he liqu::d rubber 
achieved under t!:e same conditions ir. the ::.aborator::·. 

10,ooc - :1,oco 
15,00C :~,000 

instead of 3,COC 
" 1'J, ooc 

3 I ..,-4 (for •• w _
4

, 
<for6.IJ; 

The same ~bservations apply to the !1qu1d rutter ~ctained i:'. the 
?ilct unit (~ee the cests of De Dietrich pi:ot and the results cttained 
in the Ivory Coast • 



Table2.III EFFECT OF CO~"DITIONS OF P~ .. NYLHYDRAZINE ADDITION 

Reaction cond1t1ons : 

\f M1-lllH 
910le/Q . 

rut11>er l 10 ". 

" 

~ 

·e 

latex concentration 

reaction temperature 

reaction time 

air flow 

~r 

Test . of 
M,, 1 . 

nunoer , 1ntroduct 1ons, 
tJ-5 

l )8 I> , 
' 

}6 , 2s. ~c:. . 

l }7 

l ~2 . "'"·}QC 

l ~~ ) ' ~~.DOC 

L 64 ' bl ,900 

l 6~ ) • 77,.:.0C 

l 1) 2 ' 27,600 

JO ~ 

65 °C 

24 hours 

2.S I/minute 

.... 2 

16,700 

e. ~,. 10,t•OO 

I~'. . 2}.800 
(9) I 

21, 700 
: , ~ ! ' ( 21} I 

14,400 
"41 . ( 18)' 

28, 400 
(~: ' ( 9)' 

• e. ~',I e. 400 

"·' 

10. :o: 

10,400 

12,600 

10, 100 

9,910 

Mv : Molecular weight beflll"esecond introduction 

Mv 2 : Molecular weight before third introduction 
or final molecular weight with 2 introductions 

M~ J : final molecular weight wit~ J introductions 

15 

P'I .. for 
! l l"~ 

17 ,DOG 

·c.c~: 

e.ooc 



lable 2. IV 

COMPARED DEPOLYMEHI~~.TION OF FIELD ~ CENTHIFU<;ED LATEX 

Reaction conditions : Latex concentration : 30 ~ 
Reaction te111>erature 65 °: 
Reaction time 24 h Air flow : 2.5 l/mn 

16 

Test number L 55 L 54 L 23 L ~7 L 61 

1 Phenylhydr~z1ne 

' mole/g rubber ~ 10 
4 4 6 8 8 8 

} repetitive tests 
Note '3 different samples of late• 

1 ~v (LNR from :ield latex)' 15,500 1 10,400 7 '931J 7,900 - Q-·· 
I ' .; . -

' Hv {LNR from 
17 ,uoo 10,000 <----- 8,000 

_____ ., 
1 centrifuged latex) 

2. 3. COMPLEMENTARY EXPLANATIONS 

In addition to the study of the conditions directly related tc 
depolymerization reaction, a few points were worth examined. 

2.3.1. Influence of the material involved in De Dietrich reactors 

As all the reactions were conducted in glass-reactors, it was 
necessary to check whether stainless steel, used to build the pilot unit 
reactors, modified the kinetics of polyisoprer.e degradation. 

Depclymerization was carried out i~ t~e prese~ce of a large 
sample of stai~less steel introduced in the reaction ~edi~m. 

The res~lts obtained are ide~tica:. 

2. 3. 2. k'1ti-froth in fl •..1ence 

High anti-froth doses may be required, depend1~g on the field 
latex s~ppl1es involved. 

It ~as been demonstrated that with ~ar~edly ~1gher amounts (5 
times more thon ~s~al,, depclymerizat1on was ~ct inh~=1ted. Only a sl1~ht 
reduct.ion in ef::ect1vt:>ness was observ.;,d :Mv ~tt.:1ir.ed : : ! , 500 instead ?f 
3,:~Cl. It shcu:d however be ~oted t~at t~:s 1:!fere~ce remains with:~ 
the limits o:: repr~duct1b1l:ty .:1nd that th:s s:t~at!=~ :s ~ct li~ely P• 

~e re~eated, ~~:ess ~~ .:1c=1dent happe~s. 



--------~-----·~:--

2.3.3. Drying conditions 

In the laboratory, d.rying is usually achieved under vacu:;~"l 

at 8C°C. It was checked that accidental prolongation of hedting at 
120°C during one hour at atmospheric pressure Cpresen~e of air), 
followed by a one-hour period at 120°C under vacuum, did not affect the 
molecular weight of the rubber obtained 

Mv 13,100 instead of 12,600. 

2.3.4. Simulated in~erruption of the depolymerization pilot unL: 

As interruptions of power supply are to be feared on t•~ site of 
the Cote d'Ivoire , making heating, agitation and ventilation s··o!::', 
simulated breakdowns have been transposed tc the laboratory, 0n a standarrt 
depolymerization reaction. 

phenylhydrazine 
temperature 
effective reaction time 

8.18-
4 mole/g of ru!:::~er 

65cc 
2~ hours 

The sequences of rea~tion interruFticn and starting up are 
illustrated by figure 2.5 

I igure 2. ~ 
i ffrL·t of dtsccnt 1nuous rurintnG or ._;p~'c?j-.rr.rr :1:1· !flr• ,,..,,-· ,1_11, .1r1 

me! f>CU 1 a:- WC' l qht 

- :.6 
Ccel"'.tri f;,;ged 

3r: 
Stoo : 161'1) 

241'1 321"1 
Stoc ~6!". 

-3~· 56~ 

31'1 8ti :i~. 

Mv :8,CXX: 

.::c. an 241'1 J2P- _3- ~t~ -55~ 

- - -- ----- -- - - . - - . . - -- - .. 
(field latex) 10,400 =.?~C "'v MY :9,CO: 

Mv :8, 90C 

depclymerization over three 8-hot:r days ..,!. tr. total :.nterr·.;t:tion each 
nig~t (16 hours) test L.66 

- depclymenzation ever three 9-hour days wl t:i interrupted a~i tat ion and 
?en:ilation, and m~intained heating at ES'C - test L.as 

- je.;>cl:--::ier1zat1or. with a total 48-i"iour :.:-.ti::rr'.!?t.:.or. aft.er c:.r.t1nuous 
r~nn.:.n; of 7 hc~rs and react.~r starting ~F dur:.ng :~ ho~rs - test L.71 

Poly1soprene de;radation has ~ot ~ee~ a!!ected ~Y t~~se :el1berate 

' 

f 
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As a few faults had been encountered during the first tests 
carried out with the pilot unit of the C0te d'Iv2ir:E(difference in the 
molecular weight of the final rubber as compared with pre-drying values 
- increase in molecular weight b~tween depolymerization interruption and 
reactivation several hours after), another reaction has been conducted 
under extreme conditi~ns, on the field latex involved : 

- nightly interruption of agitation and ventilation with tempe­
rature maintened at 65°C, 

- pre-drying ambient a~r relaxation period of the decanted 
coagulum at 65°C during 20 hours, 

- continued drying under vac~um at 85°C during 4 hours after the 
normal 4-hour period of time. 

The liquid rubber obtained has the same physjco-chemical properties 
(Mv 9,000) as those achieved under ideal conditions (continuous 24-hour 
reaction with no interruption whatever). 

Besides, no significant increase in molec~lar weight is detected 
after ~:gnt i~~err~ptions. 

2.4. QUALITY CONTROL 

2.4.l. Determination methcd of rubber depolymerization degree 

A relatively fast end simple method has been definitively es~abli=­
t~c.~he de~cly:::Eri=atio~ degree cf latex rut~~r =~~ =e ~sh deter=i~ec ~~:ore 

the ultimate stages of coagulation, washing and drying, by measuring the 
capiliary flowing-time of a rubber-solution. 

Method proceeding : 

- a very small latex sample (15-20 ml) is coagulated and thoroughly washed 
with aceton; almost all the water is elimin~ted, and drying becomes easier 
contrary to what happens with acetic or formic a~id; 

- a layer of LNR, as thin dS possible, i£ spread on a c:Jpel and dried at 
100°C in a ventilated oven; complete drying is thus obtained in 30-45 mn.; 

- a solution is prepared with 1,25 gr. of dry LNR ir.. 25 ml. of toluene; 

the flowing-time of this solution is measured with a co~ventional visco­
simeter UBBELHODE (SCHO'l'I'-MAINZ; norm. ASTM, with =apillary Ob; 0 : 0.46 
mm) at 40 ± 0,2 ~c; 

- a calibration c~rve (figure 2.6) has been drawn froc about 15 LNR samples 
of mclec~lar weight between 7,600 and 23,000; it gives the viscosimetric 
weight Mv, vs t~e flowing-time. 

It takes about I h 30 to perform the test. Pe!"ceiving the LNR 
::iclecular weigl"lt 'j.:.ffere:".;..e between Hv 15 and 2C,GCC, is quite easy, t:..:, 
:'.iowing-t1me corresponding space being about I n.:-•• 
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Table 2.V gives some idea on the accurdcy of the method, according 
to the error that may be made in sample weighing. 

Veiaht Flovinc-time - -Determined !Iv !teal Mv <a> (1) 

1.2so 355 12, 000 

1.240 342 11, 300 
11, 400 

1.300 362 12, 800 

1.340 377 13, 900 

Table 2.V Effect of an error in weighing on the precision 

2.4.2. Determination of the viscosimetric molecular weight Mv in the final 
froduct - Calculation of K and a, coefficients of the MAPK-HOUWINK 
equn~ion with a toluene temoerature of 35°C 

The average viscosimetric moLecular weight Mv is determined from 
the limiting viscosity number, in application of the MARK-HOU~INK eq~ation 

The limiting viscosity number is defined by 

[1J • ~'".+ 0 \1cc 
where 410

1 

is the viscosity of the sc::.ve:".t 
f the viscosity of the polymer solution 

C, i~ the dry =ontent of the solution. 

K and a are con~tants depending sim~ltaneously on t~e polymer 
solvent and solvent temperature. 

!RAP viscosimetries a!"e p<:rfcrmed on an a:.itomatic v1scosimeter. 
Hcwever d~ring the stay of M. :aig~eau (IRCA:, a ttanual process has been 
demonstrated as being possible, with the sarr.e UBBE:OHODE visccsitteter used 
to deter~ine th~ depclymerization degree cf r:.ibber. 

Mv is obtained with K C,OOC 502 dl/g. 
and a = J,66"7 

tol'Jer.e ':.e::iperature be:ng 25°C. 

Ccr.s1der::".g thE. chmat.~:: ::onditions ?f t~.e: C5tr.: J'I•;:.,ir<:? ''1mhient 
temperat•.1re : 30°C:, K and a ·o1ere ::alc·.1lated, the v1scos1t·1 test being 
performe~ :n tol~ene at 35°C. 



Limiting viscosimetry numbers (~]have been determined at 35°C 
in toluene, for 3 LNR of ~nown weight CS,~10, 15,400 and 19,200). They 
are shown in table 2.VI. 

Table 2. VI 

! 

t1l ! 

Mv l l ------------------------l l I 
l At 25 •c At 35 •c 
I 

8,010 0.201 0.19~ 

15,400 0.312 0.298 

19.200 0.36 l 0.342 

LIMITING VISCOSITY NUMBERS OF 3 um AT 25 AND 35°C 
(solvent : Toluene) 

21 

These three values 
follc~ing straight line : 

35°C make it possible to draw the 

Log Log K + a Leg M 

The slope corresponds to a, and t~e original ordinate to Log K. 

At 35°C in toluene, we have K 0.000 561 dl/g 
a = 0.650 . 

.., --. - . RESIDUAL PHENYLHYDRAZINE CONTENT AND TOXICITY 

In view of the fact th~t phenylhydrazine is a very poisonous 
chemical and is described as a "highly toxic" and a "cancer suspect agent" 
in ~~Aldridge catalog~e. and as LNR may be passed to industry for 
f'..:rther trials, it is necessary to have as :nuch analytical inf~rmation 
as pcssil::le. 

Gas liq'..:id chromatography suggeste~ that there m1;tt be as !1t::~ 

as SO ppm of free phenylhydrazine i~ :;:_~'R. Te~ts cuncerning jerffiatose 
ir.d~ced by LNR are negative. 

2.6. CONCLUSION 

During this study, all th~ pa~ameters involved in the reaction cf 
nat,_;ral r'..:bber depolymerization hav-=- teen exami.1ed, together with a few 
::t.:-.ers :ncre specifically related to rhe way the pilot plar.t it.self works. 

The technical data emerging from ~his study are ~ccurate enoug~ 
·~~:-.sure- the smooth t"unn!.:-19 of the p!.:ot plant ~stablished i:-. theC5te 
~·:-:/,;ire. 
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CHAPTER - 3 

COMMISSIONING TESTS OF THE PILOT PLANT 

3.1. Objective of the tests 

These te!"ts were comprised in the heading "Commissioning tests" 
of the contract, in order to check, before leading and in prestnce of the 
representatives of UNIIXJ, !RCA and IRAP and of one of the IRCA engineers 
in charge of the project in Cote d'Ivoire,t?",e c:-n::=-.-ir:nity o: t!1e process 
and the prcper working of the equipment to bri~g possible modifications. 

The subcontractor De Dietrich Company had set the pilot plant in 
the "chemical engineering" shed of the factor!·. 

3.2. Testing conditions 

'!'1.-o tests have been performed : one c~ centrifuged l~tex, 
since the procedure was well-known, and the other ~n field latex, to 
attempt to reproduce the conditions in which the depolymerization 
reaction will work in C5te d'Ivoire. 

The equipment used differed fr0m the unit which will be mounted 
in Ivory Coast only in the insulation which w:is not installed yet ; 
furthermore, external temperature (betwPen 10 and 17° C) a~ well as 
wate~ temperature (15° Cl will be different. 

3.~. Tests on centrifuged latex from October 5 to 10, 1984 (see Fig.5.1. 
p. 3'3) 

A. Stabilization the centrifuged latex (DRC 60 %) brought 
in 200 1. tanks has been diluted, to reduce DRC to 30 % by adding 
365 1. of •ater, and homogenized. 

7~e latex (730 kg or 753,3 1.) has =een filtered and transferred 
in reactcr BOl : soda (0,2 \ to the dry rubber) and Nekal BX (1 % to the 
dry rubber. have been added and the produce tas been agitated for 66 hours 
(mechanica~ stability higher than 540 s). 

3. Depolymerization : having the prod~ct been transferred by a 
vacuum p~=~ from re~ctor BOl to R02 (T = 60° C) , phenylhydrazine was 
introduce=. As a matter of fact this was not 1one as expected (i.e. by 
the same ::rc~it dS air and at the same time) since the pipe choked 
aft~ the =emixion of phenylhydrazine and its =r:stallization in the 
cold pipe. ~he remaining phenylhydrazine was :ntroduced directly through 
the react:r inspection hole (9 \or 17,2 1. :~ 50 1. of water) ; 



a modification has been allowed : creation of a phenylhydrazine 
independant circuit. A night watch has been kept to control foaming 
450 cc. of anti-foaming agent Rhodorsil have been introduced during 
depolymerization. After a 23 hours reaction, depolymerization has been 
controlled according to the procedure described page::, giving a 
visccsimetric mass of around 10,000. 
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C. Coagulation - washing - drying : having t~e Froduct been 
transferred by a vacuum pum~ from R02 to R03, acetic acid was introduced 
(4 \ to the dry rubber) ; after decantation and drawin•~ :)ff of 225 1. of 
water, four successive washings have been performed. T~•·= introduced and 
removed water quantities are given below : 

introduced water "~moved water 
quantity quantity 

1st washing .............. 200 1. 87,5 1. 

2nd washing ............... 150 1. 95 1. 

3rd washing .............. 150 1. llS 1. 

4th washing .............. 150 1. 133 1. 

Drying has been carried out maintaining the prod~ct temperature 
at 60° C under a vacuum of 150-160 mm Hg. At the end of the drying 
process_(after 15 h} pressure decreases and temperature rises ; 230 kg. 
LNR of Mv mass : 11,100 have been drawn off. 

Characteristics of the rubber obtained 

Mv 
Mw 
Mn 

11, 100 
44,200 

7,500 

I 5.9 
N2 

\ 0.49 
volatile matter 

3.4. Tests on field latex from October 15 to 17, 1984 

0.45 % 

A. Stabilization : the field latex (730 kg. at 30.5 % DRC) from 
Ivory Coast has been filtered and poured into reactor 301 ; soda (0.2 % 
to the dry rubber) ~~~ Nekal BX (1 % to the dry rubber) have ~een added 
and the product has bee~ agitated for 55 hours (mechanical stability 
higher than 540 s). 

q_ Depolymerization : the product has been tra~sferred i~ reactor 
R02 (T = 63° Cl in which phenylhydrazine has been introduced {9 % or 
19.26 kg in 50 1. of water) ; foaming has been quickly contrulled by 
adding an anti-foaming agent : 650 cc ; a night watch has proved 
indispensable. Aft~r a 24 hour reaction, depolymerizatio~ has bee~ 
contr~lled giving a v:sccsimetric mass of around 9,500. 



C. Coag':_llation - was~ing - drying : having the product been 
transferred to reactor R03, acetic acid was introduced (6 \ to the dry 
rubber) ; after decantation and drawn off of 31S 1. of water, three 
successive washings took place. They are summarized in the following 
table : 

1st washing ............ 
2nd washing ............ 
3rd washing ............ 

introduced water 
quantity 

-100 1. 

200 1. 

200 1. 

removed water 
quantitv 

378. 5 1. 

198 

217 

1. 

1. 
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Drying has been carried out maintaining the product temperature 
at 60° C under a vacuum of 140-!50 mm Hg. At the end of the drying process, 
(after 10 h.) 240 kg LNR of Mv n:ass : 11,300 have been drawn off. 

Characteristics of the rubber obtained 

3.5. Conclusion 

Mv 
Mw 

Mn 

11, 300 
44,400 

7,130 

I 6.2 
N'% 0.88 
volatile matter 0.90 % 

Both tests are satisfactory indeed : 230 kg. and 240 kg. have 
been produced without difficulty. Thanks to a fruitful collaboration 
between IRAP, De Dietrich and IRCA, this semi-industrial unit was 
operational and able to produce a representative amount of LNR. 

Havi~g been modified, the plant has been heat-insulated, 
dismantled and packed according to the s~hedule prov~ded by De Dietrich.It 
reo;::!'"\e.:: :::Ste .:! '!v·::iire early Jar.'...lary, date at which reassembly started. 
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CHAPTER - 4 

.SETTING i;r OF" I'HE PILOT PLANT 

r~; C::•T:: o • rvor RE 

4.1. CIVIL WORKS 

4.1.1. Introduction 

According to the sequences of IRCA's programme, the construction 
of a factory building which is destined to shelter the pilot plant has 
teen carried out during April, May, June and July 1984. 

This pilot plant, mainly composed of reactors (1,2CX> 1.), is 
25 square meters and 6 meters high. It was therefore necessary to build 
an edifice large enough to shelter the pilot plant as well as different 
outbuildirgs such as a raw mc>terial store, spare part~s stores, etc •••• 
In addition to constructions ~xisting before, we havE- decided to build 
a structure of about 150 square ~~ters which will gather th~ different 
stores and the pilot plant. The laboratory will be established in a 
structure already available. 

4.1.2. Site selection 

Following criteria were tai;en into consideration for best 
possible settlement ~f the pilot plant building : 

- unity of locality 
- surroi;ndings 
- security 
- approach ways 
- prices 
- delays. 

4.1.3. Building contractor's selection 

Six metal frame and civil engineering builders have been 
contacted ; only one was selected for his serious references and his 
=ompetitive prices : SAMELA Company-Cl B.P. 1177 - Abidjan 01 - Cote J' 
:::·.·oire.This metal frame builder has subcontracted the civil engineering 
works to the Company IVC0-04 B.P. 911 - Abidjan 04 - ~5te j'Ivcire. 

4.1.4. Civil engineering works chronology 

Civil works started on May 15th, 1984, after the development 
plans have been draw;.. 

ETECO Compar.y-01 - B. ?. 1687 - AbidJar: 01 r...,:-iginee:ring company) 
j~s~gncd the civil ~~gineer1ng plans. 
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The edifice of the pilot plant has the following specifications 
18 m. long, 9 m. wide, 7 m. high. IVCO Company has started the civil 
engineering works by the levelling. Then, excavations, solid mass, 
and longitudinal beams successfully followed. 

Then the frame, consisting of four truss of roof, has been 
set up on ten I-poles. Only after having fixed the rails on the poles, 
these could be bedded. A coat of paint with tar has been deposited 
on the side of the rails in contact with boarding so as to avoid 
any electrolysis phenomena. The ciphering grids have been buttwelded 
on the higher part of the building, up to one meter high in order to 
permit a natural ventilation of the building. 

The roof, composed of aluminium sheets and transparent polyester 
sheets for zenithal lighting, has been fixed to the rails as well as 
the lintels of the door to the poles. 

Then the reinforced concrete flag has been pourred, with its 
reservations for gullies and for the I-poles of the pilot frame. 

The civil engineering works concluded with the erection of a 
low wall (0,6 m. high) along the circumference of the building. After 
two coats of grey paint, the boarding and polyester sheets have been 
fixed. The head work and electricity ended the construction of the 
building. 

Provisory acceptance test tock place on July 30th, 1984, 
according to the time schedule. 

Pictures n° l and n° 2, page 
inside of the building. 

4.2. PILOT PLANT SETI'ING UP 

.... -.... , s~cw the outside and the 

After the pilot had been given trials at De Dietrich in France, 
it has been dismantled, put into a container and shipped to Ivory Coast 
by boat. The "Yolande i:\elmas" arrived or. Jar.:..:ary the 2nd, 1985 in 
Abidjan. Then, after c:.earance of goods, the container was transferred 
and recei ·:ed at !RCA Bimi:::resso on January 22:-.5. The frame of the pilot 
pla~t was built by experts Within a week. 

Then two ta11ks and one condenser have been fixed on the first 
fleer as well as the electrical dispatching assembly. Different tanks 
and pumps have been set up as well as t~e electric boiler a~d the 
c-:;i::.pressor. 

One month ti:ne was necessary to pl:.;; in connection different 
ele=tric motors and to install pipe and tube ~orks. Water has been give~ 
3 ~rial in order to test the pilot plant water-tightness. 

Production of liquid nat·..:ral r·~::::oer started on April 9th, 1985. 



• • r-t 
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4 • J. EMERGENCY GENERATOR 

Considering the unceasing electricity cuts in Cote d'Ivoire 
prejudicial to the project (some reactions must be carried out during 
24 hours without interruption), Republic of Germany has answered 
positively to our request giving supplementary estimates to buy an 
emergency generator. 

These characteristics are 

• Diesel motor DEtn'Z F 6L 413 FR 
- power 89 kw 
- speed : 1,500 rpm 

Alternating current generator 
- power : 100 kva 
- cosine i : 0,8 
- voltage : 380 V 
- frequency : 50 hz 

This emergency generator has been shipped tc :ote d'Ivoire '!Jy 
boat. The "Bonake" arrived on April 12th. Then, after clearance of goods, 
it was set up in IRCA Bimbresso. 

Modifications were necessary in the electri::al station. 

The emergency generator provides 15 \ (on a~ average) of the 
plant's energy. 

4.4. STARTING UP 

4.4.1. Description (see in annexe general layout of t~e pilot plant) 

The pilot plant is mainly composed of three tanks taking in 
respectively the reaction of stabilisation, depolymerization and 
coagulationidrying. 

