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CHAPTER - 1

INTRODUCTICN AND PRELIMINARIES

1.1. INTRODUCTION

Liqui@ ruther has been defined by Eric Sheard ir his 1272 and

1951 reviews as ar clastomer or elastomer precursor which can be poured
or pum “ed (with & visccsity below 1500 poises) at temperatures up to

s before undercoing some type of cure ; either chain extension,
crassiinking or beth. Since licuid rubbers are pumrable it is possible
tc cast them into a variety cf intricate shapes and cure "in place”
and since they contain nc water or vclatile solvents there is little
cr nc shrinkage following curing. Natural and synthetic rubbers are also
availakble as suspensions in water or dissolved in a variety of solvents.
It is Gifficult tc cCerive a satisfactorv definition that discinguishes
between the liquié rubbers and these rubber latices and solutions since
it 1s pecssible tc mznufacture cast products using these materials.
In order to distinguish between liguid rukbkbers ané the rutber latices and
sclutions, Sheard's definition of liquid rukbers should be modified to
becorme ; liquid rubbers are elastomers or elastomer precusscis that

an be poured or pumped at temperatures below 100° C withcut the assistance

£ zrn external meéium.

The concert of a pumpable and castable LNR has teen ci considerakie

interest for a long time to crocessors and manufaczurers of NR cgoods.

A INR wculd enable these manufacturers to taxe advantage cf the manufac-

turing processes aiready available tc manufacturers emplicying s.nthetic

i15ui8 rubbers and resins or the powder technology empleved by plastics

canuiacturers and processors. These advantages would include the use cf
autcmatsd metering eguipment, lower processing energdy reguirements, lighter

ezuizrent and shorter cycle times. The use c=f liguid rubber also offers

the pcssibility of using in-place cnures following casting intc more

intricate ~nd larger shapes.

Since the :920'; there have been considerable Zevelcpments in the
liguid ruzters. The first LNR became .commerciaily available in
in 1923, Or'v 2 vears later a liguid polvbutadiere lastikator 32,
firm. Between this time and the i , consicderacle
the development of pertizers. Frcz this we
lcped in the UK for manufacturing LNK by the chemical
I rubber in solution using cocalt linoleate. This LNR
and thousz” procuction trials were under-zken th.s ;rc
simmercialises. It was not urtil the early :[250's tn e
for LNR marn-facture was established in the UK. It ccck antil 1243,
‘or ligu:~# synthetic elastomers ts became an .mpcre
astomers market with the development at Thioksl =f
23 first used as a self-s=zaler fcr a.rcr
zeen used in a wide v :
fzr cazle firllirng,
crepe.lants created
ive terminals that weu
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rocket fuel. Liquid elastomers with reactive terminals have been defined
as the second generation liguid 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 prcperties, eg

functional polybutadienes,

3rd generation - low MW, reactive terminals, good physical properties
eg liquid silicones and polyurethanes.

The first generation 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 4o 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 more 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 can be tailored
chemically for almost any application.

UNIDO and IRRDB project of development of liguid 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 xg per operation) in a natural rubber
producing country, the Ivory Coast, the process developed by IRCA and IRAP.
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 industrial applicability of liquid NR in terms of
properties and economics,

- to develop liquid NR to a stage where its prodiction in NR
producing countries can be carried out.

Thic new technique will reinforce the competitiveness of natural
rubber towards its synthetic competitors ané, by widening its possiile uses,
will give natural rubber producing countries, the Institutsz of which are
IRRDB members, new assets tc increase natural rubber develcpment.




1.2. PRELIMINARIES

1.2.1. Depolymerizatior process adjustment to field latx

A patent registered by the Institut Frangais du Caoutchouc
described the depolymerization process fr~m rediluted¢ ~r non-rediluted
centrifuged latex. It therefore was important to check vhe.her the process
could be applied to field latex which contains a larger ar.nnt of non-rubber
elements and whose colloidal structure, esp2cially the size of rubber
particles, is very different.

Tests conducted on field latex have shown thal thLi:: 3. ~»cess could
perfectly be used. The parameters of the depciymerizaticn cseal-ion could
thus be optimized for the running of the pilot plant built in t.2 Cote
d'Ivoire. They are the following :

- latex DRC 30 %

- latex stabilization by 0.2 % NaOH and 1 % ammonia z222u {,'r)

- 9 % phenylhydrazine in weight of dry rubber to obtain °
viscosimetric molecular weight, Mv from 9 to 11,000 ; a highet pe:certar-e
of phenylhydrazine gives a LNR with a Mv of 7,000 ; by reducira ti: percya-
tage of phenylhydrazine, it is easy to obtain Mv ranging frca 2C to 312,000

air flow : 60-80 1/mn per 200 kg of drv rubber

reaction temperature : 65° C
- reaction duration :24 continuocus hours

- coagulation by acetic (50 g per kg of drv LNR) or fcrmic 40 g
per kg of dry LNR) acid

- washing
- vacuum drying at 60° C.

A method for quickly determining the .le,ol-merization state has
been finalized and successfully developed.

Studi~s on the noxiousness of effluents h: > shown that they
could be discharged in lagoon waters after decanta +wn, neutralization
and filtration.

Allergy tests with LNR have been negative.

1.2.2. Commissioning tests

These took place in Octcber 1984, in the fac .-y thot produced
the pilot plant, in the presence of UNIDO and UIA rep:. “nt:"ives, with
the following objectives :

- check the smooth running of the pilot before i.  shipning




- check the good adaptation to field latex of the depolymerization
reaction parameters.

1.2.3. Setting up of the pilot plant in the C&te d'Ivoire

Civil engineering works have been conducted in the {Zte 3'lvoire
from April to October 1984, to construct a building meeting the
specifications laid down by the pilot manufacturer :

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

Having been dismantled, the pilot plant arrived on the site 1in
January 1985, reassembled and started up early April 1985.

Reception tests gave rise to an official inaugural ceremony
to which participated representatives of the Government of t=2 C&te d'Ivoire,
of UNIDO, GFR and IRRDB.

The starting up did not raise any difficulty.

1.2.4. Production of INR in the C3te 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 possitle to produce LNR with various molecular weights ranging 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 regquirements.

While this pilot plant was running, a new phenomenor. of
depolvmerization appeared during coagulaticon. It could not be emphasized
in the laboratory. It has becen controlled modifying some operating
conditions (cold rapid coagulation). The pilot plant has thersfore
perfectly reached the first objective, whicl. was to pass froc the
laboratory to the industrial stage.

A small laboratory pilot has been set up to carry out various
accompaniment studies including :

- search for a system of field latex stabilization,
- attempted study of the clonal effect,
- study of coagulation conditions.

1.2.5, Chemical modification of LNR

Chlorine modification :

Liquid rubber is dissolved in carbon tetrachloride at a concen-
tration cf 8 %.Chlorination occurs at atmospheric pressure by chlorine
bubklir.g under ultraviolet rays. Chlorinated rubber is recovered after
carbon tetrachloride is removed by a stripping. The product ~ztained is
rerfectly suited to manufacture anticourrosive paints and some adhesives.
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Maleic anhvdrid modification :

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

The first is of radical type : it is induced by moderate
temperature heat:ng ir presence of free radical catalysers.

The second is of thermal type : it is induced by high temperature
heating without any catalyser.

Finaily the chemical modificaticn by thermal wav has been chosen
because it is giving better fixation rates up tc 65 % in simplified
operating concitions.

For a medification rate about 20 i, the modified polvmer possessses
interesting adhesive properties which are comparable to those of certain
structural adhesives ; however the use of a scivent may be an handicap.

The presence of reactive sites such as succiniques anhvdrid
cycles makes it possitle to envisage the fixation of active substances
giving access to products with a higher value addegd.

v
1w
'

E:oxydatlon cf lzrex of depclymerized natural rubkter is acble"e~

in zonditio that are identical or evern ezsier than those of latex of

mciscular welg“t racber. It leads to a wi
1l find outlets esgecially in the adhe

iZe range of products, some of
sive industry.

Grafting cf antioxyéants :

An LNR.4 nitr oso-dlphen"lamxne adduct does show some promise 2as
an antioxidant cacakle of becoring "netwcrk bound”. In assessing the
findings however, due account must be paid tc two otner considerations.
First, experience bcth at MRPRA ané elsewnere, has shcwn that in this

arez predicticrn cf service perfcrmance freo laboratory data is very
urncertain. Second, and probably mcre important, the likely carcinogenic
character of NDPA renders its commercial use, even as a precurscr,

suibject to corsideratle constraints. Alterrative chemical routes could
dourtless be devised but these are most unlikely to be economically viable.

1.2.6. Industrizl aprlications and development irn the laboratory

Ccnsigering the predi'table fi elis cf LNR utilisatior, formulae
nhave ceen Jeveicred :n the folliowing sec

. LNR ni X tec! » : yizanizatiorn,

. LNR t= i ure Zor low
nariress and pcu

. LNR

. LNR 2

. WNR uUse n ai : : % inding wheels,




is its use to coat rubber chemicals. This market could use in excess of

100 tons LNR/year. There is aiso a substantial market in Western Europe
for LNR in the manufacture of crinding wheels. Up to 300 tons 'vear of
liquid rubbers are consumed by this industry and a futher 3CC tons of
masticated natural rubber. This masticated rubber could be subsituted by LNR
{(as well as some of the ligquid rubber) if manufacturers recieved assurances
about continuty of supply and maintenance of quality control.

It is difficult to sustantiate other end-uses. Depolivmerized NR is
already sold for use in mastics and this market could be increased if the
price of the LNR was competitive with other materials currently used; for
example, a substantial market could be created if LNR was used to replace
some of the more expensive polvsulphide. LNR could also be used for cable
£illing, though its use would »e restricted since it cannot be used where
temperatures exceeded 60°C. Its use as an encapsulating acent is also res-
ticted by this constraint exceprt for low power components. The colcur and
low MW of LNR limits its use i adhesives but it could still ke used in low
cost Jomestic glues (where the absence of organic solvents and water are
definite advantajes) and as a viscosity modifier in hot melt adhesives. There
is also a small market of 2 tzns  /vear as a binder in the man:facture of
paint brushes.

Two of the major tyre manufacturers have received INR samcles and
though they all indicated the possibility of substantial demanZ if the
applications under consideratizn were successful, they did not identify what
these applications were. The Z:irst has indicated a potential 3smand for 25
tons LNR‘year for one application whilst the second was considering an
application requiring in excess of 100 tons /year. Kuraray sell 603-700
tons of liquid synthetic opclw-isoprene to the tvre industry in the Far East
where it is used as a tackifier. The potential of LNR in the Zuropeazan and
Americarn tyre industries is unclear and at the present time shculd not be
included in the estimate of the readily available market. One oI the largest
in tre world producer of rubber chemical is interested by LNR Zor a patented
application.

The immediately available market for LNR is about 33C tons . This
marxet is fragmented and a corziderable marketing effort would be reguired
to resalise this market. As well as technical suppcrt LNR purchasers will
demand cuarantees for continuitv of supply and maintenance of I:iz2lity
control. Demand for the LNR could be stimulated by offering a troad product
range; for example LNRs of different viscosities and cherically modified
LNRs, as well as by reducing tre price of LNR. To do this manufacturing
costs have to be mini .ised; by finding a cheaper source cf ghenvlhydrazine
and lcw cost investment cagital.

A techno-economist hzz studied the estimate of INR zrice at the
=3 industrial levels. Cznsi derlng the short time availarle since the

lznt started up, these Zigures are only an approach ts 2 real price,

pilot =2
pilect o

On the basis of tre r£:-lot plant established at the IRCA CZte d'Ivoire
and 2 hvoothetical iadustrial glant (1300 tonnes/year) des'ﬂ“e, oy the pilot
plant manufacturers (De Diétrizh Cie - Reischshoffen France) wi*h ROI being
15% cver ¢ vears and capacity =tilisation dropped to 60% manufzc-turing cost

Zinz working capital teczze Fr. 26.423/tons for the i-w ~wisccsity LNR
and Tr. :3.099/tocns for the "nich viscosity" LNR.

1.2.7. Zznclusion

ies shows that the contrazt lzs%ted lonag

1y the smooth running <f the it glant, 7

Sevalsoment hias boeen well seareed orn it time
.

the c<rer nand, the aspett o g
- ol ree activities undertaver,,

o
I zet the most sut




CHAPTER - 2

DEPOLYMERIZATION PROCESS ADJUSTMENT
TO FIELD LATEX

2.1.PRESENTATION OF THE PROCESS

The reaction of natural polyisoprene depolymerization involves
the action ¢f an oxydo-reducing couple {oxygen-phenvlhydrazine) which,
under some conditions, generates a polymere chains oxidizing break.

The original polyisoprene moiecular weignt, of around 600,000, -
1,000.000, is 3ecreased to 8,000 - 20,03C tc obtain oligomeres of a more
or less fluid censistency according to the conditions selected. The
simplified reaction mechanism is illustrated by figure 2.1.

D-NH-NH, T -

— o, (air) m:
A . :

5 .

6

L .

i
- -
— Q-NH-NH,; —_— |
ENH-N:g C=N-NHQ | R-C -R |
: 8 5
L J

B=CHy R=-H,-CH,
Fiﬂre 2.1

Depolymeiisation mechanmismnf .4 cis polvisoprene

"

ne reaZtion process fcllows these stages (figure 2.2.)

-atex stabilization and ammon:ia eliminaticn ‘reactor A




- depolymerization : addition of phenyihydrazine in a hot aqueous medium
and air bubbling {reactor 3!

- precipitation - washings - vacuum drying (reactor C)

AIR

PHENYLHYDRAZINE

VACUUM

\é) = lotex stabilization.
G lotex depolymerizotion .

(@

lotex coogulotion -washing & drying of liquid rubber .

¢

Figure 2.2,

Schematic lavout o5f a natural rubber depolvmerization unit

In the initial process, polyisoprene depolymerization had been

studied on centrifuged latex. The initial DRC of 60 % was decreased to
52 3 i1 presence of a stabilizing agent of the non ionic tvpe (MERGITAL O)
reguiring the use of acetone in large guantities t¢ precizitate liquid

The use 0f ancotrer sizbilizing agent of the anionic type (NEKAL
3X =zakes it possible tc recover liquid rucber by c¢oagulaticn thanks to

-

a 3ilsted acid such as formic acid.

At the same time, diffjiculties appeared in the small pilot unit
existing in France with chenvlnvdrazine introduction.

Accerding to irtroduction and agitation speeds, the ¢
Zoagulz is observed, reguiring %“he r

less volumincus
to remove then.

m

3
tr 0O
LA
i

[§]

13
‘v

® O
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The process nasz teen improved : ph
3zlacwon ‘emulsion in three tizes its volLume




air-intake
anv ¢

cing v
of figure

v
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or directly. Addition can be much quicker, without produ-
nlum, Depolymerization kinetics
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Figure 2.3.
Kinetics of depolvmerization
- centrifuced latex
- NH-NH, : 5,174 mele/c oI rutier
Considering that field ‘atex DORC * was near 3.-35 % and that
~is compositizn differs from centrifuced latex (since the _atter dces
not include a larze part cf nen-rubber substancesj, this studv aimed at,
or. the one nhand, checking whether the conditions could to apzlied

- to more diluted latex

- tc field latex
and therefcore <ransposed to the pilot :nit estaclished on the verv produc-
1.on place, and, zn the other hani, optimizing the conditisns of 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 ghenv.nvdrazine introduct:i:on

In the laboratory, phenylhydrazine is introduced in 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 seemed necessary to determine whether prolonged
contact in hot water could partially decompose phenylhvdrazine, impairing
thus the effectiveness of the reaction.

The results cf the tests L.l1, L.2 and L.3, L.7, L.!! 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 brcught to reaction

temperature (test L.12).

2.2.2. Influence of rsaztiorn temperature

For the pilot slznt,it was admitted in agreement with De Diétrich
Company, that fluctuations 2f temperature of 5°C (* 2,5 °C) were possible.
Experiments have been conducted covering the X2 to 835°C temperature range,
5 by 5°C. ’

According to the results of the tests L4 through L.:) (table 2.I},
a large margin of safetv has been determined, ranging from 43 to 75°C,
without any modification in the molecular weiznt of the ritrer produced.

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

2...2. la~ex CONCERTLrZ=.oLn

A somewhat deficient reproductibility in the results had been
observed for reactions performed under equivalent conditions but for which
latex had higher concentrations (37 to 40% DRC).

In these cases, an increase in latex viscosity ir %he first ins-
tants ¢f phenylhydrazire trocduction had been cbserved in zoth the labora-
tory and small pilot urit sxisting in France. This phenomer.cr decreased
the effectiveness of air-<Z.spersion.

i

Control tests ccrniirmed this hypothezis. Later ¢n, z standard
. was admittzi,

Latex with nigher initial concentratiorn may be useZ in the small
ciict unit, considerirng the power and effectiveness cf agitza+tion.

