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SUMMART

The report contains a description of the results ostained in the
work on determination of the effect of high-energy eleztrons generated
by an electron accelerator ILU-6 on the structure auxd properties
of worn-out bladders/inner tubes stocks based on butyl rubber, made
in China.

The effect of the absorbed dose (from 3 to 30 Mrad) on acetone
and chloroform extracts, the equilibrium degree of swelling, unsatu-
ration and viscosity of reclaims and physical-mechanicsl properties
of their vulcanizates,also data on the effect of adding 10 p.h.r.
bladder and inner tube reclaims obtained e% the ebsoried doses of
5,7 end 10 Mrad on the properties of bledder and inne- tube rubbers
made in the USSR are reported.

There is a description of the technology for producing en experi-
mental-industrial lot of radiation butyl recleim (1.5 tons) from
Chinese bladders and also the results of its testing iz the Ch’nese
Republic in a bladder compound.

The tests have shown cthe possibility of replecing up to 20 p.h.r.
butyl rubber in the Chinese bladder stocks by the redistion butyl
reclaim obteined at the absorbed dose of 6 Mread.

Data on the composition of gaseous products of bleider stocxs
radiolysis, obtained by the method of gas-adbsorption carometography,
on trying out the procedure for dosimetry and meesurec2nt of the ab-
sorbed energy distribution of fast electrons in rubbe- crumb is
presented.

Technical and economic grounds for the expediency >f installing
an experimental-industrial (pilot) plant (with the enrual capacity
of 1,%00 tons) to produce radiation butyl reclaim froc bladders in
the Chinese Republic are given.
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INTRODUCTION

In rccordance with Contract No.89/190/SM signed in 1989 by
UNIDO and TRI (the Tyre Research Inctitute),TRI with participa-
tion of a contractor - the Institute of Physical Chemistry
(IPhCh) attached to the Ukrainien Academy of Science-was to deve-
lop a technology for producing butyl reclaim by a radiation method
with the use of an electron accelerator ILU-6 from worn-out bladders
and inner tubes manufactured in China,and also to give out a prin-
ciple description of a pilot plent for producing butyl reclaim by a
sadiation method from Chinese bladders with a list of the general te-
chnological parameters of the process,the processing equipment,
energy consumption, etc.

In the course of carrying out the contractual work TRI transfe-

red 4 reports to UNIDO and the Chinese counterpart:

- Principle technology of manufacture and estimated technical/
/economic characteristics of application of reclaim from
rezin-cured butyl rubber compounds by a radiation method.

This information was based on the results of the work
that had been done in the Soviet Union earlier for prodacing
butyl reclaim by the radiation method from bladders made in
the USSR. .

- Study of the effect of high-energy electrons on the structure
and properties of butyl rubber compounds of wcrn-out
bladders and inner tubes produced in China.

- A pilot plant for production of butyl reclaim by the radia-
tion method from bladders made in China.

- The Draft Final Report "Development of a new technology for
production of butyl reclaim by a radiation-chemical method
from worn-out butyl rubber based products made at Chinese
factories and determination of reclaim applications".

The present report finished off with the account for UNIDO

comments on the Draft Final Report, is the Final Report on Contract
89/190/SM.

1. EFFECT OF HIGH-ENSRGY ELECTRONS ON THE STRUCTURE AND PROPERTIES
OF WORN-OUT BUTYL RUBBER BLADDERS AND INNER TUBES PRODUCZD IN
THE PEOPLE'S REPUBLIC OF CHINA:-.

1.1.1 Characteristicg of initial raw materialgs

Initial raw raterials for this work were worn-out bladders and

inner tubes supplied from the Chinese Republic.
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To study the effect of the irradiation conditions on the quality
of the obtained reclaim and to produce experimental samples of
reclaim for their subseqﬁent testing in China,there ware received
from China .170kg bladders cut into 2 or 4 parts and 25 kg of who-
le inner tubes. .

For production of an experimental-industrial lot that was to be
tested in China,7 tons of worn-oéut bladders were shipped by rail-
way from the Chinese Republic.Since these bladders travelled over
6 months and the work was to be done in due time,the Chinese pa-
rty sent 2t. bladders by 3ari at TRI request.

An ex perimental-industrial lot of reclaim was made from these
bladders and sent to China for the industrial trial in rubber co-
mpounds.

Purther below there is data on the formulation and properties
of these materials(according to the Chinese data).

Bladders.
Bladder compound composition(p.h.r.)
Butyl rubter with 1.6% unsaturation

(Polysar rubber PB 301)............’.D.l.l...C.'O......I.‘]OO

Chlorinated butyl rubberc.ccccceecceccocccceccccsoccecceccscsed
Resin 2402(ReSin 101 B) ececevecsrecosccecccevvoscocscecseel?
Carbon black HAP .cvcececrvecvccrceoccecssocrcocsceceeed0 to 60
Mineral oil or petroleum jelly cccecaceccececcccccccoccensce)d
Zine O0Xide ececocvcceccccccccococesoacccccssocsesencessedr to 10

Curing cycle:2.0 to 3.5 h
170 to 180°C

Vulcanizate properties:
Hardness,arbitrary Uunits seecececececccscsceceecssss58 to 68
Tenzile strength,MPa ...ccccvevvocvcvveccesonecessell to 14
Relative elongation,? cc.eeeceeecceccescsceceeeeesed50 to 660
TENSION SEL,75 eeecececesecseoscsessocsosvocsseceeeeeld to 30

Inner tubes

Inner tube ceompound composgition(p.h.r.)
Butyl r‘ubber .O"C‘O’O"....‘.".'...‘...'."l.I"’O.‘..'O..10o

SUlfUP cc-ococcaca-u--oavuo-oaavaoooccc-vqooaco-ooovoo“o’/ to 2-0
-()'teal‘jc O.Cid .cvooaoovovvdvtvtoco.ccovnocuooovdv'ccou.lotlo.c]oo

Catbon blaCK F‘Er‘ aotuncooivulvoc..cv-'oaoonvtl..O.¢0¢00025 tO 30
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Carbon black SRF sccccevrcccoscscecanascccovvcvcscsseccnse2d to 30
Rubber processing 0il ecccceeccoeccocccrecsvrcevcscccancesld to 20
TMTD cecececcrccccovocccosccococcscnccsccncsscccscscsossnscscscelel
AltaX (MBTS) ccceeccccccecccccccesosscsosccccssccsoceescccscosee@eb
Captax (MBT) cccecececccccccnccecnccoccnoosccvecccsscesocoesled
Zine OX1ide eceecececcssovrecocsccconccscscrcocsavccsossccccsscscesIol

Vulcanizate properties:

. Tensile strength,MPa ¢...ccccceceececeec3.0
Relative elongation,% ccececcccecccecses500
Tension 3et,% cecevecsccccocccvcocceses 35

To obtain sulfur vulcanizates from the break-down products of the

bladders and inner tubes we have taken the ingredients used in
-China,i.e.sulfur,Captax,TMTD,zinc oxide.The bladder reclaim curing
has also been done with n-octylphenolformaldehyde resin SP-1045
used in the USSR for curing of bladders.

1.1.2 Production of rubber crumb from bladders and inner tubes.
In the case of the accelerator with the electron energy of 2 MeV
the size of the particles of the rubber crumb canj% mm.

Due to the small amount of the initial materials received from
China their grinding was done in a high-speed rotor grinder of a
cutting type with the following technical characteristics:

Rotor diameter at cutting edges,mm....... 40C*10
Cutting edge length,mm ..ccceceeceeeccess 85 to 90
Shell knife length,mm ...ccc0vceccceess.. 85 to 90
Plug knife length,mm...ccccveecccecsceee.85 to 90
Linear cutting sSpeed .e.sveccccvececececes12 to 15
Number of plug kniveS....cececececscceccocccsocncsd
Number of shell knivesS...ceececeveccovvccecoceoeced
Llectric motor power,kwt.cveeeeeececveceeneesselh
Overall dimerB ionNS,MMececersrecereres iO/5X340X1010
Jeight,kg(without pneumatic

transportation system) tecossesesssdp to 900

2 tof bladders were first crusncd in the coarse crushing mecni-
ne. Grinding of the resuiting 150X150mm ubber pileces to ruovoer
crumo 4ith the particle size under 7"mm wvag done on the grinding mills
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with ribbed rolls,using a 0.2% water soluticn of surfactants to pre-
vent agglomeration of the rubber. Having passed through the mills
the partially ground rubber was fed by an elevator to a one-tier
vibratory sieve. The tailings from the sieve went back to the nip
of the rolls. Due to the absence of a suitlable pneumatic drier
the sirve fraction containing up to 15% moisture dried in the open
air till the residual moisture content became 1% maximum.