- Stabilization tank 801 

specification : 
- polypropilene 
- diameter : 1,200 DUD 

- depth : 1,590 mm 
- total volume: 1,200 1. 

equipment 
- stirrer, speed 

power 

- ~~~!~~!~~~~~~~-~~~~-~~~ 
specification : 

- stainless st~c! 

150 rpm 
O, 37 kw 

- diameter : 1,200 mm 
- total volume : 1,670 1. 

duty pre£~ure : - 1 to + J bars 



----

equipment 
- stirrer. speed 175 rpm 

1, 5 kw power 
- safety valve 
- calibrated valve 
- thermometer 
- manometer 
- heater coiled tube 

- £~~2~!~~!~~-L-~~~~!~2_L_~~x!~2-~~~~-~2~ 
. specification : 

- stainless steel 
- diameter : 1,200 mm 
- total volume : 1,670 1. 
- duty pressure : - 1 to + 3 bars 

equipment 
- stirrer. speed adjustable 

5,5 kw power 
- safety valve 
- thermometer 
- manometer 
- heater coiled tube 
- condenser, type FX 273.10.l.H 

- ~~ee!~~~~~ 
. Compressor C016 

output : 2,2 m1 /h 
surface : 6 m2 

duty pressure : 3 bars 

type : Px 20/100 H 
output : 11 m1 /h 
power : 2 cv 
duty pressure : 3 bars 

. Electric boiler CH06 type : RH 440.80.0 
power : 80 kw 
temper~ture : 250° C 

. Vacuum pump PV08 type : water ring 
speed : 2,800 rpm 
power : 1,5 kw 
output : 43 m1 /h 

type : moto-variatEur 
speed : 1,500 rpm 
power : 0,25 kw 
output : 50 - 200 l/h 

type : moto-variateur 
speed: 1,500 rpm 
power : 0,9 kw 
output : 50 - 200 l/h 
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. Phenylhydrazine tank B04 

- ~~~~~~~· speed 
power 

. Acetic acid tank BOS 

stainless steel 
diameter : 570 mm 
depth : 800 mm 
total volume 150 L 

1,500 rpm 
0, 18 kw 

polypropilene 
diameter : 460 mm 
depth : 450 mm 
total volume 60 1. 

- ~~~~~~~· speed : 1,000 rpc 
power : 0, 18 kw 

. Distillate water tank RE17 

• Flow-meter 

. Tubes 

Electric switchboard 

4.4.2. Process instructions 

4.4.2.1. Stabilization 

stainless steel 
diameter : 800 mm 
depth : 1 ,000 mm 
total volume : 400 1. 
duty pressure : 3 bars 
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Latex is transferred from drums (200 litres) to the tank 801 

through compressed air. 

For this operation 
- put the special cap on the top of the drums full of latex, 
- plug the tubes for air admission, 
- plug the tubes for flowing out of latex, 
- check : a. the drain cock n° V40-146 is turned off 

b. the compressor C016 is t~rned on, 
- open the tap of air admission regulation so as to keep always 

under pressure 0,2 bars, 
- exec~te the same operation fer the 4 dru~s, 
- clean dn1ms and tubes after transfer, 
- start up the stirrer of tank 801. 
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4.4.2.1.lXransfer fr~m tank 801 into tank R02 

- Check the filter n° V40.1~7 is cleaned. 

- Check that : 

V32.104 is turned off • 
. the introduction of antifoam agent is turned off, 
. the introduction of phenylhydrazine is turned off • 
. V40.103 is closed, 
. the tank R02 scuttle is closed. 

- Start up the electric boiler (3 resistances, temperatur~ 100° C). 

- Check that : 

the thermic fluid tap R02 is turned on. 
the thermic fluid tap R03 is turned off, 
the thermic fluid by-pass is turned off. 

- Start up the vacut.:.m pump after water admission has been 
turned on and after having checked that V32.116 has been 
turned off. 

- Check that : 

. the distillate ~ater tank is closed, 

. the tap V32.109 of the vacuum pump is turned on. 

- Open the tap V32.121 after the scuttle has been closed. 

- Cteck the pressure on the manomEter (400 mm Hg). 

Latex admission 

- open the tap;;V40.101 and V40.145, 

- adjust the latex delivery so as to obtain as less foam as 
possible by handling tap;VB.115 and V32.121 if n~cessary, 

- when the transfer is over : 
• turn off the ta;:sV40.101, V40.145 and V32.121, 
• switch off the vacuum pump, 
. open the tap V32.104, 

start u~ the compressor and the stirrer of tank R02, 
. adjust air compressed admission with the ~.ap V15.119. 

Preparing of phenylhydrazine solution : 

- tank 804 has to be cleaned, 

- the drain cock Vl~.147 has to be turned off, 
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- the thermic fluid tap V15.125 is turned on, 

- adjust the temperature of electri~ boiler to 100° C, 

- pour 50 1. of water into tank BO~ and 18,6 1. of phenylhydrazine, 

- start up the stirrer of tank 804. 

' .em·lhvdrazine solution admission 

- .::heck : 

. the temperature of latex is about 65° C in tank R02, 
• the temperature of phenylhydrazine solution is about 

50° C in tank 804, 
. the stirrer of tank R02 is started up, 
• V15.141 is turned off, 
. V15.149 Cphenylhydrazine solution admission) and 

Vl5.ll8 are turned on, 

- start up the electric pump PD 14 at its upper delivery, 

- after transfer turn off Vl5.149. 

Depolymerization 

- adjust air bubbling with the tap VlS.119, 

- add antifoam by the tap V32.139 according to the quantity of 
foam making, 

- swill down the pump PD 14 and the tubes used for the 
transport of phe:-.·il!.1y:frazine s.:: ..::..:...:::-.. 

- Check 

- Start 

Check 

Transfer from ti'nk R02 into tank RO) 

the tank R03 and the filter V40.120 are cleaned, 
• the drain cock VS0:10S cf tank R03 is turned off, 
• the drain cock V40.102 o: tank R02 is turned off, 

the thermic fluid tap V32.107 is turned on, 
• the tap Vl0.124 is tur'-~j or.. 

up the vacuum pump. 

V32.121 is turned off, 
V25.111 " " 
VB.115 " " 
va.112 

V32. 109 is turned on, 
V32.116 " 
V40.120 " 
V40. 103 " 
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- After the transfer. stop the vacuum pump and turn off V40.103 
and V40.120. 

Check VS.112 is turned on. 

Preparation of acetic acid solution : 

Washing 

Check the tank BOS is cleaned. 
• the tap VlS.117 is turned off • 
. the tap VlS.140 is turned off • 
. start up the stirrer of tank BOS • 
. pour 10 1. of acetic acid and 10 1. of water into 

tank BOS. 

- Check the tap VlS.117 is turned on. 

- Start up the electric pump PD lS. 

After transfer, wait 10 mn and start up the electric stirrer 
MA13 of tank RO). 

- Swill dcwn the pump PD lS and the tubes used for the 
transport o~ ~=e~~= a=~j. 

- After decantation draw off the water with the tap VS0.~08. 

- open the tap;VlS.114 and VlS.113, 

- turn off those taps when have been introduced respectively 

• 400 1. of water for the first washing, 
200 1. for the second washing, 
and 200 1. for the third washing, 

- draw off by the drain cock V50.108. 

- Check V32.l21 
. V25.134 
. V32.106 

V25.132 

are turned off. 

- Start Uf the electric boiler, temperature 120° c. 



- Check • V32.116 
. V25.111 
. VlS.148 
. V20.137 

are turned on. 

- Start up the electric stirrer MA13 and the vacuum pump. 

- Adjust the temperature of water Ths 07. 
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A rising of temperature, a high~r vacuum and a dark color 
for the rubber are characteristics of the end of the drying. 

- Stop the electric boiler and the vacuum pump. 

- Open V8.112 and VS0.108. 

Draw off the liquid natural rubber. 

Some views of the pilot plant are given in Annex 1. 
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CHAPTER - 5 

PRODUCTION OF LIQUID NATURAL RUBBER 

5.1. PROCESS PRINCIPLE 

5.1.1. Stabilization 

Field latex is stabilizej with tht help of ammonia, caustic 
soda and soap, in order to give the product enough mechanical stability 
ltank BOl). Then the latex is transferred into the depolymerization 
reactor (RC2) by sucking under vacuum. For the details of the layout 
see the figure 5.1. 

5.1.2. Depolymerization 

To depolymeriz~ the latex, we need three chemicals 

- molecule of rubber 
- phenylhydrazine 
- oxygen '.rrom air). 

The reaction takes place at 65° C for 24 hours. 

Phenylhydrazine is added, as a shot, at the beginniny of the 
reaction. Air is bubbling for 24 hours into the latex. (Oxygen, phenyl­
hvdrazine and rubi:er molecule give peroxide5 ar.j hydroperoxides which 
are r~t stable and by decomposition, they give shcrter molecu1~s of 
c.lbber, step by step it is possible to obtain very low molecular 
weight i.e. 10,000). Samples are taken during the reaction and a fast 
evaluation gives the mole;ular weight by checking the viscosity of 
a solutior 

5.1.l. Coagulation, washing, OJ:ying 

After 24 hours, the depoly:nerized latex is transferred into 
t~e nex~ reactor (R03) wheLe it is coagulattJ by ajdition of acid 
1:ormic or acetic) ; the obtained coagulum is the~ washed three time~ 
a~d the drying t3kes place under vacuum at 55° C. W:~en it is dried 
(after 10 h~urs), the rubber is liquid and it is poured intc a drum 

::::::· opening the reactor bottom valve. 

5.2. LABORATORY EXPERIMENTATION 

5.2.l. Laboratory pilot for feasib1lity studies 

A s~all ~quipment has bee~ installed, in ~ecemter 1984, in our 
laboratory at Bi:nbresso, with a ca~acity of 1 litre of latex. It is 
a ;lass reictor with a jacket for temperature control, eq~1pped with 
a pum~ for air b·.Jbbling during tr.e: d<:-polymerizatior. stage. 



pheny lhydra;iine 

wter 

11t1kal 

later 

f orwric acid 

Air 

Pump 

soda 

~I !LQl 

11 p_Ql 

-~ i•Jure S. 1_:_ 

Pump 

Vacuum pwnp 
r.Ja ter 

heating 

I II ~ 
water 

R OJ 

LNR 

LAYOUT OF PILOT PLANT FOR LIQUID RUBBER 

vacuum pump 

distillate r.Jater 

'·" UJ 



39 

The same reactor is used for coagulation, washing and drying, 
for the latter a vacuum pump is required and a condenser at 0° C is 
used to avoid water to enter the pump. This equipment (shown in 
figti~e S.2.: was mainly .iesigned for feasibility studies. 

5.2.2. I.R.A.P.'s recommendations 

The process parameters were defined based on I.R.A.P.'s 
recommendations : 

- stabilization : after pH adjusted to 10 by ammonia (for 
initial preservation) addition of : Nekal BX, anionic soap, 1 \ of 
active material based on dry rubber (\ means weight percent of active 
material, based on dry rubber in the all chapter 5) ; and 0,2 \ of 
caustic soda, 

- reaction temperature : 60 - 70° C, 

- total reaction time : 24 hours, 

- phenylhydrazine: 6,64 \ (standard rate), 

- air flow : 2,5 l/min. 

5.2.3. Fresh field latex 

The latex used by I.R.A.P. was field latex preserved by 
ammonia (9 g/litre of latex). This high level was chosen to give the 
latex enough stability for shipment and storage over months. But in 
Cote .i' !·:oire,fresh latex can be used few days after tapping ; in that 
case maturation cannot take place -or not at the same scale than in few 
months- and the latex may have a different behaviour (chemically 
speaking). A series of batches was made with f:esh field latex without 
any problem and with similar results than those obtained by I.R.A.P. 
We can conclude that fresh field latex is suitable for depolymerization 
and for producing liquid rubber. 

5.2.4. Influence Jf D.R.C. 

Three batches were made with the same latex (from GTl, 
Anguededou plantation, stabilized with ammonia 9 g/litre of latex). 
rhe same amount of phenylhydrazine was used (standard rate) and 
the same reaction time (24 hours) ; but in the two first cases the latex 
was diluted (25 \of DRC instead of 30). If we observe the table 5.I., 
it seems that the lower the DRC, the lower the final molecular weigr.t, 
but it is difficult with our equipment to monitor, with accuracy, 
the air flow and this may be ~ cause of variations in the final results. 
Anyway, this possible advantage is too small to be taken into account 
because, as a counterpart, we nave more water to evaporate during 
the drying. 
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Batch n° 

L 18 84 

L 20 84 

L 21 84 

Table 5. I. 

Influence of latex DRC 
on depolymerization 

Latex DRC (%) Date of coagulation 

25 November 30 

I 25 December 14 

I 30 December 21 I 

Mv 
I 

12 650 

I 11 450 

I • ... 350 I 
(Latex from GT 1, Anguededou plantation, tapped on November 26, 1934) 

5.2.5. Preservation study : nature and level 

In order to avoid a confusion : preservation means to give 
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the latex a protection against coagulation during storage. Stabilization 
means to give the latex enough mechani=al stability to avoid coagulation 
(mechanical or thermal) during the depolymerization step. Stabilization 
is always the same, by caustic and soap. But preservation is a function 
of storage conditions and period. 

Two series of trials were carried out. For t~e first one, ammonia 
was used to increase the PH (range level from 2.2 to 9.0 g/litre of latex). 
For the second series, after addition of soda (range from 1.6 to 
7.2 g/litre of latex), the latex was blended with an emulsion of 
phenylhydrazine in water (an anionic soap : Nekal BX •as used to obtain 
a better emulsion at room temperature). The pH values of all the samples 
are given in the tables 5.II. and 5.III. 

Concerning the preservation with ammonia, a level of 3.7 g, litre 
is high enough to give the latex a good stability, at least during 
two months. 

For the system "caustic-phenylhydrazine", a level of 3.6 g of 
soda/litre is required for a good protection during a month ; for a 
better stability, this level must be increi\sed to 4.3 g/lltre. 
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Table 5.II. 

Ammonia stabilized latex 

! I I ! I Runs n° 1 2 I 3 I 4 5 6 7 
I i I 

I 1 I 

NH
3 

gil 9.0 
; 

7.5 6.0 4.5 3.7 : 3 .0 I 2.2 
i I I 
I 

I 
1 I Initial 

10.15 I 10.05 9.90 i 9.75 9.70 9.60 9.35 i latex pH I ; 
' T 

Dates latex pHjlatex pH latex pHilatex pH latex pB'latex pH latex pEi 
i ! 

I i I 9.75 9.65 9.20 6/2 10.10 I 9.95 9.85 9.50 
i i 

I 
I 

7/2 10.05 9.90 : 9.80 9.68 9.60 9.42 I 8.91 . I : 

l 
I I 

9/2 10.15 10.05 : 9.90 9.80 9.75 9.55 

I 
9.70 

' ' 
11/2 10.15 I 10.05 I 9.95 9.85 9. 77 . 9.55 8 .15 

I I 

I I 

I 13/2 10. 11 10.00 I 9.90 9.75 9.72 ' 9.40 7.95 

I I : 
I 

I 

I 15/2 ! 10.00 9.95 I 9.80 9.70 9.60 9.10 I (C) 

i : 

! ' i I I 18/2 10.10 I 10.00 i 9.85 9.75 9.65 9.05 
! i 

20/2 10.02 9.95 9.80 9.65 9.55 8.85 

22/2 10.02 9.95 9.80 9.65 9.55 8.70 

25/2 10.06 9.95 9.80 9.65 9.55 8.70 

27/2 10.00 9.85 9. 72 9.60 9.50 8.70 

2/3 9.98 9.85 ':J. 72 9.58 9.50 8.85 

4/3 9.95 9.85 9.70 9.55 9.50 8.55 

6/3 9.95 9.85 I 9.70 9.55 9.45 8.55 

8/3 9.95 9.b2 9.70 9.52 9.40 8.55 

11/3 9.85 9.85 9.73 9.52 9.40 8.50 

13/3 9.85 (M) 9.65 9.45 9.40 8.55 

15/3 9.82 9.56 9.46 9.35 8.41 

18/3 9.85 9.61 9.48 9.37 8.48 

20/3 9.84 9.60 9.49 9.36 8.46 

22/3 9.76 9.54 9.40 9.28 8.41 

25/3 9.78 9.56 9.42 9.29 8.41 

27/3 9.74 9.52 9.38 9.27 8.41 

29/3 9.68 9.46 9.33 9.05 8.37 

(Cl = coagulated sample 

(M) sample destroyed by mistake 



1 Runs no 
; 

i Soda (g/l) 
I 

i Phenylhydrazine 
I 

i Nekal BX (g/l) 
I 

I Initial latex pH 

Table 5. III. 

Latex stabilized with soda 
and Fhenylhydrazine 

' I 
A 8 I c 

' 
- .., 6.0 4.8 I• -

c;/l ; 6.0 b.O I 6.0 
I 

i . 
I 1.0 1.0 1.0 

I 
! 1. 55 11. 75 : 11.50 ! i 

' ' I 
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I D E F 
: 

I 

i l 3.6 2.4 1.6 
i ' 
I 
I 6.0 
i 

6.0 6.0 

I 1.0 1.0 LO 
: 

l 10.45 9.35 I 8.35 ' I 
I ' ' 
l I Dates !1atex ~H latex pH!latex pHllatex pBllatex pH!latex pE 

I I 

I ' ! I ! 
6/2 11.80 11.65 I 10.95 I 10.22 I 9.02 6.60 

I I 
7/2 11. 75 11.65 11.05 10.32 7.50 (C) 

9/2 11.90 11.85 10.95 10.30 (C) 

11/2 11. 95 11.85 10.90 10.35 

13/2 11.SO 11.70 10. 72 10.15 

15/2 11.70 11.60 10.60 10.00 

18/2 11. -;5 11.65 10.60 10.05 

20/2 11.65 11. 55 10.45 9.95 

22/2 11.65 11.52 10.45 9.85 

25/2 11.60 11.48 10.40 9.90 

27/2 11. 55 11.38 10.30 9.85 

2/3 11.50 11.30 10.25 9.80 

4/3 11.40 11.20 10.15 9.70 

6/3 11.40 11.20 10. 15 9.50 

8/3 11.30 11.20 10.10 9.45 

11/3 11. 30 11.00 10.02 9.25 

13/3 10.95 10. 75 9.85 (C) 

15/3 11 .o~ 10.86 9.97 

18/3 l ! .03 10.83 9.97 

20/3 10.95 10.76 9.90 

22/3 10.89 10. 70 9.85 

25/3 10. 77 10.60 9.78 

27/3 10. 72 10. 54 

29/3 ~ ..,_ 
~•IC. 9. 77 9.56 

(C) = ·::oagulatf::! sa:::ple 

i 

i 

' ' 



44 

5.2.6. Development of a "fast evaluation method" for depolym~rization 

During the course of the depolymerization reaction, latex samples 
are taken and analyzed by a called "fast evaluation method" (coagulation 
with acetone and measure of the flowing time for a given solution of 
rubber in toluene). The last sample, just before transfer and coagulation 
with acid, should give an indication of the final rubber molecular weight. 
The "true" viscometric molecular w~ight Mv is obtained by the standard 
procedure based on Mark-Houwink-Sakurada equation.Figure 5.3. shows the 
calibration curve between Mv and flowing time. 

In table 5.IV. we can see the results of the two different 
methods. The excellent correlatior. obtained allows us to consider the 
fast evaluation as a "routine tool" for the pilot plant. 

Table 5.IV. 

Fast evaluation "True" Mv (based on 
Batch n° (based on flowing limiting viscosity 

L 4 84 

L 5 84 

L 6 84 

L 8 84 

L 9 84 

L 10 84 

L 12 84 

L 15 84 

L 20 84 

L 21 84 

time) number) 

14 800 14 750 

11 700 11 700 

10 800 10 850 

9 000 8 950 

9 000 9 050 

19 600 19 600 

9 000 9 050 

11 100 11 150 

11 400 11 450 

14 300 14 350 

Molecular weight of licuid natural rubber 

comparison of the results obtained by two 
different methods. 
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5.3. PRODUCTION 

5.3.1. Latex supply : clones. preservation - chemicals 

The first production batc~es were made with latex from 
Anguededou plantation (estate) ; tt.e clones selected were GT 1 and 
PB S6. each week we collected around BCX> litres from March to J~ne 1985. 
At the end of April, we decided to use only 3.5 g of ammonia/litre of 
latex instead of 9.0 for preservation {based on the previous laboratory 
study) and. as expected. the system is satisfactory. In July. a part 
of IRCA's plantation was equipped with new cups and since that time. 
latex used for producing liquid rubber is coming from our own plantation 
(ex. seedling). The average amount we have received per week is 
750 litres. DRC 28 \, (some variations were encountereu during the wet 
season). 

Concerning the chemicals, the only problem was with phenylhydra­
zine, finally the product was ordered at Hoechst Germany through its 
african subsidiary Hoechst-Ivoire. Help from UNDP was appreciated, 
especially for the customs operations. Six 2CX> litre jrums arrived during 
tr.e first week of April ; this a1110unt allows a work programme of 
aro~nd 75 batches. 

Safety data sheets were obtained with all the information 
concerning storage, handling and protective equipment to work safely. 
Ir. addition a safety shower was installed near the pilot plant. 

5.3.2. Reactions parameters 

A pre-start audit was performed early in April, fellowed by a 
water-batch in order to have a smooth starting-up with people acquainted 
with the new technological environment. 

A standard batch i~; designed to produce 2CX> kg of rubber from 
750 :itres of :atex, for that we have respected the reactions parameters 
defined at Le Mans. 

Phenylhydrazine is blended with water at 60° C to obtain an 
em~lsion and added at the beginning of the reaction, in a single shot, 
...:-.en the stabilized latex is at the same temperature. Then we depolymerize 
o~ a continuous manner, day and night, during at least 24 hours. 

Air bubbling is monitored by a needle val·.:e, but this is 
certainly the most critical point concerning the reproducibility. 

Coagulation is done in general with acetic acid (some experiments 
wit:. formic acid did not give any difficulty) but lab-work has shown 
:.~at we can reduce the amount from 20 litres of pure acid to 10 for 
2CXJ ~g of dry rubber. 

After washing, 3 times with water, the obtained coagulum is 
dr~ej at 50° C-60~ C under low pressure (150 mm Hg). 

~he details concerning mass and energy balance are given in 
:.~:es 5.V., S.VI. and 5.VII. for some "standard" batches. 



Table 5.V. 

Latex stabilization 

Batch n° p 285 p 385 p 485 p 585 

Clone GT 1 PB 86 PB 86 PB 86 

Preservation CNB
3

) ' 9.J g/l 3.5 g/l 3.5 g/l . 3.5 g/l 

Maturation time 47 days 48 h 24 h 24 h 

Stabilization active material, based on dry rubber 

Nekal BX l \ 1 \ % ~ 

Caustic 0. 2 \ 0.2 \ 0.2 \ 0.2 \ 

Energy required (kwh) 20 31 

Time (agitationi 24 h 24 h h 1 h 

Temperature 25° c 25° c 2S 0 c 25° c 



Table 5.VI. 

Depolymerization and ~oagulation 

Batch n° 

Depolymerization : 

phenylhydrazine (l) 

water (1) 

total rubber content 

final DRC {%) 

!~~~~~~~~~~-i~-~t 
beginning 

after 4 hours 

- end 

Total reaction time (h) 

Coagulation 

- acetic acid at 50 \ 

- temperature (° Cl 

- time Ch) 

energy (kwh) 

water collected (l) 

p :ss 

b .. 

·-... 
200 itg 

27.5 

63 

67 

40 1 

oO 

.. -.., ~ ~ 

p 385 

15.7 

47 

200 kg 

27.5 

58 

71 

65 

24 

154 

40 l 

60 

8 

417 

p 485 

15.0 

45 

190 kg 

27.5 

68 

65 

65 

24 

160 

40 l 

60 

8 

346 

p 585 

15.0 

45 

190 kg 

27.5 

58 

68 

65 

24 

176 

40 l 

60 

6 

360 

-IS 



Table 5. VII. 

Washing, drying and global rate 

Batch n° 

I 

I -: Washina 
! -

!~~-~~~~~~~ 
water in (1) 

water out Cll 

~~~-~=~~~~~ 
water in (1) 

. water out (1) 

~::~-~=~~~~~ 
. water in (1) 

water out (1) 

Drying : 

- rubber temperature 

- set p~nt 

- time Ch) 

- energy (kwh) 

- water collected 

Global rate kwh/kg of rubber 

p 285 

400 

330 

300 

210 

300 

285 

58° 

100° 

c 

c 

16.0 

368 

· non 
!available 

2.90 

I 

p 385 

400 

352 

200 

175 

200 

205 

f.rO -.., c 

11000 c 

I 17. s 
I 

290 

278 1 

2.25 

p 485 

300 

185 

200 

195 

150 

155 

55' c 

120° c 

11. 5 

322 

275 1 

2.36 

p 585 

300 

170 

200 

180 

120 

120 

55° 

120° 

c 

c 

13.0 

285 

300 1 

2.27 

49 
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The depolymerization results are given on figure 5.4. from where 
we can conclude that it is possible to produce, at semi-industrial stage, 
liquid rubber with a final molecular weight around 10,000 by using 
the standard rate of phenylhydrazine. 

Waste water is produced by coagulation and washing, until now 
it was totally destroyed by incineration but this way is expensive. 
After several mPetings with local authorities and water technical 
services, analyses were made in France and in Cote d'Ivoire to evaluate 
the possible toxicity before and after filtration on active black carbon. 
We are now allowed to evacuate the water, after filtration, in the 
lagoon due to its very low toxicity. 

These productions were made in April and early in May 85. 
The 10th of May, an official ceremony of inauguration took place at 
Bimbresso with the presence of representants from Research Scientific 
Ministry of Cote d'Ivoire,international organizations (UNIDO, IRRDB), 
West Germany Embassy and local authorities. Performance tests were done 
(see table 5.VIII)and comparison with contract requirements shows that 
our production have reached the objectives. 