1

‘e,

1ow

-~ - ~ R PR A L R L e e ”
: 3 cmrined indloen. e i crhenylnodrszine aoount o 2an

2

¥ .

Y

The main orlestive of this test seriez was mostly <2 an economic
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FFFECYS OF

lable 2.1

TEMPERATURE REACTIOW

AND ADDITIOM COMDITIOMS

OF PHENYLHYDRAZINE ON DEPOLYMERIZATION REACTION (CENTRIFUGED LATEX)

Al

! ! ! ! ! ! ! ! ! ! ! ] ' -
Test number tLal ! L2 ! L3 YL.e LS 'L ! L.7 'L O !L.9 !PLOT LJIL L L.al2 ot L1y

! ! ! ! ! ! ! ! ! ! ! ! ! '
! ] ] ] ' ] ! ! ! ! ] 1 ] T
Phenylhydrazine ! ! ! ! ! ! ! ! ! ! 1 ! ! 8 '
~oles/g rubber x 107% y 8, & , & , 8 , 8 , 8 ,8 ,8 ,8 ,8 , 8 , 8 ' '
! ! ! ! ! ! ! ! ! ! ! ! ! '
T T e e e e e e '
Reaction temperature oS Y DS ' 'Rt 75 b 70t 65 Y S5t 4S5 s 55 ! 65 ! h% '
! ! ! ! ! ! ! ! ! ! 1 | ! !

[ e e e e e '
Stabilizer % pHR (I T SRR N K. TN A O T T PO A K O O S U AN NN NN D A SN N | ! ! ! ' | '
! ! ' ! ! ! ! ! ! ! ! ! ! '
S e TTTTTYTTTTTYYTTTYTOTTTTTTTTyT T '
tlow (1/mn) 12,5 Y 2.5 2,8 12,5 0 2502085 12 12,5 125 125 b 2% 1 2.8 S B S

! ! ! ! ! ! ! ! ! ! ) ! ! !
e e '
corditions ot phenyl- ! . : ! Lo, . , |Hot water! | time ! 2 times '
byt azine addition | time,2 times,5 times, ¢ 3 times 7 1 65 °C ! in latex 'the second
! ! ! ! ! ! ! ! ! ! lestirring! at room ! after '
\ !(30 mn)!(ﬁo mn), 1 ' ! ! ! ! ! (30 mn) ltemperaturé8,5 hours'
! ! ! ! ! ' ! ! ! ! ! ! '
e e e T TTTTTTTYTTTTT Ty '
“olecular weight (Mv) 12,500! 9,700 11,200 !13,400!8,800 19,700 !7,500 '9,300 '8, 100 !13,800! 8.900 ! 11.900 ! 8.4
' ! ! ' ! ' ! ! ! ! ! ! ! '




nature. To obtain rubber of a molecular weight Mv near 13,000, it is
necessary to use 10 phr (per hundred rubber) phenlyhydrazine.

owing to the price of this reagent, trials to reduce the amount
required to obtain the same result were important.

An experiment scheme has been devised, involving simultaneously :
- the amount of phenyvlhydrazine (4—6-8-10-12.10-4 mole;g of rubber)

- air-flow (1.5-2.5-4.5 l.mn in the laboratory; 5-7 an 10 1/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 and pilct unit, the
air flows studied have no appreciable incidence on the polymerization
state of the rubber obtained.

Anyway, it should ke noted that this is a situation where oxygen
is largeiy excessive. The result of this is that depclymerization effec-

tiveness mainly depends on phenylhydrazine amount.

The molecular weights obtained {Mv) are the following :

17,000 fer 4.10-4 mole of reagent,/g of rubber
10-12,000 " 6.10° " " "
8,000 " 8;10:2 " " "
9,000 " 10.10_4 " ’ "
8,000 " 12,10 " " "

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

2.2,5. Influence of the metrod of phenylnydrazine intrcduction

Depolymerization kinetics shows a rapid drop in molecular weight

in the first 5 to 8 reaction hours, where it reaches 25,000-30,000 (figure
2.3).

It could be assumed that initiating the reaction by a lower amount
of phenylhydrazine followed by successive additions of other variable per-
tions to reactivate this quick degradation process, would give rubber cf
lower molecular weight, with the same amount of phenylhydrazine.

Experiments have teen performed to that erd : introduction of
phenylhydrazine in several times, spaced by variable intervals and in
various proportions, as indicated by figure 2.4.

Reaction parameters are as follows :

- phenylhydrazine : 6.10_4 mole/3 of rubber

* 2 tests with 4 and £.10 = mole/g
- temperature : 65°C
- time : 24 hours




'I_’:ohlu ~2_.~I_l‘
EFFRCTS OF PHENYLUYDRAZINE RATIO AND AIR FIOW ON D[‘ZPOLY.!ERIZN]‘ION REACTION
(CENTRITUGED LATEX) - MOLECULAR WEIGHT'S (Mv)

Fixed conditions ¢ Latex concentration : 30 %
Reaction temperature : 65 °C

Reaclion time + 24 h
1 1 - 1 1 '
) Air ¥ low (1/mn ' ' ' '
- ' 1.9 ' 2.5 ' 4.9 '
1Pheny lhydrazing 1 ' ' '
imole/q rubber ' ' ' '
' ] ] i ] i ] '
\ - ' ] 1 1 1 | )
. 12 < 107 D W00 eleon o -
\ \ 1 } 1 f ' ]
v i 1 ] ] ] ] !
' 10 <« - ' WLs2 9, 300 - ! '
' ] ' ' ' ' 1 !
) i i ] i ] 1 '
' n.,29 12,000 "w,7 7,500 .30 ! 8,500 !
! B x m-a .42 ! 6,400 L. 8,900 L. ! 7,130 '
' " .ll‘)]' 10,900 oo 8,600 ' ! !
' 49, 11,200 .2y ! 7,900 ' ' '
' ' ' ' ' ' ' )
1 ] ] ] ] 1 ] ]
' '.aq ! Y, H20 'Lal ! 12,700 "n,a3 ! 9,540 !
' 6 ~ 10-& .47 9,920 ", ! 10,400 t .46 ! 11,700 '
} ' ! "W,s7 10,200 ' ' !
! ' ! .. aih! 9,93} ! ! !
' 1 ' ] ' ' | !
' [ T M 1 ¥ ] 1
' oAb 1%, 300 TR 17,500 TS T 13,400 '
' 4 - 104 TS I 16, 700 TR LI 17,000 ", ,48 ¢ 13,500 '
! ! ' "o, e 16,700 ! ! !
' ] ' ' | ' 1 1

¢l

L a% - L 092  Duplicate measure on the same sample
L J6 : Addityon of phenylhydrazine 1n 2 times (50/50 - 8h30)
L 37 : Addition ol phenylhydrazine an 3 tames (1/3 - 1/3 - 1/3 - 4h30)
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Figure 2.4.

Diagram of different methods of phenlvhvdrazine
introduction

The rssuzlts given in Table 2.111 show cnce mcre that rubber
depclymerizatior. state depends on phenylhyérazine amount;the method of
introduction has no incidence on the physico-chemical oproperties of the
product obtaired, provided that the last portion is not added toc soon
befcre the end =f the reactior (test L.53).

A large number of these optimization studies have been carried
out crn both centrifuged and field latex.

The resuits obtained are identical, either in the laboratory or
in the pilot unit, as shown for instance by Table 2.1V which compares the
rubber obtained urder the same conditions in the laboratory, from centri-
fugeé and field latex : the moiecular weights obtained are identical.

It shculd however be noted that the liguid rubber cbtained in
the scall pilct unit has a nigher molecular weight than the iigusd rubber
achlieved under tnhe same conditions ir the iaboratory.
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The same cbservations apply to the liguid rukbfer octained in the
Pilct unit (see the tests of De Diétrich pilot and the results ottained
in the Ivory Ccest..




Table 2 111 :

Reaction conditions

EFFECT OF CONDITIONS OF PHENYLHYDRAZINE ADDITION

- latex concentration

- reaction temperature

- reaction time

30 %
65 °C

24 hours

15

- air flow : 2.5 1/minute
L L] ¥ L} 1] L]
‘ m-ma ’ Test ’ kﬂ.}t.’ . ' y
. sole/ \ es . o \ = = . = M for
. rubberll ol Aumber ,introduct 10ns, vl ' Mv2 . 3 1 time
L] L] 1] =x”s v’ 1 L]
T ¥ 1] v L] L]
: 4 oL ¥@o 2 ' ' 16,700 ¢ 17,006
L] 1 ] ) ’
f S PO 26.30C £.5°° 10,400
0 . ) . t
' L3 ' ! . v10.202
: : ; Z Z I
: ' SR ' 1 ' 63,30C ‘S: ' 23,800 ' 10,400
' ° ' : : 19y ol
: roL sy ' 3 " 15,00C ©21,700 ' 12,600
, ' ' - P (21)
’ [ v . ]
: L6 ' 3 " 61,900 * 16,600 ' 10,100
: ' ; ' ) (18
’ ! L] ’ 1
' 'L 6 ' 3 ' 77,40 ' 28,600 ' 9,910
] ' ] ' (S: ' (9).
[ ] ] 0 y ] '
: 8 ! L ' 2 ' 27,600 'B.5 8,400 ' 8.00C
" ’ ' ] 1
Mv 1 = Molecular weight befare second introduction
Mv 2 = Molecular weight before third introduction
or final molecular weight with 2 introductions
Mv 3 : Final molecular weight with 3 introductions




Yable 2.1V

COMPARED DEPOLYMERICATION OF FIELD AND CEMTRIFUGED LATEX

Reaction conditions : Latex concentration : 30 %
Reaction temperature : 65 °C
Reaction time : 24 h Air flow : 2.5 1l/mn

] ] t ' ' 1

! Test number 'L S ' LSa v L23 Y LST v L6
L} ! ¥ ' ] [}
1 L ] ] ' t
' Phenylhydrazine ' ' ) ' ' '

) , 8
' mole/q ruboer = 10 3 ' 4 ' o ' 8 1 8 )
1) 1 1) 1] ] 1]
] 1] ? 1

. _

' Note ! ! 3 repetitive tests

'3 different samples of latex
] | ] ]

' ' T ' ' ' ’
Mv (INR from <ield latex) 15,500 ' 10,600 ' 7,930 *+ 7,900 ' 7,9°°
1 \ ' ] ! 1

' T ' ]

' Mv {LNR from ' ' ' )
, centrifuged latex: ' 17,000 | 10,000 , <——— 8,000 >

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 involived in De Diétrich reactors

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

Depclymerization was carrieé out in the presence of a large
sample of stainless steel introduced in the rezction medium.

The resulits obtained are identical.

2.2.2, Anti-froth influence

High anti-froth doses may be reguired, deperding on the field
latex supplies involved.

It has oeen demornstrated that with markedly nigher amounts (5
times more than usual,, depclymerization was nct inhizited. Only a slignt
reduction in effectiveness was observed My zbtaired : (1,300 instead =f
2,20C). It shculd nhowever be noted that tr.
the Limits of reproductibility and thac
ce receated, unless ar ac<cident naprens.

s d:7fererze remalins with:n
this situaticrn 1s not liKely to




"
o
.

[

2.3.3. Drying conditions

In the laboratory, drying is usually achieved under vacuin
at 80°C. It was checked that accidental prolongation of heating at
120°C during one hour at atmospheric pressure (presence 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 interruption of the depolymerization pilot una:

As interruptions of power supply are to be feared on tn2 site of
the C5te d'Ivoire , making heating, agitation and ventilation srCp,

simulated breakdowns have been transposed tc the laboratory, on & standard

depolvmerization reaction.

phenylhydrazine 8.10  mole/g of rubrer
temperature g5°C
effective reaction time 25 hours

The sequences of reaction interrupticn and starting up are
illustrated by figure 2.5

Figgre 2.5
t¥fect of discontinuous
nclecular weight

Tunning of \_Z(","(‘.i\:'m‘fi.’.'l' 100 Terrn® gy 0t

3n 24h

:8,00C

9,000

. § b3 . -8 ser
ged . R Stop (16h} N X Stoc . 'én - )
3h 8h Eig
Y
< 3n 26h 32r -8 sEn 25
At « - e oo o S Sed. - \e——
= )
atex) 1€,00C 16,500 10,600 780 5,200 2,350 v
TL00 a8 . N
[ | [N -
atex: R “on "W
- depclymerization over three B-hour days with total :interrugtion each
night {15 hours) test L.66
- depclymerization cver three 8-hour days with interrupted azitation and

verzilation, and maintained heating at €3°C - test L.25
- Jdepcliymerization with a total 48-nour interr:gtiorn after continuous
rinning of 7 hoeurs and reactor starting g during 17 hours - test L,71

Polyisoprene degjradation has not
t.ons.

Zeer affected Ty hese Teliter

ate
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As a few faults had been encountered during the first tests
carried out with the pilot unit of the C3te d'Ivcireddifference in the
molecular weight of the final rubber as compared with pre-drying values
- increase in molecular weight between depolymerization interruption and
reactivation several hours after), another reaction has been conducted
under extreme conditiouns, on the field latex involved :

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

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

- continue?d drying under vacuum at 85°C during 4 hours after the
normal 4-hour period of time.

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

Besides, no significant increase in molecular weight is detected

after nignt incterrcptions.

2.4. QUALITY CONTROL

2.4.1. Determination methcd of rubber depolymerizatior degree :

Method founded on LNR solution flowing-time

A relatively fast and simple method has been definitively est
nel.The depclymerization degree cf latex rubrsr zzn fe ncw detsrminsd :

the ultimate stages of coagulation, washing and dryving, by measuring the
capillary 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 eliminated, and drying becomes easier
contrary to what happens with acetic or formic acid;

- a layer of LNR,2s thin as possible, ic spread on a cupel and dried at
100°C in a ventilated oven; complete dryving is thus obtained in 30-45 mn.;

- a solution is prepared with 1,25 gr. of dry LNR irn 23 ml. of toluene;

- the flowing-time of this solution is measured with a coaventional visco-
simeter UBBELHODE (SCHOTT-MAINZ; norm. ASTM, with capillary Ob; @ : 0.4€
mm) at 40 % 0,2 °C;

- a calibration curve (figure 2.¢é) has been drawn frocm about 15 LNR samples
of mclecular weight between 7,600 and 23,000; it gives the viscosimetric
weight Mv, vs the flowing-time.

It takes about | h 3C to perform the test. Perceiving tne LNR
2clecular weight difference between Mv 15 and 2C,CC7 is gquite easy, the
fiowing-time corresponding space being about 1 mn.
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Table 2.V gives some idea on the accuracy of the method, according
to the error that may be made :in sample weighing.

Weight s . _ _
e::) Flwu;g‘)nu Determined Mv Real v
1.250 355 12, 000
1.240 342 11, 300

11, 400
1.300 362 12, 800

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

Eroduct - Calculation of K and a, coefficients of the MARK-HOUWINK
equation with a toluene temperature of 35°C

The average viscosimetric mo.ecular weight Mv is determined from
the limiting viscosity number, in application of the MARK-HOUWINK eguatiorn

[]=xiva

The limiting viscosity number is defined by

F?I= lim - c

c >0 oC

-

where 0 is the viscosity of the golvent
» the viscosity of the polymer solution
C, is the dry content of the solution.

K and a are constants depending simultareously on the polymer
solvent and solvent temperature.

IRAP viscosimetries ars perfcrmed on an automatic viscosimeter.
Hewever during the stay of M, Zaigreau {(IRCA!, a manual grocess has been
demonstrated as being possible, with the same UBBELHODE viscosimeter used
to determine the depclymerization degree cf rubker.

y)

Mv is cktained with K
and a

-

502 di/g.

’

~1 O

0
€

1
[ 2N )
o C

’
tocluere temperature deing 23°C.

Ccernsidering the climatis -onditions
temperature : 30°C!, K and a were zalculated
performed in toluene at 35°C.

2f the C3te 'Ivaire (ambient
+ the Vviscosity test being
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Limiting viscosimetry numbers [IJ have been determined at 35°C

in toluene, for 3 LNR of xnown weight (&

10, 15,400 and 19,200). They
are shown in table 2.VI.

{ 1 1
! 1 t
A ik b
! 1 1 !
' ! At 25 °C ' At 35 °C t
' ! 1 '
' T T B
! 8,0l0 ! 0.201 ! 0.194 '
' ! ' '
! 15,400 ! 0.312 ' 0.298 '
! ' ' '
! 19,200 ! 0.361 ! 0.342 !
' ' ' '

Table 2-VI : LIMITING VISCOSITY NUMBERS OF 3 LNR AT 25 AND 35°C

{solvent : Toluene)

These three values of [Y]at 35°C make it possible tc draw the
follcwing straight line :

Log : Log K + a Log M

The slope corresponds to a, and the original ordinate to Log K.