The output of the mills was 360-400 kg/h; the surfactart con-
sumption was 0.6 kg per 1 t. rubber crumb.

FPurther below there are characteriatics of the equipment used.

Coarse crushing machine for bladders

Dimensions of the charging opening: 1260XA00 mm

Overall dimensions: 3000X22GCX3000 mm
Electric motor power: 134 kwt
Output: 3 t/h

Grinding mills

Roll length: ) 800 mm
Roll diameter: 550 mm
friction: 1:3.08
Electric motor power: 160 kwt

Vibratory sieve for sieving rubber crumb

Slope angle: 4°30%

Number of double vibrations: 265/min

Overall dimensions: 3110X1412X870 mm
Electric motor power: 1.7 kwt

stocks
1.2 Irradiation of bladder/imner tube rubber Yby high-energy glectrons

The rubber crumb from bladders and inner tubes was exposed to the
action of accelerated electrons gemerated by the electron accelera-
tor ILU-6 at the following absorbed doses:
bladders - 3,5,7,10,12,15,20,30 Mrad
inner tubes-5,7,10,12,15,20 Mrad

1.2.1., Electron accelerator ILU-6 _

A pulse linear accelgrator IL7J-6 model 6 designed by the In-
gtitute of Nuclear Physics (the Siterien Division of the USSR Aca-
demy of Sciences, the city of Novosibirsk) was used as a source of
radiation. This electrophysical apparatu3 is degigned for the

operation 23 a source of ionizing radiaton as part of radiation
plants of
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different applications under the following conditions:
—ambient air temperature:from +10°C to+35°C

—relative humidity :up to 98% at the temperature of the ambient air
+ 25°C

General parameters and dimensions of the electror accelerator iLU-6

1. Parameters of the accelerated electron beam:
a) energy,MeV.... rangei: 0¢5¢ee.1.0
rangel: TeOeeeeled
range3: 1¢5¢00+2.0
b) energy variations in the beam,%...10 maximum
¢) energy instability, % cecccccesece..10 maxinum
d) limits of the mean current adjustment,mA:
rangel: Ocevoessd
range?2: O.......ZO
rangel: Oeeeeees13.5
e) instability of the mean current during an hou- of the acct
lerator operation with maximum energy and power,%
—7 maximum
f) maximum current in a pulse,A...up to 1
g) maximum power within the whole range of energies,kwi........
20 minimum
2. PFPrequency of the accelerating voltage,MHz....120-127.
3. Duration of the current pulse,jus:
rangel - up to 700
range2 - up to 600
range3 - up to 500
4. PFrequency of pulse repetition:
rangeleeesceseceless 300
range2 and 3...2... 50
5. Power of the emergent beam from the total power is for rectilinear
scan at the non-uniformity of the linear current densizy better
than + 10% on the length of 800 mm,%.....80 ainimum.
6. Dimensions of the outlet window,mm.....380x75
7. Overall dimensions
—diameter of the tank with flanges-1230 mm

—dimension with protruding parts -2300 mm
—overall hight with a funnel -3100 mm

—height of the tank proper -1125 mm
—tank hi8Nt with entry and pumps -1800 mm
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Accelerator weight...2200kg,control cabiret...850kg,power supply
cabinet 1...1010 kg
power supply cabinet 2...1300kg,
power supply cabinet 3...1050 kg.

Power units for pumps(PU)...72kg,
for roughing-down pump AVR-50...200kg.

Time of &oing into the mode of operation,maximum:
-after a stop of less than an hour ........ 10 min.
-after a stop of 48 hours maximum-120 min.

-after spontaneons de-energezing-5 mim.

Parameters of the power supply line:
-voltage -380/220V
-number of phases -3
-frequuncy -50 Herz

Power requirement kwt - 120 maximum

Connection of the plant to the power supplv line should »e from
a separate transformer with the overall pcwzr of 180 kVA minimum,
via a device pro "iding for a visgible treak in the power supply

circuit at a comrlete removal of voltage.

The plant should have 2 sz2parate grounding loop.
Cooling of tnz z2ccelerator proper and the powe. supply system(ca-
binets 2,3,4)with distilled water of the following parameters:

-resisStivityeecesecocecooooceece .minimum 102 Ohm®m
-pressure at the inlet of the system........minimum 322kPa(4atm.)

but maximum 588kPa(batm. )
-pressure at the outlet of the system.......max.98kPa(1atm)
-temperature at the inlet of the system.....max.24°C,
' min.the dew point in the accele-
rator room
-tflow rate for the accelerator ...........min.3.6m3/n

~-flow rate for the
power supply system........................0.9m3/n
Co0ling of the outlet window foil..........by compressed air
free of dust and traces ¢f oil with the following parameters:
-pressure at the inlet of the system.......min.294kPa(3atm.)
~8IT £10W T8EOevovvrvvrroreoorocnseveessses min.200m>/h
under normal conditions
Average time of failure-free performance at nominal parame-
ters including maintenance should be minimum 1000 hours,main-
tenance taking maximum 2% of this time,

Normal operating period of the plant is 10 years except for the
accelerator units whose life is defined in the specificetions
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for fhese parts.When the normal operating time expires the plant

jg to be rechecked in terms

of all technical requirements.In

case of its compliance to t!ie specfications it can be used fur-

ther.on

-Methodology

Viscosity measurement

S
Samples for measurement of Mooney viconsity were prepared on the
mills BZO%gg,passing the weighed amount of reclaim 10 times by
300g through the 2mm nip between the rolls.Mooney viscosity was

determined according to

GOST 10722-76.

Reclaim curing and determination of physical-meckenical pro-

perties

Compounds for reclaim curing and subsequent determination of
its physical-mechanical properties were prepared by the formu-
lations and under the conditions given in Table 1.

Table 1.

Formulation of reclaim compounds and their curing conditions

Type of Ingredients Sequence of in~ Curing conditions
gredient intro-
curing name d.h.r. duction.,min. °c time,min.
resin(1) {reclaim 100 0
SP-1045
(n-octy- 10 4 165 50
lphenol- end of mixing
formal- 10
dehyde
resin)
resin(1i) |reclaim 100 . ,
SP-1045 15 id. id. id.
sulphur |reclaim 100 0
(1) zinc oxi-
de 2.5 2 id. id.
thiuram 0.5 4
captax 0.25 4
sulphur 1.0 5
end of mixing
7
aulphur [reclaim 100
1y zinc oxide| 5 id. id. id.




thiuram « 1
captax 0.5
sulphur 2

Reclaim from bladders wes cured with resin and sulphur,reclaim
from inner tubes only with sulphur.

Physical-mechanical properties cf vulcenizates
(tensile strength,relative elongation)were determined =ccording to
GOCT 270-75,and tear resistance &ccording to GOST 262-73.

Acetone and chloroform extracts of the radiation recleim(in
some casges those of their vulcanizates as well)and their equilibrium
degree of swelling in m-xylol were determined too.The equilibrium deg-
ree of swelling and chloroform extract(sol fraction)were used to jud-
ge about a degree of the radiation products breakdown.

Extract determina¥ion

To measure the extracts the weighed amounts of the reclaim or
the vulcanizate(cut into smell piece3)were placed into a fabric bag
and extracted by hot acetone in the Soxhlet apparatus during 24 hours.
Then by warming it up in the thermostat at 60°C the bag with the
extracted material was brought to a constant weight.

After the acetone extraction we did chloroform extraction in 2
gimilar way.The value of the acetone and chloroform exiracts(in®)was
found as a relztion of the corresponding reduction of the weighed
mass to the initial weighed emount and to the weighed mass after the
acetone extraction respectively.

Determination of the equilibrium degrez of swelling.

To determine the equilibrium degree of swelling a punched basket
from aluminium foil with the reclaim weighed mass of about 0.1g(cut
into small pieces)was placed in m-xylol fcr 24 hours;then the excess
of the solvent was removed from the weighed amount by centrifugation
during 6to8 min.The baskets were weighed after the centrifugation
and after bringing them to a constant mass.The equilibrium degree of
gwelling(in%)wes calculated as a relation of the swollen weighed mass
to the mags of weighed amount after bringing it to the constant mass.

The equiliorium degree of swelling of the reclaim vulcanizates
wasg determined in other ways.A piece of the vulcanizate about 5X5mm
was placed in n-xylol for 24 hours;then,after removing the solvent
from its surface with filter paper,the sample was weighed.The calcu
lation of the equilibrium degree of swelling was madéﬁin the fiirst
case.

Determinaticn of unsaturation.