Table 5. VIII. 

I Contract 
p 2851 p 385! p 485i p 585 ! require-

' I men ts 

Initial latex 
I I 

45 DRC of i 33.31 34.3 30. 2; 30.3 30 -
' Mechanical stability (s) > 5401 > 540! > 540! > 540 ! > 540 I I ;_ : ! Mv (final product) 15 2001 11 600: 14 400! 14 ()()()! 10 000 -

I 
I I j ! 15 000 I : I i 
1 Volatile matters i 0.45i 0.42! o. 31 i 0.22. < 1 

Nitrogen \ 0.651 0.66' 0.641 0.58 < 1.2 
I 
I 

Specifications 

Liquid natural rubber is specified as a normal rubber. 
The average values obtained over a long period of production are 

Nitrogen content 

Ash content 

::>irt 

Volatile matters (after 
3 hours at 100° Cl 

o. 7 % 

0.4 % 

O.O!S ~ 

0.5 %. 
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5.3.3. Reproducibility 

As mentioned before, the critical point concerning reproducibility 
is monitoring air flow. Our equipment allows us to "control" air flow 
as a function of the time by opening the needle valve, but to know 
exactly the volume of air entering the reactor per minute, an accurate 
flow meter is missing. A thermodynamic calculation gives an estimation 
based on the compressor performances. 

Four batches were made "in the same condition5". We will find 
the results of depolymerization kinetics and air flow in the figure 5.5. 
and the table 5.IX. Even with small variations concerning the actual 
air flow (especially at the beginning of the reaction) we obtained 
a good reproducibility because all the final molecular weights are 
within a range of 10,000 + 10 i. 

Table 5.IX. 

Average air flow (l/min) 
i Reaction time 

(hours) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

Average over the 
311 reaction time 

p 25 p 26 

46 39 

44 36 

57 44 

57 50 

54 66 

52 68 

58 61 

61 68 

69 68 

71 79 

71 80 

87 70 

89 82 

90 81 

91 77 

95 86 

70 82 

41 88 

81 101 

71.4 ! 73.8 

p 27 p 29 

42 52 

44 60 

52 58 

57 55 

49 69 

41 74 

44 66 

58 74 

77 77 

77 80 

81 86 

85 88 

89 69 

85 88 

86 93 

83 84 

92 88 

96 115 

i 
i 
I 

I 
I 

74.5 79.o I 

' 
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Fig. 5.5. Depolymerization kinetics 



5.3.4. Obtention of low molecular weight 

In order to obtain liquid rubber with very low molecular 
weight (< 8000), we have produced 3 batches by using different rates 
of phenylhydrazine as indicated in table 5.X. 

As we can see onfigurc 5.6., there is a little dispersion 
between P 12 85 and P 14 85 but, and maybe this is more important, 
increasing the level of phenylhydrazine by 50 \ does not give any 
advantage. It seems that there is a limit : we cannot obtain a 
depolymerized rubber with a molecular weight (viscometric value) 
below 6000, at least with this process. 

Table 5.X. 

Batch n° 
Rate of Mv (end of l phenylhydrazine depolymerization 

I 

p 9 35 standard + 50 \ 6 500 

p 12 85 standard + 25 \ 6 040 

p ii 85 standard + 25 \ 7 350 
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5.3.5. Obtention of high molecular weight 

To produce liquid rubber with "high" molecular weight 
(around 20,000), we have reduced the level of phenyltydrazine. The 
first batch (P 15 85) was made with only 25 \ of the standard amount. 
Effectively at the end of the depolymerization the molecular weight 
was 21,500, but after coagulation it was ~uite impossible to evacuate 
the water due to the coagulum high viscosity. Washing was only 
partially done and drying was long. The final product -after certainly 
a lot of side reactions- had a molecular weight above 40,000. 

For the next productions we used 50 \ of the standard level 
of phenylhydrazine. Molecular weight was measured at different stages 
of the process and all the results at:e in table 5.XI. The final results 
are within the range : 20,000 + 22 \, out the main conclusions concern 
the dispersion of the results,-more important after drying than at 
the end of depolymerization, and the large augmentation of molecular 
weight during the process. This point will be explained later on. 

Table 5.XI. 

Batch n° p 16 85 P 1 - 05 j Pis 85 I P 19 85 

End of de?Qly-
; 

12 600 1:: 650 : 15 050 13 200 
merization I 

i 
I 

After 15 900 15 950 119 100 12 500 
coagulatiOil 

Before drying 15 600 17 300 ! 19 
I 

250 12 400 

After drying 20 000 18 600 ~ 24 450 17 300 I i 

Molecular weight at different stages of 
the process. 

5.3.6. Reactions under pressure 

Depolymerization reaction takes place in liquid phase and 
oxygen plays an important role ; it was envisaged to increase the 
amount of dissolved oxygen in water by increasing the reaction pressure. 
our aim was to improve the kinetics of reaction to allow a faster 
~eaction or to use less phenylhydrazine. 

Two batches were made (P 2285 and P 2385) at 1 bar above 
atmospheric pressure and one (P 2485) under 2 bars. The results of the 
depolymerization are given in the figure 5.7. and indications of air 
flow in the figure 5.8. 

P 2385 was done with the maximum possible air flow we can have 
with the existing equipment and we cannot see any improvement concerning 
the obtained molecular weight. For P 2485 (under 2 bars), the air flow 
was even less important due to a greater "resistance" from the reacto!". 
In conclusion it seems that there is no iCllllediate advantage to depolymeriz~ 
under pressure, because it was not possible to obtain a molecular weight 
below 10,000 with the standard level of pi'ienylhydrazine. 
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5.3.7. Drying 

As seen before, we generally obtained an increase of the 
molecular weight during the second part of the process, that means 
after depolymerization. In addition, ageing study has shown that 
Brookfield viscosity of our production increases with the time. 
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These phenomena have never been observed in the laboratory (in France 
and in Cote d'Ivoire. 

The main difference between lab-scale and pilot plant is 
the ratio : external surface of the product/mass of the product. 
Now this parameter is a key-factor controlling heat transfer (to warm-up 
during drying or to cool-down before coagulation and washing). 

We, first, have studied the influence of the drying step. 
In our case (pilot plant) in order to have a relatively fast operation, 
we have fixed the temperature set point of the reactor jacket at 120° C, 
and that may cause some chemical modifications in the rubber structure. 

Several batches were produced varying the temperature set point 
as indicated in table 5.XII.; in figure 5.9. the behaviour of two of 
them is indicated : there is no improvement in stability by decreasing 
the temperature set point during dryin~. 

5.3.8. Coagulation study : influence on Brookfield viscosity and 
ageing/stability 

In this paragraph we have studied the influence of coagulation 
temperature and period on the final rubber Brookfield viscosity and 
stability versus time. 

Depolymerized latex was cooled-down to about 40° c and 
coagulation was made as fast as possible. The obtained coagulum was 
washed three times, as usually, and dried (set point at 90/85 or 120° C). 
In all cases (see table 5.XIII. and figure 5.10.) the Brookfield viscosity 
of the dry rubber is constant over a period of now six weeks, in 
contrast with the results obtained by "hot temperature" congulation. 

If the future results confirm this trend, the explanation of 
the phenomenon should be found in the coagulation chemistry. One possible 
mechanism is the following : addition of acid allows hydrolyse of 
end groups and forms carbonyl functions giving the possibility for 
polyamines to develop crosslinking reactions. 



---· 
I 

! 
i 
I 

I 
I 

BATCH 

No 

p 21 

--------

I I' 22 

- --- . -

p 23 

i - . - . - . -- - - . 
I 

I 

I p 24 

i p 25 

I 
- --

-----

COAGUI.A'l'ION DRYING MOLECULAR WEIGHT 
(viscometric) 

i 
j 

---t---------··- ----- -- • ·-u• 

Temperature Period 
(" C) (min) 

62 105 

-· --- -- ---·- - --- --···------- --

62 65 

------ - - ---- --- ··---- --·-·· -------

60 13'> 
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molecular weight and Brookfield stability 
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CHAPTER - 6 

CHEMICAL K>DIFICATIONS 
OF LIQUID NATURAL RUBBER 

6.1. CHLORINATION 

6.1.1. Chlorination of high molecular weight natural rubber 

As far back as the end of the 19th century, chlorination of 
~igh molecular weight natural rubber has been studied many times. 
Among the possible methods of chlorination, only the action of gaseous 
chlorine on rubber in solution has led to ~ method of chlorinated 
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rubber preparation at the industrial stage. owing to its low solubility, 
natural rubber must be degraded before and during chlorination. This 
degradation is obtained mechanically and chemically using heavy and 
ccstly equipment. So, prolonged action of chlorine on rubber in solution 
at around 5 \ in an inert solvent such as carbon tetrachloride gives 
a hard, pulverulent and whitish material possessing no more elastomeric 
property. Chlorine rate in weight is around 65 %. 

Thanks to a sum of particularly interesting properties, 
chlorinated r11bber find applications mainly in the paint industry and 
also in the adhesive and ink industries. Chlorinated rubber gives 
excellent anti-corrosive properties to paints and good protection in 
industrial and marine environments. Besides, incorporating chlorinated 
rubber intc some solvent-adhesives facilitates adhesion on certain 
substrats. 

However, as to meet users' requirements, chlorinated rubber 
producers have been, for the last ten years, increasingly directing 
towards chlorination.of synthetic polymers to the detriment of natural 
rubber : these polymers have lower and well-controlled mclecular 
weights, making it possible to obtain chlorinated products whose viscosities 
i~ solution are better defined. 

Chlorination of depolymerized natural rubber of low and 
well-defined molecular weight car. allow natural rubber to recon'1uer 
a market it has partly lost, especially in the countries prod~cing 
both gaseous chlorine and natural ru~ber. 
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6.1.2. Chlorination of liquid natural rubber in solvent phase 

According to the litterature, a certain number of parameters 
affect the chlorination reaction of polyiscprenes, making the chlorine 
content of the final product vary.The objective therefore was to define 
an operating method capable of giving, with LNR, chlorinated rubber 
of a fixed chlorine content close to that of commercial chlorinated 
rubber (around 65-68 \). It is known that the fixed chlorine content 
on polyisoprenes must reach this value for final polymer to have ~ 
good stability. 

Every chlorination reaction has been carried out with a 
one-litre reactor fitted with one agitator, one cooler, one thermometer 
and one plunging tube with a fritted end allowing either chlorine or 
chlorine-gas diluting mix to diffuse. Above, a flow-meter controls 
the chlorine flow (0 to 530 ml/mn) and below, a soda-trap collects 
excessive chlorine and hydrochloric acid formed during the reaction. 

Carbon tetrachloride, totally inerr towards chlorine, is used 
as solvent. In general, solution concentration equals 8 \, i.e. 40 grams 
of LNR dissolved into 500 ml of carbon tetrachloride. The reactions have 
been performed with various temperatures and durations. It is i~portant 
to note that, whatever operating method is sele~ten, the first 
chlorination phase is an exothermal and highly chlorine-consuming 
reaction while the following phases are muci' slower. During the reaction, 
chlorine flow is adjusted to avoid excessive loss. Having the reaction 
lasted 6 to 8 hours, chlorine flow is stopped and reaction continues 
during about 17 hours (one night) with chlorine dissolved in the 
reactional medium. After degassing at the end cf the reaction, chlorinated 
rubber is collected by solvent flash distillation, ground and dried in 
a ventilated oven at 70° C during 48 hours. 

Chlorine content is obtained by silver nitrate determination 
after mineralization by the Wickbold's system. 

First, the study shows that, whatever the operating conditions 
·are, without catalyzer and at atmospheric pre3sure, chlorination of 
natural liquid rubber leads to a polymer with a chlorine content below 
60 \. The most significant results of this study are shown in table 6.I. 
Studying the influence of catalyzers during chlorination has shown that 
only the supply of ultra-violet rays can markedly increase the chlorine 
content measured (71 %) . It should however be mentioned that this 
chlorine content value does not correspond exactly to the chlorine 
content really fixed on polymer ; it is known that, as in the case of 
commer~ial polymers, total elimination of carbon tetrachloride during 
drying is impossible. 

Second, the st~dy uf the effect of U-V irradiation has been 
particjlarly detailed. The generally admitted chlor]; -~mechanism 

of 1-4 CIS polyisoprenic structures, of which no one •.• eally sure, 
is represented by figure 6.1. It is based on three ma. ohases: the 
~ .:.rst one corresponds to a rapid sub~t1 tut1on reactior., _he sf:cond 



a) 

b) 

~) 

j) 

Sampli? 

SRDC I 
SROC :! 
SROC :! bis 
SROC 3 (c) 
SRDC ' .. 
SRDC 5 
SROC 6 
SRDC 7 
SRDC 8 
SRDC 9 
\RDC 10 
SRDC 11 
IRC I (d) 

Mv 
(NRD) 

I 22,000 
! 22,000 
! 11, 400 
! 14,000 
! 22,000 
! 22,000 
! 22,000 
! 22,000 
! 22,000 
! 22.000 
! 22,000 
! l l, 400 
! IS,000 

Table 6.1 

CHLUH1 f\JA'l ION OF LIQUID NATURAL RUBBER 

I I . . ! ~-- I 
t ' I 

Chlorine flow · ! I j 

! 
! 
! 
! 

Concentration 
(g/100 ml) 

- _!_._ 

8 ! 
8 ! 
8 ! 
8 ! 
9 ! 

9 ! 
8 ! 
8 ! 
8 ! 
8 ! 
8 ! 
8 ! 
8 ! 

(ml/ll'Ul) ! Diluent gaa ! Catalyst ; Temperature 1 
I ! I (•c) 

- ---!- -T ~-,--- l 
370/120 (a)! - - I 30 - 3S 
370/ 120 ! - - I 30 - 3S 
380/150 ! - - ! 30 - 35 
380/ 150 ! - - ! 30 - 3S 
380/ 150 ! Nitrogen - ! 30 - 35 
380/ISO ! Nitrogen - ! 60 - 68 

150 ! Nitrogen - ! 30 - 35 
150 ! Nitrogen l od in e ( l ~) ! 30 - 35 

380/150 ! - - ! 30 - 35 
380/150 ! Ox yr.en Oxygen ! 30 - JS 
380/ I 50 ! - u. v. li~ht ! 30 - 35 
380/ 150 ! - ! u.v. light ! JO - 35 
380/150 ! - ! - ! 30 - 35 

370 ml/rm during the t i_t·;t two hours, 120 ml/mn after. 
During 17 hours, chlorine flow is stopped. 
from f;eld latex. 
Synthetic polyiaoprene 1-4 ci1. 

Time 
(houu) 

6 
6 + 
6 • 
6 + 
8 • 
6 + 
8 • 
8 • 

6.5 • 
7 • 

6.5 + 
6.S + 

6.S + 

1 Chlorine ' 

7(b). 
7 ! 
7 ! 
5 ! 
7 f 

5 
5 
7 
7 
7 
7 
7 

content 
(%) 

S4 
60 
S9 
S8 
S7 
SB 
S8 
S6 
61 

S9 
71 
7 I 
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to three slower reactions superposed (cyclization-addition-substitution) 
and the third to a last slow reaction of substitution. It has been 
showed that the effect of G.V.catalysis is maximai in the second phase 
of the reaction ; in accordance with what is described in the litterature, 
U.V.irradiation promotes addition reaction to the detriment of cyclization 
reaction, which is carbon-carbon double bonds consuming and decreases 
the possibility of chlorine fixation. 

But it is obvious that the duration of each phase cannot be 
accurately determined. That is why it is preferable to maintain u.v. 
catalysis throughout chlorination. 

The operating method has been developed on liquid rubber 
derived from centrifuged latex. Using LNR originated from field latex 
gives chlorinated rubber having JOC>re or less the same properties. 

The main physico-chemical properties of chlorinated rubber 
have been compared with those of commercial rubber such as Alloprer.~ R 40 
and R 10 from I.C.I.and Parlon S 125 from Hercules . 

. Colour : chlorinated LNR are slightly more yellowish than 
the-commercial products. 

. Solubility chlorinated LNR are perfectly soluble in the 
conventional solvents of chlorinated rubber (aromatic, chlorinated, 
esters ... }. 

. Chemical structure : the Inf rared and Proton Nuclear Magnetic 
Resonance-(NMR)-spectrograms of chlorinated LNR are comparable 
to those of the commercial products. However, NMR shows, for 
chlorinated LNR only, the presence of ethylenic protons corres­
ponding to residual carbon-carbon double bonds ; this has been 
confirmed through double bonds determination by catalytic 
hydrogenation. High chlorine content therefore could be explained 
by the fixation of CCL) radicals, resulting from the photochemical 
fission of carbon tetrachloride. 

Residual carbon tetrachloride (CCL4} ------------------------------------
A method of quantitative analysis of residual CCL4 in chlorinated 
rubber has been developed : it is an adaptation of the method 
used by I.C.I.; it is based on detection by liquid ;as chroma­
tography. For instance 10 to 12 ~ in weight of residual CCL4 
have been measured in a chlorinated LNR recovered in a conventional 
way and containing 71 \ chlorine : consequently, the chlorinP, 
content really fixed on polymer is only around 65 \. As such a 
high residual CCL4 content cannot be accepted owing to the 
legislations in force, the recovery process has been mouified. 
An ICI patented method consists in adding to the chlorinated rubber 
solution, at the end of chlorination and before flash distillation, 
a labricant of the glyceride type. Various products have bean tried 
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stearic acid, epoxydated soya oil, glyceral monostearate and ethyl 
palmitate ; the latter gives the best results. With 5 \ in weight 
of ethyl palmitate as compared to chlorinated LNR, the CCL4 content 
is decreased to 0,5 \. It is 4,3 \ with 5 \ of epoxydated soya oil, 
which, present in the final product, can play, thanks to its 
epoxy group, a role of stabilization agent towards dechlorhydration. 

. ~!~~~~!!~-!~-~~!~!!~~ 
Commercial chlorinated rubbers are usually classified in various 
grades (5, 10, 20, 40, 90 and 125) which correspond to the 
viscosities of polymer in solution. Alloprene RlO, in solution 
at 20 \ in weight in toluene, leads to viscosity at 25° C of around 
10 centipoises. Viscosity of liquid natural rubber with a molecular 
weight from 10,000 to 20,000 and chlorinated by U. V. catalysis, 
ranges from 5 to 10 centipoises. Various chlorination tests with 
different LNR initial concentrations (8, 10, 12 and 14 \) did not 
give an:-.· considerable variation in viscosity. On the other hand, 
it is very interesting to note that chlorinated LNR can be prepared 
by substantially decreasing the amount of solvent used. 

As viscosity of a chlorinated LNR, prepared with rubber of a 
molecular weight equalling 50,000 is not higher, it should be 
admitted that U.V. irradiation continues polymer depolymerization 
during chlorination. 

. !~=~~!-~!~~!!!!¥ 
A study by nitrogen thermogravimetry has shown that thermal 
stability of maximally chlorinated LNR was close to that of , 
Alloprene : the first weight losses are observed around 129-130° C. 
On the other hand, the method by Rosenthal and Schulze shows 
a very large difference in behaviour between commercial products 
and chlorinated LNR ; this very sensitive method determines the 
ability of chlorinated rubber in solution to release hydrochloric 
acid at 100° c. This ability is close to one hour in the best case 
for chlorinated LNR while it is around 12 hours for the commercial 
product. 

6.1.3. Chlorinatio~ in latex phase 

With a deep modification in operating conditions, chlorination 
of natural rubber can be achieved in latex phase. This has been investigated 
many times in the past. But no method of chlorination in latex phase could 
really approach the industrial stage. The chlorinated rubbers obtained 
are generally insufficiently modified, unstable and 5:soluble. 

As depolymerization of natural rubber in latex phase can lead 
to a varied range of molecular weights, it seemed relevant to perform 
a few orientation tests on LNR latex chlorination. 

In both latex and solvent phases, the action of chlorine on 
polyisoprene releases hydrochloric acid, it therefore is indispensable 
to replace the ionic stabilizer by a non-ionic stabilizer before the 
jepclymerization reaction. Besides, latex has to be highly acidified 
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before chlorination to avcid the fixation of hypochlorous acid. On latex 
from more or less depolymerized rubber whose serum normality has been 
brought to around 6 N, various chlorination reactions have been carried 
out, making some param£~ers vary : duratio~, temperature, U ~ ~atalysis. 

In the best case, chlorinated rubber contains a maximum of 60 \ of 
chlorine and polymer becomes insoluble and unstable with time 0wing to the 
insolubility of the product, additional chlorination in solvent phase 
is made difficult. 

6.1.4. Conclusion 

This study shows that liquid natural rubber can be used as 
original product to obtain chlorinated rubber with properties comparable 
to those of the commercial products. However, the few differences in 
structure and behaviour are probably due to the chlorination method 
adopted which uses U.V.radiations. 

The bibliograph~cal data related to the industrial process are 
few : they seem to imply that at least one phase of the chlorination 
reaction is carried out under pressure, which should make it possible to 
reach the maximum chlorine content desired. Although the equipment 
required is much more sophisticated and expensive, the study of LNR 
chlorination under pressure is worth undertaking. 

6.2. MODIFICATION WITH MALEIC ANliYDRID 

6.2.1. Review 

Fixation of maleic anhydrid on high molecular weight natural 
rubber was thoroughly studied by the Institut Francais du Caoutchouc 
around twePty years ago ; the aim was to improve various properties of 
vulcanized elastomer such as increase in modulus and resistance to 
repeated bending. 

This study has emphasized two possible mechanisms of maleic 
anhydrid fixatio'l on one polyisoprenic structure 

- the first is of the radical type ; it is induced by moderate 
temperature heating in presence vf free radical catalysers, 

- the second is of the thermal type ; it is induced by high 
temperature heating without any catalyser. 

As shown by figure 6.2., the radical mechanism involves a 
substitution reaction on methylene-«- group of double bond while the 
thermal mechanism is a "e:-.e-r--:c.:::tion"involving electronic transfers. 
The works described below confirm that both fixation mechanisms are 
possible on low molecular weight natural rubber. 

The modification of liquid natural rubber primarily aims at 
improving adhesive properties of polymer especially on polar substrates 
and metals. Beforehand a few promising orientation tests had confirmed 
this hyJ:X>thesis. 



:.r. 
w 
-<? 

I 

...J z 
:_, 
c::: 
3 
U"l 

> 

6 ... 
i • • 

~ 
0 u e ·-.,, ... 

• e ::...: ... ~ - -~ 
> 
z 
<:: 

'. 
~ 

-- 0 
<t 
:I: 

= 0 
~ -
"' 0 ;::: 

< 
+ 



6.2.2. Radical fixation of maleic anhydrid 

The effectiveness of the reaction of maleic anhydrid radical 
fixation on liquid rubber can be affected by th~ following parameters 

- type of LNR 
- type of solvent 
- type and amount of radical initiator 
- initial LNR content 
- initial maleic acid,'polyisoprene unit molar ratio 
- reaction temperature and duration. 
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At the end of the reaction, modified polymer is recovered by 
precipitation followed by dissolution and precipitation again to remove 
non-fixed maleic anhydrid. After polymer drying, the oxygen content 
obtained by elementary analysis gives the modification rate. 

A first test series made it possible to compare for this 
reaction the effectiveness of three radical initiators of different 
structures. Azobisisobutyronitrile and paramenthane hydroperoxyde 
give more or less identical modification rates, while benzoyl peroxide 
is less effective. The amount of initiator used is 3 \ in weight as 
compared with LNR. 

With no variation in the other operating conditions, the modifica­
tion rate decreases with the purification level of the solvent used but 
is not substantially modified, being the initial LNR derived from 
either centrifuged latex or field latex. The molecular weights of the 
LNR used are around 11,000. 

For maleic anhydrid/LNR molar ratios ranging from 0.2 to 0.5, 
the fixation rate is proportionate to the initial reagent amount. 

Maximal reactinn temperature is 130° C and duration 5 hours. 
Increasing reaction time does not improve modification rate : the radical 
initiator therefore is totally consumed during this period of time. 

In a range of 50 to 200 g of LNR per litre of solvent (xylene), 
initial polymer content has no effect on modification rate. It is noted 
that the very high solubility of low molecular weight rubber makes it 
possible to work on fairly high content~ (20 \) ; beyond, reticulation 
may be feared. 

In the best case however, the modification rate was only 13 \ 
in weight of maleic anhydrid, that is about 11 \of modified isoprenic 
struct~res, with a rate of the fixation reaction below 40 \. This low 
rate is the reason why radical modification was later abandoned for 
thermal modification. 
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6.2.2.2. Analysis of modified LNR ---------------------------------
In accordance with the mechanism supposed, Infra Red spectroscopy 

of maleic anhydrid radically modified LNR shows that the double carbon­
carbon bond of 1-4 CIS polyisoprene is not disrupted. In addition to the 
signals characteristic of the anhydrid group, the presence of signals 
characteristic of the acid group is observed ; this is due to the opening 
of the anhydrid cycle which can be caused during reaction or during 
polymer recovery operations. 