At 35°C in toluerie, we have K = 0.0
a=20.6

00 561 dl/g
50.

A =
RS-

- RESIDUAL PHENYLHYDRAZINE CONTENT AND TOXICITY

In view of the fact that phenvlhvdrazine is a very pcisonous
chemical and is described as a "highly toxic" and a "cancer suspect agent"”
in  *~ Aldridge catalogue, and as LNR may be passed to industry for

further trials, it is necessary to have as much analytical information
as pessiktle,

'

Gas liguid chromatography sugsestzd that there might te as 1
as 50 ppm of free phenylhydrazine in LNR. Tests concerning Jdermatose
irnduced by LNR are negative.

.
tt.

2.6. CONCLUSION

During this study, all the tarameters involved in the reaction ¢f
natural rubber depolymerization hav= feen examined, together with a few
cthers mcre specifically related tc rne way the pilot plart itself works.

The technical data emerging from =zhis study are accurate enough
er.sure the smooth running of the piliot plant established in theCdte




CHAPTER - 3

COMMISSIONING TESTS OF THE PILOT PLANT

3.1. Objective of the tests

These tests were comprised in the heading "Commissioning tests”
of the contract, in order to check, before lcading and in presence of the ’
representatives of UNIDO, IRCA and IRAP and of one of the IRCA engineers
in charge of the project in Céte 4'Ivoire,the conformity of the process
and the prcper working of the equipment to briag possible modifications.

The subcontractor De Dietrich Company had set the pilot plant in
the "chemical engineering” shed of the factory.

3.2. Testing conditions

Two tests have been performed : one crn centrifuged latex,
since the procedure was well-known, and the other on field latex, to
attempt to reproduce the conditions in which the depolymerization
reaction will work in C3te 4'Ivoire.

The equipment used differed from the unit which will be mounted
in Ivory Ccast only in the insulation which was not installed yet ;
furthermcre, external temperature (between 10 and 17° C) as well as
water temperature (15° C) will be different.

3.3. Tests on centrifuged latex from October 5 to 10, 1984 (see Fig.5.1.
p. 38}
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 water, and homogenized.

Tre latex (730 kg or 753,3 1.) has teen 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 producc ras been agitated for 66 hours
(mechanical stability higher than 540 s).

3. Depolymerization : having the procuct been transferred by a
vacuum puzz from reactor BOl to RO2 (T = 60° C!, phenylhydrazine was
introduces. As a matter of fact this was not done as expected (i.e. by
the same :c-rcuit as air and at the same time, since the pipe choked
afte. the Zemixion of phenylhydrazine and its cristallization in the
cold pipe. The remaining phenylhydrazine was introduced directly through
the reactcr inspection hole (9 % or 17,2 1. in 50 1. of water) ;
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a modification has been allowed : creation of a phenylhvdrazine
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
viscosimetric mass of around 10,000.

C. Coagulation - washing - drying : having the rroduct been
transferred by a vacuum pump from RO2 to RO3, acetic acid was introduced
(4 % to the dry rubber) ; after decantation and drawin: off of 225 1. of
water, four successive washings have been performed. Ta2 introduced and
removed water quantities are given below :

introduced water : 2moved water
quantity cuantity
Ist washing .............. 200 1. 87,5 1.
2nd washing ..........0... 150 1. 35 1.
3rd washing .............. 150 1. 115 1.
4th washing .............. 150 1. 133 1.

Drying has been carried out maintaining the prodict temperature
at 60° C under a vacuum of 150-160 mm Hg. At the end of the drving
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 : 11,100 I : 5.9
Mw : 44,200 N'%s : 0.49
Mn : 7,500 volatile matter : 0.45 %

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

A, Stabilization : the field latex (730 kg. at 30.5 3 DRC) from
Ivory Coast has been filtered and poured into reactor B3Ol ; soda (0.2 %
to the dry rubber) a2nd Nekal BX (1 3% to the dry rubber) have been added
and the product has been agitated for 55 hours (mechanical stacility
higher than 540 s).

3. Depoclymerization : the product has been transferred in reactor
RO2 (T = ©3° C) in which phenylhydrazine has been introcduced (9 % or
19.2€ kg in 50 1. of water) ; foaming has been quickly controlled by
adding an anti-foaming agent : 650 cc ; a night watch has prcved
indispensable, After a 24 hour reaction, depolymerizatior. has beer
contrclled giving a visccecsimetric mass of around 9,500.
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C. Coagulation - washing - drying : having the product been
transferred to reactor ROJ, acetic acid was introduced (6 % to the dry
rubber) ; after decantation and drawn off of 315 1. of water, three

successive washings took place. They are summarized in the following
table :

introduced water removed water
quantity quantity
1st washing ............ 100 1. 378.5 1.
2nd washing ............ 200 1. 198 1.
3rd washing ............ 200 1. 217 1.

Drying has been carried out maintaining the product temperature
at 60° C under a vacuum of 140-150 mm Hg. At the end of the drying process,
(after 10 h.) 240 kg LNR of Mv mass : 11,300 have been drawn off.

Characteristics of the rubber obtained :

Mv : 11,300 i : 6.2
Mw : 44,400 N's : 0.88
Mn : 7,130 velatile matter : 0.90 %

3.5. Conclusiocn

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.

Having been modified, the plant has been heat-insulated,
dismarntled and packed according to the schedule provided by De Dietrich.It
reache3 C3te 2'lvojre early Jaruary, date at which reassembly started.
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CHAPTER - 4

SETTING UF OF THE PILOT PLANT

IN COTE D' IVOIRE

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 (1,200 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 2 raw meaterial store, spare parts stcres, etc....
In addition to constructions existing before, we have decided to build
a structure of about 150 square meters which will gather the different
stores and the pilot plant. The laboratory will be established in a
structure already available.

4.1.2, Site selection

Following criteria were taien into consideration for best
possible settlement of the pilot plant building :

- unity of locality
- surroundings

- 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
competitive prices : SAMELA Company-Ol B.P. 1177 - Abidjan 01 - Cdte I’
Ivoire,.This metal frame builder has subcontracted the civil engineering
works to the Company IVCO-0O4 B.P. 911 - Abidjan 04 - C3te Z'lveire,

4.1.4. Civil engineering wcrks chronology

Civil works started on May 15th, 1984, after the development
olans have been drawn.

ETECO Compary-01 - B.P. 16€7 - Abidjan Ol fenginecring company)
designed the civil engineering 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 rlace on July 30th, 1984,
according to the time schedule.

Pictures n°® 1 and n® 2, page 27, shcw the outside and the
inside of the building.

4.2. PILOT PLANT SETTING UP

After the pilot had been given trials at De Dietrich in France,
it nas been dismantled, put into a container and shipped to Ivory Coast
by boat. The "Yolande Delmas"” arrived on January the 2nd, 1985 in
Abidjan. Then, after clearance of goods, the container was transferred
and recei-ed at IRCA Bimrressoon January 22ni. The frame of the pilot
plant was built by ekperts within a week.

Then two tanks and one condenser have been fixed on the first
ficor as well as the electrical dispatcring assembly. Different tanks
ané pumps have been set up as well as the electric boiler ard the
coLoressor.

One month time was necessary tc plug in connection different
electric motors and to install pipe and tube works. Water has been giver
a trial in order to test the pilot plant water-tightness.

Production of liquid natural rukber started on April 9th, 1983,




I - Inside view
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4.3. EMERGENCY GENERATOR

Considering the unceasing electricity cuts in CSte 4'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 DEUTZ F 6L 413 FR
- power : 89 kw
- speed : 1,500 rpm

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

This emergency generator has been shipped tc TZte &'lIvoire Dov
hoat. The "Bonake” arrived on April 12th. Then, after clearance of goods,
it was set up in IRCA Bimbresso.

Modifications were necessary in the electriczl station.

The emergency generator provides 15 % (on an average) of the
plant's energy.

4.4. STARTING UP

4.4.1. Description (see in annexe general layout of tie pilot plant)

The pilot plant is mainly composed of three tanks taking in
respectively the reaction of stabilisation, depolvmerization and
coagulation/drying.

Stabilization tank BOl1

. specification :

- polypropilene

- diameter : 1,200 mm

- depth : 1,590 mm

- total volume : 1,200 1.
. eguipment :

- stirrer, speed : 150 rpm

power : 0,37 kw

. specification :

stainless stecl

diameter : 1,200 mm

total volume : 1,670 1.

duty pressure : - | to + 3 bars




equi nt

stirrer, speed
power

175 rpm
1,5 kw

- safety valve

- calibrated valve

- thermometer

- manometer

- heater coiled tube

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

. . equipment :
- stirrer, speed : adjustable
power : 5,5 kw

- safety valve

- thermometer

- manometer

- heater coiled tube

- condenser, type FX 273.10.1.H
output : 2,2 m’/h
surface : 6 m’
duty pressure : 3 bars

Supplement

. Compressor CO16 type : Px 20/100 H
output : 11 m’/h
power : 2 cv
duty pressure : 3 bars

. Electric boiler CHO6 type : RH 440.80.0
power : 80 kw
temperature : 250° C

. Vacuum pump PVO8 type : water ring
speed : 2,800 rpm
power : 1,5 kw
output : 43 m’/h

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

type : moto-variateur
speed : 1,500 rpm
power : 0,9 kw
output : 30 - 200 l/h
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. Phenylhydrazine tank BO4

diameter : 570 mm
depth : 800 mm
total volume : 150 1.

: 1,500 rpm
power : O,18 kw

. Acetic acid tank BO5

- specification : polypropilene
------------- diameter : 460 mm
depth : 430 mm
total volume : 60 1.

- stirrer, speed : 1,000 rpm
power : O,18 kw

. Distillate water tank RE1l7

- specification : stainless steel
------------- diareter : 800 mm
depth : 1,000 mm
total volume : 400 1.
duty pressure : 3 bars
. Flow-meter

. Tubes

. Taes

. Electric switchboard

4.4.2. Process instructions

4.4.2.1. Stabilization

Latex is transferred from drums (200 litres) to the tank BO1!
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 CO1é is turned on,
- oper the tap of air admission regulation so as to keep always
under pressure 0,2 bars,
- execute the same operation fcr the 4 drucs,
- clean drums and tubes after transfer,
- start up the stirrer of tank BOl.
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4.4.2.1.1Transfer from tark BOl into tank RO2

Check the filter n° V40.127 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 RO2 scuttle is closed.

- Start up the electric boiler (3 resistances, temperatur. 100° C).
- Check that :
. the thermic fluid tap RO2 is turned on,

. the thermic fiuid tap RO3 is turned off,
. the thermic fluid by-pass is turned off.

- Start up the vacuum pump after water admission has been
turned on and after having checked that Vv32.116 has been
turned off.

- Check that :

. the distillate water 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.
- Creck the pressure on the manometer (400 mm Hg).

Latex admission :

- open the tapsV40.101 and V40.145,

- adjust the latex delivery so as to obtain as less foam as
possible by handling tapsv8.115 and v32.121 if necessary,

- when the transfer is over :
. turn off the tapsV40.101, V40.145 and V32.121,
. switch off the vacuum pump,
. open the tap V32.104,
. start up the compressor and the stirrer of tank RO2Z,
. adjust air compressed admission with the tap vi5.119.

Preparing of phenylhydrazine solution :

- tank BO4 has to be cleaned,

- the drain cock V13,147 has to be turned off,
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- the thermic fluid tap V15.125 is turned on,
- adjust the temperature of electric boiler to 100° C,
- pour 50 1. of water into tank BO+ and 18,6 1. of phenylhydrazine,

- start up the stirrer of tank BO4.

! envlhvdrazine solution admission :

- check :

. the temperature of latex is about 65° C in tank RO2,

. the temperature of phenylhydrazine solution is about
50° C in tank BO4,

. the stirrer of tank RO2 is started up,

. V15.141 is turned off,

. V15.149 (phenylhydrazine solution admission) and
V15.118 are turned on,

- start up the electric pump PD 14 at its upper delivery,
- after transfer turn off V15.149.

Depolvmerization :

adjust air bubbling with the tap V15.119,

- 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 <i phenylhydrazine sslozicn.

Transfer fromtenk RO2 intc tark RO3

- Check : . the tank RO3 and the filter V40.120 are cleaned,
. the drain cock V50.108 cf tank RO3 is turned off,
. the drain cock V40.102 ¢ tank RO2 is turned off,
. the thermic fluid tap V32.107 is turned on,
. the tap v10.124 is turrn=3 on.

- Start up the vacuum pump.

- Check : . V32.121 is turned off,
. v25.111 " " "
. V8.115 " " "
. vB. 112 " " "

. V32.109 is turned on,
. Vv32.116 " " "
. vV40.120 " " "
. v40.103 " " ",
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- After the transfer, stop the vacuum pump and turn off V40.103
and V40.120.

- Check v8.112 is turned on.

Preparation of acetic acid solution :

Check : . the tank BOS is cleaned,
. the tap V15.117 is turned off,
. the tap V15.140 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 V15.117 is turned on.

- Start up the electric pump PD 15.

After transfer, wait 10 mn and start up the electric stirrer
MA13 of tank RO3.

Swill docwn the pump PD 15 and the tubes used for the
transpert of zcfet:ic za:Iid.

After decantation draw off the water with the tap V50.108.

Washing :

open the tapsV15.114 and V15.113,

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 V30.108.

4.4.2.4. Drving

'
0
o g
o
I3
=

vi2.121
. V25.134
. V32.106
. V25,132

are turned off.

Start up the electric boiler, temperature : 120° C.
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Check . V32.116

. V250111

. V15.148

. V20.137

are turned on.
Start up the electric stirrer MA13 and the vacuum pump.
Adjust the temperature of water Ths 07.
A rising of temperature, a highar 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 V50.108.

Draw off the liquid natural rubber.

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

S.1.1. Stabilization

Field latex is stabilized with the help of ammonia, caustic
soda and soap, in order to give the product encugh mechanical stability
(tank 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 depolymerize the latex, we need three chemicals :

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

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

Phenylhydrazine is added, as a shot, at the beginning of the
reaction. Air is bubbling for 24 hours into the latex. (Oxygen, phenyl-
hvdrazine and rubter molecule give peroxides and hydroperoxides which
are 1ot stable and by decomposition, they give shcrter moleculss of
rubber, 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

5.1.3, Coagulation, washing, asving

After 24 hours, the depolymerized latex is transferred into
tre next reactor (RO3) where it is coagulated by addition of acid
i“ormiz or acetic) ; the obtained@ coagulum is ther washed three times
a~d the drying takes place under vacuum at 55° C. Wnen it is dried
{after 10 nours), the rubber is liquid and it is poured intc a drum
v opening the reactor bottom valve.

S.2. LABORATORY EXPERIMENTATION

5.2.1. Laboratory pilot for feasibility studies

A szall equipment has beer installed, in December 1984, in our
aboratory at Bimbresso, with a cagacity of 1 litre of latex. It is
slass reactor with a jacket for temperature control, eguipped with
pump for air bupbling during the depolymerization stage.




pheny lhydrazine

water

T

|

. e — el

- — — 1 | —

g
_ —
gl
Air
Pump *

formic acid

nekgl —®—

latex —pe—

soda

Vacuum pump

heating

Figure 5.1.

BALIITLTLILRR S TR

water < T
ater []]
4
. water -9
vacuum pump
Y
SEEE !?__QQ_
dietillate water

LNR

LAYOUT OF PILOT PLANT FOR LIQUID RUBBER w

w




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
figure 5.2, was mainly Jdesigned for feasibility studies.

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

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

- stabilization : after pB adjusted to 10 by ammonia (for
initial preservation) addition of : Nekal BX, anionic soap, i % 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 : §,64 % (standard rate),

air flow : 2,5 1l/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 3'Ivoire,fresh latex can ke used few davs 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 fresh 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 of D.R.C.

Three batches were made with the same latex (from GTI,
Anguededou plantation, stabilized with ammonia 9 g/litre of latex).
The 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 5.1.,
it seems that the lower the DRC, the lower the final mclecular weight,
but it is difficult with our ecuipment tc monitor, with accuracy,
the air flow and this may be a cause of variations in the final results,
Anyway, this possible advantage is too small to be taken into account
because, as a counterpart, we nhave more water to evaporate during
the drying.
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Table 5.1I.