Ungaturation was determined by the method of ozonolysis on the
ADC-3 machine (2 double bond analyzer)for the sol fraction of tne
bladder compourd after its redietion processing by the absorbed doses
from 7to30 Mrei and for the sol fraction of the unirredieted butyl
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rubber Eﬁ‘1375 T produced in the US:R.
The principle of this mechine operstion consists in the following.
An oxygen flow is passed through it2e ozonator where part of it is con
verted into ozome.Then the blend of the gases passes through a tlow
reactor where the sample is injected.

After the reactor the flow comes iato a gas cell wﬁere the ozone
amount is recorded with the use of U7 radiation end is emitted into
the atmosphere.

The ozone amount ebsorbed by the substance placed into the reactor
is registered by the recorder as an sbsorbtion curve which is imme-
diately integreted with the aid of a special integrator.

The reactor was placed into a Dewar flask cooled with a sSpecial
device by liquid niztrogen.

The temperature around the reactor was maintained at about 200-
-210°K.In this case the volatilization of the chloroform end its
ingress into the gas cell was elimineted and the reaction of ozo-
nolysis ocurred rapidly enough.

The sample was *njected into the rzactor with a 1 ml medicel syringe
vie a rubber membrane.

Before the analysis the instrument was calibrated with stilbene
solution of five different concentrations in chloroform.

The solution cf eech concentration of both stilbene and chloro-
form extract was anslyzed et least 4 times.

In the course of the analysis of tae chloroform extracts there
were some distortions of the absorption curves.This cen be expla-
ined either by slower inte¢raction of spetially hampered double
bonds with ozone or,which is more lizely,by the ozone interaction
with the resin components used for caring of bladder compounds.

The control check showed that some of the substituted phenols
interact quentitatively with ozone uader the conditions of the ana-
lysis.

In connection with this it doesn't seem possible to assess an er-
ror mede in the date on the wumber o? the double bonds in the sol
fraction due the interaction of the resin components with the ozone.
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Application of the dosimetry procedure and determination
of the distribution of ene~gyv absorbed by fast electrons

in the rubber crumb.

We have studied the effect of the energetic(the energy of elect-
rons,the average currant of the electron beam,the absorbed dose during
one pass)and technological(rmbber compound transportation conditions
in the irradiation zone)parameters of irradiation to determine the
size of the absorbing zone and its distribution in the rubber crumb.
The investigation was done at the absorbed dose from 2 to 30 Mrad.

The dosimetry was carried out on the electron accelerator ILU-6
according to the measurement procedure with the aid of film badges
(chemical dosimeters)/illll-2/25 and COlJ{{}-5/150 ( Table 2 )

Table 2.
Chhracteristics of dogimetric films used for dosimetry

Characteristics of
_ oo lat: BN S NN
dosimeters L - 2/25 COhA (B) -5/150
1. Radiation type accelerated electrons, accelerated electrons,
) ~ photons: photons
2. Range of absorbed
doses 2 - 25 Lirad 0,5 = 15 Mrad
3. Length of the maximum
absorption wave 515 nm 525 nm
4. Thickness 30410 0 70-10~%n
5. Error limit *12% Ti5%
6. Temperature during
irradiation 20+80°¢ 15450
S _-2/25 dosimeter. The measurement of the optical density varia-

tion was done on the spectrophotometer'SpekordUV-ViS"™ at the maximum
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absorption wave length of 515 mm.The absorbed dose was determined by
the calibration chart of the optical density variation dependence on
the absorbed dose.

ALl -2/25 dosimeter was calibrated on the 6000 x'-unitYH-QSOQQO
certified by the VNII of physico-Technical and Radiotechnicel Mea-
surements with the reference chemical detectors 40T -25/200 in acc-
ordance with GOST 20268-83.The relative error in the absorbed dose
measurements at the confidence level of 0,95 for Il -2/25 was 10 %.

The working temperature range of the irradiation was 10-60°C.

—— — — — — . v— - - o -

The measurements were taken on the C2-26 spectrophotometer with
the wave length of,ﬂ=512mm relative to the reference specimen.

The absorbed dose was determined by the dependence(a calibration
characteristic curve)of the absorbed dose on the optical density
given in the certificate for the standard specimen.

The relative limit error of the absorbed dose measurement with
the aid of the standard specimen is 15% at the confidence level of
0.95.

The range of the working temperatures of the irradiation is
15-50°C.

To eliminate the by-action of the gas emission products during
the radiolysis of the butyl rubber compounds the chemicel dosi-
meters were packed in lavsan film.

We have also run compérative testing for irradiation of COIl] ()-
5/150 and MMll-2/25 dosimeters on the °OCaIYK -250 000,

The ‘rradiation ¢ the dosimetric films was done at the rate of
the absorbed dose of 743 rad/s and at the absorbed doses of 2.5 and
5 Mrad.

The dose in the Ml -2/25 films practically corresponded to 2.5
and 5 Mrad whereas the dose inCOill(d) -5/150 had a scatter up to
the limit measurement error.

The irradiation of film badges Ml -2/25 and CONL($)-5/150 on the
electron accelerator ILU-6 was done under the following conditions:
accelerated electrons energy.ececececeeececc.2.0 MeV
Deam CULTreNnt.cvvevecocrcrocrccsoveesevecsed.0 mA

Conveyor speed..0.0-000'00.000!‘0..0.ll'.']1 mm/s
anber Of p&SSGS.-..-..--o-o.----oo.......6-12




The comparative results showed that the scatter of the values
obtained on differfnt films was within the relative error limits
admissible for them.

Both types of the dosimetric films under different operating
conditions of the accelerator ILU-6 were used to measure the ebsorbed
dose at the surface and in the thickness of the rubber crumb leyer
to 10 mm.The crumb was on a metal tray.

The difference in the absorbed dose between the top and the bot-
tom of the radiated crumb with the particle size of 3 to 5 mm was:
¥ 20 % for bladder compounds
+ 10 % for inner tube compounds

An increase in the geometrical dimensions of the crumb particles
increases significantly a measurement error of the dosimetry method
applied.Thus,as a result of this work a dosimetry procedure has be-
en developed to provide control over the absorbed energy of the fa-
st electrons at the selected thickness of the bulk crumb layer.

1.4. Effect of the absorbed dose on the structure and proper-
ties of the radiation breakdown products cf butyl bladders
and inner tubes.

The irradiation conditions:

energy of electrons c.cceceescceccevcocescone? MeV

electron beam current .....ccecoccccvcccec.o.10 mMA

thickness of irradiated .crumb leyer..........10 mm

distance from inlet window foil to material..i00 mm

CONVEYOor SPeed cveececcccceccveccccccrerecneee2.5 to 4,7 cm/s

1.4.1. _Radiation butyl reclaim behavior during mechanical processing

Visual a3 3 esgsment of t he irre-
diated mater i_a 1

The product of the bladder crumb irradiation is :
at 3 Mrad ....... the irradiated crumb doesn't practically differ from
the original crumb

57 Mrad...... the irradiated crumb is softer to the touch taep the

original crumb but it almost doesn't clot
10,12,15Mrad.. the irradiated crumb sticks together
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20,30 Mread... the irradiated crumb becomes all sticky mass

The product of the inner tube irradiation is:

5 Mrad....... the irradiated crumb is soft but not sticky
10 Mrad...... the irradiated crumdb sticks together
19,20 Mrad... the irradiated crumb is all sticky mess.

We determined the equilibrium degree of swelling,the acetone and
chloroform extracts of the recleim samples and their wulcanizates,
the physical/mechanical properties of the reclaim vulcenizates and
also the plasto-elastic properties and unseturation of the reclaim.

Before the measurement of the reclaim properties we carried out its
homogenisation on the mills 320 TGU . Por this purpose the weighed
amount of the reclaim(300 g) was passed 20 times througn the 1 mm
nip between the rolls.

The reclaim behavior during this processing on the mills and its
appearence after the milling are reported in Table 3.

Table 3

RADIATION RECLAIM BEHAVIOR DURING MILLING

Initial Absorbed
. ose,
material rad

Number of passeg after which
e recgalm ?abrlc shee%
we

Appearance of the recleim
after milling

Bladder 3

C O ~ \W

20
30

reclaim is not milled well

12

3
immediately

id.

id.

id.
sticks to the roll at once,
it cannot be incised with g
knite

id.

id.

very rough stiff sheet
uneven,not smooth sheet
rugged sheet,not smooth
id.
smooth sheet
smooth,sticky sheet
very sticky sheet
impossible to remove
from the roll as skin

id.
id.
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Table 2 continued

lnner tube 5 15 uneven, ( rugged ) .

. '’ 9 id.
10 at once soft sheet

) 12 id. soft and sticky sheet
15 sticks and flows impossible to process,

over the roll goes under the cheek pla-
tes

20 id. id.