Besides, while modified polymer is perfectly soluble at the 
end of the reaction, it becomes hard, brittle and partly insoluble after 
solvent elimination. This phenomenon is probably caused by the 
formation of "hydrogen bonds" due to the presence of the free electronic 
doublets belonging to the oxygen atoms of the anhydrid and ncid 
structures, being these bonds capable of forming a bridge between the poly­
isoprenic chains. 

6.2.3. Thermal fixation of maleic anhydrid 

As thermal modification occurs in a very high temperatu~c range 
(180 to 240° C), every reaction has been carried out in a 200 ml capacity 
autoclave. Most tests have been conducted using an initial LNR content 
of 20 \ with xylene as solvent. An agent such as 
thrichlorotriazine or copper acetylacetonate is added to the solution 
at the rate of 0.1 \ in weight as compared to LNR to avoid ~el 

formation during th~ reaction. The influence of the various reactional 
parameters has only been studied on LNR derived from centrifuged latex. 

With modified LNR recovery and analysis methods identical 
to those used in radical modification, the first test series has allowed 
the following conclusions to be drawn : 

- between 180 and 230° C, modification rate is proportional to 
temperature, beyond, considerable decarboxylation reactions disturb 
the reaction, 

- the presence of neutral atmosphere, nitrogen for instance, is 
not indispensable, 

- the modification rate is proportional to the maleic anhydrid/LNR 
molar ratio and to reaction duration ; but when reaction exceeds 8 hours, 
no increase in the modification rate is observed. 

As in the case of radical modification, the analysis of modified 
LNR shows a partial opening of the anhydrid cycles. It has been realized 
that this non-controlled ooening altered the method of calculating the 
modification rate ; in some cases, this error can be considerable. 
The observations made us modify the techniques of polymer recovery and 
analysis for the continuation of the study. 
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As far as polymer recovery is concerned, the precipitation solvent 
is not methanol anymore but ethanol, which is less reactive towards 
the anhydrid cycle : the duration of contact with ethanol is reduced 
to a minimum and addition of toluene-petroleum ether makes it possible 
to elimir.ate residual ethanol. Modified LNR is kept in solution in a 
toluene-methyl ethyl ketone. 

The fiAation rate t.~erefore is measured by simultaneous 
determination of the anhydrid and acid groups by tetrabutylammonium 
hydroxyde : it is expressed in number of modified structures. 

Under these conditions, a check reaction of a synthetic 
polyisoprene modification occurs without anhydrid cycles opening. This 
opening therefore is linked to the very nature of LNR. 

A whole series of modified polymers has been prepared, making 
the maleic anhydrid/LNR molar ratio vary. The modification rate ranged 
from 1.7 to 32.7 %. When reaction is carried out during 8 hours at 
225° ~. fixation rate is around 65 %. 

Contrary to '_he observations made on radically modified LNR, 
the Infra Red spectro:;copic study of thermally modified LNR shows that 
the 1-4 CIS polyisopn·ne carbon-carbon double bond is slightly disturbed 
and that "exo" double bonds appear, in accordance with the mechanism 
proposed. When dry, mc.·di fi 0 d LNR have the same properties as those 
described in the chap~er concerning radical modification. 

6.2.4. Estimate of the adhesive power of maleic anhydrid modified LNR 

As LNR have to be kept in solution, they have been tested as 
solvent-adhesives to prepare two types of associations : aluminium/ 
aluminium and wood/wood. 

The tests have bee~ carried out 3S follows : 

- modified LNR is put as solution at SO \ of dry ex~ract on the 
two surfaces to paste, which have before been submitted to a specific 
surface treatment. 

Having solvent been eliminated during half an hour at 60° C, 
both surfaces are brought into contact under slight pressure during one 
hour at 100° C. Shearing strengths are measured thanks to an electronic 
dynamometer with a 10 mm/mn traction speed. 

As far as wood/wood associations are concerned, for a modification 
rate of 12 % '12 monomer units modified out of 100), the value of shearing 
strength exceeds that obtained with a polychloroprene-based c~eck contact­
adhesive (18.6 against 11.6 da ~l/cm2). When modification rate is 18 i, the 
break is not adhesive anymore but cohesive (the wood breaks). 
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For aluminium/aluminium associations, the most significant results 
have been grouped in table 6.II. They show that shearing strength reaches 
a maximum for a modification rate around 20 \. The maximal value obtained, 
around 110 daN .:m2, is interesting ; it is however nearly half below 
that obtained with a commercial structural adhesive of the epoxy type. 

Studying the formulation optimization and the operating conditions 
did not bring any significant improvement. For ~nstance, adding in the 
solution of modified LNR, reticulating agents of various types (peroxyde, 
metallic oxide, dial, diamine) is on the whole detrimental to adhesive 
performances. Besides, the curing conditions corresponding to 60 minutes 
at 100° C or 10 minutes at 120° C are the most appropriate. 

As to try to avoid the use of solvent, tests to prepare film 
adhesives have been carried out with LNR modified at 20 \. The film is 
made with the solution by solvent evaporation and placed between the two 
surfaces to paste. Shearing strength decreases by almost 50 \ and film 
ageing is unsatisfactory. 

Ultimately, storing a solution of LNR modified at 20 \ during 
2 months makes shearing strength decrease by about 25 \. 

6.2.5. Extrapolation with field latex derived LNR 

When the reaction of thermal maleic anhydrid fixation is applied 
to field latex derived LNR, the results obtained are markedly modified. 
During the reaction, a substantial increase in pressure is noted, 
probably due to the presence of carbon dioxide resulting from a decarboxy­
lation much higher than that observed in a reaction on centrifuged latex 
derived LNR. It should therefore be admitted that the non rubber 
substances present in this LNR catalyse the decarboxylation reaction. 
This causes a sharp decrease in modification rates originating necessarily 
a drop in adhesive properties. This extrapolation could not be continued, 
through lack of time. 

6.2.6. Conclusion 

This study shows that maleic anhydrid modification of centrifuged 
latex derived LNR can be achieved under fairly simple operating conditions. 
For a modification rate of about 20 \, modified rubber possesses 
interesting adhesive properties which are comparabJ~ to those of certain 
structural adhesives. However, the operGting conditions and especially 
the need to use a solvent may hinder the development of such a product. 

On the opposite, the presence of reactive sites such as 
succ1n1c anhydrid cycles makes it possible to envisage the fixation of 
active substances giving access to products with a higher value added. 
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Table 6.11 

EFFECT OF MODIFICATION RATIO ON ADHESIVE PROPERTIES OF 
MALEIC ANHYDRID MODIFIED LNR (aluminium,'aluminium) 

Sample ~ modified 
monomers units 

LNR AM 49 1. 7 

LNR AM 41 2.8 

LNR AM 44 9. 1 

1 LNR AH 55 12.0 

LNR AM 46 12.8 

LNR AH 60 18.6 

LNR AM 68 20.1 

I LNR AH 71 20. 1 

' LNR AM 69 25.0 

' LNR AM 70 32.7 
t 

' Referee sample •• 

LNR from centrifuged latex 

• ~ea~ value of 3 tests 

Mv = 11, 400 

.. epoxy resin adhesive ("Araldite") 

Sheer strength • 
(daN/cnf) 

0.6 

6.2 

11.4 

17.8 

18.9 

51. 3 

114 

110 

73 

31 

194 
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6.3. CONVERSION OF LNR TO A HIGH MOLECULAR WEIGHT ANTIOXIDANT 

The conditions necessary to react 4-nitroso diphenylamine, 
NDPA, with natural rubber to give a rubber-bound p-phenylene diamin~. 
and thereby an antioxidant resistant to water or ~olvent extraction, 
are well established. Despite some experimental difficulties associated 
with the high viscosity of LNR, these conditions were successfully 
applied to a 10 : 1 LNR/NDPA mixture to give a reaction product 
apparently free from unchanged NDPA. No attempt was made to isolate 
the adduct from the reaction product which was added into a tyre 
tread mix so as to give a level of 2 pphr antioxidant. This was 
compared with the same mix containing 2 pphr Santoflex 13, a conventional 
p-phenylene diamine claimed to be relatively resistant to extraction. 
Comparative test data for the two mixes are given in table 6.III. 

TAIU o.;II 

Coa:parlson of Santoflex 13 and Llll/NDl'A in tyre tread aix 

IAntide&ndent 2pphr Santoflcx 13 L.'•"it/NDPA 

"1.Cl+1o) 1oo•c 1t5 "8 
Mooney scorch 120•C II!. 5 10. 5 

"9 5 160•c 1.e 6.4 

Vulcanizate 

Initial llt.3 24. l 
Extracted in vater • 25. 2 24. e 

T.S. Extracted in toluene 23. l 21o.8 

I 
!(Fa A&ed 3d/lOO•c 12.6 9.6 

Ext.Water + Ageinc llo. 7 10. 1 
Ext.toluene - A&eing b.b 10. 8 

i lDi tial 2. 22 2.70 

I btncted in vater 2. I.fl 2. 79 
Extracted in Toluene 2. 31 2.86 

KIOO A&•d 3d/1oo•c 4.85 5.36 
KP a Ext.Water + A&eing lt.92 5. t.2 

Ext.Toluene + A&eini i..22 6 •. 

I DIN Initial 76 12 
I abnsion Extracted in water ,., 7) 

in du Extracted in toluene 77 72 

F1ti&ue lnlt ial 207 llo9 
1!.h buacted in vater 272 106 
ic txtucud in toluene .,q 10& 

• days at ambient te~peratore 
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Consistent with previous ex~erience with NDPA adducts, the mix 
containing the LNR product was more scorchy and faster curing than the 
Santoflex 13 mix. Initial vulcanizate properties were broadly similar 
though the LNR material gave a rather higher state of cure. Both 
abrasion resistance and fatigue resistance are known to be responsive 
to the presence of phenylene diamines ; for the former the LNR adduct 
is comparable with Santoflex 13 but fatigue performance is less 
satisfactory. Differences between LNR/NDPA and Santoflex 13 are also 
evident in protection against oxidative ageing ; LNR/NDPA gives lower 
tensile strength but higher modulus after ageing. However, the 
persistence of protection after solvent extraction is potentially the most 
important attribute of the LNR-based material. The data of table 6.III 
do provide some evidence for this in the better retention of tensile 
strength and enhanced modulus on ageing toluene-extracted vulcanizates 
and the much better retention of fatigue resistance after either water 
or toluene extraction. Rather surprisingly, DIN abrasion resistance is 
very little affected by extraction for either Santoflex 13 or LNR/NDPA. 

An LNR/4 nitroso-diphenylamine adduct does show some promise 
as an antioxidant capable of becoming "network bound". In assessing the 
findings however, due account must be paid to two other considerations. 
First, experience both at MRPRA and elsewhere, has shown that in this 
area prediction of service performance from laboratory data is very 
uncertain. Second, and probably more important, the likely carcinogenic 
character of NDPA renders its commercial use, even as a precursor, 
subject to considerable constraints. Alternative chemical routes could 
doubtless be devised but these are most unlikely to be economically viable. 



CHAPTER - 7 

INDUSTRIAL APPLICATIONS AND DEVELOPMENTS 

7.1. TECHNOLOGICAL WORKS WITH A VIEW TO INDUSTRIAL APPLICATIONS 

The pilot unit existing in France has allowed sufficient amounts 
of LNR to be obtained. Techr.ological studies therefore have been 
performed in the laboratory to detect potential applications in certain 
sectors. 

7.1.1. Study on reinforcement - Processi:;g 

One of the li&itations to the development of liquid rubber, 
of any origin, is the diff:~ulty that exists in obtaining high mechanical 
properties. This is due to the problem posed by reinforceme~t where 
polymer-filler interactions are preponderant. 

These interactions result from the shearing effects developped 
during the mixing of high molecular weight elastomers ; this is not 
observed with low ·1iscosity products such as LNR. 

Studies on formulaticn have shown that vulcanization by 
conventional systems does not lead to sufficient results ; it is necessary 
to use higher doses of sulphur and accelerators. It therefore is imperati~e 
to create crosslinks as short as possible ; so-called effectiv~ or 
semi-effective systems tdsed on sulphur "donors" have thus been directed 
towards. 

Two carbon black filled formulae have been particularly studied : 
the first with an accelerator system (Sul fasan R - DTMT - :>.cc-<?cer1trr C3S* ~ 
vulcanizing at 140° C, the second with Butyleight (**) vulc:>:;izing at WC° C. 

The second system should rather be selected for various reasons : 

- it is liquid and easier LO mix, 

- vulcanization is possible at moderate temperatures, even below 
100° C, avoiding thus an excessively flu1dified mix that makes 
ingredients bubble or decant. 

The mechanical pro~erties are however lower than those of higt 
molecular weight natural ru~ber. They ar~ equivalent to those of a 
di isocyanate ret1c:1..:l:tted hydroxytf:lec'!E:li:· liquid polybutac!1ene (t:ible i. I 

(*) S1.::fa.seir: F< : 4.~' cLt.hl'Jd1mor;: .. tiG:.:..: . ..- - ;)TMT : tJ:tr,1:rivt.i•;ilt:-:ll.:ra:::c 
d1s·..is?hide-i\ :<~··~~~r: :_.=_.:._~-·~-:. · : N ~ C"f·-: ::;hf .. x·:·l-:.:-br.:nzr.;tf1 ldZ';r'l :-:;t~:ph(:!'°~a::1d.: 



Tdble 7.I. 

L:1D! • .Hdtl ve propertles .:if natural liquid rubber 
versus nat..:ral ::;moked shee".. a:;d synthet1c 11qu1d polybutad1ene 

l 1Q1.1.t.CI rutiOet 
"loleculer .. 1Q"t 

' -- ------ - -- ••• •-y ---- ........ - ... •••-•••I 

ei.0.1 ........................... • 

~otet1on \C••CI ~RPMi. ........... . 

r1111,,9 !ewel (i) ............... . 

TDlllJU( {•.q) 

••• ~~•! t.orau• ... . 
't•t'!lllt.•c to:-oue .... . 

;, : 9. lOC 

80 

"' : (G OOC 

90C 
35C· 

,:1::i:aat::::::::::z:::J"•:as"<1:•::::::.::jz:::~::::;::::r::;:.:·~-

' ~ l tli 

, D[' • • • •. • '• • '• ' • • • • 

T, .. (all).• ... , ...... •,•.•, .. •,. I 1· 

re,,•11• Stre,,~t~ (ce~/c•2) ....... • . , ' . - ; 

1': 1 

"t>~lu1 300 j ( a.N/ca2),.... . . . . . • 51:1 1 ~4 

' . oo .. ...,uon ij) ................... 1 iS'.: 4uG 

THr ruutenc1 {oeN/ca) ••...•... ":·: 7~ 

S"'°t• l'\lirOnet•,, .•••••••••••••••• I 'O ;3 

(1) 8utyl119~t - Sulfur 

(2) C S $ • Sultur 

()) TCI (Tohl•"• Cllloc 1 a"•l•) 

; . sc: 

23..: 

s; 

;s: 

l ! 

C2 

/ 

·, 

I 
I 

I 

80 

( 3) 

90 

1,..:. 

5:; 

6C: 

< -

Mixlng cond1~ioi:s have been examined i~ a laboratory internal mixer. 
'!'he fol lo• ·1ng emerges 

- wh1:e masticaticn effects are detrime~tal tc rurber-filler 
:nteract1cns, they are te~~ficlal to energy consu~ption and rise in mix 
tem;)e.cature 

- 1t is necessary to use a non-pelletized carb<.n black 

- it is preferat:le t~ use oi:-1mpasted ingr~d1e~ts (zinc oxide 
and $Ulphurl for a proper dispers10~ :o bt obtained 

- beyond 50 par:s of carbon black, no substantlal lm~rovement 
in mechanlcal properties is ob~erved. 
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Other fillers have been tested (silica, asbestos, mica). The 
1J1echanical properties obtained are poor, even in the presence of tensile 
agents (low breaking and ~ear strengths). 

7.1.2. Obtaining low hardness vulcanizates at moderate temperature 

By adapted formulations, low hardness vulcanizates (15 to 30° 
shore) can be obtained by vulcanization, at moderate temperature : 

a few hours at 100° c, 
24 hours at 40-50° c, 
several days at ambient temperature. 

These characteristics can be used to make certain mastics or 
pourable protection coating p~oducts. 

Other accelerators of the same type as Butyleight (activated 
dithiocarbamates) can also be used and give similar mechanical properties. 

Vulcanized goods based on LNR were obtained having hardness 
varying from 15 to 30 shore A either at moderate temperature either 
at 100° c. 

Table 7.II. gives formulations of compounds and hardness 

Table 7.II. 

Formul~tions for low hardness vulcanizates 

Co•pounO• I 2 ) • 6 ' ' 
lJGuad niooer ' lOC I 100 ' ,00 • 100 I 100 I 100 I 100 I 100 I 

suerac ec10 

ZJnc O•llle s s s 
81Jtde19nt 5 5 s 

Sulfur ~ 5 s ' s 
"lerec • s s 

C!er I 10 

c .. r1n9 te•peret.ir• c •c > •Ii JO •Ii 5C •C 100 100 ,00 

c .. r 1n9 t1 .. (~I ' n 
' '' I n I 1f. I 16 I 0,S I 

S"'clre -.r.,reH JO 20 ,5 25 25 .lS 20 lS 

:•c ect1veteo 01t~1ocert•~•t• r:1ov1ol 
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TWo compositions given on table 7.III were experimented, both lead 
to flexible moulds of fine look, into which good reproduction of the 
initial effigy can be obtained. 

Table 7. Ill. 

1 2 

------------------------ --------- --··-- --------
Part Part by Part Part by 

weight weight 

LNR (Mv . 13,~00) . .. 100 100 . 
Paraquinone Dio•itne. }.75 }.75 
Plasticizer ( 50-11L 8) 150 A ( 100) 1~0 A { 100) 
Chalk ............... soo -
T 0 l 2 . ............... - 1SO 

:::::::::::::::::::::: ... ::::::::: --------- --------- i-:::::-1::::::::: -- -.. --------- ---------
PbOi . ............... 20 20 
Cha k •....•.......•• 20 8 (8) 20 8 
Plasticizer {Oioctyl 
Phtalate) .•. , .....•. 20 20 

Part A of each compound was prepared in our laboratory 
internal mixer, and part B manually. Then A and B were 
blended by ha~d, just before pouring and before the 
vulcanization, which was carried out in a ventilated 
oven at 66° C during one hour. 

The free :nc~:::: surface in air contact remains sticky. 
This drawbacA can be overcome by covering the surf ace 
with either a silicon paper or a thin water layer. 

{ 17) 

I 
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7.1.3. Coating of ingredients for the rubber industry 

Handling pulverulent ingredients destined to the rubber industry 
often causes emissions of dust impairing industrial hygiene. 

The use of LNR as coating agent has been considered and a study 
has been carried out with two accelerators and two antioxidants ran..~ed 

as "noxious". These coatings, achieved with a laboratory internal mixer 
and gran~lated with a blade grinder, for which the component/LNR ratio 
ranged from 75/25 to 90/10, have been used in compounds based on natural 
rubber, SBR and NBR. These coatings are properly homogeneous and more 
compatible with mixes than powders. 

Besides, LNR can participate in reticulation, thanks to its 
chemical reactivity, avoiding thus a substantial modification in the 
mechanical properties of vulcanizates, which is likely to occur wit!:. 
certain coating binders such as oils or paraffin waxes. There are nc 
losses due to dust emission which is of a definite economic interest. 

LNR as a coating material for powdered chemicals 

For these tests a sample of powdered CBS ireshly obtained 
from the supplier was coated with 10 % LNR at !RAP and then returnee 
to MRPRA for comparative tests. The coated CBS was undoubtedly less 
d~sting than the standard material during both weighing and mill mixing. 
Tests for relative efficieucy and dispersability were conducted in a 
mill mixed transparent gum formulation, (table 7.IV.), and a relatively 
soft RAF-filled mix prepared in a K2A Intermix at a batch weight of 
28 kg (Table 7.V.). In both cases the coated material was considered 
to be 90 \ CBS. 

Table 7.IV. 

Comparison of standard c.nd LNR-coated CBS in transparent mix 

SMRCV 50 100 
Active aloe oxide 0.6 
Stearlc acid 0.6 
Sulphur 2.0 
St .. ndard OS 0.7 
CBS/Ufa . o. 78 

KL0+1o) 1oo•c 20 20 

Mooney scotchl20•C 35." 35.0 

lthcoa1. ) 11111 ·"1. 21o. lo 2lo. 5 

160•C i 'st ). ) 3.5 
) l95 5.0 5.lo 

Cure 6ein/160•C 

11100 llh o. 36 o. 35 
11300 ICP1 0.83 o.a2 
11500 MPI 1.H I. 78 
TS ICPa 17. l 16.8 
n . aao 890 . 

HudntH IRHD )) )2 

'Dunlop rcsillrncc ~ !2. 6 80. 5 
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Table 7. V. 

Comparison of standard CBS and LNR-coated CBS in 28 k9 black mix 

Kuterbatth in K2A lnte1111ix 

SMR 20 100 
HAF blatk 30 
Dutrex 729 5 
zinc oxide 5 
stearic acid 2 
Santoflex 13 2 
sulphur 2.5 

added in 2nd pass 0.5 0.56 
standard CBS CBS/LNR 

No. mean st.dev. mean st.dev. 

ltheom )MHR-KL 10 40. 3 1.9 39. 3 0.6 
160•C hs 1 10 2.12 0.06 2.09 0.03 

h95 10 7.79 0.19 8. 39 0.17 

~ure tlOO 160•C 

MlOO MPa 5 1. 51 0.05 l. 38 0.06 
M.300 MPa 5 7.59 o. 37 7. 21 0.22 
TS MP a 5 27.9 o. 6 27.0 1.4 
EB '1. 5 607 7 601 17 

Dunlop resilieot1 

I 7. 5 80.9 o. 5 80. 3 o. 5 

In the g-..un m~x, since the standard CBS gave no visual evidence 
for maldispersion as indicated by the appearance of c~aracteristic brown 
~pots, any improvement through the use of LNR-coated CBS can only be 
minimal. In terms of efficiency, the coated accelerator gave marginally 
lower tensile stress strain properties and resilence but the differences 
are probably wit~in experimental error. 

For the black mix a 2-stage process was used. In thP first stage, 
all the ingredients other than CBS were added in the course of a 6 minute 
cycle. After cooling, CBS or LNR/CBS was added ir. a second pass through 
the mixer and by adding the CBS only half a minute before discharge and 
allowing only the minimum time on the dump mill, it was hoped to maximize 
any maldispersic~ of the CBS. Since vis~al assess~ent of the level of 
dispersion is clearly not possible in the presence of carbon black, 
replicate rheometer and vulcanizate tensile tests were used. 
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The results of these, expressed as mean and standard deviation are 
given in table 7.V •• Once again, as found with the gum mix. the state of 
cure in terms of rheometer Lorque or vulcanizate modulus developed 
by the LNR-coated CBS seems marginally less than for the standard form 
but, more important, only for the rheometer torque data is there any 
evidence for improved within batch homogeneity when LNR/CBS is used. 
Despite the very adverse mixing conditions used therefore any enhanced 
dispersability achieved by coating CBS with LNR must be very small. 

7.1.4. Using LNR as a reactive plasticizer 

LNR has been used as a substitute for the operating oil in mixes 
of high moltcular weight elastomers. 

20 % of depolymerized rubber was put in a NBR based compound 
containing 50 parts of carbon black. The results are compared to those 
obtained with an active plasticizer which is a nitrile liquid rubber 
commonly used with NBR. 

Incorporating polyisoprene in concerned formulation boost lightly 
compound vulcanization. 

It is established that swell values are similar for both 
compounds but extraction rate is lower for V"Jlcanizates containing 
polyisoprene, it points out a better fit into rubber network structure 
(see table 7.VI.). 

Mechanical properties are little affected incorporating 
depolymerized rubber and process features (compounding) are similar to 
those of synthetic active plasticizer. Mooney viscosities are the same 
(33 and 32). 

Table 7.VI. 

Volume swell (\) of NBR vulcanizate 
in various solvents 

LJOuJ.c:' <9ie! ... re! =-~·.,eer 

.... : ; . •:7 

,-----------------;-----------------;-----------------;-----------------. 
~ ... :1"'; ~·lr•cl1D~ s .. 1J1n~ C•trect1on 

'.j) (~i (j\ (Jl 

• Solv•"'U : 

Ct.... •C•tU• ... 