Influence of latex DRC
on depolymerization

'

E Batch n° Latex DRC (%) | Date of coagulation Mv
L 18 84 25 November 30 12 650
L 20 84 25 December 14 11 450
L 21 84 30 December 21 14 350

(Latex from GT 1, Anguededou plantation, tapped on November 2&, 1934)

5.2.5. Preservation study : nature and level

In order to avoid a confusion : preservation means to give
the latex a protection against coagulation during storage. Stabilization
means to give the latex enough mechanical 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 the 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 was used to obtain
a better emulsion at room temperature). The pH values of all the samples
are given 1in 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 cf 3.6 g of
soda/litre is required for a good protection during a month ; for a
better stability, this level must be increased to 4.5 g/litre.
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Table 5.II.

Ammonia stabilized latex

Runs n° 1 ! 2 ¥ 3 ’ 4 ! 5 : 6 7
NH, g/1 9.0 AE' 7.5 6.0 | 4.5 3.7 ¢ 3.0 2.2
. T

Initial = = 45 15 | 10.05 | 9.% 9.75 | 9.70 ° 9.60 9.35

latex pH :

Dates ‘latex pHilatex pH|latex pﬂglatex pH|latex pBilatex pH{latex pH
6/2 © 10.10 | 9.95 | 9.85 9.75 9.65 9.5 9.20
7/2 © 10.05 | 9.90 : 9.80 © 9.68 9.60 & 9.42 8.91
9/2 . 10.15 | 10.05 : 9.90  9.80 9.75 ' 9.55 9.70

11/2 . 10.15 | 10.05 i 9.95  9.85 | 9.77 ¢ 9.55 | 8.15

13/2 10.11 % 10.00 E 9.90 9.75 9.72 | 9.40 7.95

15/2 . 10.00 | 9.95 | 9.80 9.70 9.60 : 9.10 ()

18/2 ! 10.10 { 10.00 | 9.85 9.75 9.65 ' 9.05

| 20/2 f 10.02 9.95 E 9.80 9.65 | 9.55 © 8.85

H . X 1

;2272 ~ 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

2772 " 10.00 9.85 | 9.72  9.60 9.50  8.70
2/3 . 9.98 | 9.85, 9.72 . 9.58 | 9.50 , 8.85
4/3 ' 9.95 9.85 | 9.70 :9.55 9.50 : 8.55 !
6/3 i 9.95 9.85 | 9.70 | 9.53 9.45 | 8.55 |

| 8/3 L 9.95 | 9.62 ! 9.70 | 9.52 | 9.40 - 8.55

11/3 | 9.85s| 9.851 9.73 | 9.52 | 9.40 | 8.5 !

13/3 |  9.85 (M) 9.65 | 9.45 9.40 8.55 |

15/3 ' 582 i 9.56 | 9.46 | 9.35 ° 8.41 |

18/3 " 9.85 9.61 | 9.48 | 9.37  8.48 f

20/3 - 9.84 9.60 é 9.49 9.36 8.46 |

22/3 9.76 | 9.54  9.10 | 9.28 8.41

25/3 9.78 E 9.56 E 9.42 | 9.29 8.41

27,3 9.74 9.2 | 9.38  9.27 8.4l

% 29/3 9.68 - 9.46 | 9.33 . 9.05 8.37

: ! i ! .
(C)} = coagulated sample

(M)

sample destroyed by mistake
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Table 5.II1I.

Latex stabkilized with soda
and chenylhydrazine

? Runs n° f A B ! C D z E F
! R S
. Soda (g/1) R 6.0 4.8 3.6 2.4 1.6
gPhenylhydrazine g/l;. €.0 6.0 | 6.0 ! 6.0 " 6.0 6.0
Nekal BX (g/1) L 10 1.0 Eﬁ 1.0 ; 1.0 . 1.0 1.0 |
Initial latex pH ? 1.8 11.75 | 11.50 | 10.45 © 9.35 | 8.35
Dates Elatex rE latex pH{latex pH {latex pH!{latex pﬂglatex pH
6/2 " 11.80  11.65 fr 10.95 | 10.22 9.02  6.60
3 7/2 ©11.75 11.65 : 11.05 § 10.32 7.50 (€
i 9/2 ©11.20  11.85 ¢ 10.95 i 10.30 | (C)
11/2 . 11.35  11.85 | 10.90 | 10.35 %
13/2 : 11.80 ° 11.70 | 10.72 | 10.15 |
15,2 . 11.70  11.60 : 10.60 : 10.00 . !
18/2 1175 11.65 - 10.60 \ 10.05
! 20/2 - 11.65 11.55 ; 10.45 f 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 |
E 2/3 © 11.50  11.30 . 10.25  9.80 E
3 a/3 11.40  11.20 E 10.15 . 9.70 %
6/3 11.40 11.20 ; 10.15 , 9.50
i 8/3 1130 11.20 0 10.10 | 9.45
L1173 11,30 11,00 | 10.02 | 9.25 i
13/3 © 10.95  10.75 | 9.85 () i
, 15/3 11.07  10.86 9.97 |
; 18/3 11.02  10.83 9.97 !
. 20/3 © 10.95  10.76 | 9.9 ! |
! 22/3 ! 10.82 © 10.70 | 9.85 |
25/3 ' 10.77 | 10.60 | 9.78 i |
27/3 10.72 | 10.54 | - | | |
29/3 2.7 9.77 , 9.56 5
(C) = rcoagulatzd sample

LN -
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5.2.6. Development of a "fast evaluation method" for depolymerization

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 moclecular weight.
The "true® viscometric molecular weight Mv is obtazined 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 5.1IV.

r ] !
| ' :
i Fast evaluation : "True" Mv (based on
. Batch n° (based on flowing ‘ limiting viscosity !
! ! time) : number) ;
? s |

L 4 84 14 800 ; 14 750

L 5 84 11 700 f 11 700 i
. L 684 10 800 f 10 850 :
. L 8 84 9 000 f 8 950

L 9 84 f 9 000 . 9 050

L 10 84 19 600 ' 19 600

L 12 84 9 000 ; 9 050

L 15 84 ! 11 100 : 11 150

L 20 84 11 400 : 11 450 j

L 21 84 14 300 ' 14 350 5
L |

Molecular weight of liguid natural rubber :

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

5.3.1. Latex supply : clones, preservation - chemicals

The first production batches were made with latex from
Anguededou plantation (estate) ; thLe clones selected were GT 1 and
PB S6, each week we collected around 800 litres from March to June 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 encountered 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 200 litre irums arrived during
the first week of April ; this amount allows a work programme of
around 75 batches.

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

5.5.2. Reactions parameters

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

A standard batch is designed to produce 200 kg of rubber from
730 litres of latex, for that we have respected the reactions parameters
defined at Le Mans.

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

Air bubbling is monitored by a needle valve, but this is
certainly the most critical point concerning the reproducibility.

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

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

The details concerning mass and energy balance are given in

az.es 5.V., 3.VI. and 5.VII, for some "standard" batches.
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Table 5.V,

Latex stabilization

| Batch n° P 285 | P 385 P 485 P 585

}

i |

{ Clone GT 1 PB 86 j PB 8¢ PB 86 .

" H 1}

' :

; Preservation (NH,) , 2.2 ¢g/113.5g/1 ! 3.5 g/1 3.5 g/1

! :

— : : i
[}

Maturation time | 47 days | 48 h ! 24 h 24 b

Stabilization : active material, based

on dry rubber

' Nekal BX 1 ¢ 1s is 1 s
: —+
i Caustic 0.2 % 0.2% . 0.2% 0.2 %
| i
. Energy required {(kwh) 20 31 | 1 1
_ ;
| Time (agitation; 24 h 24h | 1n 1h
i I
. T i
Temperature 25° ¢ 25°Cc ¢ 25° C 25° ¢C




Table 5.VI,

Depolymerization and coagulation

[}
!
Batch n° . P 283 P 385 | P 485 : P 385 ;
N { i i 3
T T -
] |
. Depolymerijization : i i i
: t H
: i | '
i - phenylhydrazine (1) ;15,7 15.7 b 15.0 ; 15.0 !
! ! I : :
i - water (1) N 47 i 45 i 45 =
! - total rubber content ; 200 kg 200 kg f 190 kg | 190 kg
| - final DRC (%) o275 27.5 i 27.5 | 27.5
H !
Temperature (° C) i !
- beginning ; 63 58 68 58
- after 4 hours LoeT 11 | s 68
! i
- end boer 65 65 65
|
Total reaction time (h) L8 24 24 24
Energy required (kwh) § 2zs 154 160 176
————————————————————— '
l
Coagulation : !
!
- acetic acid at 50 % | 401 40 1 40 1 40 1
- temperature (° C) E oC 60 60 60
- time (h) ! 1 1 1 1
- energy {(kwh) ‘ " 8 e 6
- water collected (1) 3 417 346 360

ofa
[

48
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Table 5.VII.

Washing, drying and global rate

Batch n° , P 285 P 385 P 485 | P 585

Washing :

P T oy

lst washing

. water in (1) 400 400 : 300 300 !

. water out (1) 330 352 . 185 170

. water in (1) 300 200 200 200

. water out (1) 210 175 ¢ 195 180

. water in (1) 300 200 150 120
i . water out (1) 285 205 155 120 :
! :
! !
5 !
Drying : : ; ;
i | i
- rubber temperature 58° ¢ €0° C : 35°C ; 55° ¢ |
: t ’
- set p=int 1 100° C [ 100° C 120° C l 120° C
i
1 B 3
- time (h) 16.0 17.5 ‘ 11.5 |} 13.0 E
- energy (kwh) [ 368 290 f 322, 285
! .
t § l
- water collected . non 2781 0 2751 § 3001
available ! :
! !
i
, : |
| Global rate kwh/kg of rubber ~2.90 2.25 2.36 | 2.27
i : ;
| ‘ |
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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,
liguid 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 1is expensive.
After several meetings with local authorities and water technical
services, analyses were made in France and in Céte 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.VIIIland comparison with contract requirements shows that
our production have reached the objectives.

Table 5.VIII.

1 1

Batches s : | Contract
n® P 285 P 385! P 485, P 585! require-
| : ! ments

Initial DRC of latex % 33.3) 34.3 30.2. 30.3, 30 - 45

VU O

Mechanical stability (s)| > 540| > 540! > 540% > 540; > 540
Mv (final product) 15 200;11 600: 14 400{14 000! 10 000 -
: 3 15 000
| Volatile matters % 0.45. 0.42{ 0.31] 0.22. <1
Nitrogen $ 0.65| 0.66 0.64] 0.58 < 1.2
Specifications :

Liquid natural rubber is specified as a normal rubber.

The average values obtained over a long period of production are :

Nitrogen content : 0.7 %
Ash content : 0.4 3
Dirt : 0.015 %

Volatile matters (after
3 hours at 100° C) : 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 conditions". 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 &.

Table 5.IX.
. Average air flow (1/min)
i Reaction time T '
| (hours) P 25 i P26| P27 | P29
| 1 46 ' 39 § 42 52
2 ' a4 ! 36 a4 60
3 57 1 44 . 52 58 |
4 57 % 50 57 55
5 s | 66 49 | 69
6 52 ! 68 - 41 74 \
7 s8 | 61 44 66
8 | 61 ; €8 ' 58 74
9 69 | 68 . 77 77
10 o7t 879 77 80
12 A T S TR
14 87 © 70 | 8 % 88
16 89 82 | 89 59
| 18 % = 81 85 88
20 91 | 77 86 93
22 95 86 83 84
24 70 @ 82 | 92 | 88
| 26 -4 ? 88 | 9% | 115
28 | 81 1ot
‘ !
i ;
Etioten R SRR R E R
i , 1
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Fig. 5.5. Depolymerization kinetics
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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 onfigure 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.
i b=
Batch n® | Rate of ’ Mv (end of
% phenylhydrazine depolymerization
; i |
: !
P 9 35 i standard + 50 % 6 500
]
! A ;
! P12 85 | standard + 25 % 6 040 i
!
P 13 85 | standard + 25 % 7 350 |
!
)
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Fig. 5.6. Depolymerization kinetics
low mnlecular weight obtention
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5.3.5. Obtention of high molecular weignt

To produce liquid rubber with "high"” molecular weight
(around 20,000), we have reduced the level of phenyllydrazine. 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 Juite 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 are 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° P16 85 | P1- 851 P18 85 | P19 85

End of depoly-

. - 12 600 | 12 650 ; 15 050 | 13 200
merization

After

. 15 900 | 15 950 | 19 100 | 12 500
coagulation

Before drying 15 600 | 17 300 :19 250 | 12 400

After drying 20 000 | 18 600 ;24 450 | 17 300

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
reaction 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 reactor.

In conclusion it seems that there is no immediate advantage to depolymerize
under pressure, because it was not possible to obtain a molecular weight
below 10,000 with the standard level of phenylhydrazine.
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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.

These phenomena have never been observed in the laboratory (in France
and in Cote d'Iveire.

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 drying.

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 usuaily, and dried (set point at 90/85 or 120° C).
In all cases (see table 5.XIXI. and figure5.10.) 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" coagulation.

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.




COAGULATION DRYING MOI(‘EE‘;LQR ‘ing')‘”' BROOKFIELD
| cometr VISCOSITY
|
1

BATCH o rend after
6 weeks
N° Temperature, Period Set point Period Total After Before After
(* C) {min) (° C) coagulation drying drying
p 21 62 105 120 10 h 30 10 h 30 8 450 8 450 10 500 ////)1
p 22 62 65 90 19 h 19 h 11 000 9 600 12 800 ////)?
- { e ———— - e e Y SRSV SR - —_— - e e mee
90 14 h 45
-
p 23 60 135 o ent o2 8 900 8 600 10 000 /
i_ - - | T SO ESUE S - .
) 90 15 h 45
P 24 69 85 85 2 h 45 18 h 30 8 200 9 130 10 750 ’////z
p 25 60 100 90 13 h 15 15 h 30 - 10 000 11 450 ////)7
LA 85 2 h 15
E SNSRI

Table 5.XII,

Influcence of drying temperature on

molecular weight and Brookfield stability

09
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P 24 85
500 000 - °© _—5— —*
< P 23 85
250000 -
l | | 1 |
0 10 20 30 40 50
AGE ( doays )

Fig. 5.9. Storage evolution of LNR viscosity
with 60°C coaqulation temperature
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Table S.XIII.

Influence of coagulation on Brookfield stability

COAGULATION DRYING MOLECULAR WEIGHT BROOKFIELD
(viscometric)
VISCOSITY
BATCH

; Trend after
: N*® Temperaturg Period Set point Period Total After Before After 6 weeks
; (° C) (min) (¢ C) roagulation drying drying
"
!
; 90 13 h 30
: 3 A C [S ¢ [¢ c, —
i P 26 42 0 as I h 30 15 h 9 960 9 900 11 150 —>
=’ R 90 11 h 30
: P 27 4G 20 85 1 h 30 13 h 8 820 9 380 10 500 B e
|
]
l P 28 40 25 120 9 h 15 9 h 15 10 275 9 450 11 200 —>

29
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CHAPTER - 6

CHEMICAL MODIFICATIONS
OF LIQUID NATURAL RUBBER

©.1. CHLORINATION

6.1.1. Chlorination of high molecular weight natural rubber }

As far back as the end of the 19th century, chlorination of
high molecular weight natural rubber has been studied many times.
Among the possible methods of chlorination, only the action of gaseous
chlorine on rubber in scolution has led to 3 method of chlorinated
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
costly 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 rubber 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
in solution are better defined.

Chlorination of depolymerized natural rubber of low and
well-defined molecular weight can allow natural rubber to reconquer
a market it has partly lost, especially in the countries producing
both gaseous chlorine and natural rubber.




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 a
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 (O to 530 ml/mn) and below, a soda-trap collects
excessive chlorine and hydrochloric acid formed during the reaction.

Carbon tetrachloride, totally inert 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 important
to note that, whatever operating method is selected, the first
chlorination phase is an exothermal and highly chlorine-consuming
reacticn while the following phases are mucit 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 chlorire dissolved in the
reactional medium. After degassing at the end c¢i 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 pressure, 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 6.1.
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
commercial polymers, total elimination of carbon tetrachloride during
drying is impossible.