*) Due to its stickiness the reclaim obtained at the absorbed doses
of 10 and 12 Mrad was passed through the nip 12 and 8 times,res-
pectively.

1.4.z._Dependence of the properties of bladder/inner tube breakdowz
products on the value of the absorbed dose.
Since an exact determination of double bonds in the irradiated
worn-out butyl rubber is difficult not only by the method of ozonizetion
but also by other methods of estimating double bonds in such systeas,
. we have studied the concentration on unsaturated C=C-bonds in pure —ubd-
‘bers used ror bladder production in the Chinese Republic.
- Table 4 shows content of double bonds in butyl rubbers of 2 di2-
ferent grades at different absorbed doses.
Tgble 4
Butyl rubberVdaturation (%) at different doses (lirad.)

Dose ’ Mrad
0 5 8 10 13 15 20

Rubber

Polysar 301 | 1.97 2.60 3.30 3.41 3.50 3.70 3.76
JSR - 268 1.91 2,20 3.20 3.40 3.24 3.47 3.97

A relative error of measuring unsaturation did not exceed 10% ard
in a majority of cases it was 4-5k.As it follows from Table 4 butyl ruf
ber unsaturation grows twice as much in the interval from 0 to 20¥red.
One should expect that after the radiation of worn-out rubber stozzs
there will be & similar increase of double bond quantity in the cerbsn
conponent of rubber stocks.

Indeed,one can see from Table 5 that unsaturation grows in ir-ei:i-
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ation of both bladder and inner tube stccks.

Table 5

Unsaturation in butyl-based rubber stocks,®

- Dose, Mrad Bladder Stock Inner tube stock
3 0,25
5 0,64
7 0,46
10 0,76
12 0,74
15 0,92

With the growth of the absorbed dose the content of the chloroform
extract (sol fraction) in the radiation breakdown products of both blad-
ders and inner tubes increases (Fig.1). In the case of bladders the
limit values of the sol fraction are reached practically at 30 Mrad w:.th
over 90% of the rubber substance turning into a soluble state.

The equilibrium degree of the bladder breakdown products swelling
varies as a curve with the maximum (Fig.2&). However, if we calculate
the degree of swelling in respect to the rubber substance content in
the weighed amount after removing the solvent, then one can see that
the degree of swelling grows up to about 2000% with the growth of the
absorbed dose (PFig.2a.,curve 2).

The data in Figs.1 and 2b also evidences about a high degree of
the inner tube radiation breakdown, though it is slightly lower then
in the case of the bladders. For example, the equilibrium degree of
swelling about 1000% is achieved in the bladder case at the absorbed
dose of 7 Mrad, and in the inner tube case it occurs at 12 Mrad. The
sol fraction of the breakdown products is about 30% for either type
of rubber. The differences in the degrees of the radiation breakdown of
bladders and inner tubes can be partially explained by greater density
of the vulcanization network in the original inner tube rubber.

Table 6 shows the properties of the reclaim obtained from blad-
ders and inner tubes and the properties of its vulcanizates.




100}

chloroform extract, %

y — e A ™

5 10 15 20 25 30

ebsorbed dose, lired

Fig.1. Content of the chloroform extract in
the radietion breakdown products of
bladders(il, 1')and inner tubes(2.2')
as a function of the absorbed dose;

1,2-with respect to the weight of the
specinen after the removal of the
solvenrt;

1',2'-with respect to the content of
the rubber substance remaining
in the specimen after the re-
movel of the solvent.
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Fig.2. Variation of the equllibrium degree of
swelling of the radietion breakdown
products of bladders(a) and inner tubes(b)
ag a function of the absorbed dose value:

1 -with respect to the mass of the specimen
after the removal of the solvent;

2 -with respect to the rubber substance
content in the weighed amount after
the removal of the solvent




FROFPERTIES OF RADIATION RECLAIM PRODUCED FROM BLADDER2S
AND INNER TUBES AT NIFFERENT ABSORBED DOSES AND PRO-
PERTIES OF RECLA1M VULCANI_ATES

Table 6

Rubber Vulcani

Absor-MooneyStress Tensi-Relati-Tear Equili- Aceto- Chloroform

compo- zing bed visco- at .le ve resi- brium ne ex- extract,
und system dose, sity, 300% steng-elonga-stan-degee tract, %
type type Mrad units elonge-th, tion,% ce, of swe-
tion, Mpa kN/m lling,
MPa (£) (L) (Gfear) %
(£300)
1 2 3 4 5 6 7 8 9 10 11
Rladder. Resin
curing 5 - 3.6 5.2 460 29 321 2.9 14.3
(1) 1¢ - scrap{pores,blisters)400 4,1 25.8
Resin
curing R
(11} 5 - 4.3 5.5 400 31 313 3.3 11.39
10 scrap(pores,blisters)3s5/ 5.2 19.3
Sulfur
curing
() 5 - scrap(pores,blisters)242 1.5 1.7
10 - id. 289 3.2 14.5
15 ido 481 3.6 35‘.{
Suifur
curing i
(I1y 3 - 9.6 12.6 380 25 - - -
5 86 6.8 9.7 412 40 174 1.6 4.5
7 56 6.1 7.9 384 36 192 1.7 5.4
8 38 7.2, 8.3 348 30 - - -
) 36 6.2 6.7 340 29 - = -
10 20 3.6 4.4 392 24 203 2.1 10.4
Inner Sulfur
curing
tubes (I) 5 scrap(pores,blisters)i78 4.2 5.5
10 id. 246 5.7 7.5
Sul fur
curing
(II) 5 88 3.3 4.7 468 33 162 4.4 7.0
7 90 3.0 4.8 476 2T 179 4.6 6.6
10 33 scrap(pores,blisters) 212 4.5 8.6
12 - . 273 4.5 9.0
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To deférmine Mooney viscosity of the reclaim obtained from blad-
ders at the absorbed dose of 3Mrad was impossible due to its elevated
gtiffness and that of the reclaim from bladders and inner tubes at
the absorbed doses over 10Mrad due to its tack.Because of the eleva-
ted tack we failed to prepare compounds for curing of the reclaim
obtained at the absorbed dose3 over 1S5Mrad.

It should be noted that reclaim vulcanizates from bladders,es-
pecially resin ones,have defects,such as pores,apparently due to the
increased content of gaseous products in the reclaim.

Bladder reclaim is better cured with sulphur:the strength pro-
perties of sulphur vulcanizates are higher than those of resin ones,
and the equilibrium degree of awelling and chloroform extracts are
lower.

Reclaim vulcanizates from inner tubes have the same external de-
fects as reclaim vulcanizates from bladders,namely,pores and blis-
ters.The presence of such defects can be related to the fact that the
gaseous products of bladder/inner tube .stocks radiolysis are not ful-
ly removed from the reclaim because of the low temperatures(max.40°C)
at all stages of processing under laboratory conditions.

1.5. Effect of the radiation reclaim obtasined from bladders on

the properties of bladder/inner tube rubber stocks oroduced in
the USSR
Tne reclaim content in the compounds was 10p.h.r.per 100p.h.r.of

butyl rubber.The formulations asre givenin Appendices 1 end 2 corres-
pond tﬂ%he Chinese data in the composition of bladder and inner tube
compounds.

The compounds were prepared on the basis of rubbers and ingredi-
ents of the Soviet make excluding the reclaim made from the Chinese
bladders at the absorbed doses of 5,7 and 10Mrad.Preliminarily the
reclaim was subjected to processing on the mills for 2 min.with the
1 mm nip between the rolls.

It can be seen from Tables 7 and 8 that the use of 10 parts of
reclaim doesn't cause any significant change in the properties of
the bladder and inner tube compounds.The greatest effect is produ-
ced by the recleim obtained at 10 Mrad.Nevertheless the properties
of the compounds containing this reclaim are within the iimits of
the values admisgible for the bladder/inner :ube compounds in the
"JSSR.

We also investigated a possibility of using unmilled irradiated
rubber crumb(devulcanizate)in compounds because in the ca3e of the
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positive results this could allow to simplify the process of the

radiation reclaim production.

The strength properties of the compounds are given in Table-9.

Table 7

PROPERTIES OF BLADDER COMPOUNDS CONTAINING RADIATION
RECLAIY ( 10 p.h.r. per 100 p.h.r. of butyl rubber )

absorbed dose, Mrad

Properties
- 5 T 10
Plasticity o 0.291 0.257 0.286 0.265
Scorching,1300c,l5,min 25.5 24.0 25.0 19.5
Physical-mechanical properties
under normal coditions f 300,MPa 9.4 9.2 8.6 9.0
f mpa 5.8 15.0 15.2 14.9
L, 7% 492 482 506 504
d tear, K 55 53 49 49
Elasticity
20°C 10 10 10 10
100°C 3 35 38 30
Hardness 72 T2 712 13
Heat ageing, 180°C,24 hours
Modulus 300% 1'300,”93 12.3 11.5 - -
K 13 1.21 - -
Tensile strength,MPa f, MPa  12.3  11.6 1.3 10.7
K 0.78 0.77 0.75 0.72
Relative elongation,% L, % 304 308 307 294
K 0.62 0.64 0.60 0.58
Tear resistance,kN/m O tear,knm3T 37 36 35
K 0.67 0.70 0.73 0.71
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Table 8.