'Dluol. .. . . . . . . . . ' iee 
...... ,. •........... '9 

C~lorofor• ....... • 5Ct 

r~51\1L•TTO~ ~8~ (BT io~·:•o~. ~:•1r.c lc10 : • 
: l"C 0•1CN ~ • '.eroo· =••c- •sar \ ~~ 

•~s: 1 .~ .. ~""';''"'' : - ::11t~~~1•r: 11: 

•o 
9.~ 

0.2 

10 



In a SBR based formulation containing 20 parts of Dutrex Vl 
(mineral processing oil) , oil was replaced by same quantity of 
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depolymerized rubber having a molecular weight of 9,300. Table 7.VII. points 
out main properties of these compounds after vulcanization at T 90 
and 30 min. at 145° c. 

Compounds containing low molecular weight rubber vulcanizes 
more rapidly than standard SBR formulation and mechanical properties 
are similar. Swelling values in toluene are lightly higher than with 
compounds containing Dutrex, but again extraction rate is kept lower. 

Table 7.VII. 

Mechanical properties and volume swell (\) 
of SBR vulcanizate plasticized with 

liquid natural rubber and mineral oil {Dutrex V2) 

OlUtiCiHf L1au10 "•tur•I ruCC•r Clutr•• 111 

,--------------------------i·----------------------------------;-----------------------------------, 
"' , ·• (loo•) JS 

,··-··-------------------·-r·------------····r··------------·--r·-------------·--r··---------------, 
' Curin; u .. It ,•S•t (-}• T 90 : 0,S )0 T 90 s 21 JO 

' - --------- -- ·---------- .. -;- -------- --- --- ·-i- - --- -- -- ------- -;--- -- -- -- ----- ..... , .. ----- -- - -- - -- --- ' 

' Prol!!rt111 

' T1"aih etren;t" (cieN/c.e); 132 22~ 196 199 

' Jl!i>Clulut et )00 ' ( O.N/clf)1 •O •6 )8 ,, 
' tlO"IJehor> (j} .......... ·: 800 7)0 7'0 700 

' T1u fltlat8"U (d1ll/ce).' " 37 JS JS 

' , S_l'IOr1 "lr00-111 ..•..•..•.. , S).o9 ~,_,.9 St .45 S1-67 

------------------------------------------------------------------------------------·------------­,·-------------------------.-----------·-··--·-----·-----------i-----------------.--------------·--, 
' S .. lljno (Vol.J) 

I C•tr•CUO" (j) t ' JI\ 

toluol 

J51 

8 

rOAl\ILITtl)w 51• rs 150t) I 100 ; St1ar1c ac1a: 2 

365 

8 

Z1nc D•JOlt 1 ) ; lnt1D•:01nt 8LC : C,J5 
lntjosaoe~t •••OrL[J CO : I ; Sulfur : •.~5 

ltcel1r1tor C85 1 1,:1 ; Acctltretor OTl"T : 0,12 

289 
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Comparative data for LNR and a typical hydrocarbon plasticizer 
at both low and moderate levels in a tyre tread mix are given in 
tables 7.VIII. and 7.IX. 

Table 7. VIII. 

Comparison of LNR and oil in a tyre tread mix 
Compound formulation and mixing behaviour 

i l 2 ) 

!Siil 20 100 100 15 1:: ... ,,. •ll 5 - 20 - 5 -
N220 black •5 

! aiDc oxide 5 
j llHl'IC acid 3 ·--------- -----------Santoflu 13 ~ 
OS 0.5 
s 2.5 

I 

j 11uaap t ••P •c 150 151 129 

jPuk power kW 12. 7 12. 5 10.3 

!Specific •iXiD& l!Dl!l'&Y k~'ll/1 0.564 0.561 O.lo8f 

i C.bot black dlspenion 11-2 Cl-lo D/El·3 

Table 7.IX. 

Comparison of L.~ and oil in tyre tread mix 
Vulcanizate properties 

1 2 3 

Hardness llHD 65 65 62 

MlOO MP a 2. 50 2.44 2.13 
MlOO MP a U.lt 11.9 9.88 
TS MP a Zl.4 27.2 24.4 
ll '7. 560 556 513 

Dunlop l'l!lilitDCI '7. 63.5 65.1 59.3 

line httcue kc 139 128 147 

DlM abrasion index 96 93 74 

Comp.set ld/7o•c '7. 33 3) )8 

! 1'7. ) C• MP a 3.3 4.9 5.0 
20Ha ) r 9.6 9.2 14. 3 

) HlOO ICPa lo.03 3.97 3.60 
I A&•d ) H200 llP a 9.le6 9. 70 1.23 
lld/100°C) TS ICPa 12.7 13,4 ••• 
I ) ll '7. 253 252 208 

'.'7. Tolurne extra" • 10. 3 11.1 23. 3 

I 

• 
85 -
20 

------> 

134 

9.1 

o.1o88 

Cl-lo 

• 
59 

2.13 
9.03 

23.1 
578 

~.9 

193 

73 

37 

5. 2 
12.5 

3.92 
8. 71o 

11.0 
239 

19.6 
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In broad terms, the two materials produce mixes or vulcanizates 
having very similar properties, but two significant differences can be 
discerned. First, there are rheological differences ; while ~ompounds 
containing I.NP.. or oil have similar Mooney viscosities, at higher 
shear rate LNR gives a higher viscosity and greater .: .. rve or elast.icity 
and, consistent with this, a higher green strength or elongational 
viscosity (table 7.X.). 

Table 7.X. 

Comparison of LNR and oil in a tyre tread mix 
Uncured properties 

l 2 l 6 

1G.Cl+1ol ioo•c 71.5 72.5 n.5 55 

1CLC1+1ol uo•c 65 64.5 48.5 50 

C.pillary rhecaeter 
shear rate 900 s•l 

l./D-2 )Vlacoslty 11Pasx1ol 6.21 6. 52 2.48 3.24 
)Die awell 1. 22l 223 l'll 230 

> 
L/D-20 )Viscosity 11Pasx103 1.08 l.12 o.se 0.87 

)Die swell 1. 68 6] 74 7] 

> 
Crnn strength 

MlOO KP a o. 55 0.57 O.l8 o.•3 
MJOO KP a 1.19 1.46 o. 72 0.96 
M500 KP a 2. 95 l.33 1. 71 2.32 

Cure khavlour 

Mooney scorch UO•C ain 24. 7 2l.2 24.9 18.7 

I ) "t. - "1. 28.6 26.5 23.8 23.4 
J.he0111. ) 151 2.6 2.4 2." 2.2 
160•C ) t90 8.1 8.0 8.1 7.3 

) l95 9.3 9.2 9.2 8.3 

This feature could well be advantageous in handling and conferring 
resi:;tance to distorsion on relatively soft mixes. The vulcanizate propert::· 
data of ~able 7.IX. reveal~ very little difference between materials 
containing LNR and Outrex 729. The sole exception to this is in resistance 
to oxidative ageing, where LNR shows an improved performance. The reason 
for this is not obvious but possibly an increased proportion of LNR 
becomes bound to the network during ageing (vide infra). 

As shown in table 7.XI., these two advantages are also evident 
when LNR is compared with other typical hydrocarbon plasticizers. 
Two other benefits, neither easily quantified but likely to accrue to 
LNR if used as a plasticizer, can be envisaged. Though rather dark in 
colour, LNR will not produce the discolouration and migratory staining 
associated with the use of highly aromatic oils and is likely to be 
less volatile in extended service at relatively high ambient temperature 
than the light coloured non-staininq paraffinic oils preferred when 
colour and stain~ng are important. 



39 

Table 7.XI. 

Comparison of LNR and hydrocarbon oils in a tyre tread mix 

• 

Sta 20 100 IO IO IO IO 
La . 20 
Dutrta lZ9 . 20 
Sunthent •260 . 20 
Petrofina 20S9 . 20 

ML0Ul lOO•t 67 Sl 49 "9.S i.7.S 

C:run strRDgth 

1150 llPa 0.'4 0.38 o.n 0.30 o.za 
11100 .... 0.•3 O.t.O 0.30 0.34 0.30 
11200 MPa 0.•9 o.u 0.34 0.40 0.38 
11300 MP a 0. 7) 0.64 O.i.S O.S2 o.s. 
11400 MP a 1. 22 0.9S 0.69 0. 7S 0.83 

'fulcaoizau properties , 11200 MPa 5.68 5.24 4.57 4.89 S.10 
Uoaced ) TS MP a 28.6 24.8 23.l 23.3 22.e 

) E8 'Z. 560 590 585 580 560 

) K200 MPa 9.1 10.4 7. 6 8.3 -A&cd ) TS KP a 15.3 15.6 9.6 10.4 -
ld/loo•c ) E8 'Z. 270 305 245 240 180 

) K200 KPa 10. 5 10. 5 8.6 8.8 11.2 
A&ed ) TS MP a 19.3 17.5 14.4 14.3 14. 2 
7d/90•c ) u 'Z. 320 305 315 295 255 

) K200 KPa 
A&td ) TS KP a 
28d/?o•c > El 'Z. 

• Other iocredieots as Table ........ 
. . .. . -.... 

The most obvious interpretation of the general parity in 
~Jlcanizate propert~es between vulcanizates containing LNR and cil is, 
that because of the relatively low molecular weight of LNR as compared 
to normal NR, LNR li~e a normal plasticizer, is not i~ fact vul:anized ~ntc 
the crcsslinked networ~. This contention is apparently ccnf1rmed by 
t!":e eq•Jivalence oet·..,~en c.:.l and L."ffi in the t:.luene extraction data of 
tatle 7.IX. However, these data were Jbtained under relatively seve~e 
extra~tion conditions wh~ch were subsequently shown to give rise tc 
concurrent network degradation. Indeed, it has proved impossitle tc 
:::ttain ·.inequivocal data indicative of tl'.e f:-roportio:-1 of LNR bo·.ir-.d into 
the networ< dur~ng vu~can1zation. It seems possible that in blacK-fil~ed 
m:xes some at least cf t:-.e r....~ becomes :losely assc:1ate::I WJ.tr. <:he :il :•:r 
a~= therefore relat:vely di::icult tc extract. 



As shown in table 7.XII., under relatively mild extraction 
conditions, a much smaller proportion of LNR is extracted from either 
gum or black-filled vulcanizates. 

Table 7 .XII. 

Dependence of extract ability of LNR on crosslink density 

7 • • 10 11 12 13 lC. 

s... 20 100 100 100 100 IO IO ao ao 
Ull . . . . 20 20 to 20 s 2.S l.7S 5.0 6.25 2.5 3.75 5.0 6.25 
CIS o.s O. 7S 1.0 l. 25 o.s 0. 75 1.0 1.2s 

.,. 
Gum •ix 
11200 MP a 0.97 l.C.4 l.97 2.SS O.S2 o. 8: 1.06 1. 4l 
1 extractable• 2.8 2.l 2.0 2.1 6.3 C..4 3.8 3.2 
T~ud ab 
K200 MP a 6.0S 8.62 9.62 12. l S.00 7.84 9. 78 11.c. 
1 ntuct•blc• 2.1 1.6 1.S 1.S "· 7 3. 5 2.9 2.7 

• 7 days in toluene 23•C 

+ lSAF Oor 4S; Zno S; Steauc acid 2 

9C 

As would be expected, the proportion decreases as the level of 
crosslinking is increased but as a corollary this implies that 
:ovulcanization of the LNR is incomplete at the lowest (normal) c~rative 

level, CBS= 0.5 ; S = 2.5. Enhanced covulcanizat~or. of LNR would also 
be anticipated as the ratio LNR/NR is raised and this is evident in the 
jata of t~le 7.XIII. State of cure, as incicated by rheometer torque 
increase, HR-ML cc~reases as the proportion of p:asti~izer is increasPd 
but ~his feat~re is far more apparent with L~e nc~-react1ve ~11. 
Rather surprisingly rate of cure, c95 , whi:h is rather higher fer mixes 
:ontaining low levels of LNR (cf. table 7.X.) does not conti~~e tc 
increase with higher levels. 



Table I.XIII. 

Compar1son of higher loadings of LNR or cil in a tyre tread mix 

• 

SMl 20 IO n 'JO 65 IO 75 70 65 
Ulll zo 2S lO )5 . . . . 
°"ttn 729 . . . . 20 25 lO )5 

!!~!!.~!~ 

Cabot 4hpenlllll Al Al Al Al Al·2 ll·l 11-l ll·l 

"1.0+4) 1oo•c 46.5 )9.5 )6.5 )4 41 38 32. 5 29 

lh•ca. l ~-"1. 26.0 25. 7 24.5 23. 5 24.8 22.5 20.9 19.9 

l60•C tSl 1.8 l.9 1.8 1.8 2.1 2.2 2.) 2., 
) 95 7.2 7.) 7.3 7.1 8.) 8.) 8.) c..5 

Relatively high levels cf plasticizer can also be used in 
cc~po~nding for the hard vulcanizates used for some engineering 
aF~licati~ns. Comparative data for LNR, hydrocarbon and ester p:asticizers 
ar.= factice are given in table 7.XIV. 

Tatle "7.XIV. 

Compariscn of LNR and other Flasticizers in a 80 IRHD ~~x 
Compound forTTJulation, mixing & uncured properties 

a.cv '° 100 70 70 70 70 
Ula . lO . . . 
Dtoctyl adipat• - . )0 . . 
°"trn 729 . . . lO . 
FacUce . . . . JO 
11aphthenic oil 6 
ru black 80 
Zioc oxld• s 
Suaric acid 2 
S.Dtoflex 13 ) 
w .. 2 --·-·· --··--· --····· .... ' 
OS 0.8 
s 3. 77 
PYl 0.3 

lenbury ) dump temp •c l loO 105 102 136 132 
) pit ak povu lr.W U.9 11.0 7. 9 6.9 12.lo 

11.asurbetch ) specific eDn&y kWh/1 O.lt8 0.42 0. "~ 0.50 0.4) 

Fine! mix 

K!.(1+4) 100°C bi "~ lo9. 5 32. 5 80 

lhuc ) H~·Kt. ""· e •2. 5 46.0 41. 6 43.1 

l60•c ) t SI 2. '.> 2. 5 2. 3 2.5 2.C 
) tq5 7,3 '.o 6." 7.2 8.0 

Cruo st ren& th H300 KP. 3,86 3.06 2. 51 2.00 ) .. . ' 
L/D • 2 ) Viscosity IO'as • 103 2. 31 I. 3: 1.51 I. I I 2. b. 

950 s· 1 ) Di• sve I; . ... 31 29 26 Ii -
- -
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The low toluene extract figure for LNR suggests that under these 
favourable conditions of high curative level and relatively high LNR/NR 
ratio, most of the LNR is incorporated in the network. The plasticizers 
are very diverse in nature and this diversity is reflected in the 
properties before and after vulcanization ; in the event the choice of 
plasticizer could well depend on the property or properties of the 
vulcanizate regarded as critical for the application in question. Under 
these circumstances the positive attributes of LNR are, high green 
strength, high tensile strength, excellent fatigue resistance and low 
extractability. As noted earlier an ester plasticizer will always 
be preferred if very low temperature performance is at a premium. 

Conclusion : 

While the actual level of covulcanization in an LNR/NR mix has 
proved difficult to determine and there are problems therefore in fully 
interpreting the data obtained, there is evidence for specific technical 
advantages of LNR over conventional plasticizers. In particular, green 
strength is higher and retention of tensile strength after ageing 
improved. Other less quantifiable benefits, such as reduced vulcanizate 
discolouration and lower loss of plasticizer by volatilization can be 
envisaged. 

7.1.S. Various studies 

LNR has also been used to prepare ebonites and cellular rubber 
for which implementation is made easier : 

- in the case of ebonites, components are more easily mixed, 

- in the case of cellular rubber, swelling level is improved. 

7.2. COMMERCIAL DEVELOPMENT 
7.2.1. Introduction 

The contacts aimed at either confirming or creating, determining 
and identifying needs for modified or unmodified LNR in large industrial 
sectors a priori considered as being liable to use it. Their objective 
was also to induce the prospective manufacturers to perform tests on 
a gratuitous basis and lead thus to a request for samples provided by 
the small pilot unit existing in France and later by the !RCA pilot plant in 
CE-te d' r·1oire for larger amounts. The latter has been started up 
within the period of time specified by the contract. But because the 
duration of the contract has been reduced from 3 to 2 years, it will not 
be possible to obtain in time all the results of the studies carried out 
by internal potential users, particularly for the supply of industrial­
sized samples produced by the plant of the Cote d'Ivoire. 

For a new product as well as for a product competing preexisting 
products on the market, manufacturers may take several months to one year 
to response, considering their motivation and the duration of laboratory 
tes~s. The manufacturer's motivation depends on factors such as technical 
i~provement in the product proposed, immediate or non-immediate solution 
to a precise technical problem, price and availability. As this report is 
being written for instance, all th~ results of the tests conducted by 
manufacturers ar~ not known. 
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Besides, in front of a considerable potential market, some 
manufacturers have rised two problems. The first relates to the size of 
the production unit that is not sufficient in their opinion. The second 
concerns the probability o!: building an actual industrial-sized plent 
capable of producing one to several tons of LNR per operdtion. 
This uncertainty has sometimes influenced the decision to undertake tests. 

The results described below reveal a few applications corresponding 
to potential markets to develop. 

7.2.2. Results of the prospecting campaign 

At the beginninq, because of the ~xperience gained before the 
contract in LNR achievements, some preference sectors have been 
defined. They were the following : 

- ingredient coating : for reasons of hygiene, safety, economic 
cost and productivity, many products are used not in pulverulent form 
but bound by an agenL inert towards the end product. Using liquid rubber 
as coating binder participating in the operating process was to give 
advantages to promote 

the rubber industry was to be interested in liquid rubber as 
reactive plasticizer ; 

- adhesive industry : liquid rubber could be used as plasticizer 
of hot-melt resins. In this industrial sector, the aim was to prepare 
needs for so-called "second generation products" made with liquid rubber ; 

- paint and varnish industry : "second generation products" were 
to find interesting outlets in this sector too ; 

- cable industry : for specific applications and determined 
packaging, liquid rubbe~ could be used in the composition of cable 
filling pr~ducts ; 

- waterproofness : liquid rubber involved in the composition of 
special bitumeus would participate in the development of new waterproofness 
products. 

The main f~~ms involved in these sectors have been selected with 
the help of various national trade unions which provided lists of 
members. They have been gradually visited while the contract lasted. 
A general technical data list on LNR was given to each firm visited. 
In answer to the manufacturer's request, LNR cost has been announced 
as ranging from 25 to 35 F/kg (scale 2cx:> kg/w~ek). 

After a few months however, it seemed neceJsary to focus on 
better-adapted sectors; to approach new sectors excluded at the beginning; 
and to give up those which were probably more lnterested in "second 
generation" products derived from LNR cheaacal mod1f1c.n1on. 



This selection has been carried out in cooperation with 
Dr. Mullins, UNIDO Technical Advisor. 
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It has been established taking into account the observations 
received during the visits made to various firms willing to perform 
technical tests complementary to those of IRAP and according to the first 
results of the estimating tests. 

It seemed that, in these sec~ors, quite a large number of firms 
were prepared to cooperate actively. The following sector5 corresponding 
to possible LNR uses have been selected for deepening purposes : 

1. Reactive pl~~tjcizer : 

LNR used as a low concentration blending product can have two 
applications 

a. non-extractible reactive plasticizer, 

b. reactive plasticizer for high hardness mixes. 

These types of appl1c~rion concern many firms in the technical 
and car rubber processing industries. 

2. Enduction 

LNR used in formulations makes it possible to adjust viscosities 
and limit solvent consumption by work at concentrations in formulated 
product of around 80 \. 

3. Adhesives and mastics 

As far as adhesives are concerned, LNR ~as interesting qualities, 
especially thanks to its tackyfying capacity, high solubility and 
filler acceptance. 

As far as mastics are concerned, LNR is interesting because it 
can be cold vulcanized (bi-component systems). 

4. Binding agents for abrasives : 

In order to make rubber-based abrasive grindstones, a collaboration 
between manufacturers and IRAP has developed in technical tests. 

5. Supple foams : 

Using LHR in these applications makes it possible to approach 
the expa~sed foam and shoe industry (utilization in some sub-layers:. 

6. Binding agent for coating purposes : 

Coating an ingredjent with LNR can facilitate its dispersion 
in mixes. 

The main sectors abandoned therefore have been the following : 
cables, paints and waterproofness. They mainly were sectors of ~ppl1cat1on 
fer maleic ar.hydrid or chlorine modified LNR. 



It also seemed necessary to estimate two fields in which 
manufacturers had not been contacted yet : 

a. flexi~le moulds, for which LNR was supposed to be capable 
of competing with silicones on both the technical and economic 
standpoints in some applications, 

b. ebonites, which are relatively easy to make with LNR. 
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Besides, as the visits took place, obs~rvations on the difficult 
processing of LNR by conventional equipment suited t~ dry rubber were 
made. That is why it was decided to contact equipment manufacturers in order 

to define LNR pumping possibilities. Thanks to a large specialized 
firm, it has been possible to check the pumping capacity of untrea~ed LNR 
and that cf the master batch without pre-heating. This type of 
information was transmitted to the manufacturers ; it eliminated some 
hesitations and sometimes helped to obtain free estimating tests. 

7.2.2.2. Assessment of the contacts with manufacturers 

A total of at least 90 firms have been contacted and 75 of them have 
wished to receive a sample of LNR in variable amount. However, paint 
firms, more interested in chlorinated LNR, and equipment manufacturers 
have not been supplied with the product. 

Out of the 75 above-mentioned firms, some wished a sample 
out of mere politeness and curiosity. Others, which r~ally wanted 
to undertake an estimate could not do it for various reasc~s (economic 
problems, lack of time, restructuring, moving ••• ). In other words, 
the number of firms having actually parformed tests is 50, that is 67 % 
of the firms sampled. As part of their test campaign, 12 of them 
(i.e. 24 % of the firms having conducted tests) have wished IRAP to 
cooperate as to increase their knowledge of the product. 

Table 7.XV. shows, by sector of activity, the distribution of 
the firms contacted as compared to the various possible uses considered 
for LNR. 

7.2.2.3. General comment on the manufacturers' attitude towards 

Before we describe the results obtained in details, it seems 
indispen~able to report the observations made by almost all the manufacturers 
contacted and ~o ~sk a few basic questions which appeared more and more 
clearly as the prospecting campaign was going on. 

They concer~ 

- first, the UNlDO project 
the prospecting area. 

second, the LNR itsel:, and third, 



Incl.JStrial area 

Table n• 7.XV 

Contacted companies distribution 

~ror 

contacted 
caioanies 

~rof 

saq>led 
~anies 

Possible use for ,hE' LllA 

Rubber chelllical5 inc1Jstry 3 ) I Binding egent 
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! _______________________ L __________ ! __________ J ______________________ _ 
I ! 
; waterproofness applications 2 2 ! FoI111Jlation•s ingredient 
; inrustry 1 ! ! ! 

---------------------------------------------~-----------------------. 
! Wire if'IO.JStry 2 2 ; Ingredient of filli~ prodJCt 
! ! ! ! for cable ! 

---------------------------------------------------------------------
! A<Jlesives anc1 glues inclJstry 7 7 ! Fol11k.llation•s ingredient 
! ! ! ! ---------------------------------------------------------------------
! Tapes industry 7 7 ! F OI'lllJlation • s ingredient 
! _______________________ ~ __________ ! __________ J ______________________ _ 

! Caulks inO.Jstry 3 3 ! Fol11k.llation's ingredient 
'-----------------------~----------l __________ J ______________________ _ 

' 
6 

; For11aJlation' s ingredier.~ for 

'

! Molding inck.lstry 4 . suoole moulds 
. ! ! ! ---------------------------------------------------------------------
! Grinding wheels industry 2 ! Abrasive particles bincer 
! ! ! ! ---------------------------------------------------------------------
! Soles and Shoes inclJstry 3 ! Soling's ingredient 
! ! ! ! ---------------------------------------------------------------------' ; Processing aid reactive olasti-

. cizer 
! ! ! 

! Rl.Qber aut~tive inclJstry 9 8 

----------------------------------,----------,-----------------------, 
· · Processing aid reactive olasti- · 

! R..tioer ~ecnrical industry 27 24 ' 
, _______________________ L __________ ! _________ j_~~~-------------------

' 
! Soreading,r::x:.king inc:1.Jstry 

; Ingredient of coateo 'a.:r!~s 
• CQllOoundS -----------------------L __________ l __________ J ______________________ _ 

6 6 

! 5'.c>Ple foams industry 2 ! F'orlll.llation's ingreoient -----------------------L __________ l __________ J _______________________ , 
t I > I 
; Lining's inc).:stry for cylinders ; 

3 2 
; Processing aid for hard coatings ; 

;_:~.:=~~----------------~-----------'---------· __ j_:~~~~~--·-------------· 
! ~eather i~s~ry -----------------------L __________ ! __________ J ______________________ _ 

! ~aints ard 1ar~~s~s ino..;stry 2 _______________________ L __________ l _____ . _____ J ______________________ _ 

-----------------------~----------! _________________________________ _ 
' Total 90 
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a. The project and its consequences : 

- As regards the manufacturers' general attitude towards UNIDO 
project, we have noted a definite interest in the idea of searching for 
a new form of natural rubber. 