Second, the study of the effect of U-V irradiz:zion has been

particularly detailed. The generally admitted chlori: % mechanism
of 1-4 CIS polyisoprenic structures, of which no one .. really sure,
is represented by figure 6.1. It is based on three ma. ohases : the

first one corresponds to a rapid substitutlon reaction, .he second




CHLORINAT ION OF LIQUID NATURAL RUBBER

! ! f ! ! ! ! ' !
' - ' ! ! ! ! | . ! Chlorine '
. My . Concentration , Chlorine flow . Temperature Time . ,
Sample E (NRD) s (g/100 ml) s (1 /om) 5 Diluent gas E Catalyst E (*c) : (hours) ; co?;;nt ;
' ! ! ! ! ! ! ' '
! ! ! ! ! 1 { { '
NRDC ) 1 22,000 ! 8 ! 370/120 (a)! - ! - ! 30 - 35 ! 6 ! 5S4
NRDC 2 ! 22,000 ! 8 ! 370/120 ! - | - ! 30 - 35 ! 6 + 17(b)! 60
NRDC 2 bis ! 11,400 ! 8 ! 380/150 ' - ' - ¢ 30 - 39 { 6 ¢+ 17 H 59
NRDC 3 (¢) ' 14,000 ! 8 ! 380/150 ! - ! - ! 30 - 35 ! 6 ¢« 17 ! 58
NRDC 4 ' 22,000 ! 9 ! 380/150 ' Nitrogen ! - ' 30 -35 ! 8+ 15 ! 57 '
NRDC S 1 22,000 ! 9 ! 380/150 ! Nitrogen ! - ! 60 - 68 ! 6 ¢« 17 ! 58 !
NRDC 6 ' 22,000 ! 8 ! 150 ! Nitrogen ! - ! 30 - 3 ! 8 + 15 ! 58 !
NRDC 7 ! 22,000 ! 8 ! 150 't Nitrogen ! lodine (1 Z)! Jo - 35 ! 8 + 15 ' 56
NRDC 8 ' 22,000 ! 8 ! 380/150 ! - ! - ! 30 - 35 ! 6.5 ¢« 17 ' 61
NRDC 9 ' 22,000 ! 8 ! 380/150 ! Oxypen ! Oxygen ! 30 - 35 ! 7 « 17 ! 59 '
\NRDC 10 ! 22,000 ! 8 ' 380/150 ! - ! U.v. light ! o - 35 ! 6.5 ¢ 17 ' 71 !
NRDC 11 ' 11,400 ! 8 H 380/150 ! - ! U.v. light ! 30 - 35 1 6.5 « 17 ! 71 '
IRC | (d) ' 15,000 ! 8 ! 380/150 ! - ! - ! 30 - 35 1 6.5 « 17 ! 69 !
! ! ! ! ! ! ! ! '
a) 370 ml/mn during the ittt two hours, 120 ml/mn after.
b) During 17 hours, chlorine flow is stopped.

2) From field latex.
H Synthetic polyisoprene 1-4 cis.
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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 U.V.catalysis is maximal 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 more or less the same properties.

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

. Colour : cilorinated 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 Infrared and Proton Nuclear Magnetic
Re555555é-fﬁﬁﬁf-gﬁéétrograms 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 CCL3 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 1.C.I.; it is based on detection by liquié gas 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 chlorine
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 lubricant of the glyceride type. Various products have been tried
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stearic acid, epoxydated soya 0il, 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.

. Yiscositz in solution

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 R10, 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 any 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.

. Thermal stability

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. Chlorination 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 J-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 chlorire on
polvisoprene releases hydrochloric acid, it therefore is indispensable
to replace the ionic stabilizer by a non-ionic stabilizer before the
depclymerization 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 parameiers vary : duration, temperature, W V. catalysis.
In the best case, chlorinated rubber contains a maximum of 60 % of
chlorine and polymer becomes insoluble and unstable with time owing 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 bibliographical 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 egquipment
required is much more sophisticated and expensive, the study of LNR
chlorination under pressure is worth undertaking.

6.2. MODIFICATION WITH MALEIC ANEYDRID

6.2.1. Review

Fixation of maleic anhydrid on high molecular weight natural '
rubber was thoroughly studied by the Institut Frangais du Caoutchouc
around twerty 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 fixation on one polyisoprenic structure :

- the first is of the radical type ; it is induced by moderate
temperature heating in presence ¢f 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 "ér.e-rzaction"involving electronic transfers.
The works described below confirm that both fixation mechanisms are
poscsible 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 hypothesis.
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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 the 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.

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 contents (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
structures, with a rate of the fixation reaction below 40 %. This low
rate is the reason why radical modification was later abandoned for
thermal modification.




73

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 acid
structures, being these bonds capable of forming a bridge between the poly-
isoprenic chains.

6.2.3. Thermal fixation of maleic anhydrid

6.2.3.1. Effect of reactional parameters

As thermal modification occurs in a very high temperatu:te range
(180 to 240° C), every reaction has been carried out in a 20C 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 gel
formation during the 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 opening 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 elimirate residual ethanol. Modified LNR is kept in solution in a
toluene-methyl ethyl ketone.

The fixation rate therefore 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 polyisoprene carbon-carbon double bond is slightly disturbed
and that "exo" double bonds appear, in accordance with the mechanism
proposed. When dry, mcdified LNR have the same properties as those
described in the chapter concerning radical modification.

6.2.4. Estimate of the adhesive power of maleic annydrid 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 been carried out as follows :

- modified LNR is put as solution at 50 % of dry extract 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 check contact-
adhesive (18.6 against 11.6 da N/cm2). When modification rate is 18 3%, the
break is not adhesive anymore but cohesive (the wood treaks).
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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 om2, 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 instance, 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 INR modified at 20 % during
2 months makes shearing strength decrease by about 25 %.

6.2.5. Extrapolation with field latex deriveé LNR

When the reaction of thermal maleic anhydrid fixation is appliecd
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 centrifugec
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 comparable to those of certain
structural adhesives. However, the operating 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
succinic anhydrid cycles makes it possible toc envisage the fixation of
active substances giving access to products with a higher value added.
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lable 6.11

~)
h

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

1
: Samol : % modified : Shear strength *® '
. ample . monomers units . (daN/onf) '
' i i '
1 LNR AM 49 ! 1.7 ' 0.6 '
' ' ! '
' ! ! '
' LNR AM 41 ' 2.8 ' 6.2 '
' ' ' '
' ! i '
' LNR AM 44 ' 9.1 ! 1.4 !
! ! ' !
' ) ] !
' LNR AM 55 ' 12.0 ' 17.8 !
' ' ' ' '
! ! ! '
' LNR AM 46 ! 12.8 ' 18.9 '
' ! ' '
' ! ! '
' LNR AM 60 ! 18.6 ! 51.3 '
' ' ' !
' ! ! !
f LNR AM 68 ! 20.1 ' 14 !
' ! ' '
' ! ! '
' LNR AM 71 ! 20.1 ! 110 !
' 1 ' '
! T ! '
' LNR AM 69 ' 25.0 ' 73 '
' ! ' '
' ! ! '
' LNR AM 70 ' 32.7 ' 31 '
! ' ' |
' ! ! !
' Referee sample ** ! - ! 194 '
' ' ' '
LNR from centrifugec latex  Mv = 11,400

bt mear

value of 3 tests

** epoxy resin adhesive ("Araldite")
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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 diamine,
and thereby an antioxidant resistant tc water or solvent 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.

TABLE ©.2I1

Cozparison of Ssntoflex 13 snd LNR/NDPA in tyre tread mix

Antidegradent 2pphr Santoflex 13 LNR/NDPA
ML(1+4) 100°C 5 «8
Mooney scorch 120°C 18.5 10.
tgs 160°C 7.8 6.6
Vulcanizate
Initisl 24.3 26.1
Extracted in water » 25.2 24.8
1.8, Extracted in toluene 23.1 2.8
Fs Aged 34/100°C 12.¢6 9.6
Ext.Water + Ageing 14.7 10.7
Ext.toluene - Ageing 6.6 10.8
Initial 2.2 2.7
Extrascted in water 2,653 2,78
Extracted in Toluene 2.31 2.86
K100 Aged 3d4/100°C &L.85 5.3
KPs Ext.Water + Ageing 4.92 5,62
Ext.Toluene + Ageing 4,22 6. .
DIN Initial ] ?
abrasion |Extracted in water 'S 72
index |Extracted in toluene thd 1
Fatigue |lInftial 207 149
Jife Extracted in water 272 106
| ke Extracted in toluene 3 108

* 7 days at ambient temperature
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Consistent with previous experience 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 pnhenylene 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.I1I
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.
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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. Technological studies therefore have been
performed in the laboratory to detect potential applications in certain
sectors.

7.1.1. Study on reinforcement - Processing

One of the limitations to the development of liquid rubber,
of any origin, is the diffi-ulty that exists in obtaining high mechanical
properties. This is due to the problem posed by reinforcement 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 viscosity 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 cof sulphur and accelerators. It therefore is imperative
to create crosslinks as short as possible ; so-called effective or
semi-effective systems based on sulphur “aonors"” have thus been directed
towards.

Two carbon black filled formulae have been particularly studied :

vulcanizing at 140° C, the second with Butyleight (**) vulc;;igzkg at 10C° C.
The second system should rather be selected for various reasons
- it is ligquid and easier 1o miXx,
- vulcanization is possible at moderate temperatures, even below
100° €, avoiding thus an excessively fluidified mix that makes

ingredients bubble or decant.

The mechanical properties are however lower than those of high
mclecular weight natural rubber. They are eguivalent to those of a

diisocyanate reticulated nydroxvtelechelic liquid polybutadiene {table 7.1
(*; Sulfasan R : 4.4' dithisdimorpholine - DTMT @ tetramethylthiuraze
disusphide-a colerar-r 7 @ N.eytishexyl-I-benzothiazyl sulphenazids

;o Butyleight @ oac-ivated dithiorarbamnates.,




Table 7.1.

Loy arative properties of natural liquid rubber
versus natural smoked sheet and synthetic liguid polybutadiene

: . Liquae rubter .
. ; Molacular wsignt . s \
, grmmemtememceeeas gomme e memen , twmo=eZ shee: RRCC € at w ¢
1 ’ » S.3)0¢ v ., 2¢.00C '
) ' \ .
L + ) . v
' CROCESSING CHARACTER'STILS ' 4 :
OBleges. .. e ' Sigma Qledes . . Sisoe: '
' . . .
' Rotstion scesd [RPM)._. .. ........ ' o4 . €4 ' &4
, . ,
VoFillung level (X)Ll . 8¢ . 85 ' 8 '
1 r .
' ' [ )
' TCRQUE (».g) ' ' ' !
t ) . L]
'ORuther BION®. ... ... ... .. ..., : Nea: eco ' 3.8 :
wilT OrOIeSS:iTg BLIC. . ... ... Bl / '
) / ,
Arter aiwcs mocitior ‘ / i
; .
. merimel toOrQue........... lo _5'2; d !
. stebil;isec lorQue........ ¢ 35¢ «-0-- ]
+ + 1
' . .
SRS AETIIIIITIRITIrassaRnENIIISIiIjEIosTiaiaisiieiijaiicc... v . )
' CURINC * i i 3) .
L = , '
. Tne
© Tespecatuce (T ..., ' > 4 -
Y Time (W0 e ' 15 1 - s B
. . ) .
L} 1] [} v
O MECHANCAL PRDPERTIES ' i ' :
: ' - ' 1e3 ' 23¢ 17 '
! Tensile Strength (caN/cm2)....... ! oY ' i : :
1] L] v
52 g~
' modulus 300 X {oeW/ca2).......... ' 80 ' 124 : 7= 58
[ ¥ ] 5 6c: .
e ] ~ A
' _€longation {%)......... [P ! 38T ! 46 ? Y
T ] ' ' e
' Tear resistence {oaN/ca)......... 1 &0 ' e : i -
' 1 ' '
'OShoTe NAroness.. . ..,...haea000n. ! als) H 73 ' €2 B
‘ L) 1) 1
L} )

CURING SYSTIM
(1) . Butyleight - Sulfur
(2 : © 8 8 . Syitur

(3) : 101 (Tolylene silsocysnats)

Mixing conditiciis have been examined in & laboratory internal mixer.
The folloing emerges :

- while masticaticn effects are detrimental te rucber-filler

interactions, they are bteneficial to energy ccnsumption and rise in mix
temperature

- 1t is necessary to use a non-pelletized carben black ;

- it is preferable tz use ocil-impasted ingredients (zinc oxide
and culphur) for & proper dispersion to be obtained ;

- beyond 50 parts of carbon black, no substant:al improvement
in mechanical properties is observed.
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Other fillers have been tested (silica, asbestos, mica). The

mechanical properties obtained are poor, even in the presence of tensile
agents {(low breaking and rtear 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 wvulcanization, 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 products.

—

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 7.11.

Formulations for low hardness vulcanizates

] ' ' ' [ [} ' [ ! i
' Compounds L I 2 D L T B T R A N
’ ] ’ ] . 1] ) ] ' 1
! ’ [ ' ] ] s [] [] ]
' Liquid rudder ' 90C * 100 ' Y00 * 100 ' 100 ¢ 100 ¢ 100 * 100 °*
1 ] 1} 1
' Stesric ecio T T J I e
! linc ox;de - L T T T e R L
' ' ' [ ] t [ [ ' '
' Butyleignt AT N T T
' Sulfus vty e 1 e v 3 9 8 98 ¢ 3 1§
[ ' ' ] [] l [ [ ' '
' Morsc ° ' T T T [ t ' 3 ] $ [
! Cley e L 1« B B
' ' ) [ '
, Curing tempersture (°C) , 40 | 30 : 0 : $C : 1] : 100 : 100 , 100 ,
' Curing time (®) *23 132 v22 v 6 ' 1 v 1 10,5
' ' ' ' '
. Shore ~eraress "0 l20 s l2s 28 |3 20 s,
’ ' ’ [ ¢ [ [ ) ) Ll

;8C @ ectiveted o thiocertemsts /. ou;0)
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Two compositions given on table 7.1I1 were experimented, both lead
to flexible moulds of fine look, into which good reproduction of the
initial effigy can be obtained.

Table 7.111.

1 2

""""" SN N N

It eight weight

LNR (Mv : 13,500)... 100 100
Paraquinone Dioxime. 3.75 3.75
Plasticizer (SOMIL 8) 150 A (100) 150 A (100)
Chalk....oovununnn.. 500 -
1102................ - 150
PoO,. ..o, 20 20
Chati. ... oo 20 B (8) 20 B (17)
Plasticizer (Dioctyl
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 hand, just before pouring and before the
vulcanization, which was carried out in a ventilated
oven at 66° C during one hour.

The free mculZsurface in air contact remains sticky.
This drawback can be overcome by covering the surface
with either a silicon paper or a thin water laver.
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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 ranked
as "noxious". These coatings, achieved with a laboratory internal mixer
and granulated 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 with
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 materiai for powdered chemicals

For these tests a sample of powdered CBS freshly obtained
from the supplier was coated with 10 % LNR at IRAP and then returned
to MRPRA for comparative tests. The coated CBS was undoubtedly less
dusting than the standard material during both weighing and mill mixing.
Tests for relative efficiency and dispersability were conducted in z
mill mixed transparent gum formulation, (table 7.IV.), and a relatively
soft HAF-filled mix prepared in a K2A Intermix at a batch weight of

28 kg (Table 7.V.). In both cases the cocated material was considerec
toc be 90 % CBS.

Table 7.1V.

Comparison of standard and LNR-coated CBS in transparent mix

SMRCY %0 100
Active zinc oxide 0.6
Stearic scid 0.6
Sulphur 2.0
Standard CBS 0.7
CBS/LMR - 0.78
ML(1+4) 100°C 20 20
Mooney scorchl20°C 5.6 33.0
Rheom ) Mgty % 2.5
160°C o tsq 3.3 3.9
) tos 5.0 S.4
Cure 6min/160°C
MIO0 MPa 0. 36 0.35
MO0 MPa 0.8 0.82
M300 MPa 1.88 1.78
15 WPa 17.2 16.8
£3 % 880 890
Hardness [RHD 3 32
Dunlop resilience % 82,6 80.5
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Table 7.V.

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

Masterbatch in K2A Iotemmix
SMR 20 100
HAF black X
Dutrex 729 5
zinc oxide S
stearic acid 2
Santoflex 13 2
sulphur 2.5
jadded in 2nd pass 0.5 0.56
standard CBS CBS/LNR
No. mean st.dev. mean st,dev,
IMR-ML 106 40.3 1.9 39.3 0.6
h [ .
';63‘."2 Ytg, 10| 2.12f o.06 2.09| 0.03
Ytgs 10 7.79] 0.19 8.39] 0.17
Cure %100 160°C
M100 MPa 5 1.51 0.05 1.38 0.06
M300 MPa 5 7.591 0.37 7.21 0.22
TS MPa 5 27.9 0.6 27.0 1.4
EB ¢ 5 | 607 7 601 17
}Dmlop resilienc
| % 1 5 80.9 0.5 80.3 0.5

In the gum mix, since the standard CBS gave no visual evidence
for maldispersion as indicated by the appearance of characteristic brown
spots, any improvement through the use of LNR-ccated 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 witnin experimental error.