PROPERTIES OF INNER TUBE COMPOUNDS CONTAINING
RADIATION RECLAIM FROM BLADDERS(10 parts by weight
per 100 parts of butyl rubber )

absorbed dose,Mrad

Properties = 5 T 70
Plasticity 0.338 0.317 0.316 0.312
Physical-mechanical
properties under normel
conditions: Modulus 300%  f,. .MAd 5.6 5.4 5-9 5.4
Tensile strength,MPa f MPa 13.8 13.3 12.7 12.7
Relative elongation,% L, % 658 678 645 668
Tear resistance,kN/m d{emﬂkﬂh164 64 64 58
Elasticity

20°C 11 10 10 10
100°C 32 34 34 34
Hardness 71 68 68 66
’ Heat ageing , 130°C, 48 hours
Modulus 300% e, MPa 6.9 8.0 9.1 vl
) K 1.23 1.48 1.61 1.72
Tensile strength,Mpa F, MP3 10.7 11.0 11.6 11.6
K 0.80 0.83 0.91 0.91
Relative elongation,% "L, % 496 438 406 402
K 0.75 0.65 0.63 0.60
Tear resistance,kN/m Gteqqmwh47 47 45 47

K 0.73 0.73 0.70 0.81
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Table 9
STRENGTH PROPERTIES OF BLADDER COMPOUNDS CONTAINING
PLASTICIZED AND UNPLASTICIZED DEVULCANIZATE(10paerts by weight
per 10C parts of butyl rubber)

Properties Compound No.
1 2 3 4
Plasticity 0.238 T 0..30 0.248 0.309
iodulus 300, iiPa
8.3 8.1 7.9 6.9
Tensile strength,MPa 15.3 14,5 13.5 14.1
Relative elongation,% 508 490 476 560
Tear resistance,kN/m 50 49 51 53

Compound 1 in Table 9 is a reference one without reclaim;compounds
2-4 contain plasticized and unplasticized devulcanizate obtained at
the absorbed doses:

: compound 2 ceecececvrsc.o7 Mrad (plasticized)
compound 3 ceeecececccsoo7 Mrad (unplasticized)
. compound 4 .ccceccceceer10 Mrad (unplasticized)

From this data one can see that unplasticized devulcanizate,obtainec
at the absorved dose of 7 Mrad,causes a greater reduction of stre-
ngth and relative elongation than application of the same devulcani-
zate but plasticized before.Cured plates of compound 3 have noticab-
le inclusions of big particles.There i3 no such defect in the vulca-
nizates of compound 2 and also in those of compound 4 containing a
more plastic devulcanizate obtained at the absorbed dose of 10 Mrad.
In terms of strength properties the vulcanizates of compound 4 are
superior to the vulcanizates of compound 3 made with a less plastic
devulcanizate having higher strength properties.

From the data in Table 9 it follows thet application of unplasti-
cized irradiated cevulcanizate in rubber stocks is, apparently, not
advisable.
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1.6. Selection of the optimum.dose and manufacture of experimental
lots of radiation reclaim frem bladders and inner tubes for
testing in China.

Selection of optimum doses was made on the basis of the analysis
of the radiation reclaim properties given in Table 6, the reclaim
bshavior during processing and the reclaim effect on the properties
of the rubber compounds containing it ( Tables 7,8 )

As it can be seen from Table 6 the sulfur vulcanizates of the
reclaim produced at the absorbed doses of 3 to 5 Mrad posess high
physical-mechanical characteristics. However, due to the low
plasticity of this recleim there are difficulties in its processing
on the mills. At first thne crumb doesn't easily form skin, then the
skin doesn't form a sheet properly on the roll. Processing of the
reclaim obtained at the absorbed dose of 10 Mrad also entails diffi-
culties because of the reclaim abherence to the rolls. There is no
principle difference observed in the properties of the rubber com -
pounds containiag reclaim produced'at.S, 7 and 10 Mrad . Proceeding
from this and also from economical considerations 7 orad was selected
as an optimum dose.

About 25 kg were prepared at the absorbed dose of 7 Mrad and scme
samples were prepared at the dose close to the optimum one, namely :
about 25 kg at 5 Mrad and about 20 kg at 10 Mrad .

Taking into consideretion the insufficient physical-mechanical
properties of the inner tube reclaim even at 5 Mrad , the 15 kg test
piece was manufactured at the absorbed dose of 4 Mrad.

As the weight of each reclaim sample was insufficient for the
efficient processing on the refining mills the reclaim processing
was done on the laboratory mills 320%%%w The weighed amount of the
reclaim ( about 400 g each ) was plasticized for 3 minutes #ith a

1.5 mm nip between the rolls.

The propertiez of the reclaim samples sent to China for testing
are shown in Table 10.




Table 10.

PROPERTIES OF THE RADIATION BUTYL RUBBER RECLAIM
SPECIMENS SENT TO CHINA POR TESTING

Rubber Rbsorbed |Mooney | Equilib-|Extracts, 7; Tensile*) |Elonga*)| Tear*)

compound| dose, visco- | rium - strength |tion resis-

applica-| Mrad gity degree Aceto- Chlo- MPa at tance,
tion of swel-| ne | rofo kN/m

ling,% break,?

Bladder 5 120 336 3.9 20.0 11.6 376 35

7 62 373 3.7 31.3 9.0 368 33

10 42 418 4.13 37.1 7.7 336 30

Inner tubes4 150 286 8.7 7.6 7.3 500 39

*)Sulfur curing as per Formulation II given in Table 1 .

The samples of the radiation butyl reclaim were tested in Chima
according to the procedures adopted there. The obtained results are

given in Annex No 3.

No estimation of these samples effect on the properties of
rubber compounds was made in the Chinese Republic.

1.7 Production of an experimental - industrig]l lot

of reclaim .

Proceeding from the results of the reclaim sample testing
( see Annex 3 ) the Chinese counterpart has determiied that the
experimental - industrial lot of reclaim from bladders should be
produced by the Soviet side at the absorbed dose of 6 Mrad.

The experimenmtal - industrial lot ( 1.5 t ) was produced
under the following conditions :

electrtrons energy ceceess.2.0 MeV

electron beam current .....10 MA

thickness of the irradiated

crumb layer ceeescecvsecces10 mm

distance from the outlet

window foil to the material...i00 mm

Processing of a part of the irradiated material on refining mills
showed that even afteﬂébassingsthrough the nip of the refining mills

{ 0.2 mm ) the material doesn't form a sheet.
Proceeding from this , the irradiated material wes sent to the
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Chinese Republic in the form of crumb.

Characteristics of the experimental - industrial lot :
Mooney viscosSity eeceee-. 50 ,

modulus -300% , MPa ...... 6]

tensile strength,MPa.....80

relative elongation,%......39C

Purther below there are the results obtained in China when testing
the experimental - industrial lot with <the participation of TRI
representatives .

1.8 Testing of Lne experimental - industrial lot of reclaim
in the Ching ’

The irradiated material received from the USSR was subjected to
mechanical processing in China as follows:

At the first stage there was mechanical processing on the mills
with smooth rolls supplied with anm aprom.

The processing was done by 50 kg lots of crumb for 7-10 minutes
with the 3-5 mm nip between the rolls.

At the second stage the milled material was subjected to double
processing on the refining mills under the following conditions :

First pass :
+he nip between the rolls eevesecscvvee 005 mm
the roll temperature .secceccscecccceeecs80°-100°C

Second pass :
the nip between'the rolls oo eoosveveooe 002‘0¢3 mm
the roll temperature .--............aoo84°~100°c

After this mechanical processing the reclaim had the following
parameters :

Plasticity eceeeccceccevovocveossovooss 0,22

Moisture content, %ecececcecccccccocceeOel

Ash content, % veceececccvcesscsveccece 3.56

Acetone extract, % cececcecccccsccccoes 4.56

HArdNeSS sevecesccccccscccccssessoscocebl

Tengsile strength, HPa ecceccvecsccccnes 7.3

Relative elongation, % ceececocevocoocd32

The Soviet and Chinese gpecialists have come to & conclusion that

such reclaim meets the requirements that the quality of butyl reclaim
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should meet ( see Annex 3 ).
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The reclaim was tested by Chinese gpecialists in a bladder for-
mulation . 22 p.h.r. of butyl rubber were replaced by 22p.h.r. of
radiation:butyl reclaim. The quality of the obtained rubber stock

with the reclaim was

compared to the quality of rubber stocks

based on 100 parts of butyl rubber. The results are given in Table -1,

Table

EFFECT OF THE RADIATION
ABSORBED DOSE OF 6 Mrad

RUBBER STOCKS .