- Among the greatly interested manufacturers, some would have 
liked to make sure that the process and production had exclusive rights 
so as to be protected from competition in their own sector of activity. 

- At the same time, the production capacity of the pilot plant 
involved seemed reasonable for most manufacturers ; but for others, 
if manufacturing was to be immediately launched, this capacity would be 
too low as compared to the requirements they detected ; they wished to 
be given an assurance that this capacity would be rapidly increased to 
satisfy their markets for feac of being surpassed by their competitors 
(sector of the glues and adhesive ribbons for instance). 

- Ultimately, the price decided upon in collaboration with !RCA 
and UNIDO of 25 to 35 F/kg, although we always insisted on the fact 
that it was a "pilot" price likely ~~ decrease if production was larger, 
has been often considered as being too high. This price prevented LNR 
from being used as a substitute for the products currently used and 
much cheaper, in spite of higher qualities often admitted. As far as 
conventional rubber processing is concerned, LNR, as plasticizer, 
coating agent or basic vulcanizate element, has been marginally used 
in small tonnages. On the other hand, in the paint and adhesive industries 
and, more generally speaking, in the manufacturing of elements with a 
high value added, the price did not seem to be an insurmountable obstacle 
if the LNR-based product had indisputable technical qualities. 

b. LNR itself : 

We have also noted the general attitude of the manufacturers 
contacted towards the product itself. For applications such as adhesives, 
flexible moulds, binding or coating agents and special mastics, the 
aspect of LNR was an incontestable technical advantage. On the contrary, 
in the case of the manufacturers of the rubber industry, its aspect was 
very disconcerting for technicians used to handle solids, even pulverulent, 
or liquids, most often pumpable. A systematic objection has been mace 
as to the absence in workshops and laboratories of machines suited to 
such a product, especially at the mixing stage. In ~hese times of world 
economic crisis, no firm wishes to put large investments in equipment 
if a short-term profitability is not certain. A presentation of the 
product, making it easier to handle should possibly be examined. 

c. The prospecting area : 

As an end to these observations of a general matter, we should 
mention that, after frequently meeting manufacturers whose firm was 
a subsidiary of large international groups, they often suggested we should 
=ontact their parent company abroad. The decision UNIOO took to limit 
the contract to two years instead of three, did not allowed us to organize 
a large scale prospecting campaign on an international level. 



7.2.3.1. Adhesives 

7.2.3.1.1. Adhesive ribbons 

LNR has aroused a very large interest in this sector. Its 
advantages are the following : 
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- appreciable easy handling due to its liquid consistency. It is 
a pumpable product ; 

- suppression of the usual wock of natural rubber peptisation 
thanks to gum "milling" ; 

- possibility of working on formulations with a very high dry 
extract content (up to 85 %), nev~r reached yet with the elastomers known 

- possibility of chemically modifying the product by grafting 
or chlorination. 

However, there are disadvantages too : 

owing to its colour, the products prepared can only be dyed 

the con•1erttional formulations for natural rubber cannot be used 

• as a main elastomer, cohesion and tack supply are far from 
being st•fficient. 

Attempted blendings with high molecular weight rubber should 
compensate for the lacking cohesion observed. A research programme of 
applications in this field will have to be undertaken with the 
manufacturers concerned. LNR is also interesting as reticulated product. 
This type of manufacturing requires an ultra-=apid reticulation system 
which is difficult t•:> define. The use of reticulating agents is indispensable 
but complicated. Electron.i.c bombardment can be res-:..:ted to but is expensive 
in view of the heavy investment it supposes. It =nould be noted that 
the manufacturers have admitted they were "favourably surprised" by the 
product. Also, three adhesi\e ribbon manuiactures, including two 
multinationals are still in':erested in LNR at the end of 1985 and wish 
the tests be continued, despite its deficiencies of cohesion and tack. 

7.2.3.1.2. Mastics ; 

~a~~e samples of LNR tave ~een s~~~!:ed to a Dutch :inn f~r the 
ma:-.·..::;;::t•..:::-e of mastics. LNR has -Jooj wetti:-.; ~roperties and its use i:-i 
:c::-::-:..::ati:::-. of low cost/perfor:r.ance ::-.asti::::: ;;:-.::i sealants m;q provi:le a 
su!:.::.~:-.ti..<1:'.. tho·..i·Jh pos$ibly ded·;cin: :nar~~='t :or LNR provi:le its prices 
is :::::pe:i:.ive with the othe::- elaso::>me?:s ;st::' at the prr:sent time and 
its =~pply ~an be guaranted. 

7.2.3.1.3. Gl"eS : 

Generally speaking, the opj_nion is unfavouriible. L.~ is usually 
considered as a poor plasticizer as comparad to other cheape.- and less 
fra:;ile products. Its heat and ageir.g resistances are unsatisi"Ctory. 



99 

In hot melts, its colour is disadvantageous and it is litt~e 
compatible. In solvent-adhesives and emulsion-adhesives, considering 
that it cannot lead to the total replacement of usual tackyfying resins, 
it has no economic interest, especially since it gives to formulations 
a deficiency of cohesion and tack. It therefore is qualified by manufac­
turers as an "expensive product with coD1DOn properties" or as an 
"inert product". The main reproach is its totally insufficient sticking 
supply. 

The use of LNR had been considered as a filling material. The idea 
was quickly abandoned following the results of the test conducted by 
the largest French cable manufacturing plant. It observed a difficult 
incorporation without pre-heating, a decreased ability of formulations 
to withstand a high filler rate, and a marked embrittlement to ageing. 
This sector therefore was excluded because natural rubber only amounts 
to 10 % of its consumption. 

Owing to the arguments expounded before, LNR was rather favourably 
received in this sector. It should however be mentioned that this 
attitude came from the possible users of coated products rather than 
from coating manufacturers. The latter had a f~w reservations because of 
their inadequate equipment, the LNR price announced and the difficulties 
of implementation requiring a dilution with paraffin oils. In short, 
it is a relatively interesting product on which two firms still wish 
to work today ; their main aim was to achieve a process of continuous 
coating which would be a total innovation in this sector. 

In this case, the results are satisfactory when the manufacturers 
make an effort to readjust their usual formulae according to the quality 
of the LNR added. The products obtained have an excellent remanent 
defonr.ation to compression. LNR can be regarded as a viscosity stabilizer. 
When the basic formula is not modified, the compounds obtained are so 
sticky that they do not swell despite the supply of swelling agents. 
Owing to the fierce competition prevailing on this market, the manufacturers 
involved required the information supplied be confidential ; the technical 
advantage obtained must be indisputable to justify the relatively high 
price of LNR. 

7.2.3.5. Abrasives 

The use ~f LNR as binder of abrasive grains had been examined 
from the outset of the contract. In France, the market of rubber binder 
mi!ls is declining to the advantuge of mill~ made according to other 
techniques. However, they still keep a small share of the market which 
is supplied by imports. The development of a French production therefore 
is. still of a medium interest on condit.ion that it is ?Ossible to obtain 
technically a reduced manufacturing time to make production profitable. 

I i .! 
t 



100 

In addition, several manufacturing criterious have to be taken into 
account such as behaviour in overspeed, mechanical resistance, parallelism, 
density, weight •••• Standards have to be respected. At the end of 1985, 
development works are going on in collaboration with one manufacturer 
and contacts have been made in England and in the United States. 

Formulated LNR to obtain ebonite, hard rubber, can provide a 
solid bond of abrasive grains, mill components. 

Corundum or silicon carbide based mills have been made with 
variable LNR and vulcanizing agent contents to obtain a binding agent 
of the ebonite or semi-ebonite type. 

Speed and milling tests have been carried out by a manufacturer 
of abrasive wheels who made a =ew observations : 

- our manufacturing method does not provide a sufficient accuracy 
in dimensional control, 

relatively quick wearing out, 

- excessively strong smell of burnt rubber. 

Consequently, additional tests are necessary. 

7.2.3.6. Enduction 

It is the sector where collaboration with manufacturers was 
established the quickest. As in the case of adh£sive ribbons, tile aspect 
of LNR made it very attractive since it should make it possible to 
substantially reduce the a.mount of solvent to add. However, several 
difficulti~s had to be solved : implementation conditions had to be 
de~ined again owing to the failure of the equipment to adapt to an easy 
filler incorporation, and despite £verything, use of solvents in limited 
aoount. 

Besides, the main difficulty to solve was the development of a 
vulcanization system suited to LNR to remove or reduce the duration of 
the plastic phase while the temperature rises during vulcanization 
the latter must be extremely rapid ~n order to allow enduction, at the 
tunnel exit, to be sufficiently reticulated and non-sticky so that the 
coated product can be rolled u~ without risk. Resistance to ageing is 
often lower than that cf synthetic elastomers which are increasingly 
used in this field. 

Through a close and continuous collaboration with one coating 
manufacturer, it has been possible to achieve thanks to LNR a thick enduction 
in a few layers by scraping. While satisfactory enductions are obtained, 
the flexibility and mechanical properties of the products obtained 
do not correspond at all to the present requirements of the French 
market. A possible use of LNR has consequently been suggested in very 
specific applications such as self-adhesive enductions. However, this 
can be possible only if the product reaches a competitive price. 



101 

This sector involves the manufactarers of technical and pneumatic 
articles as well as the shoe industry.LNR can meet certain manufacturers' 
requirements as:· 

1. a non-extractable reactive plasticizer : for elastomers other 
than NR, SBR and NBR, its use is limited since it may, owing to its 
insaturation, perturb vulcanization ; 

2. a processing aid for the manufacturing of high-hardness compounds 
~ince it can facilitate iruplementation and milling conditions ; the 
vulcanization system must be adjusted. It gives to uncured rubber a higher 
sticking capacity and to vulcanized rubber particular damping properties. 

Two branches of this sector have given rise to studies in 
collaboration with manufacturers : 

- the car industry : the use of liquid rubber has been studied to make 
high-hardness compounds, for which it is necessary to establish a fair 
compromise between the amount of carbon black, relatively high to obtain 
the mechanical properties required, and the amount of processing oil to 
provide a proper mould flowing. 

The first tests on the use of LNR as a processing aid, 
conducted by the manufacturers concerned, have shown a few drawbacks 
(drop in mechanical properties, although hardness is unchanged, decrease in 
operating safety despite an interesting drop in compound viscosity 
favourable to a good implementation). A technological study on formulation 
has been undertaken in France. The drop in mechanical properties has been 
substantially decreased and a scorching time acceptable for the compound 
has been restored. 

- the shoe industry : like some component~ used in the car industry, shoe 
soling requires the use of high-hardness compounds. 

In this sector, LNR has also been examined as a processing aid. 
Following the tests conducted by mnnufacturers, the same observations 
appeared regarding final mechanical r·operties, although implementation 
was markedly improved. In this case too, a formulation study made it 
possible to make up for most of the drop in mix performances. However, 
abrasion properties arP. lower. 

Some industries use flexible moulds made in synthetic rubber, 
particularly silicone which price is relatively high for reproducing parts. 

Formulations of the bi-component type capable of producing flexible 
moulds with low hardness materials have been developed. 

Bi-component compounds made with LNR are today a cheaper variant 
of generally used silicones, with markedly different performances, 
reserved, at the present stage of development, for the manufacturing of 
moulds either prototypes or produced in ve~y small quantities. The working 
life of flexible moulds is markedly lower since the 6ormulated material 
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does not tolerate properly the aggressive contact of polyurethan casting 
resins. It is indispensable to resort to a stripping agent. The design 
of formulations i~ s~ill being examined today in order to make handling 
as simple and reliable as possible. With the help of a small artistic 
and industrial moulding manufacture, the problem could be roughed out 
improving setting times and reproduction fidelity. Bi-component pourable 
compounds, based on LNR, capable of vulcanizing at ambient temperature 
in a few hours or more quickly with slight heating (60° C) have been tested. 

Elastic, flexible moulds are obtained which are easily recoverable 
even on tortured parts. Later, these moulds made it possible to obtain 
faithful reproductions of medals, glass in cut crystal, wood pieces 
showing detailed veins, by casting plaster or polyurethan resin. 

A prototype stamping has been made comprising various defects 
(stria, cross pieces, fro5ted places) to estimate whether mould reproduction 
was faithful. Samples of pourable mix have been sent to the manufacturer 
involved. 

7.2.4. Conclusion 

We can define several sectors where LNR wi~- be of an industrial 
interest. The latter took shape by a new request for samples of the 
product made by thL pilot plant of the Cote d'Ivoire;the manufacturers 
wished to continue their estimate by life-size tests. 

- Car industzy : 

A large French tyre manufacture asked for 200 kg of the LNR made 
in the Cote d'Ivoire • It seems to be interested in high molecular weight 
LNR and wished to make sure the supply from the Cote j'Ivoire was reliable. 
It is impossible to anticipate a possible consumption of natural rubber 
in this firm, especially since its exact use will never be revealed owing 
to the systematic secret this large firm surrounds itself with. 

- Cellular rubber 

A manufacturer specialized in foams has become interested in LNR 
following an order for which, by using the conventional cellular technology, 
he was not competitive. Despite the technical problems of LNR weighing 
and handling, his first tests in the laboratort seemed i~teresting enough 
for him to ask for an additional sample. He received around 20 kg to perform 
life size complementary tests and requested tte marketing service of his 
firm to examine the possibility of selling cellular rubber made with 
LNR. However, he has reservations about his consumption needs, being the 
latter dependent on the LNR price which will be proposed to him. 
The present pilot price is an absolute obstacle. 

- Structural adhesive~ and adhesive ribbons 

A large multinational firm, leader in the manufacturing of epoxy 
glues, is keenly interested in the role of softening agent LNR r.an play 
i~ its sector. For the time being, it meets technical problems for which 
it hils requested the help of IRAP. But it has already asked for an 
additional sample to continu~ its estimat~ ln other fields. 
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Another very large firm, favourably surprised by the possibilities 
of incorporating LNR in formulations of adhesive ribbons intends to 
continue its estimate. 

In both cases, it is too soon to think of consumption figures 
however, it is certain that the adhesive market in general is changing 
and that competition is stiff ; if certainties of rLgular LNR supply 
are not given soon, these firms will turn towards other ~roducts. 

- Pourable compounds : 

A firm resaling ingredients for rubber processing, located in the 
East of France, has detected in its zone of influence some interest in 
pourable compound~ by crystal makers. They fr.quently use moulds to 
reproduce ancient parts and cannot employ silicones. This firm is 
thinking of creating a subsidiary to sell ready-to-use pourable compounds 
in kit. It intends to provide the French and German markets. The project 
is ~till being studied today and it is too early to forecast consumption. 

7.2.5. Economic aspects of Liquid Natural Rubber - Production and Markets 

A number of firms are known to produce Depolymerized NR, "DPNR", 
for "in-house" use but only two have been identified that manufacture 
DPNR on a commercial basis. They are Hardman Inc. (Bellville, New Jersey, 
USA) and Chloride Lorival Ltd (Little Lever, Greater Manchester, UK). DPNR 
manufacture originally accounted for a major part of the activity of both 
firms, but is now only a small part. The primary area of activity for 
Hardman Inc. is now the development, manufacture and sale of epoxy resins, 
mainly for use in adhesive and coating formulations. The firm was founded 
in 1906 to manufacture tyres, hard rubber goods and hot water bottles and 
it was the firm's founder, K.V. Hardman, who developed the process for 
DPNR manufacture which lead to the first commercially available supplies 
of DPNR in 1923. This process is beleived to be based on tne extensive 
mastication of natural rubber in oxygen. The manufacturing process used 
has never been revealed but one of Hardman's patents, for manufacturing 
goods from DPNR, refers to the use of temperatures of 290°C fo£ 2-4 hours 
in the production of DPNR. This process was refined and developed into its 
commercial form which nas changed little to the present day. Though the 
emphasis of the firm has shifted from DPNR manufacture to the marketing 
of epoxy resins, its philosophy has remained unchanged. This philosophy 
has been to keep the firm within the control of the family; the third 
generation are now the chief officers of the firm. This has meant keep~ng 
it a privately owned firm which has pla~ed significant constraints on 
growth and expansion. 

Chloride Lorival (originally Lorival Ebonite Ltd) first manufac­
tured DPNR in 1953. During the 1920s and 30s at least two processes were 
developed in the UK for the manufacture of DPNR, both of which were taken 
as far as trial production runs. However, neitner process was developed 
commercially. One of t~ese processes, patented by Stevens and Stevens in 
1933 to produce "Rubbone", was re-examined in the post-war period, but 
discarded in favour of a mechanical process based on the extensive masti­
cation of natural rubber at elevated temperatures in the presence of oxy1Jen. 
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A process similar to the one used at Hardman. The proc~3s used by Chloride 
Lorival was developed by Rubber Technical Developments, the development 
unit of the then British Rubber Producers' Research Association and British 
Rubber Development Board. Confusingly, the DPNR produced by this process 
was also called "Rubbone". In this process the rubber is initially mastica­
ted in a conventional 2-roll mill or internal mixer until its Mooney visco­
sity is 20. It is then worked in a Z-blade mixer at 120-140°C for 6-9 hours 
until its viscosity is in the range 50-70.000 poises. Finally the material 
is heated in a suitable react~r for 120-160 minutes at 250-300cc. This 
produces a material which has lost much of its rubbery characteristics but 
is pourable at room temperature and has a viscosity in the range of 2.500 
poises. One of those involved in this development work, M. Pike, then left 
to join Lorival Ebonite Ltd, :~here he helped to set their proc~ss for DPNR 
manufacture. The first customer for the Lorival DPNR was Acheson Colloid 
who required it then and still do today for the inclusion in graphite sus­
pensions. 

DPNR production was originally set, however, for the "in-house" 
manufacture of battery boxes. This firm has always been part of the Chloride 
Group, a major manufactun-= and supplier of batteries both in the UK and 
abroad. Most battery boxe~ are now cast using polypropylene; DPNR is only 
used in the manufacture of the boxes for the largest heavy duty batteries. 
The firm also supplies polypropylene castings. 

A researcn programme was started in Sri Lanka to develop a commer­
cial process for DPNR manufacture, based on the chemical depolymerisation 
of ~-ubber using nitrobenzene with solar radiation as the energy source. This 
project was never taken any further than the trial stage because of problems 
with the transfer of solar energy to the reaction vessel contents and concern 
over the project's commercial viability. Trial samples were distributed by 
"Rubber Convertors" (C.W. Mackie Ltd., Colombo, Sri Lanka). 

A research project for DPNR manufacture has recently been started 
at the Rubber Research Institute of India in response to a request from a 
local firm (Carborundum , India, Ltd) who currently import 10 tons /year 
DPNR from Hardman Inc. for use in the manufacture of large grinding wheels. 
A number of other potential uses for DPNR in India have been identified, 
including its use as an insulation layer in rocket projectiles and shell 
casings. This project is proceeding at a very slow pace, mainly because of 
the lack of suitable equipment. The process being d~veloped is again based 
on the use of extensive mastication at elevated temperature in the presence 
of air. 

Estimated current world oroduction of DPNR 

Following interviews with Chlorid~ Lorival and Hardman Inc. present 
world production of DPNR is estimated to be 

Chloride Lorival Ltd 
Hardman Inc 

Total 

DPNR production tons /year 

150-200 
250-300 

400-500 

At Hardman Inc. there has been a steady but small increase (2\ per 
annum) in jemand of DPNR. The sa=e was true at Chloride Lorival until 
recently. :n 1°85 there has been a marked increase in demand for DPNP from 
existin~ =~stomers and this has m~ant the introduction of a night shift and 
rccniitment of new staff. Curre:"'.t pr~duction levels at both Chloride Le.rival 
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Ltd and Hardman Inc are probably well belo~ installed capacity. Chloride 
Lorival stated that the current installed capacity i~ 6-7 tons /week ie 
an annual capacity of up to 350 tons • However, a significant period of 
"down time" is necessary to clean the reaction vessels : Chloride Lorival 
a".lmitted that this was a major problem because, if left unattended, degra­
dation products could build up on the walls of the reaction vessels resul­
ting in a significant drop in the effici~ncy of the depolymerisation process. 
Hardman Inc probably have similar problems. Hardman commented very fa·;rourably 
on the clear-liness of a LNR sample (produced during trial runs at De Dietrich 
sample number LNR DD2). Though no sam~les of the Rardman DPNR were available, 
it was admitted that the Hardman DPNR was "dirty", presumably due to the 
presence of thermal degradation products. 

M;mufacture of synthet:>_c liquid polyisoprene 

Only two manufacturers of liquid synthetic isoprene ru'.:>ber (LIR) 
were found, Kuraray Isoprene Ltd. (Tokyo, Japan) and Hardman Inc. Hardman 
Inc manufacture LIR by the same process used for the manufacture of DPNR. 
The LIR is more expensive than the DPNR because of the high price of synthetic 
polyisoprene, but despite its high cost a small market for the LIR has been 
found, estimated to be approximately 50 tons /year (the estimate for LIR 
manufacturing capacity at Hardman of 1.500 tons /year in Worldwide Rubber 
Statistics -IISRP- is possibly inaccurate). LIR is used in adhesive formula­
tions in preference to DPNR because of its clarity. 

Kuraray manufacture LIR by regulating the polymerisation of isoprene 
monomer (sup~lied by Nippon Zeon). Kuraray manufacture a range of LIR's 
(annexes 3 & 4) and sell approximately 2.000 tons /year in their domestic 
~rket and in South East Asia. Sales of the Kuraray LIR in the US have been 
disappointing, possibly because of its high price (see annex 3) and also 
agents "targeting" the wrong industries. 

Chloride Lorival Ltd also experimented with the manufacture of LIR 
(by mechanical/oxidative degradation at elevated temperatures of synthetic 
polyisoprene rubber). Although the product was clean and clear, and its 
man~facture was easier than DPNH, its high price meant that no market could 
be :ound for it. 

Marketing 

Chloride Lorival off er a product range of three ·grades of DPNR 
(annexes 3 & 4) that differ in their viscosity. In December 1984, the price 
range of DPNR was E 2.30-2.90/kg with the lowest viscosity grade the most 
expensive because of the longer period of mastication required for its 
man~facture. As a resul~ of the fall in natural rubber prices DPNR prices 
dropped in mid-1985 to E 2.00-2.60/kg. Chloride Lorival can supply two part 
for=~lations (with room temperature cures) for a number of application 
(a~~ex 5), but the majority of its DPNR sales are to firms who purchase the 
DP~~. mainly R25, for use in their own formulations. 

Hardman Inc offer five grades of DPNR which also differ in their 
vis=~sity (ann~xes 3 & 4). They can be supplied in two or even three part 
for.::ulations (with room temperature cures). The majority of sales (annex S) 
are f~r cable filling. As already mentioned, the Hardman range of liquid 
rutters includes synthetic LIRs which are used in adhesive formulations, 
pa?'."-;.ic·.:larly as additives (Viscosity mod if iersl in preS$'.lre-sensi tive 
ad!".esive formulations. 
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Both the Chloride Lorival and Hardman pro....~ct ranges also include 
lia~id {depolymerised) butyl rubbers used in the manufacture of mastics and 
sealants. Hardman also sell a partially crosslinked butyl rubber (which is 
not liquid). This product has found considerable acceptance in the sealants 
industry because its cross-linked (3 dimensional) nature provides a good 
balance between ease of processing and sag (creep) resistance. Hardman are 
currently experimenting on producing other liquid synthetic elastomers such 
as EPDH (for sealing single-ply EPDM roofing). 

Kuraray sell a wide range of LIRs (annexes 3 & 4), including che­
mically modified LIRs. Their price is approximately 20\ higher than that of 
the LIRs sold by Hardman and significantly higher than the price of DPNR. 
Chemically modified LIRs are also sold including two grades of carboxylated 
LIR and a partially hydrogenated LIR. These chemically modified LIRs are 
very expensive but Kuraray are able to sell them in the Far Eastern market, 
mainly for inclusion in adhesive formulatiors. Kuraray are expected to 

introduce more chemically modified LIRs but there is no indications as to 
what these modifications will be.As far as it could be ascertained ~o chain 
extend3ble LIR has ~een developej.The high price for the Kuraray LIR should 
dampen demand fc~ it but approximately 2.000 tons were sold last year 
(annex 5), mainly in the Far East. One major ma~ket (33\ of sales) for this 
LIR is in surgical adhesives were its purity and clarity are important 
selling points. However, another 600-700 tons were used in the manufacture 
of tyres. Because of its excellent tack it is used to hold elements of the 
tyre together before vulr.anisation, especially between the steel beads and 
the rubber. 