For the black mix a 2-stage process was used. In the 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 in 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 maldispersicrn of the CBS. Since visual assessrment 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 torque 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 molecular 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 vulcanizates containing

polyisoprene, it points out a better fit into rubber network structure
(see table 7.VI1.).

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

1 '
! € ~al,rel ruobers '
, Lioui : vone , -+0u10 DLLECIENE ~1L5l8 FuUEECer
L] .

- - .-

)

L

' - %027

' dlasticizer

' bR L LR Rt et CER R LR L L LR R R it ‘
. , Swo..irg ., Ietrsction : Seelling : f'&tuth" ,
. , 83 , (%) , (£) , (1) ,
’ ] 4 [} ' s
' Soivents : ! ' ! ! !
' [ ] [ L]
y Cthyi scetats... | 22 , o , 29" , ‘0 .
LR - 2 1775 S ' 28€ ' ° 4 227 ' 9,¢ ‘
) )
, Messre........... : 9 3 : ? : 9.2 .
' Chloroform....... ' 5CC ' ] ' 592 ' 10 '
] B ) .
’ ' ' 1

FOEMULATION : NBF (BT 205':'00 . Stesr.c 3cio : °*
Tinc orj08 : ¢ - lsrpo- t.ecw ‘SArY ;%)
mTS . 1,8 . Solfur ] - Slestizirer @ 2
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In a SBR based formulation containing 20 parts of Dutrex V,
(mineral processing oil), oil was replaced by same quantity of
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)

' ] [} L
' Olesticizer ' Liguic natursl rudbder ' Outrex V2 '
. [} 1] L}
bttt bttt bttt b bbded Sttt Attt bttt ittt bbb bdetieieteiedieddiaiaieiiaai
' m 1.4 (V00°) '

1 1]

[ttt deteddetiindddaidatding | Attt | Sttt

' Cuting time st 145°C {(mn)' T 90 : 13,5

L L]

bbbttt bbbttt e bbbt S A ittt

' Oropertiss !

. U

. Tonsile strengtn (ceN/ce) 232

' Mooulus et 300 £ (cen/cet) a0

' [

, Elongetion (%)........... , 800

' Tesr resistancs (ceN/cm).’ 37

’

' $%-409
.-----.--.-...---.-.---.---;ZZZZIZ-ZI::::IZII;Z:Z:Z‘.ZIZZZ:I:IZ:;ZZ:::II:Z:ZZZZZ_-; ................. ,
' Seelling (vol.%) ! 381 ' 36% ' 209 ' 507 '
1 . L
, Estrection (%) toluol : [ , 8 : 19,3 : 15,8 .
! ] ' ' ¥ ]

FORMILATION : SBR (S 150%) : 100 ; Stearic acic : 2
linc 03100 : 3 ; Antjos:oent BLE : C,35
Antjosscent AKRDFLEXY CO : v ; Sulfur : v.7%
fccelerstor CO8S : 1,2 ; Accelerstor DYTMT : 0,12
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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 7.1X.

Table 7.VIII.

Comparison of LNR and o0il in a tyre tread mix
Compound formulation and mixing behaviour

1 2 3 &
SR 20 100 100 (1] 85
Dutrex 729 ofl ] - 0 -
LR - S - 20
N220 black [$)
izinc oxide S
;stesric acid L I | SN PN SN >
Saotoflex 13 [T
Qs - 0.5
s .5
Dump temp *C 150 151 129 13
Peak power kW 12.7 12.5 10.3 9.1
Specific mixing evergy kWh/i O.MJ 0.56 0.4L8¢ 0. 088
Cabot dlack dispersion -2 Cl-4 D/E1-3 Cl-4

Table 7.1X.

Comparison of LNR and oil in tyre tread mix
Vulcanizate properties

1 2 3 .
Herdness IRHD (1] 65 62 59
N0 WPa 2.% 2.4k 2.13 2.13
MI00 MPs 12.4 11.9 9.88 9.03
S W 8.4 27.2 2.4 23.1
7 S S 560 556 sa3 s78
Dunlop resilience % 63.5 65,1 59.3 58.9
Ring fetigue k¢ 139 128 147 193
DIN sbrasion index 96 93 74 73
Comp.set 14/70°C 1 n 3 38 »
+11) 6 WP 3.3 4.9 5.0 5.2
042 ) § 9.6 9.2 16.3 12.8

) M100 WPs 4.03 3,97 3. 60 1,92
‘Aged ) M200 WPs 9,46 9.7 8.23 8.7%
|3d71000c ) 15 wps 12,7 13.4 8.8 11.0
{ Ye 3 253 2%2 208 239
‘e Toluene extract » 10.3 11.1 23,3 19.6
L

e Z2ayc At Ty LO0° 7
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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 compounds
containing LNP or oil have similar Mooney viscosities, at higher
shear rate LNR gives a higher viscosity and greater ::2rve or elasticity

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

1 2 3 .
ML(144) 100°C 7.5 72.% 52.5% 1)
M{1+4) 120°C 65 64.5 48.% 50
Capillary rhecoeter
shear rate 900 s°1
Lip=2 )Viscosity Wasx103 621 &.%2 2.48 3.2
IDie swell 3 223 123 191 2%
)
MWiscosity MPasx103 1.08 1.12 0.58 0.87
L/D=20 y e swell 1 68 63 7% 13
)
Creen strength
K100 MPs 0.5 0.57 0.38 0.43
M0 MPs 1.19 1.46 0.72 0.9
H500 MPa 2.95 3.33 1.1 .3
Cure behaviour
Mooney scorch 120°C min 26.7 23.2 24.9 18.7
yhe - W 8.6 26.5 23.8 23.4
Rheoo. ) 's1 2.6 2.6 2.4 2.2
160°C ) t90 8.1 8.0 8. 7.3
) tes 9.3 9.2 9.2 8.3

This feature could well be advantageous in handling and conferrinc
resistance to distorsion on relatively soft mixes. The vulcanizate propertry
data of *able 7.IX. reveals very little difference between materials
containing LNR and Dutrex 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 discolouraticn and migratory staining
associated with the use of highly aromatic ocils and is likely to be
less volatile in extended service at relatively high ambient temperature
than the light coloured non-staining paraffinic oils preferred when
colour and staining are important.




Table 7.XI.

Comparison of LNR and hydrocarben oils in a tyre tread mix

L ]
SR 20 100 80 80 80 80
LNR . 20
Dutrex 729 . b
Sunthene 4240 - 20
Petrofina 2059 - L
ML(M4) 100°C 67 51 49 9.5 7.5
Green strength
::o s 0.464 0.38 0.28 0.3 0.28
" 00 s 0.43 0.40 0.% 0.3% 0.2
200 WPa 0.49 0.46 0.3 0.40 0.38
:hagg Ws 0.73 0.64 0.45 0.5 0.54
P 1.22 0.9% 0.69 0.73% 0.83
Vulcanizate properties
) M200 MPa 5.68 5.26 &.57 4,89 5.10
Ooaged ) TS MPa 28.6 26.8 3.1 23.3 22.8
) BB 1 560 $90 585 580 560
) M200 wPa 9.1 10.4 7.6 8.3 -
Aged ) TS  wra 15.3 15.6 9.6 10.4 -
34/100°C ) EB 1 2% 05 248 240 180
) M200 MPa 10.5 10.5 8.6 8.8 11.2
;:ed ) TS wPa 19.3 17.% 14.4 14.3 16.2
4/%°C ) B 1 30 05 315 295 255
) M200 wra
Aged ) TS wPa
28d/70°C ) 3 9

® Other ingredients as Table ~..::

) The most ofvious interpretation of the general parity 1in
valcanizate properties between vulcanizates containing LNR ané cil 1s,

that because of the relatively low molecular weight of LNR as compared

tc normal NR, LNR iixe a normal plasticizer, is not in fact vulzanized inte
the crosslinked network. This contention is apparently confirmed by
the eguivalence between cil and LNR in the toluene extraction data of
taktle 7.IX. However, these data were obtained under relatively saver
extraction conditions wnizh were subsequently shown to 3ive rise tc
cor.current network degradation, Indeed, it has proved impossikle tc
cotain unequivocal data indicative of the propertion of LNR bound 1into
the network during vulcanization. It seems possible that in black-filled
mixes some at least of the LNR becomes clcosely asscriated with the £ille
and tnerefore relat:vely difficult tc extract.

Ll




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 wvulcanizates.

Table 7.XII.

Dependence of extract ability of LNR on cresslink density

? 8 9 10 11 12 13 16
SR 20 100 100 100 100 80 80 80 80
LN . - - - 20 20 20 20
S .5 378 5.0 6.25 2.5 3,78 5.0 6.2%
CBs 0.5 0.7% 1.0 1.25 0.5 0.75 1.0 1.2%

*

Cun mix
H200 MpPa 0.97 1,464 1.97 2.55 0.52 0.8: 1.06 1.462
1 extractables 2.8 2.3 2.0 2.1 6.3 [ 3.8 .2
Tread wix
M200 MPa 6.05 8.62 9.62 12.1 5.00 7.84 9.78 11.4
3 extractables 2.1 1.6 1.5 1.5 .7 15 2.9 2.7

* 7 days io toluene 23°C

+ 1SAF Oox 45; 2Zno 5; Stearic acid 2

As would be expected, the proportion decreases as the level of
crosslinking is increased but as a corollary this implies that
covulcanization of the LNR is incomplete at the lowest (normal) curative
level, CBS = 0.5 ; S = 2.5. Enhanced covulcanizat:orn of LNR would also
be anticipated as the ratio LNR/NR is raised and this is evident in the
data of taﬁle &.XIII. State of cure, as indicated by rheometer torgjue
increase, HR- L dcorreases as the proporticn of plasticizer is increased
but this feature is far mcre aprarent with the ncn-reactive oil.

Rather surprisingly rate of cure, ¢ 50 which is rather higher fcr mixes
containing low levels of LNR (cf. takle 7.X.) dces not continue tc
increase with higner levels.

9
a
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Table 7.XIII.

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

a
SR 20 80 7 0 63 80 7 7o &5
LR 20 28 % 35 - - . .
Dutrex 729 . - - - 2 1) 0 38
Final eix
Cabot dispersicn Al Al Al Al A)-2 p1-3 | m-3 | 313
ML(1+4) 100°C 6.5 | 39.5 | 3.5 | &l k') 3.5 29
Rheom. *"‘mJ‘L 26.0 | 25.7 ] 2.5 | 23.5] 2¢.8 | 22.5 ] 2.9 } 19.9
160°C Sl 1.8 1.9 1.8 1.8 2.1 2.2 .3 2.2
) t
95 2.2 1.3 1.3 7.1}] 8.3 8.3 8.3 6.5
®* -irer .nore3.ents as tasle T.viil

Relatively high levels cf plasticizer can also be usec in
coempounding for the hard vulcanizates used for some engineering
aprlications. Comparative data for LNR, hydrocarbon and ester piasticizers
and factice are given in table 7.XIV.

Takle 7.XIV.

Compariscn of LNR and other plasticizers in a 80 IRHD mix
Ccmpound formulation, mixing & uncured properties

SMRCV 0 100 0 10 0 70
ua . 0 . - -
Dioctyl sdipate - - b . -
Dutrex 729 . - - 0 -
Pactice - . - - k o]
Waphthenic ofl 6
FEF dlack 80
Zionc oxide ) 1
Stesric acid 2
Ssntoflex 13 3
Vax b) PO PP R Y
s 0.8
s LN
Pl 0.3
Baobury ) dump temp °C 160 105 102 136 132
) peak power kW 13.9 11.0 7.9 6.9 12.4
masterbatch ) specific emergy kWh/l 0.48 0.462 0.4 0. % 0.42
Finasl mix
ML (1+4) 100°C 87 . 9.5 32.51 &0
Rheon ) Myp oMy we 8 | 62.5| 46.0) 4l.6} 3.1
160ec ) 81 .5 2.8 .3 2.3 2.c
60°C
) tgs 7.3 1.0 6.4 1.2 8.0
Creep strength M0 MPa 1,86 3.04 2.5 2,00 3,77
L/D = 2 ) Viscosity WPas x 103 a1, 1.5 1.11 2.6°
9% §° ) Die swel: % 4t 3 29 26 17
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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.

7.1.5. vVarious 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 IRCA pilot plant in
2te d'Ivoire 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 Cite 4'lvoire.

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 respcnse, considering their motivation and the duration of laboratory
tests. The manufacturer's motivation depends on factors such as technical
improvement in the product proposed, immediate or non-immediate solution
ts a precise technical problem, price and availability. As this report is
being written for instance, all the results of the tests conducted by
manufacturers are 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 of building an actual industrial-sized plent
capable of producing one to several tons of LNR per operation.

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 beginning, because of the experience 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 agent 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 rubber could be used in the composition of cable
filling products ;

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

The main f_rms 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 200 kg/week).

After a few months however, it seemed nece.sary to focus on
better-adapted sectors; to approach new sectors excluded at the beginning;
and to give up those which were probably more interested in “second
generation” products derived from LNR chemical modificaticn,
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This selection has been carried out in cooperation with
Dr. Mullins, UNIDO Technical Advisor.

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 sectors, quite a large number of firms
were prepared to cooperate actively. The following sectors corresponding
to possible LNR uses have been selected for deepening purposes :

1. Reactive plosticizer :

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 applicarion 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 has 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.

S. Supple foams :

Using LWR in these applications makes it possible to approach
the expansed foam and shoe industry (utilization in some sub-layers;.

6. Binding agent for coating purposes :

Coating an ingredient 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 application
fcr maleic anhydrid or chlorine modified LNR.
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It also seemed necessary to estimate two fields in which
manufacturers had not been contacted yet :

a. flexille woulds, 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.

Besides, as the visits took place, observations on the difficult

processing of LNR by conventional equipment suited ts 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 ¢f untreated 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 manugéggurers

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 INR, 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 really wanted
to undertake an estimate could not do it for various reascns (economic
problems, lack of time, restructuring, moving...). In other words,
the number of firms having actually performed 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
indispensable to report the observations made by almost all the manufacturers
contacted and to ask a few basic questions which appeared more and more
clearly as the prospecting campaign was going on.

They concer: :

- first, the UNIDO project ; second, the LNR itsel?, and third,
the prospecting area.
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Table n* 7.XV
Contacted companies distribution

! H
! t  Numwber of ! Nymber of H o '
4 Ingystrial area ! contacted 4 sampled ! ossible use for .he LAR !
! ! companies 't comcanies H !
! ' ! ' '
H ! ! 1 !
! Rudber chemicals industry ! 3 ! 3 1 Binding agent t
! e ! 1 ! !
' wat f licati ! ! ' )
aterproofness ca 5
L ™ a0 ons 1 2 ! 2 ! Formulation's ingredient !
' industry Y ' 1 4
v o i ! ' Ingredient of filling product |
' Wire industry ' 2 ' 2 y Ingredient of filling product
. for cable
! ! ' ! :
' ) ' ' - :
! Adhesives anad glues industry ' 7 ! 7 ' Formulation*s ingredient '
> ! ' ! ! '
v T ! - v Ty T - 4
! Tapes industry ' 7 ' 7 ! Formulation’'s ingredient H
! H ' 1 !
e T R '
' Caulks industry ' 3 ! 3 ! Formulation's ingredient !
! ' ! ! t
v T v v ' - T f t
L] 4 4 4
! Molding industry ' 6 ' s , Formulation's ingredient for
. . . , suwople moulds .
T v R '
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¢ ' ! ! !
T T T '
! Soles and shoes industry ' 3 ! 3 t Soling's ingredient '
! ' ! ! '
o T T L g aig reactive plasti. |
! Rubber automctiive industry ! 9 ! 8 ! -ocessmg ald reactive dlasti-
' ' . , cizer .
oI TTTTTTTT T -"“""“'T"""""TP'"‘"."'.'0"";""'7"!
. . rocessing aigd reactive piasti-
! Ruboer techrical industry ' 27 ' 24 H s ve ol !
cizer
! ! ! ! '
oo T C T T tent of costed * '
- redient of costed “atrics
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, Lining’'s fnoustry for cylinders . 3 : 2 , Processing aid for hard coatings .
, 30 tanks : : ° and ebonite i
H ] ! [} '
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! ! ! ! '
T TTTTTTTE T T 2 y
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T T T TT T T T R .
! oManufacterers Cf ss ioments ! 4 ' . ! - '
! ! ! !
T T T Trm T Emm e g T Ty T T T T T T
¢ Total ! 90 ! 7% !
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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 fea- of being surpassed by their competitors
(sector of the glues and adhesive ribbons for instance).