11 -

BUTYL RECLAIM OBTAINED AT THE
ON THE PROPERTIES OF BLADDER

- Curing conditions and rubber stock
parameters

A

Compounds based

on 100 p.h.r.

butyl rubber

B

Compounds based
on 78 p.he.r.butyl
rubber and 22p.h.:
butyl reclaim

Curing at 160°C , min
Hardness
Relative elongation, %
Tensile gtrength, MPe
300 % modulus , MPa
Residual elongation , %
Tear resistance , kN/m
Heat ageing ratio
( 120°C , 21 h. ) .
Bend testing (number of bends )

40 60

68 70

630 590
12.4 12.5
5.9 6.0

22 22

51

0.781

300 , 000

Type A

90
72
640
12.8
6.1
20

40 60 30
64 70 74
660 600 520
13.9 13.5 14.
5.7 7.5 9.:
18 32~ 24
59
0.891
300 , 00O
no changes

It follows from the data in the table
compound formulation used in China the radiation reclaim obtained from
worn-ont bladders at the absorbed dose of 6 Mrad can replace minimum

20 p.h.r. butyl rubber.

2e

OF rUTYL RUSBRR STOCK nADIQOLYSIS

that in the bladder rubber

QUALITATIVE AND QUANTITATIVE COMPOSITION OF THE GASEOUS PRODUCTS

Radiation breakdown of butyl rubber and its vulcanizates is accom-

panied by gas emisgion. Information ebout volatile product compo-
gition is important both for clarification of elastomer behavior

under the action of ionizing irradiation and for evaluation of the
ecological purity of this orocess. To solve these tasks a qualitive
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and quantitative analysis for gaseous products of worn-out butyl
rubber radiolysis under the action of ionizing irradiation was done.

A method of gas adsortion chromatography was selected for the
analysis. Optimum conditions for separation of the resulting gaseous
substances were found, their identification was done , and quantities
of these products dependimg on the absorbed dose value were found

The weighed amount of ground rubber was put into a metal cell for
radiation processing . The cell was & metal vessel with two unions for
gas sampling. From the top the cell was shut by aluminium foil through
which a beam of accelerated electrons fell on the sample. The gas
volume in the cell was determined by the difference between the cell
volume and the volume of the weighed rubber amount. The samples were
exposed to radiation on the electron accelerator ILU - 6 :

electron energy ccceccccecccccccccces 2 MeV
electron beam current ecccecccccccces10 mA
conveyer belt Speed ccceccceccercececeell cm/s
freqQUency scceccccccccccccescccccssesed0 Herz

The absorbed dose varied withir 5 - 20 Mrad.The irradiation was
carried out in the presence of the air oxygen.

The analysis of gaseous products of radiolysis was carried out.
in terms of heat conductivity on the chromatograph LHM-7A with a
detector. The. garrier gas was helium. Separation of the gaseous
products of radiolysis occurred in the columns filled with molecular
sieves ( l. =2m )and silica gel (2,:1 m) with the use of chromatone
N-AW-HMDS on which there was an immobile phase squolan applied in
the quantity making 10% of the sorbent weight.

Identification of the radiolysis products was done by comparison
of the components retention times of the analyzed compound and suppose
individual substances.Methane and isobutene were used as standard
substances.

The besis for calculetion of concentrations of gaseous radiolysis
products served the peaks areas of separated compound comporents
on the chromatogram. The obtained concentrations of the radiation
breakdown products were used to calculate the values of radiation -
chemical ouUtputs G - the number of gas molecules formed in the
breakdown of the sample that had absorbed the energy of 100 eV.

G gas - £+ 6,023.10%% 100 molecules
6.25 « 1019 100 eV
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where C is concentration of the product in M related to 1 g of
substance and to the absorbed dose of 1 Mrad ;
6.25 .10'9 is energy in electronvolts, obtained by 1 g after
absorbing the doze of 1 Mrad ;
. 6.023 -1023  is Avogadro number.
By varying the adsorbent filling the column and the temperature
. conditions of the analysis we found optimal zonditions for separation
of the gas blend componenis of the rubber radiation breakdown products.

Using the column with molecular sieves of NaX type at room
temperature we observed five peaks on the chromatogram. It was found
that they were hydrogen, oxygen, nitrogen, methane and carbon oxide.

Saturated and unsaturated hydrocarbons 02 - 03 are abgsent in
the analyzed blend , which has been proved by the chromatograms
recorded with the use of the column with NaX when the temperature
is programmed up to 200° and also using the columns with silica gel
and squolan. A peak of isobutene is registered on the column with
silica gel at the column temperature of 100°C , and traces of car-
bon dioxide and isobutane at the temperature of 60°C.

—devulcanization

Proceeding from the obtained chromatograms depending on the valu: o
the absorbed dose we found peek areas and calculated concentrations of
the gaseous radiolysis products. Dependences of the resulting substaunce
concentrations on the absorbed dnse sre shown in PFigs. 3-6. As it can
be seen from the given data the dose dependences have a different
character. In the case of hydrogen, methane and carbon oxide the
dependences of ithe concentrations on the absorbed dose have a linear
character , whereas in the case of isobutene there ig a sharp
increase of the concentration with tne growth of the absorbed value.

It caa evidence an increese of the radiation - chemical output of the
product with an increase of the irradiation temperature since substan-
tial heating up of the ruboer samples under the beam of electrons at
the doses over 10 Mrad has been estadlished.
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We est{ﬁated a degree of the cell heating up under the electron

beam in real conditios of exposure ( heat exchange with the environ-
ment, compressed air cooling of the cell , etc ). It turned out that
at the absorbed dose of 20 Mrad the temperature in it reached
90°C . Additionally it was checked that at this temperature there
was no thermal breskdown of the butyl rubber vulcanizate. The
increase of the isobutene concentration in the gas phase can also be
associated with & low gas permeability of butyl rubber and hence with
a retarded diffusion of this gas from the sample to the cell space.

The radiation - chemical outputs of the gaseous radiolysis
products are calculated from the obtained concentration dependeuces.

The obtained results are shown in Table 12 :

Table 12
RADIATION ~ CHSEMICAL OUTPUTS OF THE RADIOLYSIS

PRODUCTS
Hz CH4 COo iso-C4H8
molecules
G ' 1006V 0.36 0.12 0.0145 0.006
C,md/t 0.073 0.020 0.002 0.001

(0001 )'

* ¥ithin the dose range of 15 - 20 Mrad

This table also gives the volumes of gaseous products in m3,
emitting from 1t. of wort-out rubber stocks at the dose of absorption
1 Mrad

The major products of the radiolysis are hydrogen and methane.
Isobutene output in the dose range of 15 _ 20 Mrad increases by an
order of magnitude.

Nevertheless the amounts of substances emitting into the space
of the working room cannot be of any danger.

3. TECHNOLOGY OF BUTYL RECLAIM FRODUCTION BY THE RADIATION METHOD
FROM BLADDERS MaDE IN CHINA AT THE PILOT PLANT

Yorn-out bladders stored in an open asphalted or concrete area coms
to the crushing department where initially they areﬁubjected to coarse

crushing by means of a disc knife and a machine for coarse crushirg.
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Grinding o} the resulting piecies of rubber with the size of about
150 x 150 mm to rubber crumb with the size of the particles of 7 mm
meximum is done on the grinding mills with ribbed rolls using a wate:
solution of surfactants to avoid agglomeration of the rubber. Having
passed through the mills the partially ground rubber is fed to a one-
-tier vibratory sieve. The tailings from the sieve go back to the nip
of the rolls;the sieve fraction containing up to 15% moisture is fed
into a pneumatic drier. Drying of the rubber crumb proceeds till the
residual humidity content becomes 1% maximum.

Devulcanization of ruboer
Prom the hopper with a rotating bottom via a continuously func-
tioning metering device the rubber crumb is fed to the hopper mounted
over the feeding mills designed for compacting the rubber crumb. From
the hopper the rubber crumb goes continmuously tc the nip where it is
compacted and then goes to a transportation device passing under the
electron accelerator scan. Devulcanization is effected by the action

of accelerated electrons on the rubber vulcanization networkx. Irradia-
tion of the rubber takes place on the drum provided with water coolins.
The absorbed dose can vary within a wide range. The velocity of trans-
portation is determined by the value of the absorbed dose.