Industrial sales are achieved by a combination of a number of 
factors (as perceived by he customer) which, as well as price and physico­
chemical properties of the material, would also include continuity of supply, 
price stability, quality control and technical support. In any examination 
of the market potential of a new product the marketing methods used are 
important considerations though rules are always there to be broken. Sheard, 
in a recent review of the liquid rubber market, suggested tha~ in the future 
processors will increasingly buy prepackaged compounds or preformulated 
multi-component systems. The implication is that the rubber processor will 
concentrate on the manufacture (design and production) and marketing. Tech­
nical support and qunlity control will be entirely provided by the supplier. 
There is some evidence that the general rubber goods industry is moving in 
this direction with technical support an important part of the supplier's 
marketing strategy. 

Hardman maintain a sales organisation across the North American 
continent to develop new sales and to provide the necessary technical support 
for existing customers. As part of the firm's marketing strategy a broad 
product range is offered, including two or three part formulations for a 
wide range of possible applications. A significant proportion of firm's sales 
is for two part formulations used in applications such as cable filling. 
Technical support is also provided in the form of information on curing 
agents, accelerators and antidegradants as well as offering a range of equip­
ment to dispense the liquid rubbers. outside North America it is sold through 
agents; i~ Europe Safic Alcan & Cie and Alcan Italia SpA. This !Ila"/ have 
limited the firm's ability to penetrate the European markets. Agents dealing 
with extensive product ranges, often in large volumes, may be ~nable to pro­
vide the sales effort and technical support necessary to promote specialist 
products sold in comparatively small quantities. As far as the information 
is available, no Hardman DPNR is sold in the UK, although one firm in West 
Yor~s~:re is supplied with 1 ton /year of the liquid butyl r~~~er. 
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Kuraray, as part of a major Japanese corporation, are represented 
abroad by their own trading organisation. Agents also appointed including 
E.L. Puskas Co. in A.~ron, Ohio, USA, but with little success so far in the 
North American continent. Kuraray are planning, however, to expand the 
market fvr LIR outside the Far East and have recently installed new manu­
facturing capacity at their site in Kashima, Japan. At the present time 
potential markets in Western Europe are being surveyed. In the UK there are 
two agents , Revertex Ltd. (Harlow, Essex) and Siber Hegner Ltd. (Beckenham, 
Kent). Siber Hegner survey of the UK market is close to completion survey 
and is optimistic about LIR's potential especially in the adhesive sector. 
Other members of the Siber Hegner organisation are carrying out similar 
market surveys across Europe (Siber Hegner has offices in 11 West European 
states as well as in Eastern Europe). Revertex was more cautious and ex­
pressed concern over the high price of the LIRs. 

Chloride Lorival has broken all the marketing rules. Yet despite 
this, there has been an increase in demand for the firm's LNR. The Chloride 
group have been in financial difficulties for some time, difficulties that 
were made very much worse by problems associated with the launch of a new 
automotive battery in the North American market. As a result of its financial 
difficulties the Chloride group has been extensively restructured. For 
Chloride Lorival this happened three years ago when it was decided to concen­
trate on polypropylene castings and to run down the DPNR side of the business. 
To achieve this objective, it was decided that whilst DPNR manufacturing 
capacity would be maintained to supply existing customers, the sales organi­
sation would be disbanded and the salesman made redundant. Despite this, 
sales of Chloride Lorival DPNR have began to grow appreciably. The end-uses 
responsible for this increase-in demand were not divulged by Chloride Lorival. 
The firm has been forced however to recruit additional staff so that a new 
production shift could be introduced. Despite this, there was no evidence 
that the sales operation would be brought back. In fact it is very difficult 
to find any references to the firm's DPNR product range and the sale lite­
rature for the DPNR product range, provide during a recent visit, was several 
years old. It seems that despite the improvement in sales, the firm is not 
committed this part of its business activity. 

There are considerable difficulties in achieving significant sales 
or :narket penetration without a "dedicated" sales force. The market for liquid 
elastomers is a special one which is also highly fragmented with a large 
number of small volume applications. There is also a 1 ·d~ range of alternative 
synthetic liquid elastomers, all of which are marketed aggressively on both 
their price and physico-chemical prope=ties. Whilst Hardman has a significant 
sales operation in ·the North American continent it does not have one in Western 
Europe. Discussions at Hardman revealed that the firm is keen to enter the 
West European market to improve sales growth (and capacity utilisation ?) but 
without any sales organisation in the West European market sales have been 
very poor disappointing. During the present investigation almost all the 
fir~s contacted were unaware of /or made no comment on the availability of DPNR 
or LIR from Chloride Lorival, Hardman or Kuraray. 

As mentioned above , the concept of a pumpable and castable DPNR was 
;,f =onsirable interest but, unfortunately, DPNR cannot be used to replace na­
t~ral r.lbber. It can be transformed into desired shapes far more easily than 
:.at-..:ral rubber and then made dimensionally stable by vulcanization, but it has 
:os~ most of its r'..lbbery properties and has very poor physical properties (for 
exa:::ple low tensile strength). Without reactive terminal groups there is no 
:::et'.:".od =·.lrrently available to chain extend the depolymerised molecules and 
:e=:eate the :ubcery properties of the original natural rubber. 
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DPNR should not be seen as a replacement for natural rubber but as 
a specidlity product whose applications make use of its specific pro;->erties, 
for example low viscosity, good lov temperature properties, good tack and 
possible lov electrical conductivity. The major proportion of Bardman's sales 
of DPNR are for cable filling. Encapsulation of low power electrical compo­
&ents is another important end-use. The majority of the DPNR sold by Chloride 
Lorival is exported to a Dutch firm manufacturing mastics. ~hloride Lorival 
also export DPNR to a dealer in West Germany but the firm did not know what 

this DPNR is used for. In the UK, DPNR is sold to Acheson Colloid, to !CI 
for sealing pipework in the Chlor-Alkali plant at Runcorn (the Mond Division) 
aid to other firms manufacturing mastics and adhesives. 

The primary use for LIR is in manufacture of adhesives (surgical 
adhesives and in hot melts) where its clarity and purity give it a considera­
ble marketing advantage over the lower cost DPNRs. Kuraray have also exploited, 
in the Far East, a significant market for LIR as a tackifier in the ty=e in­
dustry. This is one market in which DPNR could be successful, especially as 
it is cheaper than LIR and properties such as clarity are not important. If 
this Far Eastern market uses 600-700 tons LIR/year worldwid~ demand could 
be in the region of 2.500 tons /year. However, this market is likely to be 
extremely difficult to exploit. 

There is a good chance that the new DPNR will be able to displace 
the older versions in applications such as these : it will not be more expen­
sive (though, as noted) we do not think it will be cheaper, when the marketing 
and distribution costs are taken into account) and it is a better, cleaner 
material. 

Therefore, given appropriate promotion (the effort and cost of which 
should not be under-rated), there is a market of around 500 tons /vear avai­
lable for the new DPNR. In order to ensure that the new DPNR is able to achieve 
this market penetration, we suggest that attention should be paid to two 
features, in an effort to reduce the selling price : (1) th~ possibility that 
a higher molecular weight (and therefore cheaper) DPNR might be ade·~~ate for 
some applications, and (2) investigation of the use of cheaper redox systems. 

On this basis, we suggest that one plant with a nominal capacity of 
about 1.000 tons /year would be large enough to satisfy estimated demand for 
the time being. A plant of this size, costing about US$ 2 million , would not 
be likely to be operated at more than 50-60 per cent of capacity in the early 
years. 

7.3. MARGINAL COSTING OF LIQUID NATURAL RUBBER MANUFACTURE 

7.3.1. Pilot plant 

For a pilot plant established at the IRCA-RCI site, Bimbresso, near 
Abidjan in the Cote d'Ivoire. 

In calculating the charge for the capital investment the present 
value of the salvage price of the plant and machinery has been deducted from 
the cost of the capital item. 



Pilot plant 
Building for pilot plant 
Installation 
Emergency generator 
Install~tion 

Truck (car) 

Cost CFA 

80.000.000 
26.250.000 

7.200.000 
500.000 

4.500.000 

salvage Value 

' 
20 
so 

40 
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written off in 3 years 

With regard to the installation of the pilot plant, there were 
no charges for laying ir. electricity lines, roads, sewage and drilling for 
water and erecting a water tower - costs that must be included in the 
analysis of an industrial production plant. 'ftlere is also no charge in­
cluded in this analysis for effluent treatment. 'ftle incinerator in use at 
the present time is hopelessly inefficient. Trials have been started to 
test the use of an activated charcoal column to re:nove toxic materials 
from the effluent stream. If this is succ~ssful it will provide a very 
lo~ cost method for effluent treatment. It may be possible to obtain 
activated charcoal locally at very low cost using coconut fibre. One 
possible source would be from fishermen who use coconut husks for smoking 
fish. The coconut fibre is then placed in a lengh of industrial PVC tubing 
and the effluent stream passed through it. At the present time the results 
of the initial trials are not available. 

Pi~c:. i?lar.t 
Sa:-.~~ ·;ai:Je 20t 
Presan:. ·.'ilbe o: salvaae • lO\ o~:: :O-z''!'S: 
ea,::~ ':.::.l ce =:ia:-;ed • 

ai:l::~nc 
Sa:·.-agE: val:Je 50\ 
Prese:::. -.Cll:Je o! salvage 110\ (Ne:- !Oj"?"sl 
Cay::.31 COS:.S ~ be C!'W"ged 

erie::c:e::c-; Ge!1er aU)r 
~·."3CJe val~ 40t 
Pr~e::~ ·.'2111.Je o! salvage 110\ ove:: ~Cyrs i 
Ca;:::.a:. ~~ :.c ::ie cnar;ed 

Fuc~ ·~i:.L .:::s: .,er ar.n ... 
!a:. :~\ :er :~ years: 

C'x~ !;;r ~ar pe:: ann·r· 
,3 1ea:t n :D\ • 

CTA 

ao.000.000 
16.000 000 
6.168 688 

i). d)l .11:: 

26. 2SO -OOC 
l3.l2S.UCC 

'5 060-252 
~::.. ~89. 748 

7 .200.000 
2.880.000 
1.110 364 
6.089·636 

:~:;, .~10.6'!6 

::.o.soo cco 

l8.lu.:2~.2s 

l. 809.:16,60 



Transoort 

Latex 
Annon1a 
Sod11xi: nyciraiu.:ie 
P.ieny: :iydraune 
seta! soap 
An::.1fc:am 
Acetic aCJ.:I 
Total 

2SO.o 
435.o 
281,2 

l.562,> 
1.500,0 
7.159,5 

562.5 

In pilot. pl.nt 
lt9 c:anSlllled 

per 200kg ~ 
;ier ::..:r. 

200 0 0 :s:.~~O.G 
2.1 :.~~:.~ 
0.4 ~6:.~ 

17,28 ::-.~oc.~ 

2.0 ::.o~o.o 
·o 0 5 : ":' .&::18, 7S 
20.0 iitres• :6.25n,o 

65:< .::::;.65 

•in experim!r.::. 101 acet.ic acid -s found sufficient ":O 

c:oaq-..:.iate tlle UlR so .oost of -=et1c .:id now becanes 
lll1d new tot.al 

:8.125.o 
E:.; .388,65 

Latex 
Aiilll:x:::.a 
Socil..c :i1'dra1t1de 
Pheny i !ly:irozi:ie 
N.sal soap 
A::::.1!oa:: 
~:.ic ac1d 

' tDtal cost 
co.o 
o.a 
0.1 

49:3 
2,4 
2.9 
4.5 

100,00 

Dr.ns <20011 c:an be s~lied lcxally thaJqh no d1s=:.s ar!: ~·:a:.:~le oo 
orders less tha::. iOOC :Ir-~ can ocder size not enn~ed t~.::::-. =:r lC!: ~d 
be 3P9rOX1Jlliltely ~200 CFAJ. . . • 

CUrr~t ;rice is 
14767 CFA 

Tc ;iair.: tile i.1::.er.-.a: swr!ace of the drun cappraximate::r· 3;!'.2 : :a;-.:~:es 
0. Sitg ;;;ai:it a::. 20GC CTA/kq 

cost ?e!' painted dr.n 
and ?e:" 5 cir.- c for l ton 

15767 CFA 
78835 CTA 

11 G 

Current cost to transport 1 ton 
dockside at Abidjan 

from IRCA-RCI (3imbresso) to 
15.000 CFA/tc-:: 

Energy 

The pilot plant uses electricity as its sole source of energy 
drawn !rom the national supply system. 

The tarif structure i~ February 1983 was 

!rom 06.00 
18.00 -
22.00 -

18.'JO hr. 
22.00 hr. 
06.'.)0 hr. 

33 
45 
27,5 

CFA kwh 
CFA kwh 
CFA kwh 



Because of the present wages and price freeze (that has been in 
force since 1982), .:he present tarif structure does not differ. However, 
for the purposes of the present cost analysis, a figure of 45 CFA per kwh 
was accepted. A separate analysis of rubber factories in 1983 estimated 
the cost of electricity as 40+2 CFA per kwh. 

At the present level of efficiency the pilot plant requires 
2,3 kwh per kg LNR produced ie 460 kwh per 200 kg. However, since elec­
tricity supplies cannot be naintained, an emergency generator has been 
installed. It is assumed the t the generator provides 5\ of the pl.~nt' s 
energy requirements throughout ~he year. 

Average time to produce 200 kg '.NR 
So per 200 ~g samples use 
At full load the emergency generator assumes 
Cost of industrial diesel fuel (DDO) 
Cost of emergency generator per 200 kg LNR 
Main supply provides 
Cost per k.,hr 
Cost of mains electricity per 200 kg LNR 

Total energy cost per 200 kg LNR 

Energy cost per ton LNR 

Maintenance charges 

45 hr 
2,25 hr generator 
20 litres diesel/hr 
137 CFA/litre 
6165 CFA 
437 k.,hr 
45 CFA 
19.665 CFA 
25.830 CFA 
129.150 CFA 

For both pilot plant and emergency generator they are calculated 
to be 7 \ for the first 2 years and there after 10 \ per annum of original 
cost. 

Total maintenance charge over 10 years 

Manpower 

- pilot plant 
- emergency generator 

so maintenance cost per annum 

current cost of employing staff 

- ivorien supervisor 

75.200.000 
6.768.000 

81.968.000 

8.196.800 

- staff for plant and effluent treatment 
lC0.000 CFA/week 
50.000 CFA/month 

1 
75.000 CFA/month 
40.000 CFA/lllOnth 
40.000 CFA/month 

- laboratory staff 
- secretary 
- driver 

1 this also includes the charqe for laboratory use and 
laboratory chemicals 

manpower requirements for pilot plant at the present time 

- staff !or plant and effluent treatment 
- laboratory staff 
- secretary 
- driver 

number 

5 
1, 5 
0,5 
0,5 

CFA/year 

3.000.000 
1.350.000 

240.000 
270.000 

4.860.000 



So manpower cost for 1 ton 

at production 10 tons 
and production 20 tons 

a year 
a year 

MANUFACTURING COST FOR l TON 

C?ll!mic;iti 
Dier~ 
Or.AS 
T!ansport. 