- Ultimately, the price decided upon in collaboration with IRCA
and UNIDO of 25 to 35 F/kg, although we always insisted on the fact
that it was a "pilot" price likely cv 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 gqualities 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 made
as to the absence in workshops and laboratories of machines suited to
such a product, especially at the mixing stage. In these 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
contact their parent company abroad. The decision UNIDO took to limit
the contract to two years instead of three, did not allowed us to organize
a8 large scale prospecting campaign on an international level,
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7.2.3.1. Aggg§ives

7.2.3.1.1. Adhesive ribbons :

LNR has arouseda very large interest in this sector. Its
advantages are the following :

- 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 %), never 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 conventional formulations for natural rubber cannot be used ;

. as a main elastomer, cohesion and tack supply are far from
being svfficient.

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-rapid reticulation system
which is difficult o define. The use of reticulating agents is indispensable
but complicated. Electronic bombardment can be res--ted to but is expensive
in view of the heavy investment it supposes. It snould be noted that
the manufacturers have admitted they were "favourably surprised” by the
product. Also, three adhesive ribbon manulZactures, 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 apd tack.

7.2.3.1.2. Mastics :

Larje samples of LNR hrhave keen suzctlied to a Dutch firm fcr the
manifzcture of mastics. LNR has gjood wett! croperties and its use in
atizr. of low cost/performance mastics zn4d sealants may droviie a
ntial though possibly ded:cinz mar=zst Ior LNR provide its prices
ig zcmpetitive with the other elastomers <©-se’ at the present time and
its szupply <an be guaranted.

7.2.3.1.3. Glas :

Generally speaking, the opinion is unfavourable. LNR is usually
considered as a poor plasticizer as compared to other cheape- and less
frajile products. Its heat and ageing resistances are unsatisi?ctory.
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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 common properties” or as an
"inert product". The main reproach is its totally insufficient sticking
supply.

7.2.3.2. Cable manufacturing

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.

7.2.3.3. Coating of ingredients for the rubber industry

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 few reservations because of
their inadequate equipment, the LNR price announiced 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
deformation to compression. LNR can be regarded as a viscosity stabilizer.
wWhen 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
mills is declining to the advantage of mills 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 condition that it is possible to obtain
tachnically a reduced manufacturing time to make production profitable.
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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
abrasive wheels who made a “ew observations :

o
rh

- 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.

212.3.6. Egduction

It is the sector where collaboration with manufacturers was
established the quickest. As in the case of adhesive ribbons, tne aspect
of LNR made it very attractive since it should make it possible to
substantially reduce the amount of solvent to add. However, several
difficulties had to be solved : implementation conditions had to be
delined again owing to the failure of the equipment to adapt to an easy
filler incorporation, and despite everything, use of solvents in limited
anount.

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 in order to allow enduction, at the
tunnel exit, to be sufficiently reticulated and non-sticky so that the
coated product can be rolled up without risk. Resistance to ageing is
often lower than that cof 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. wWhile 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 possiblz 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.
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7.2.3.7. Rubber processing industry

This sector involves the manufacturers 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
since it can facilitate implementation 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 cil 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.s 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 manufacturers, the same observations
appeared regarding final mechanical p -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 are lower.

i ————— o ———— - - —— —  ——— - -

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 very small quantities. The working ‘
life of flexible moulds is markedly lower since the formulated 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 is 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, frosted 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 the. pilot plant of the CSte d'Ivoire;the manufacturers
wished to continue their estimate by life-size tests.

- Car industry :

A large French tyre manufacture asked for 200 kg of the LNR made
in the Cdte d'Ivoire . It seems to be interested in high molecular weight
LNR and wished to make sure the supply from the Cote 3'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 laboratory seemed interesting enough
for him to ask for an additional sample. He received around 20 kg to perform
life size complementary tests and requested the marketing service of his
firm to examine the possibility of selling cellular rubber made with
LNR. However, he has reservaticns 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 adhesives and adhesive ribbons :

A large multinational firm, leader in the manufacturing of epoxy
glues, is keenly interested in the role of scftening agent LNR ran play
in its sector. For the time being, it meets technical problems for which
it has requested the help of IRAP, But it has already asked for an
additional sample to continue its estimate in 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 rcgular LNR supply
are not given soon, these firms will turn towards other products.

- 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:c 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 still being studied today and it is too early to forecast consumption.

7.2.5. Economic aspects of Liguid 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 for 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 placed 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 tnese 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 oxyfgen.
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A process similar to the one used at Hardman. The process 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 2-blade mixer at 120-140°C for 6-8 hours
until its viscosity is in the range 50-70.000 poises. Finally the material
is heated in a suitable reactor for 120-160 minutes at 250-300°C. This
produces a material which has leost 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, where he helped to set their proc2ss 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 manufacture: and supplier of batteries both in the UK and
abroad. Most battery boxes 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 polypropvlene castings.

A researcn programme was started in Sri Lanka to develop a commer-
cial process for DPNR manufacture, based on the chemical depolymerisation
of rubber 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 Iastitute of India in response to a request from a
local firm (Carborundum , India, Ltd) who currently import 10 tons /vear
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 doveloped is again based
on the use of extensive mastication at elevated temperature in the presence
of air.

Estimated current world production of DPNR

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

DPNR production tons /year

Chloride Lorival Ltd 150-200
Hardman Inc 250-300
Total 400-500

At Hardman Inc. there has been a steady but small increase (2% per
annum) in demand of DPNR. The same was true at Chloride Lorival until
recently. In 1985 there has been a marked increase in demand for DPNPF from
existing customers and this has meant the introduction of a night shift and
recruitment of new staff. Currert production levels at both Chloride Lerival
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Ltd and Hardman Inc are probably well below installed capacity. Chloride
Lorival stated that the current installed capacity is 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
admitted 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 efficiency of the depolymerisation process.
Hardman Inc probably have similar problems. Hardman commented very favourably
on the clearliness of a LNR sample (produced during trial runs at De Diétrich
sample number LNR DD2). Though no samples of the Eardman DPNR were available,
it was admitted that the Hardman DPNR was "dirty", presumably due to the
presence of thermal degradation products.

Manufacture of synthetic liquid polyisoprene

Only two manufacturers of liquid synthetic isoprene rudber (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
polvisoprene, 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 Hardiman 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 (supvplied by Nippon Zeon). Kuraray manufacture a range of LIR's
(annexes 3 & 4) and sell approximately 2.000 tons /year in their domestic
market 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
manufacture was easier than DPNR, its high price meant that no market couléd
be found for it.

Marketing

Price and product range :

Chloride Lorival offer a product range of three -grades of DPNR
{annexes 3 & 4) that differ in their viscosity. In December 1984, the price
rance of DPNR was £ 2.30-2.90/kg with the lowest viscosity grade the most
expensive because of the longer period of mastication required for its
mancfacture. As a resultc of the fall in natural rubber prices DPNR prices
dropped in mid-1985 to £ 2.00-2.60/kg. Chloride Lorival can supply two part
forzulations (with room temperature cures) for a number of application
(annex 5), but the majority of its DPNR sales are to firms who purchase the
DPNR, mainly R25, for use in their own formulations.

Hardman Inc offer five grades of DPNR which also differ in their
viscosity (annzxes 3 & 4). They can be supplied in two or even three part
forzmulations (with room temperature cures). The majority of sales (annex 53)
are for cable filling. As already mentioned, the Hardman range of liquid
ruzzers includes synthetic LIRs which are used in adhesive formulations,
par<-icularly as additives (viscosity modifiers) in pressure-sensitive
adresive formulations.
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Both the Chloride Lorival and Hardman prouuct ranges also include
licuid (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. Bardman are
currently experimenting on producing other liquid synthetic elastomers such
as EPDM (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 no chain
extendible LIR has heen developed.The high price for the Kurarav LIR should
dampen demand fe:i it but approximately 2.000 tons were sold last year
(annex 5), mainly in the Far East. One major market (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 vulcanisation, especially between the steel beads and
the rubber.

Marketing :

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 quality 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, acrcelerators and antidegradants as well as offering a range of equip-
ment to dispense the liquid rubbers., Outside North America it is sold through
agents; in Europe Safic Alcan & Cie and Alcan Italia SpA. This may have
limited the firm's ability to penetrate the European markets. Agents dealing
with extensive product ranges, often in large volumes, may be unable tc 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
Yorksr.ire is supplied with | torn /year of the liquid butyl ructer.

i




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 Akron, Ohio, USA, but with little success so far in the
North American continent. Kuraray are planning, however, to expand the
market for 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 market 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 v 'de range of alternative
synthetic liquid elastomers, all of which are marketed aggressively on both
their price and physico-chemical properties. 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
firms 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 zonsirable interest but, unfortunately, DPNR cannot be used to replace na-
turzl rubber. It can be transformed into desired shapes far more easily than
natzoral rubber and then made dimensionally stable by wvulcanization, but it has
iost most of its rubbery properties and has very poor physical properties (for
exazple low tensile strength). Without reactive terminal groups there is no
zetrod currently available to chain extend the depolymerised molecules and
recreate the rubkery croperties of the original natural rubber.
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DPNR should not be seen as a replacement for natural rubber but as

a speciality product whose applications make use of its specific properties,
for example low viscosity, good low temperature properties, good tack and
possible low electrical conductivity. The major proportion of Hardman's sales
of DPNR are for cable filling. Encapsulation of low power electrical compo-
nents is another important end-use. The majority of the DPNR sold by Chloride
Lorival is exported to a Dutch firm manufacturing mastics. chloride 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 ICI
for sealing pipework in the Chlor-Alkali plant at Runcorn (the Mond Division)
ad 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 tyre 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 worldwide 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 adez: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 CSte d'lIvoire.

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.
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Cost CFA Salvage Value

)
Pilot plant 80.000.000 20
Building for pilot plant 26.250.000 50
Installation -
Emergency generator 7.200.000 40
Installztion 500.000 -
Truck (car) 4.500.000 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. There is also no charge in-
cluded in this analysis for effluent treatment. The incinerator in use at
the present time is hopelessly inefficient. Trials have been started to
test the use of an activated charcoal column to remove toxic materials
from the effluent stream. If this is successful it will provide a very
low 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 tubinc

and the effluent stream passed through it. At the present time the results
of the initial trials are not available.

Cac.%a] Investhen:

CEA
Piict Piant 80.000.000
Sas-ag: vaige 20% 16.000 000
Presen:t value of salvage 110% over 10yrs: 6.168 688
Cac:zal =2 oe charged 73.431.31:
Bu:ldine 26.250 -0uC
Sa_vage value 30% 13.125.0CC
Presen: valoe of salvage (108 over l0yrs) S 060.252
Cap:zal costs to be charged 21..89.748
Brercency Generator 7.200.000
Sa:age vaise 403 2.883.000
Present valse of salvace (10% over [0vrs: 1.110 364
Cac:.zal -9si3 ic de charjed 6.082.636
Tcza. :narge for invesThent in plant 253 ..10.696
Insta’lazicr charjes 20.500 ¢co
Tezal capizal crarge 233.520.69€
Fixed Cacital cost oper annam 1B.164..2¢€,25%

(ax 23% Zcr 10 years®

Crarge for zar per anng

1.809.%16,6C
{3 seazs at LOWY

Tozal crarse per annum fcr capital .avesThent 19.973.642,85




Chemicals
In pilot plant <3St o CRA
Cast 0 IRCA-RCI kg consumed Der on
CFAMkg per 200kg LNR NS gracuced
Latex 50,0 200,0 32,
Amonia 435,0 2, 2
Sodiur nycraoxide 201,2 0,4 .
Poeny. aydrazine 31.%62,5 17,28 3IT.800, <
Nexal soap 1.500,0 2,0 13.059.8
tifcam 7.159,5% 0,5 1T.698,73
Acetic acid 562,5 20,0 i 26.250,90
Total 632.313,65
*in experimen: 101 acetic acid was found sufficient o
coaguiate the INR so cost of acetic acid now becames 28.125.9
and new total €21.388,65

Contrilut:en of cnemicais to totai cost of chemicais

$ wotal cost
latex 40,0
Amwocza 0.8
Sodium nydraxide 0.1
Phenyl hvdrozine 49,3
Naxal socap 2,4
Anziioam 2.9
Acetic acid 4,5
100,00

orss

Drams (2001} can be supclied locally though no discounts are a-ailabie on
orders less than 1000 irums (an order size not envisaged thousr -rice wouid
be aporoximately 1200 CFA).

Currant crice is

per druam 14767 CFA

Tc paint the Literna’l surface of the drum (approximate”y }:2; razriiras
0.5x0 zaint ar 20G6C CFAkG

cost per painted drum
anc per S drams (for 1 ton )

15767 CFA
78835 CFa

Transport

Current cost to transport 1 ton
dockside at Abidjan

from IRCA-RCI (8imktresso) to
15.000 CFA/tco

Energy

The pilot plant uses electricity as its sole source of energy
drawr from the national supply system.

The tarif structure in February 1983 was
from 06.00 - 18.20 nr. 33 CFA kwh
18.00 - 22.00 hr. 45 CFA kwh

22.00 - 06.20 hr. 27,5 CFA kwh




Because of the present wages and price freeze (that has been in
force since 1982), che 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 maintained, an emergency generator has been
installed. It is assumed thzt the generator provides 5% of the pl-nt's
energy requirements throughout *he year.

Average time to produce 200 kg "ANR 45 hr
So per 200 kg samples use 2,25 hr generator
At full load the emergency generator assumes 20 litres diesel/hr
Cost of industrial diesel fuel (DDO) 137 CFA/litre
Cost of emergency generator per 200 kg LNR 6165 CFA
Main supply provides 437 kwhr
Cost per kwhr 45 CFA
. Cost of mains electricity per 200 kg LNR 19.665 CFA
Total energy cost per 200 kg LNR 25.83C CFA
Energy cost per ton LNR 129.150 CFA

Maintenance charges

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
- pilot plant 75.200.000
- emergency generator 6.768.000
81.968.000
so maintenance cost per annum 8.196.800
Manpower

Current cost of employing staff

- ivorien supervisor 1C0.000 CFA/week
- staff for plant and effluent treatment 50.000 CFA/month 1
- laboratory staff 75.000 CFA/month
~ secretary 40.000 CFA/month
- driver 40.000 CFA/month

this also includes the charge for laboratory use and
laboratory chemicals

manpower requirements for pilot plant at the present time

number CFA/year

- staff for plant and effluent treatment 5 3.000.000
- laboratory staff 1,5 1.350.000
- secretary 0,5 240.000
- driver 0,5 270.000

4.860.000
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So manpower cost for 1 ton :

at production 10 tons a year 486.0006 CFA
and production 20 tons a year 243.000 CFA

MANUFACTURING COST FOR 1 TON OF LNR

capacizy =tilisation 5C% s ]
INR, on  year 10 20
CFA
Chemicais 624 .389
Energy 129.150
s &8~ 3 78.835
Transport 15.900
847.374
Capital charges 2.498-044 1 249.022
Manpowear 486 .000 243.000
Ma:ntainance 814.682 407,340
4.646.298 2.736,736
{or Fr92.%2z Fr54935)
Working capital
108 of cnemicals includ:nz iatex 624.289 i 288 776
108 of annua. production 4.646.098 £.493 472
5.270. 487 6.742 248
per ton INR t27.049 674.228
TOTAL 3067 'JFA)TON  INR 5,173 147 3 420 962
for Prl03.463 Pr68 .41}

7.3.2. Industrial plant

7:3:2.1. Chemicals

From the analysis of pilot plant, the cost of the chemicals
including latex is 624.388 CFA (12,1 - 18,3 & of the total manufacturing
costs depending on capacity utilisation). The chemicals accounting for
the xai‘cr share of these costs are :

- phenylhydrazine 49,3 &
- field latex 40 %




Py
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Phenylhydrazine

The phenylhydrazine is supplied by Hoescht, from West Germany
through their agent :irn Abidjan, and its price is 2.850.000 CFA/ton
(excluding tax). Tax for chemicals imported into the Céte d'lvoire is 85 %
of their factory gate price. However. for 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 annum, demand for phenylhydrazine will be
between 100-150 tons per annum (which at current 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 with maximum discounts obtained for small order
quantities. If a 10 % price reduction was achieved then the price of
phenylhydrazine would become 2.565 CFa/kg and in the C6te 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 36,4 kg phenylhydrazine
costing 277.020 CFA. The best selling grade of INR supplied by chloride
Lorival is R25 with a viscosity of 25.000 poises (at 23°C, MW = 23.000).
Manufacture of an equivalent grade of LNR would 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 price 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 Cdte d'Ivoire is not known. If a 10 %
reduction in the cost of field latex was achieved the cost of latex per
one ton LNR produced would become 225.000 CFA.