Mechanical processing of the devulcanizate
Depending on the value of the absorbed dose and the appllcatlon of
the irradiated materiael there may be different ways of its processing.

a) processing on the mixing mills with an apron

The devulcanizate is fed by portions (by 50 kg) onto the mixing mills
supplied with an apron and is milled for 5-7 minutes depending on the
absorbed dose quantity. Then the milled devulcanizate undergoes pro-
cessing on the refining mills: first on the semi-finishing ones (the
sheet gauge is 0.4 - 0.5 mm) and then on the final ones (the sheet
gauge is 0.2 ~ 0.3 mm). The reclaim sheet is wound up into rolls or
wrapped around the drum from which it is cut off as a briquet.

Such prucessing is recommended for the reclaim obtained at the
absorbed doses of 5 - 7 Mrad.

b) procecsing on the refining mills

Practical experience shows that the material obtained at the absorbed
doses of 9-12 Mrad is plastic enough to be only processed on the refinin
mills.

In some casgses depending on the absorbed dose and application it ig
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possible to eliminate the stage of mechanical procegsing of the dewvul-
canizate. Then the irradiated crumb is packed into polyethylene bags
which are sealed off and sent to the consumer.

CHARACTERISTICS OF THE STANDARD EQUIPMENT

No Equipment and its function Characteristics Outgut,
t/h
1. Enamelled cast iron reactors for Capacityeeeees630 and 1250‘1 1.
preparation and metering of SAF Working medium in jacket -
. - gsteanm.
solution Operating steam pressure in
jacket.....‘.. 1 atm.
2. A disc knife to cvt bladders Disc knife diameter.....750mm 2.5
Distance between kniveSe.ecees.
.‘O....O...o.'..........150m
Disc rotation frequencyeseeceos -1.
’.......3.--..........-.405min
Electric motor powers....13kwt
3. Coarse crushing machine Dimensions of charging 3,0
openinge.....19260 x 400 mm
Overall dimensionSe.eseseseces
¢eee3,000 x 2,200 x 3,000mm
Electric moftor power....134kwt
4. Grinding mills for obtaining Roll lengthecsescceesse.800mm 0.35
Tubber crumb of required Roll diametereececccecesss550mm
grinding Prictionesccesccccceee1:3.08
Electric motor power....160kwt
5. Vibratory sieve for sieving Slope angleceecececeess4°30" 0.35
rubber crumb Number of double vibrations
...'...‘........"265 per min.
Overall dimensionS..ccceecee
00003q110 X 1,412 X 870 mm
Electric motor powersseesel.7xwt
6. Electron accelerator ILU-6 POWET cveececeovseceesesse20kwt 0.28
for rubber devulcanization Electron energyece.1.5-2.0 Me¥
ﬂeight....-......-.Z,ZOO kg
Overall dimensionNS.eccsseoeee
00039300 x 1,230 x 1,534 mm
7. Refining mills for mechanical Roll lengthececcececs 800 mm 0.35
processing of devulcanizate Roll diametercesecsee«550 mm
Friction....-.....1:1.87
Blectric motor powersceeoss
0-..0.0..00'0000.00.75 kwt
8. Mixing mills with epron for Roll lengthe.cecess..14200 mm
mechanical processing of de- Roll diameteressse...400 mm
vulcanizate Prictionsecceceses1:1.27
Electric motor power...55kwt
9. Hopper with rotating bottom for Crumb volumesesoeess.d.7 m>

intermediate gtorage of crumb




SSTIMATED COST OF EQUIPMENT

No Equipment Number Unit Total cost,
of units | g§TI°°" doll
1. Cast iron reactor 2 1,670 3,340
2. Disc knife 1 5,550 5,250
3. Coarge crushing machine 1 69,440 69,440
4. Grinding mills 1 23,330 23,330
5e Vibr etory sieve 1 2,780 2,780
6. Electron accelerstor 1 950,000 950,000
7. Refining mills 2 16,670 33,340
8. mills with apron 1 16,670 16,670

TOTAL: 1,104,450

CHARACTERISTICS OF THE OPTIONAL EQUIPMENT
Pceding and transporting device for feeding the rubber stock into

the irradiation zone.

Function : feeding the crumb into the irradiation zone and tran~
sportation of the irradiated material out of it.

Requirements :
Provision of synchronization and smooth adjustment of
the velocity of the rubber crumb coming into the nip,feeding it under
the accelerator scan and taking the irradiated material out of the

accelerator chambere.

GENERAL CHARACTERISTICS OF THE EQUIPMENT COMPONENTS

No Equipment Characteristics Special features
1. Hopper over feeding mills Discharge opening length- The hopper must be
- 550 mm provided with a
vibrator to pre=
Discharge opening width-~ vent crumbbridging
- 20 mm -

Side wall slope angle-
-5 °




- (cont.) he.

No  Equipment Characteristics Special feature

2. PFeeding mills Roll working part diameter -
- 315 mm

Roll length -

- 630 mm

Electric motor power -
- 20 kwt

Overall dimensions -
-2,985 X 1,535 P < 1,565.“

3. Conveyers Belt Conveyers must b
supplied with 1
Material - stainless steel ting side bars
prevent rubber/
Width - 800 mm devulcanizate
sliding from the
4. Drum Diameter - 1,000 mm The drum must ha
limiting bars an
Length - 800 mm a removable knif
along the entire
Material - siainless steel length.

Electric motor power-2xcwt

5. Metering device for Metering limits - 200 - 750kg/h
rubber crumb
. Electric motor power - 1 kwt .
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Drying unit

Function : rubber crumb drying.
Requirements : Provision of the residual humidity in the dry crumb

1% maximum.
Principle of ection : drying of the crumb in suspended state by the

flow of hot air.
General parameters of the drying process
Crumb humidity, %
initialecececccecessess.under 20

fingleceececesococceesl maximum
Air temperature,®C
at the drier irlet.ccceeccceecss.140-160
at the drier outlet...ccccecee..950-60
Net crumb dwell time in the drier,min.ccccece...3+0.1

As a rule,the dimensions of the working chamber and the accele-
rator room are determined by the overall dimensions and the lay-out
of the processing equipment.

Common dimensions of the working chamber ari tke accelerator
room are usuaslly made practically the same and have an area of
8 x8m.For these two rooms it is most convenient and raticnal to
install the accelerator at the height of 2.2+2.7 m from the floor
of the working chamber.The frame for the accelerator installation
is covered on the top by a steel shield with a round hole of 1250
mm in diameter.

“hen concrete is ugsed the wall thickness in the working cham-
ber should provide for attenuation of the braking radiation of the
accelerator in the area of the energy 2 MeV by 107 times(the dose
rate 2 x 10 3rad/h).

The construction of the channels going through the shielaing
should ensure the exposure rate not higher than the permissible level
in all point,achievable by the personnel operating the equipment.

The output of the radiation plant for processing a monolith
material can be calculated by the formula:

where
4 1is rediation power,xwt
D 1is a required radiation dose,Mrad
n, i3 a2 radiation utilization factor,tractions of a unit
In the cage of the accelerator ILU-6: W =18 to 20kwt(average-19xkwt)
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At the absorbed dose of 5 Mrad the output for processing monolith
rubber is

A= 299;,}2:9:.-5- = 680 kg/h

Since bladder rubber is irradiated as crumb whose density is 30%
of the monolith rubber density, the output of the pilot plant for
radiation processirg of tr.cz btladder crumdb by the zbsorbed dose of
5 Mrad will be:

A = 680- 0.3 = 200 kg/h (0,2 t/h).

According to item 16 page 10 of the Report the maximum
annual fund of the plant cperation time has be

365x 24x 0.75 = 6570 h.
and the maximum output of the plant at the absorbed dose of 5 Mrad is

6,570 x 0.2= 1,300 t/year

4. GROUNDS FOR TECHNICAL/ECONOMIC EXPEDIENCE OP INSTALLING A PILO?
PLANT FOR PRODUCTION OF BUTYL RECLAIM BY THE RADIATION METHOD
IN CHINA;

4,1 Technical expedience of a vilot plant

A pilot plent in the Chinese People’s Republic is necessary for
solving the following technical problems on it:

1) Development of an industrial technology for reclaim production

2) Production of representative experimental lots of reclaim

and running of extended production trials of bladders made with

the wuse of the reclaim, -

3) Determination of economic characteristics of the plant operation

with the aim of an unbiasged ecoromic estimation of the production

and application of butyl reclaim.

4) Production of reclaim at different absorbed doses and its test-

ing in rubber compounds of different types and also for making

building materials and articles.