cap.ital charges 
Manpower 
Ma1nt.al!".ance 

itlriung cap.ital 

~~~:: :.:~ilisation 
~~. ::.::ir. ,'ye:ir 

tor 

lOi of c:ian.icals me.=~= ~at.ex 
l Ot of a.-m:al ;:rod~ ;.or: · 

50\ 
10 

2.498-044 
486.00() 
8l4.66J 

4.646.;)98 

Fr92.c;2i 

624.:389 
4.646.098 

5.270.487 

'27.ll49 

'!'OI'AL .::s:' ·::FAL~ :O'\'R 5.173.147 

486.000 CFA 
243.000 CFA 

OF LNR 

CFA 

62<1-389 
129.150 

78.835 
15-000 

847-374 

:JOt 
:o 

l 249 022 
243-000 
407.340 

2. 7.;6. 736 

F'!549J5l 

l 2411 776 
~.493 472 

674 .22~ 

!or Frl03 -463 ?!68.4Bl 

7.3.2. !~dustrial plant 

7.3.2.1. Chemicals 
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From the analysis of ?ilot plant, the cost of the chemicals 
i:1cl·.ldL°'g latex is 624.388 CFA (12, 1 - 18,3 \ of the total m3nufacturing 
costs de?ending on capacity utilisation). The chemicals accounting for 
t~e ~a:cr share of these costs are : 

- phenylhydrazine 
- field latex 

49,3 \ 
40 \ 



Phenylhydrazine 

1 • -. -' 

The phenylhydrazine is supplied by Hoescht, from West Germany 
through their agent ir. Abidjan, and its price is 2.850.000 CFA/ton 
(excluding tax). Tax for chemicals imported into the COte d'Ivoire is 85 \ 
of their factory gate price. However. fvr imported goods required for the 
rubber industry the rate of taxation is reduced to 25 \. Present demand 
for phenylhydrazine is 1-2 tons per annum. If production of LNR is 
increased to 1.300 tons per a~num, demand for phenylhydrazine will be 
between 100-150 tons per annum (which at currPnt prices would be worth 
over £ 0,5 million to Hoescht). It should be possible to obtain a discount 
on the present price of phenylhydrazine. Hoescht claim that their price 
structure is very shallow ~ith maximum discounts obtained for small order 
quantities. If a 10 \ price reduction was achieved tl.:!n the price of 
phenylhydrazine would become 2.565 CFrl/kg and in ~he Cote d'Ivoire, after 
import duty/tax, 3.206,25 CFA/kg. Production of 1 ton LNR with a visco­
sity 368.000 cps (at 25°C, Mv 10.000) requires 86,4 kg phenylhydrazine 
costing 277.020 CFA. The best selling grad~ of LNR supplied by chlo~ide 
Lorival is R25 wi.th a viscosity of 25.000 poises (at 23°C, MW = '23.000). 
Manufacture of an equivalent grade of LNR ~"Ould require 50 \ less phenyl­
hydrazine which would then cost 138.510 CFA. 

Latex 

For calculating the cost of manufacturing LNR using the pilot 
plant the ?rice of field latex was taken as the average selling price of 
latex. Since LNR manufacturing plant would be closely associated with a 
rubber plantation/factory the price of field latex charged to the manu­
facture of LNR would be much closer to the cost of harvesting the latex. 
The cost of producing latex in the Cote d'Ivoire is not known. If a 10 \ 
reduction in the cost of field latex w~s achieved the cost of latex per 
one ton LNR produced would become 225.000 CFA. 

7.3.2.2. Drums 

Because of the number of drums (maximum number 6.500) required 
for storage and transport of the LNR (annually 1.300 tol1$ ) discounts 
will be available. 

For 5 drums (required for 1 ton 
Paint for 5 drums 

total 

LNR) 60.000 CFA 
5.000 CFA 

65.000 CFA/ton LNR 

The reuse of drums has not considered in this calculation; it is 
unlikely that the reuse of drums would bring about any substantial reduc­
tions in the manufacturing costs. 

There is no evidence whether quantity discounts are available 
on the costs to transport LNR to the dock at Abidjan. If a 10 \ reduction 
was achieved cost of transport would become : 

13.500 CFA/ton LNR 

Energy consuiw>tbn by the pilot plant was calculated to be 2,3 kWh.' 
kg LNR produced. Estimate~ for the industrial plant, with production 



capacity 1.300 tons LNR per annw:i, utilising the new thin layer drying 
technology indicate energy consumption of 2,1 kWh/kg IDdde up of 1,8 kWh/kg 
for operating the reaction ve~sels and drier and 0,2 kWh/kg for ancillary 
equipment. F~r the purposes of this calculation this ~ill be considered 
as a 10 \ saving in energy consumption and assuming utilisation of the 
emergency generator follow a similar pattern to the pilot plant; 

energy cost 116.235 CFA/tons . LNR 

(there is no reduction in energy consumption to manufacture the higher 
viscosity grades of LNR). 

Capital expenditure 

Field latex collection 

1.. plant with capacity f~r 25 tons /week (1.300 tons per annum) 
will require 85 m1 field lat~x per week er 17 m1 field latex per day 
(assuming a 5 day week for collecting latex). Stainless steel tanks have 
to be used to collect the latex because of the ammonia added to stabilize 
the latex. Stainless steel tanks avail. 1.ble hold l, 2 m1 so to fullfill 
production requirements 14-15 full tank loads of latex have to be delivered 
each day. One tractor can haul 3 tanks so estim..!ted requirements are : 

2 tractors at 
6 tanks at 

1.000.00G CFA each 
1.865.000 CFA each 

Plant will also requi~e use of 1 seal! car whic~ ~as an average 
working life of 3 y~ars 

l car at 4.500.000 CFA. 

Plant 

The industrial plant proposed by De Dietrich incorporates a new 
continuous "thin-film" drier to replace the batch vacuu:n drier used in 
the pilot plant. Otherwise the design of the plant is t.~e same used for 
the pilot plant. 

Estimated cost of plant 13,5 millions FFr 
or 675.000.000 CFA 

(this price excludes the cost of transport/installation) • 

Buildings : the building to house the plant must have a 
minimum height of 20 metres for installation of the drying eq-~ipment. 

Building !or prod:..: ::tion plant 50. 000. OO·J CFA 
Building for storage of 30.000.000 CFA 

chemicals.' drums, etc 
Emergency generator 10.000.000 CFA 

Installation : no complete estimates are available of costs to 
construct building and install plant, emergency generator or equipment 
for effluent treatment; estimates available 

locate and drill fo:: water 
construction of water tower 

4-6.000.00C. CFA 
? 



install trar.sformer 
lay in power lines from national 

grid 
install emergency generator 

to provide road access 
to provide drains , etc 

7.000.000 CFA 

? 
1.000.000 CFA 

? 
? 

for the purpose of this calculation installation costs are estimated 
to be 10 \ of capital investment. 

Capital investment is 
so assumed installation cost is 

Salvage value of capital equipment 

manufacturing plant 
buildings 
generator 
tractors 
steel tanks 
car 

Salvage value of plant and machinery 

"lanU:a~unnc E:a.."lt 
salvage 20\ 
preser.t val.ie cf 5al\.'3Cle 
:at 10\ for iO ~ears) • 
so .::llaqe for pia:~t 

Bu1ldir.as 
sa1 ·.raae SC s 
;>resent val.:e of salvage 
(at 10\ !or 10 ye.arsl 
so cnaqe for bu•:O.ilngs 

Generator 
salvage 40\ 
present val.ie c: sal·;age 
Cat 10\ ~or 10 :earsi 
s.o cnar~ :or ~1erator 

Stee~ Tanks r6 o!!> 
sa~v:i:je ;01 
prlient val .ie c.: .o.i.: ·:ace 
rat :o' for ::> ·:earsi · 
so c:iaqe fer s:~: ~ 

car 
:;!!tL.-ne l ''eat3 :see ca~c·.;~at1t;r. 
!or ;i•lot .,:~"It 1 

76S millions CFA 
80 millions CFA 

\ of cost price 

20 
so 
40 

none 
so 

none 

Cf A 

675.JOO.OOO 
135.~00.0CC 
5:<. :i.;c. 3os 

80.JvG.JOO 
.fO • .:ruc • ..;uu 
15.-12~.7~: 

64 .si11 ,2au 

10 -OQl: .occ 
4 ,JOl .000 
l .;~; .: -:~ 

s . .;;i.8~8 

.i.4.000 000 

:: .:9G .OCC 
5.:~) .. jOl. 
~~.:::- .:!3 

9 .032 .ea; 

4. ~00 .. :;c;::, 
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Capital equipment 
Cost of capital 

at 10\ for 10 years 

Plant 
Buildings 
Generator 
Tractors 
Steel tank:; 
Car 

Charge CFA 

622.951.695 
64.578.280 
8.457.828 

14.000.000 
9.032.887 
4.500.000 

Cost of investment per annum in plant 
and machir.ery 

101.382.516,60 
10.509.817,36 

1. 376.472, 52 
2.278.435,46 
1. 470.060, 72 
1.809.516,60 

118.826.819,26 

Installation 

Cost for installing all the plant and machinery is assumed to 
be 80.000.000 CFA, then 

Cost of capital for installation 
(at 10\ for 10 years) 

13.019.631,20 

Total charge per annum for capital 
investment 

131.846.450,46 

Maintenance and runninc costs 

For plant and generator estimated to be 7% for the first 2 years 
and then 10% per annum for the next 8 years. For buildings assume mainte­
nance costs are 5% of capital cost. 

Manpower 

Plant: 
Generator 
Building 
Tractor 
Car 

Capital cost 

CFA 

675.000.000 
10.000.000 
80.000.000 
14.000.000 
4.500.000 

Total 
maintenance cost 

CFA 

634.500.000 
9.400.000 

40.000.000 

Total cost of caintenance per annum 
Cost of capital investment per annum 

Total cost of capital expenditure per annum 

~~i~tenance cost 
::>er annum 

CFA 

63. 4 50. 000 
940.000 

4.000.000 
2.542.800 
1.000.000 

69.390.000 
131.846.450 

201.236.450 

From discussic~s with the designers of the industrial plant it 
was concluded that at =-aximum capacity utilisation the plant would require 

3 shifts or 3 cperators 
also required 
2 supervisors 
laborator; su~~rt for quality control 
2 technicians 
2 drivers 
1 secretar1 

Cost tc the employer 
CFA 

;:.000/month 

10':.')00/month 

75.')00/month 
45.')00/month 
4',.S0G/month 



So manpower costs will be 

9 operators 
2 supervisors 
2 laboratory technicians 
2 drivers 
1 secretary 

Total labo·1r cost per annum 

CF A/year 

5.400.000 
10.400.000 
1.800.000 
1.080.000 

480.000 

19.160.000 
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Manufacturing costs for an industrial plant producing 1.300 tons LNR.'year 

Chemicals 
Drums 
Transport 
Energy 

Cost of capital 
and maintenance 
Manpower 

Cost per ton 

Manufacturing costs 

Working capital 

CFA/ton LNR 
Mv 10.000 Mv 

568.608 
65.0UO 
13.500 

116. 235 

763.343 

201.236.450 

19.160. 000 

220.396.450 

MV 10.000 MV 
169.536 

932.879 

(or Fr. 18.658 and 

20.000 

430.098 
65.000 
13. 500 

116.235 

624.833 

20.000 

794.369 

t5.887) 

This is calculated as the sum of 10% of the value of annual chemical 
inputs (including latex) and 10% of the value of the plant's annual produc­
tion (1.300 tons LNR) spread over the year production. 

These figures are for the low viscosity LNR. 

Chemical inputs 

?reduction 

130 tons 

130 tons 

x 568.608 CFA/tons = 73.919.040 CFA 

x 932.879 CFA/tons = 121.274.270 CFA 

and diesel fuel, require 5% estimated annual 
consumption (using the fig~res for the pilot 

= 400.725 CFA 

plant ( 137 CFA/litre and 5\ of annual 
consumption is 2.925 litres) 

195.594.035 CFA/ 

so wo=king ca,,ital for low viscosity LNR is 150.457 CFA/ton 

the working capital for the high viscosity LNR (calculated on the 
same !:>a~.·.s as the low viscosit'.! LNRl 

high viscosit'l L.~R is 122.755 CFA/ton LNR 

:·e:ar 



Note 

1 •Q iv 

PRODUCTION COSTS FOR LNR MANUFACTURE 

low viscosity LNR high viscosity LNR 

(Mv 10.000) (~v 20.000) 

CFA CFA 

Manufacturing costs 932.879 794.369 

Working capital 150.457 122.755 

CFA/tonne LNR 1.083. 336 917 .124 

(or Fr. 21.667 and 18.342) 

Contribution of working capital to production costs can be adjusted 
to 5uit (i) prevailing conditions, ie reduced if less capital is ti~d 
up because supplies can be obtained without delay or product is 
shipp~d out regularly, and outstanding debts are kept to a minimum 
(ii) bI changes in product mix, ie if more high viscosity LNR was 
manufactured working capital requirements could be reduced since the 
amount of capital tied up in chemical stocks or products is smaller 
(see below). 

Analysis of production costs/sensitivity analysis 

low viscosity LNR high viscosity LNR 

CFA \ CFA \ 

latex 225.000 20,8 225.000 24,5 

chemicals 343.608 31,7 205.098 22,4 

(o: which phenylhydrazine 277 .020 25,6 138.510 15, 1) 

drums and transport 78.500 7,2 78.500 8,6 

energy 116.235 10,7 116.235 12,7 

labour 14.738 1, 4 14.738 1, 6 

capital 
(i) investment 101.420 9,4 101.420 11, 1 

(ii) maintenance 5~.~77 4,9 53.377 5,8 

{iii) working 150.457 13,9 122.755 13 ,4 

This sensitivity ~nalysis of the LNR production costs gives us a 
picture of the contributi~n the various components of the manufacturing 
process make to the overall cost cf manufacturing LNR and how changes in the 
cost o~ these components alter the final producti~n cost. For example, 50\ 
less phenylhydrazine is required to produce the high viscosity LNR. The 
sensitivity analysis of the production costs ~hows th~t a l\ reduction in 
the cost of phenylhydrazine will lower the production cost for low viscosity 
LNR by Q,256\. So a 50\ reduction in the cost of the phenylhydrazine input 
will lower production costs by 12,8% from 1.083 CFA/ton to 944.669 CFA/ 
ton • The difference between ~his figure and the calculated production cost 
of 917.124 CFA/ton for the high viscosity LNR is accounted for by the 
reduction in working capital provision (since phenylhydrazine stocks can be 
red~ced less capital is tied up in stocktoldingsl. 
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This analysis identifies latex (20,8\) and phenylhydrazine (25,6\) 
as the principal costs in the manufacture of low viscosity LNR. Capital 
(working capital 13,9\ and investment capital 9,4\) and energy (10,7\) 
are the other major costs. Efforts to minimise production costs should on 
the basis of this analysis examine ways to reduce the cost of latex and 
phenylhydrazine. Futher savings could be achi~ved by obtaining low cost 
investment capital and possibly by adjustments in working capital require­
ments to suit prevailing conditions (note that working capital could also 
be a source of revenue). When high viscosity LNR is produced (requiring 
SO\ less phenylhydrazine) working capital is marginally lowered to 13,4\ 
of the production costs (because of reductions in stockholding requirements 
and cheaper product) whilst the contributions from latex (24,5\), energy 
(12,7%) and inv~stment capital (11,1\) all increase. 

These calculations were made on the basis of 100\ capacity utili­
sation with return on investment (ROI) 10\ over 10 years, both probably 
unrealistic assumptions. Production costs for both low and high viscosity 
LNRs calculated on the basis of ROI 15% over 10 years for different levels 
of capacity utilisation now become, 

\ Capacity utilisation 

100 
90 
80 
70 
60 
50 
40 

(ROI 15% over 6 years) 

Production costs Fr/tonne 

Low viscosity 

23.029 
23.594 
24.302 
25.211 
26.423 
28.120 
30.666 

High viscosity 

19.705 
20.270 
20.977 
21.887 
23.099 
24.796 
27.342 

These figures demonstrate {see figure 7.1) the effect of low capa­
city utilisation on production costs which increase at a faster rate as 
capacity utilisation decreases. Figure 7.1 also illustrates the effect of 
cost of capital on production costs for changes in capacity utilisation. 
As the cost of capital increases there is a proportioncily greater increase 
in production costs with decreasing capacity utilisation; changes in fixed 
costs such as the cost of chemicals cannot alter the shape~~ this curve. 
The data for figure 7.1 can be found in A..~nex 6. 

To summarise, the effect of decreasing capacity utilisation is to 
increase the cost of ~he capital investment as a proportion of the total 
production costs and this increase becomes greater as the cost of capital 
increases. Other costs such as working capital and chemical ~ecr.ease slighty 
as a proportion of the final cost with decreasing capacity •.;tilisation (the 
data illustrating these points can be found in Annex 7. 

Conclusions from this analysis of production costs 

(!)match plant capacity with the readily available market size; it may be more 
cost effective to add additional capacity when required instead of oppera­
ting inefficiently at low capacity utilisatlon 

(2) ~inimise the cost of phen/lhydrazine and latex 
(31 see~ the "cheapest" investment capital 
(4) minimise working capital requirements; for example, minimise stockholdings 

of chemicals particularly phen/lhydrazine (which can otherwise tie up a 
c~~siderable amount of capital) as well as the usual methcds to reduce 
w~r-:inq capital by minimisinr. debts and obtainin'J favourable: credit tE.-rm5. 
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CONCLUSION 

During this contract •0evelopment of Liquid Natural Rubber", 
a process allowing LNR to be obtained from field latex has been success­
fully transposed from the laboratory to the industrial stage. 

The pilot unit which works very satisfactorily in the Cote j'Ivoire 
has been designed so thdt the incidence of several parameters can be 
studied without any risk, making it possible to control the depolymerization 
reaction and obtain a range of LNR with variable but controlled viscosimetric 
weights varying from iiv 7,500 to Mv 25,000. 

The very high price of phenylhydrazine in the present market 
conditions plays a major role in the final cost of LNR. A developed 
production of LNR in larger and more regular amounts will necessarily 
decrease the selling price of phenylhydrazine, owing to an increase in its 
consumption. The adjustment of operating conditions - depolymerization in 
the presence of pure oxygen or under pressure, addition of chemical 
products stabilizing rubber viscosity or short stoppers - could not be 
examined enough owing to the short period of time available between 
the starting of the pilot plant and the end of the contract. This study 
should be continued in order to reduce as much as possible the amount 
of phenylhydrazine to add at the beginning of the reaction. 

Without any industrial experience on the behaviour of LNR, 
it was not wise to apply drying techniques more sophisticated but also 
more efficient than the simple and reliable but energy-consuming process 
that is currently used. Now that the process of LNR preparation is 
properly mastered, a thin layer continuous dryer seems well-adapted for the 
drying of latex coagl."lum from depolymerized rubber. The LNR obtained by the 
process deve:oped ~n the c=te d' Ivoire is of a fine appearance and 
of a quality estimated higher than that of the rubber obtained by 
mechanical-chemical depolymerization. The physicC'1'chemical properties of 
the product obtained in the pilot plant correspond to those determined 
at the beginning of the contract. The fac·~ low molecular _weights are 
easily obtained is of a great industrial interest and one of the assets 
of the current process. 

The objective aimed at in the development of presentations of 
natural rubber in liquid form is to offer it new market shares reserved 
so far for synthetic rul:~ers. Two approaches have been explored during 
this contract : identification of non modified LNR market and study 
of LNR chemical modification to develop products with a higher value added. 

Th~ crisis hitting the industry in general and especially the 
rubber ind~stry has hampered the efficient development of LNR. It took 
a very long time for manufact~rers to answer and several, often the :DOst 
interested, ~ave not finished their laboratory trials. 
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Consequently, apart from the market share identified for LNR 
obtained by mechanical-chemical degradation, that is 500 tons /year, it 
is difficult to know exactly the volume or extent of other potential 
markets especially since, as the uses LNR is destined to are often very 
technical, the users do not wish to divulge the use they think of. 

Thanks to chlorine and maleic anhydrid chemical modification 
of LNR, carried out in the laboratory, it is possible to obtain products, 
especially chlorinated rubber, the interest of which would justify the 
development of a production in a pre-pilot unit with a view to i!Il 

industrial development. 

Epoxydation of ldtex of depolymerized natural ~ber is achieved 
in conditions that are identical or even easier than those of latex of 
high molecular weight rubber. It leads to a wide range of products, some 
of which will find outlets especially in the adhesive industry. 

Each type of modified rubber mentioned above is the first step 
to the development from natural rubber, of more elaborated products called 
"second generation" products which should find applications in many 
fields. Organic chemistry supplies thus a great contribution to the 
valorization of a natural and therefore renewable raw material. 

Natural rubber producing countries wish, with just cause, to 
develop their own rubber processing industry to give an increased value 
to this strategic raw material. Heavy investments therefore are 
necessary to acquire foreign equipment and technology. The success of such 
a contract or the previous ones carried out by other IRRDB member 
institutes, development of thermoplastic and composite rubbers for 
instance, are an efficient complement, by the development of new forms 
of rubber, to the transfer of technology from industrialized countries 
to developing countries. 
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CHAPTER - 9 

LIQUID NATURAL RUBBER - WORKSHOP 

ABIDJAN 20-24 JANUARY 1996 

A Workshop took place in Abidjan from the 20th to 24th of January 
1986, joining experts of UNIDO and of the Institutes members o~ IRRDB, 
Germany Federal Republic representatives, as well as a representative of the 
Ministry of National Education and Scientific Research and of the Ministry 
of Industry. 

In course of this Workshop, the main results achieved during the 
contract duration :1ave been submitted, as well as others statements concerning 
different manufacturing process of liquid rubber and overviews of the rubber 
industry in some countries me!llbers of IRRDB, according to the undermentioned 
programme. 

WORKSHOP PROGRAMME 

Monday 20th January, 1986 - ~!~!~2 

Conference official opening in presence of the National Education 
and Scientific Research Minister, Dr. Balla Keita, the authorities 
of Cote d'Ivoire, the UNIDO, R.F.A. and IRRDB representatives. 

- afternoon 

IRCA-IRAP - Mr. Boccaccio and Pr. Brosse 

IRCA 

IRCA 

"Parameters of LNR depolymerisation reaction" 

- Mr. Sainte-Beuve 
"Description and operating principle of the LNR 
production pilot plant" 

- MMrs. Allet-Don & Lemoine 
"LNR production by the pilot plant in Cote d'Ivoire" 

Tuesday 21st January, 1986 - ~:~!~2 

IRCA-IRAP - Mr. Harteau 
"Potential applications of LNR" 

MRPRA - Dr. Bristow 
"Some possible new applicatinns of LNR" 

- Dr. Allen 
"Economic aspects of UIR production and markets" 



124 

- afternoon 

RRI - Dr. Tillekeratne 
Sri Lanka "Manufacture of liquid rubber from crepe rubber using 

solar radiations" 

GFR - Dr. Nordsiek * Huls Aktiengesellschaft 
"Liquid rubber technology based on butadiene polymers• 

SAPB 
COte d'Ivoire 

- Mr. Bille 
"overview of the heveaculture in Cote d'Ivoire" 

BPPB - Dr. Budiman 
Indonesia "Prospects of domestic rubber usage in Indonesia" 

Wednesday 22nd January, 1986 

Day in IRCA - Visit and presentation of the operational pilot 
plant - vi~it of the plantation. 

Thursday 23rd January, 1986 - ~~~!~~ 

SCATC 
China 

- Dr. Mei Tongxian 
"Some views on the development of liquid natural 

rubber in China" 

IRCA-IRAP- Mr. Boccaccio 
"Liquid natural rubber, chlorine and malejc anhydrid 
chemical modifications" 

IRCA-IRAP- Pr. Brosse 
"Liquid natural rubber, present situation and prospects" 

- afternoon 

Closing session in presence of the Cote d'Ivoire National Education 
and Scientific Research Minister, Dr. Balla Keita, the Austrian and 
German Ambassadors, the UNIDO and IRRDB representatives. 

Fridav 24th January, 1986 

Visit of a rubber estate. 

* Dr. Nordsiek couldn't attent to the Workshop; some elements of his 
iecture will be given in the proceedings. 
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Conclusions and recommendations after the Workshop 

1 - It was unanimously agreed by the representatives of the IRRDB 
member institutes attending the Conference that the project on Liquid Natural 
Rubber (LNR) which had been implemented by UNIDO and financed by a special 
purpose contribution from the Government of the Federal Republic of Germany 
to the UNIDF has successfully achieved its objectives. 

2 - A method had been developed to produce r.NR from field latex, 
and a pilot plant had been constructed by IRCA in the Cote d'Ivoire. This is 
now producing regular supplies of LNR. It has demonstrated that LNR can be 
produced on an industrial scale using field latex, and he has provided 
sufficiently large quantities of LNR for a technical and economic appraisal 
of its coamercial potential to be undertaken by potential industrial custo­
mers. 

3 - Although other IRRDB member institutes have been investigating 
the possible production of LNR using other forms of natural rubber and other 
chemical and physical processes. The IRCA process is to date the only feasi­
ble process for the production of LNR for inside-scale industrial use. However 
the use of phenylhydrazine as a reagent in the depolymerization process adds 
considerably to the cost of the product and the use of an alternative cheaper 
reagent is urgently required. 

4 - The project has shown that there is already a market of about 
500 tons a year for LNR and that this market could rapidly increase to 
about 1.000 tons a year. A number of large international rubbe: companies 
have shown great interest in the use of LNR provided that these was a subs­
tantial and guaranteed supply. It is therefore recommended that a coaanercial 
and economically viable plant should be set-up with a capacity of about 
1.000 tons a year. 

5 - Laboratory investigations have been carried on the chemical 
modification of LNR using chlorine, maleic anhydrid, epoxydation and other 
chemical groups. There is a potential and significant market for such modified 
materials. Further work on a pilot plant scale is now necessary to enable the 
processes and the markets to be more fully evaluated. This would be undertaken 
in Phase II on the project which has already been submitted to UNIDO. UNIDO 
is requested to look into the immediate implementation of Phase II of the 
project so as to keep the momentum going and importantly to keep the team 
together. 

6 - All of the natural rubber producing are developing countries 
actually seeking to expand their rubber products manufacturing industry using 
locally produced rubber and so adding value to the raw rubber which they 
produce. But they do not pocessesthe large industrial rubber processing plants 
which require heavy investment and are still typical of the industrialized 
countries. However, in these times of rapide change involving the use of more 
highly automated machinery, this is an opportunity for the developing coun­
tries to "leap from" existing technology and with close cooperation between 
producers and consumers to adopt most modern techniques using LNR in special 
and automated equipment which takes full advantage of the new form. This 
would also provide a sound base for exports of LNR as the new technology 
becomes more widely adopted throughout the world. 





ANNEX 2 

Current Prices of Liquid Elastaners <Aug\lit, 1985> 

£/kg price as ~ c: tne 
price of U:>r~\-al 
UIR 

Polybutadiene \D'lsaturated 1.55 
unsaturat.ed 2.65 
nmif ied 4.00 
<OOH terminated 11.78 

SBR 

Butyl IDrival high .viscosity 3.34 
low*viscosity 3.77 

9aranan 800 1. 70 
1300 1.75 

Nitrile <OOH 4.33 
-SH teminated 4.60 

Polysulphide 3.455 

Polychlorcprene 2.85 

Silicone 6 - 170 

Urethanes 

LIR Hardman 2.23 
Kuraray 2.79 

carboxylat.ed 5.09 
hydrogenated 3.12 

DP~R IDrival 2.15 
Haranan 1.86 

NR RRSI .6325 
~20 .5415 
SMR CV .6475 

* 
Hardman also supply these liquid butyl rubbers 
in low viscosity grades ~ t.~ese preparations 
contain only 70\ rubber solids. 

<E2.15:kg> 

72 
123 
186 
548 

155 
175 

79 
Si 

201 
214 

160 

132 

280-7500 

103 
129 
236 
145 

"100" 
87 

29 
25 
30 



ANHEX 3 

Current Prices for DPNR and LIR <November, li85 > 

<l> Chloride Lorival Ltd.1 
€/kg 

DPNR R S 2.55 
R 25 2.08 
R 200 2.23 

( 2 ) Harchan Inc. l $/lb 

DPNR IPR 01 1.50 2.30 
IPR 400 1.17 1.79 
IPR 75 1.21 1.85 
DPR 40 1.23 1.88 
IPR 35 1.26 1.93 

LIR Isolene 400 1.41 2.15 
Isolene 75 Discontinued 
Isolene 40 1.51 2.31 ., 

<3 > Kuraray Ltd.·· Yen/kg 

LIR KI.IR 30 850 2.79 
KLIR 50 850 2.79 

carboxylated 
KI.IR 403 ? ? 
KLIR .ao 1550 5.09 

hydrogenated 
KI.IR 290 950 3.12 

1 . f 
2 pr~ces ex- actory 

prices FOB 



ANNEX 4 

Prooerties of 9P~ and L!R 

Viscosity M:>lecular Weight 

{l) DPN1'. 

poises ~ 23°C 

IJ:>rival RS 5 000 13 500 
R25 23 000 23 000 
R200 200 000 52 000 

poises @ 38°c Mw<GPC> 

Harchan DPR 01 semi-solid 155 000 
DPR 400 3 000 - 5 000 80 000 
DPR 75 550 - 950 45 000 
DPR 40 340 - 560 40 000 
DPR 35 300 - 360 38 000 

poises @ 23°c MwCGPC> 
INR C5te 1' Ivoire) 7 O\lO 33 000 

(2) LIR 

poises @ 38°c MwCGPCl 

Haranan Isolene 400 3 000 - 5 000 90 QUO 
75 550 - 950 45 000 
40 360 - 550 40 000 

* 
@ 38°c 

Iodine 
poises Mv value 

Kurarav KLlR 30 740 29 000 368 
KLIR 50 .; ~00 47 000 368 

carooxylated KLIR .. 03 980 25 000 368 
KLL~ 410 l 600 25 000 368 

~ydrogenated KLIR 290 10 uuo 25 ooc 40 

* g/100 



l. 

2. 

3. 

4. 

ANNEX 5 

Aoclications :or D?NR and LIR prqx>sed by manufacturers 

QBili. 

Chloride tori val 

(i) 
(ii) 

(iii) 
<iv> 
(V) 

(Vi) 

Hardman 

<i) 
<ii) 
(iii) 
<iv> 
(V) 

(Vil 

<vii) 
<viii> 

LtR 

Haranan 

(i) 

Kuraray 

( i) 
(ii) 

(iii> 
<iv> 
(V) 

(Vl) 

reactive non-extracable plasticiser 
reactive binder for abrasive and friction products 
suspension medium in sollR.ions, greases and lubricants 
useful masterbatch for fine powders 
manufacture of flexible roulds and prototype rubber 
articles 
elect.ical potting catp0und 

a reactive binder for abrasive and friction products 
a rheology modifier for lubricants and oils 
a vehicle for dispersion 
a rubber processing aid 
an asphalt J'IDdif ier 
an elastaner base for cold rooulding coop:>W'lds 
an elastaner base for electrical i;x:itting carpoW'lds 
an elastaner base for sealants ~ 

adhesives: solvent anul3ion & hot :nelt foans 

reactive plasticiser for tyres, belts and foot'Near 
adhesives 
pressure-sensitive ad.~esives 
sealants 
modifying agent of ad~esive properties of eiastarers 
to metal 
raw materials for chemical roodifying reactions 

and hydrogenated LIR 

( i) 
(ii) 

( l ll) 

( lV) 

reactive mxiif ier oi eiastanars !::PCM & aityl rubi::er} 
irod1 f ier of pl as ti.cs 
riot rrelt adhesives C5IS, SEBS, EV>.> 
raw materials for chemical m:xh:ying reactions 



ANNEX 6 

Cl> ROI 10% over 10 years 

% Capacity Utilisation 

100 
90 
80 
7C 
60 
50 
40 

C 2) ROI 15% over 6 years 

% Capacity Utilisation 

100 
90 
80 
70 
60 
50 
40 

Production Costs Fr/ton 

Low Visco~it.y 

21 667 
22 081 
22 606 
23 315 
24 153 
25 396 
27 261 

High Viscosity 

18 342 
18 7~7 
19 275 
19 941 
20 829 
22 Oi2 
2. l37 

Production Costs Fr.It.on 

Low Viscosity 

23 029 
23 594 
24 302 
25 211 
26 423 
28 120 
30 666 

High Viscosity 

19 705 
20 270 
20 97? 
21 887 
23 099 
24 796 
27 342 



ANNEX 7 

~ .:.::st. ·:if C3;ll :a: rod .::1E1111ca~ I::;;;;t.s ~ a P?'OtX>r:i.cr. .:>!' ~ ~•::ia: 
P:cx:·.k~:.on C.:st at ~h::~~n:. Leve::> u! .:apac1t:· :::.!: .. ~3-:;or.. 

ROI ::.! ever 6 years 

lOC 
6C 
4J 

100 
60 
40 

:oo 
60 
40 

RC: :S! over 6 Y'=ars 

G, ?:ie.'lyl Hydr&2l!':e 

100 
60 
.;o 

RC: :J% over 10 years 

:C.! :: \ O\leI 6 years 

100 
60 

lOO 
60 
40 

;c: ::~ over lO years 

i.00 
60 
~o 

100 
60 
.co 

6.• 
12.6 
~6.6 

12.6 
18.6 
2-t.O 

~3.? 
lJ .. .; 
12.9 

13.6 
13.C 
12.5 

2S.6 
22.9 
20.} 

24.: 
n .. c· 
l8.l 

20.e 
18.6 
i.6.= 

19.5 
,'.) 

.4.7 

lC .:: 
14.6 
19.: 

!-1 .. ~ 
i~.~ 
26.~ 

13 . ..: 
~~-~ 
:~.4 

. .} ·-·-..... -
::.9 

15.l 
l3.~ 
:;..6 

. ~ ... 
l:-:.; 
: •• 6 

2-t. ,, 
I. •• 

:& . 

.... 
: ~ . 
:o. 
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