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

For 5 drums (required for 1 ton LNR) 60.000 CFA
Paint for 5 drums 5.000 CFA

total 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 consumption by the pilot plant was calculated to be 2,3 kwh' L
Kg LNR produced. Estimates for the industrial plant, with production




o — g e -

capacity 1.300 tons LNR per annum, utilising the new thin layer drying
technology indicate energy consumption of 2,1 kWh/kg made up of 1,8 kwh/kg
for operating the reaction vessels and drier and 0,2 kWh/kg for ancillary
equipment. For the purposes of this calculation this will 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

B plant with capacity for 25 tons /week (1.300 tons per annum)
will require 85 m’ field latex per week ar 17 m® 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 availble hold 1,2 m® 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 estimcted requirements are :

2 tractors at 7.000.003 CFA each
6 tanks at 1.865.000 CFA each

Plant will also require use of 1 small car which has an average
working life of 3 years

1 car at 4.500.000 CFA.
Plant

The industrial plant proposed by De Diétrich incorporates a new
continuous "thin-film"” drier to replace the batch vacuum drier used in
the pilot plant. Otherwise the design of the plant is the same used for
the pilot plant.

Estimated cost of plant 13,5 millions FFr
or 675.000.00C 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 drving egquipment.

Building for production plant 50.000.005 CFA

Building for storage of 30.000.000 CFA
chemicals/drums, etc
Emergency generator 10.000.005 CFA

Installation : no complaete 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 4-6.000.00C CFA
construction of water tower ?




install transformer

lay in power lines from national
grid

install emergency generator

to provide road access
to provide drains , etc

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

Manufacturine glant
salvage 20%

present value cf saivage
-ar 10% for il vears)

so charge for piantz

Buiidings

saivage 3C%

present vailze of saivage
(at i0% for 10 years)

so cnarge for buiidings

Generator

salvage 4U%

present vaise ¢ salvage
fac 10% for i0 vears;

50 charge for Jenerator

Tractor (2 ozf)
nc salvage valus

Stee, Tanks (6 off)

saivage 50%

present valoe cf salage

tat 0% for 10 years;

30 cnarge for ste=l tanke

car

.ifotume 1 vears !see caic.laticr
for pilot plant)

7.000.000 CFA

2

1.000.000 CFA

"

765 millions CFA
80 millions CFA

% of cost price

20
50
40
none
50
none

CrA

675.900.000
135.90G.9¢C
52.0+¢.303

622.330.65%
80. 305,00
4C.0UC. JUU
35.420.788
64.378,280
10 -00¢ .0C¢

4.00L .00C
1.540.272
8.537.828
14.000 .000
.oCC

.o0u
t19

raal

AP UL
[ ERUEIR
AP AR W
NN K% N =]

9.932.887

4.200.3560
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Capital equipment

Charge CFA

Plant 622.951.695
Buildings 64.578.280
Generator 8.457.828
Tractors 14.000.000
Steel tanks 9.032.887
Car 4.500.000

Cost of capital
at 10% for 10 vears

101.382.516,60
10.509.817,36
1.376.472,52
2.278.435,46
1.470.060, 72
1.809.516,60

Cost of investment per annum in plant 118.826.819, 26

and machirery

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 vears)

Total charge per annum for capital

investment

Maintenance and runninc costs

13.319.631,20 |

131.846.450,46

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.

Capital cost

CFA
Plant 675.000.000
Generator 10.000.000
Building 80.000.000
Tractor 14.000.000
Car 4.500.000

Total cost of maintenance per annum
Cost of capital investment per annum

Total cost of capital expenditure per annum

Manpower

Total Maintenance cost

maintenance ccst Der annum
CFA CFA

634.500.000 63.450.000
9.400.000 940.000
40.000.000 4.000.000
2.542.800
1.000.000

69.390.000
131.846.450

201.236.450

From discussicns with the designers of the industrial plant it
was concluded that at maximum capacity utilisation the plant would require :

3 shifts or 3 cperators
also required :
2 supervisors

Cost tc the employer
CFA

52.000/month

102.300/month

laboratory suczort for quality control

2 technicians
2 drivers
1 secretary

.N00/month
.000/month
000/ month

- da )
[WARR VARG




So manpower costs will be

9 operators

2 supervisors

2 laboratory technicians
2 drivers

1 secretary

Total laborir cost per annum

Manufacturing costs for an industrial plant producing 1.300 tons

Chemicals
Drums
Transport
Energy

Cost of capital
and maintenance
Manpower

Cost per ton

Manufacturing costs

Working capital

: CFA/year
5.400.000
10.400.000
1.800.000
1.080.000
480.000
19.160.000
LNR.'year
CFA/ton LNR
Mv 10.000 Mv 20.000
568.608 430.098
65.000 65.000
13.500 13.500
116.235 116.235
763.343 624.833
201.236.450
19.160.000
220.396.450
MV 10.000 MV 20.000
169.536
932.879 794.369
(or Fr. 18.658 and 15.887)

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

Production

130 tons

130 tons

x 568.608 CFA/tons
x 932.879 CFA/tons

and diesel fuel, require 5% estimated annual
consumption (using the figures for the pilot

olant (

137 CFA/litre and 5% of annual

consumption is 2.925 litres)

73.919.040 CFA
121.274.270 CFA
400.725 CFA

195.594.035 CFA/
vear

so working ca,ital for low viscosity LNR is 150.457 CFA/ton

the working capital for the high viscosity LNR (calculated on the
same bas..s as the low viscosity LNR)

high viscosity LNR is 122.755 CFA/ton

LNR




PRODUCTION COSTS FOR INR MANUFACTURE

low viscosity LNR high viscosity LNR
(Mv 10.000) {(Mv 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)

Note
Contribution of working capital to production costs can be adjusted
to suit (i) prevailing conditions, ie reduced if less capital is tizd
up because supplies can be obtained without delay or product is
shipped out regularly, and outstanding debts are kept to a minimum
(ii) by 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 53.377 4,9 53.377 5,8

(iii) working 150.457 13,9 122,755 13,4

This sensitivity analysis of the LNR production costs gives us a
picture of the contribution the various components of the manufacturing
process make to the overall czost of manufacturing LNR and how changes in the
cost of these components alter the final production cost. For example, 50%
less prenylhydrazine is required to produce the high viscosity LNR. The
sensitivity analysis of the production costs shows that a 1% reduction in
the cost of phenylhydrazine will lower the production cost for low viscosity
LNR by 0,256%. 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 this figure and the calculated production cost
of 217.124 CFA/ton for the high viscosity LNR is accounted for by the
reduction in working capital provision (since phenylnydrazine stocks can be
reduced less capital is tied up in stockholdings).
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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 savinas could be achizved 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
S0% 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 investment 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 Production costs Fr/tonne
Low viscosity High viscosity
100 23.029 19.705
90 23.594 20.270C
80 24.302 20.977
70 25.211 21.887
60 26.423 23.099
50 28.120 24.796
40 30.666 27.342

(ROI 15% over 6 years)

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 proportiondly greater increase
in production costs with decreasing capacity utilisation; changes in fixed
costs such as the cost of chemicals cannot alter the shape <« I this curve.
The data for figure 7.1 can be found in Annex 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 decrease slighty
as a proportion of the final cost with decreasing capacity utilisation (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 utilisation

minimise the cost of phenylhydrazine and latex

see< the "cheapest"” investment capital

minimise working capital reguirements; for example, minimise stockholdings
of cnemicals particularly phenylhydrazine (which can otherwise tie up a
c~nsiderable amount of capital) as well as the usual methcds to reduce
wor«ing capital by minimisinc debts and obtaining favourable credit terms,
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CHAPTER - 1a

CONCLUSTON

During this contract "Development 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 CSte 3'Ivoire
has been designed so that 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 Mv 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, owWwing 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 coagvlum from depolymerized rubber. The LNR obtained by the
process developed in the C3te d' Ivoire is of a fine appearance and
of a quality estimated higher than that of the rubber obtained by
mechanical-chemical depolymerization. The physicerchemical properties of
the product obtained in the pilot plant correspond to those determined
at the beginning of the contract. The fact low molecular weights are
easily obtained is of a great industrial interest and one of the assets
of the current process.

The cbjective 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 rukoers. Two apprcaches 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.

The crisis hitting the industry in general and especially the
rubber industry has hampered the efficient development of LNR. It took
a very long time for manufacturers to answer and several, often the most
interested, have 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 an
industrial development.

Epoxydation of latex of depolymerized natural rubber 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.




CHAPTER - 3

LIQUID NATURAL RUBBER - WORKSHOP

ABIDJAN 20-24 JANUARY 1986

A Workshop took place in Abidjan from the 20th to 24th of January
1986, joining experts of UNIDO and of the Institutes members oI 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 have been submitted, as well as others statements concerning
different manufacturing process of liquid rubber and overviews of the rubber

industry in some countries members of IRRDB, according to the undermentioned
programme.

WORKSHOP PROGRAMME

Conference official opening in presence of the National Education
and Scientific Research Minister, Dr. Balla Keita, the authorities
of Cote d'lvoire, the UNIDO, R.F.A. and IRRDB representatives.

- afternoon

IRCA-IRAP - Mr. Boccaccio and Pr. Brosse
"parameters of LNR depolymerisation reaction”

IRCA - Mr. Sainte-Beuve

"Description and operating principle of the LNR
production pilot plant”

IRCA - MMrs. Allet-Don & Lemoine
“LNR production by the pilot plant :in Cte d'Ivoire”

Tuesday 21st January, 1986 - morning

IRCA-IRAP ~ Mr. Marteau
“pPotential applications of LNR"

MRPRA - Dr. Bristow
"Some possible new applications of LNR"

MRPRA - Dr. Allen
"Economic aspects of LNR : production and markets”
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- afterncon

RRI - Dr. Tillekeratne
Sri Lanka “Manufacture of liquid rubber from crepe rubber using
solar radiations”

GFR - Dr. Nordsiek * Hils Aktiengesellschaft
"Liquid rubber technology based on butadiene polymers”

SAPH
Céte 4'Ivoire
- Mr. Bille
"Overview of the heveaculture in Cdte 4'Ivoire"
BPPB - Dr. Budiman

Indonesia "Prospects of domestic rubber usage in Indonesia®

Wednesday 22nd Sanuary, 1986

. Day in IRCA - Visit and presentation of the operational pilot
plant - visit of the plantation.

SCATC - Dr. Mei Tongxian
China "Some views on the development of liquid natural
rubber in China"

IRCA-IRAP- Mr. Boccaccio
"Liquid natural rubber, chlorine and maleic 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 - morning

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 LNR from field latex,
and a pilot plant had been constructed by IRCA in the Cbte 4@'Ivoire. This is
now producing reqular 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 commercial 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 rubber 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 commercial
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 pocesses the 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.
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ANNEX 2

Current Prices of Liquid Elastamers (August, 1985)

£/kg price as 3 cI tne
price of lor:val
INR (£2.15-k3)

-

*
Hardman also supply these liguid butyl rubbers
in low viscosity grades but these preparations
contain only 70% rubber soiids.

Polybutadiene unsaturated 1.55 72
unsaturaced 2.65 123
modified 4.00 186
-COOH terminated 11.78 548
SBR - -
Butyl Lorival high viscosity 3.34 155
low, viscosity 3.717 175
Yardman 800 1.70 79
1300 1.75 81
Nitrile -COOH 4.33 201
-SH teminated 4.60 214
Polysulphide 3.455 160
Polychloroprene 2.85 132
Silicone 6 - 170 280-7500
Urethanes
LIR Hardman 2.23 103
Kuraray 2.79 129
caropoxylated 5.09 236
hydrogenated 3.12 145
DPNR Lorival 2.15 "100"
Hardman 1.86 87
NR RRSI .6325 29
SMR 20 .5415 25
SR CV .6475 30




ANNEX 3

Current Prices for DPNR and LIR (November,1985)

1

(1) Chloride Lorival Ltd. €/kg
DPNR R S 2.55
R 25 ) 2.08
R 200 2.23
(2) Bardman Inc.l $/1b
DPNR DPR 01 1.50 2.30
DPR 400 1.17 1.79
DPR 75 1.2 1.85
DPR 40 1.23 1.88
DPR 35 1.26 1.93
LIR Isolene 400 1.41 2.15
Isolen=z 75 Discontinued
Isolene 40 1.51 2.31
2
(3) Kuraray Ltd.” Yen/kg
LIR KLIR 30 850 2.79
KLIR S0 850 2.79
carboxylated
KLIR 403 ? ?
KLIR 410 1550 5.09
hydrogenatad
KLIR 290 950 3.12

1 prices ex-factory
prices FOB




ANNEX 4

Properties of DPNR and LIR

(1) DPNR

lorival RS
R25
R200

Hardman DPR (01
DPR 400
DPR 75
DPR 40
DPR 35

INR (C3te 4'Ivoire)

(2) LIR

Hardman Isolene 400
75
40

Kurarav XLIR 30
KLIR 50

carboxylated KLIR 403
KLIR 410

nhvdrogenated KLIR 290

.
$/100

Viscosity

poises 2 23%C

S 000
23 000
200 000

" poises @ 38°%C

semi-solid
000 - S 000

550 - 950
340 - 560
300 - 360

poises @ 23°%C

000

poises @ 38°%C
000 - 5 000
550 - 950
360 - 550

poises 2 38°C

740
4 800

980
1 600

10 vuo

Molecular Weight

13 500
23 000
52 000

MW (GPC)

155 000
80 000
45 000
40 000
38 000

MW (GPC)
33 000

Mw (GPC)
90 0V0

45 000
40 009

29 000
47 000

25 030
25 00¢C

25 00C

*
Iodine
value

368
368

368
3ée8

40




Aoclications for DPNR and LIR proposed by manufacturers

DPNR

1. Chloride lorival

(1) reactive non-extracable plasticiser
(ii) reactive binder for abrasive and friction products
(iii) suspension medium in solutions, greases and lubricants
(iv) useful masterbatch for fine powders
{v) manufacture of flexible moulds and prototype rubber
articles

(vi) electical potting campound

2. Hardman
(1) a reactive binder for abrasive and friction products
(i1) a rheology modifier for lubricants and oils
(ii1) a vehicle for dispersion
(iv) a rubber processing aid
(v) an asphalt modifier
(vi) an elastomer base for cold mculding compounds
(vii) an elastomer base for electrical potting campounds
(viii) an elastamer base for sealants

LIR

3. Hargman
(1) adhesives; solvent emuision & hot melt forms

4. Kuraray
(1) reactive plasticiser for tyres, belts and footwear
(i1) adhesives
(i11) pressure-sensitive adhesives
(iv) sealants
(v) modifying agent of adnesive oroperties of eiastomers

to metal

(vi) raw matarials for chemical modifying reactions

and hydrogenated LIR

(i) reactive modifier of eiastamers (EPDM & Butyl rubper;
(1%) modifier of plastics
(1i1) hot melt adhesives (SIS, SERS, EVA)

(1v) raw materials for chemical modifying raactions




ANNEX 6

(1) ROI 10% over 10 years

% Capacity Utilisation Production Costs Fr/ton
Low Viscosity High Viscosity
100 21 667 18 342
90 22 081 18 757
80 22 606 19 275
7C 23 315 19 941
60 24 153 20 829
50 25 396 22 072
40 27 261 2. 37

{2) ROI 15% over 6 years

% Capacity Utilisation Production Costs Fr/ton
low Viscosity High Viscosity
100 23 029 19 705
90 23 594 20 270
80 24 302 20 977
70 25 211 21 887
60 26 423 23 099
50 . 28 120 24 796

40 30 666 27 342




ANNEX 7

The Jost of Capital and Shemical Inputs as a Prooorzicr of the Final
Procacrion Cost at dilfzrent Leveis of Japacity Jtillsation.
cost 3as & of <ctal progucticon JTst
% capac:ty uliilsation 10w VISCOSIY nigh visccsity

INE

(1! Investment Capitai

RCI 10N over 10 years

10C 6.5 ic.2
6C i2.6 14.6
49 i6.8 9.2

ROI 13% cver 6 years

100 12.6 PE-
60 i8.é il.2
40 4.3 26.2

(2 wor<ing Cac:ital

RCI IC% cver .0 years
.06 13.2
69 13.3
490 2.9

RCI 5% over 6 years

1C0 i3.6
60 3.8 P

<0 iZ.5

CEEMICALS
(5, Pnenyl Rydrazire

RCI 13% over 10 vears

100 5.6
60 22.9
4° 20.3
RAOI .2 over € years

b=y

.
O ter s

100 24.. il
60 a.l 1:.3
40 8.1 P

RCZ .3% over 10 years

100 29.8 4.
60 18.6 2l
40 6.2 .8

O an

T LIt pver 6 years

100 19.
60
40

(3]
W

o
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