5) Elaboration of specifications for radiation butyl reclaim

(depending on its application).

6) Search for and tegting of equipment permitting to obtain rubber

crumb from bladders without the use of water surfactants solutions

(simplification of the flow chart for producing rubber crumb fro=
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bladders).

4.2. _Bconomic efficiency of radiation butyl
reclaim application.

The mgximum output of the pilet plant for producing reclaim at
the absorbed dose of S drad is 1,300 t reclaim ennually whick is
determined by the maximum capacity and operation time of the electron
accelerator ILU-6 and also by the compactness of the-
processed crumb.

Due to the absence of initial Chinese data required for calculetion
of economic efficiency of application of butyl reclaim ,
which can be achieved with the pilot plant in China,the calculetion
was made procceding from the conditions existing in the USSR,

Taking into account the cost of initial materials, transportation
and handling expenses, wages and salaries, deductions for social
inéurance, the cost of mastering and preparation of the production,
naintenance and operating expenses, shop/factory and other production
costs,the manufacturing cost of 1 t butyl reclaim produced et the
pilot plant will be 640 doll/t.

The price of butyl rubber is 1,990 doll/t.

The economic effect of replacing 1 t butyl rubber = * ¢ butyl
recleim will be 1260doll/t.

The cost of the principle equipment of the plant is about 1-104
million dollars.

The cost of the optional equipment is about 10% of the orinciple
equipment cost, i.e. 0.110 million dollars.

The total cost of the equipment is 1.214 million dollars,

From the experience of the Soviet Union it ig known that the
cost of the equipment makes about 70% of the entire plant cost.

Hence, the cost of the pilot plant will be 1,734 million dollers.




5. BCOLOGY

wOrnPouflbladders of curing presses are referred to such wastes
of the tyre manufacture that have not found efficient secondary
application for a long time. As a rule, they are buried or burnt on
industrial dumps. Obtaining of radiation reclaim from worn-out bladders
can be considered to be one of the possible solutions of this problem.

Soft temperature conditiosns and absence of reclaiming agents make
this method more clean ecologically compared to such conventional pro-
duction methods as thermomechanical and water-neutral ones. Reclaiming
of rubbers in a water medium is accompanied by a great amount of effluent
water polluted with softeners residues and small particles of rubber.

With a high-temperature thermomechanical method,devulcanization is
accompanied by releasing into the atmosphere products of oxidation
and thermal breakdown of rubbers and reelaiming agents, including

such agressive ones as sulphur oxides and phenols.

There are no wastes of this kind when reclaim is obteined ty the :ra-
diation method. The main harmful effluentis ozone formed as a result
of air raliolysis in the target room.

Characteristics of wastes at different.production stages

1) Crushing with the use of water solutions of surfactants--
srumb removed by the ventilation. There is no formation of polluted
waste water during crushing.

2) Drying of rubber crumb - small crumb removed by the venti-
lation; water vapors.

3) Devulcanization.
There are two different sources of pollutions in vulcanization:

a) formed as g resultof rubber irradiation and
b) due to the air radiolysis in the target room.

As it follows from the data given in the Report, during rubber
exposure the chemical-radiation transformations” of the vulcanization
network result in formation of carbon oxide CO, methane CH4, hydrogen
HZ' isobutylene (chemical-radiation outputs of these products at the
absorbed dose of 10 Mrad are 0.002; 0.12; 0.073; 0.001 m3/t, regpecti-
vely).
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Accelerated eleectrons affect the ambient air to form ozone and
nitrogen oxide.

4) Refining - kaolin dust, carbon oxides.

Thus, the process of making radiation butyl reclaim is accom-
panied by the release of suspended substances and insignificant
(excluding ozone) emounts of gaseous harmful substances into the
environment.

Envirommental protection

80% of suspended harmful substances released into the atmosphere -
are trapped be a system of cyclones. The trapped rubber crumb is
completely returnmed to the process.

Catalythic decomposition of ozone in a special reactor is envisa-
ged to clear the air in the target room. The amount of the remaining
resulting gases per unit of the air volume is lower than the per-
missible limit concentratiions edopted in the USSR. Besides, their
thioning with the ventilation air occurs continuously. Thus, the gas
content in the released air does not exceed the permissible limit
concentrations (in the USSR): for ozone 0.1 mg/m3; for nitrogen oxides

5 mg/m3 ; for aliphatic hydrocarbons 90 mg/m3.




CONCLUSIONS

A technology for production of radiation butyl reclaim from
bladder rubber stocks made in China with the use of an electron

accclerator ILU-6 was de-veloped. The basis for this was a research

carried out in the following directions:

- estimation of the high-energy radiation on the structure and pro-

perties of butyl rubber stocks produced in the Chinese People's

Republic;

- determination of the composition of the gaseols products of these
rubbers radiolysis; |

- refinement of the dosimetry methodology and determination of the
absorbed enérgy distribution of fast electrons in rubber crumb;

- refinement of the methods for crushing bladders and inner tubes

on the laboratory/industrial equipment;

- production of experimental and enlarged lots of butyl reclaim from
bladders at the selected optimum absorbed dose;

~ determination of technologial parameters for processing of irra-
diated rubber.

Proceeding from the obtained data a selection of the tech-
nological equipment was done and a flow chart of the plant for pro-
duction of radiation butyl reclaim from Cninese bladders was develo-
ped.

Applications of the radiation butyl reclaim from bladders were
defined. It was established that the reclaim obtained at the absor-
bed dose of 6 Mrad can replace up to 20 p.h.r. butyl rubber in the
formulation of Chinese blalder stocks. The use of this reclaim in
butyl innev tubes is also possible. The estimated economic effect of
uging 1 ton butyl reclaim in the bladder formulation is 1260 dollars.

An estimation of the ecological cleanliness of the radiation
reclaiming method shows that in the radiation butyl reclaim producti-
on there are no wastes typical of other reclaiming methods. The
main harmful effluent can be ozone that is a product of the atmos-
pheric oxygen radiolysis in the target room. The content of ozone in
the ventilation air can be easily reduced down to permissible limit
concentrations by way of its catalytic breakdovm in a special
reactor.

It should be noted that the flow chart developed for this rec-
laiming process is flexible enough, and the adopted technical/techno-




logical solutiorns can be easily modified if it is required by consi-
derations of the economic and technical expedience.




Annex 1

FORMULATION OF THE BUTYL RUBBER BLALDLX

COMPOUND AND CONDITIONS OF ITS PREPARATION

Content of ingredients
in rubber compound, p.h.r.

Ingredients -
without with
reclaim reclaim
Butyl rubber Bf- 1675-T 100 100
Nairit HKB- 50 5 5
Recleim - 10
Zinc oxide 5 >3
Stearic acid 3 3
Stabiloil-18 i 5
Carbon black Pi -100 55
Resin SP-1045 12 12
N TOTAL 185 195
Rotational speed Time of Dumping
of rotor, r.p.m. nanufacture, temperature, °C
min
Stage 1 80 Te5 at least 130
Stage 2 60 3.0 up to 110




Annex 2

FORMULATION OF THE BUTYL RUBBER INNiR TUBE
COMPOUND AND CONDITIONS OF ITS PREPARATION

Content of ingredients
rubber compound, pe.hsr.

in

Ingredients
without with
reclaim reclaim
butyl rubber BH -1675-T 100 100
Reclaim - 10
Zinc oxide 5 5
Stearic acid 1 1
Altax 0.5 0.5
Thiuram 1 1
Sulfur 2 2
Stabiloil - 18 20 20
Carbon black PM-D0 25 25
Carbon black- PM-I00 25 25
TOTAL 179.5 18945
Rotational Time of Dumping
speed of manufac- tempera-
rotory,rep.me. ture,min ture, °C
Stege 1 80 at least
Stage 2 60 up to 110

160
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Annex 3

RESULTS OF TESTING EXPERIMENTAL SAMPLES OF

RADIATION BUTYL RECLAIM IN CHINA

(from inner tubes - 4 Mrad, from bladders - 5,7

and 10 Mrad)
Dosge, lirad

c, (4) ¢, (5) ¢3 (N ¢, (10)
Cure time,min. .{30 40, 60 |30 40 : 60 |30 40 60 |30 40 60
Hardness 52 52 52 |66 68 68 68 69 T0 |67 69 70
Strength,MPa 8.0 8.1 7Te6 8.0 7.8 8.1|5.7T 5.3 5.9{3.9 4.4 4.6
Relative elonga-
tion, % 620 640 600 |528 532 524 | 504 448 4721452 492 484
Plasticity 0.124 0.472 0.461 0.553
Flexibility 5.79 3.78 3.19 2.72
Recovery 2.25 1.11 0.74 0.30
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