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_ and Chemica]a, Inc. is _elopi_ a _vel approach to

reusi_ scrap tire _, which win be described in this pres_tat/on. X"

addition to oo_ scrap tires, this tec/moloT/ representsa new approac,h,

to matezial e__ezi_. Furthem_r_, this method of r;_ r_,_:le is most

efficient in tezms of energy recovery.

_CN

The E_ited States _._:oses apprcxlmately 270 million used automotive

tires each year. The vast.majority of these, estimatedat 70-85%, are

currently _isposedof in ways which preclude flxrtheruse, such as k,/

landfilling. This method of __qposal represents the loss of over 3 billion

pounds of rubber each year, despite the fact that the used tire rubber still

retains its original desirable physical properties.

While severalapproaches exist for recovering value fr_ scrap tires,

these are not having a significant impact at this time. Uses for scrap tires

include ImEnlng them for energy; pyrolysis to form solid, liquid ar_ gas

_; using portions to form e_1 _ such as boat fenders, sandal

soles, and fishingreefs. Technology also exists for incorporatingground

tire_ iu asphalt highways to give more durable surfaces.

On abvio_s approamh for recyclin_ scrap tires, gr_ them up and

molding them into new products, is not femsible. Since _ is a thezmoset

polymer, once it is cured it cannot be melted and reformed into new shapes as

is the case for thermoplastics. Heating rubber abovQ a critical temperature

simply causes the _ to d_se, as iu _rolysis.
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Anothar obvious ai=proac_ for reusing scrap tires is to grind _ and

combine the rubber particles with other "moldable" materials to be foc=_ "

into :mw _'__. However,this ap_ is llmltadby the factt'.attlre

m_ber is quite imart,whichl_lud_ itsb_ to otbarmatarials.

Hence, adding ground scrap tire _ to other materials amunts to
an inart filler. Considering the costs associated with oollecti_,

shredding, and gr_ tires, this represents a zather expensive
filler.

The Air Products_m_t for recoveringvalue f_ scraptiresoo_ists

of cjr_ the tires,_ the steel and fabric,and _aa_i_ly

m_ the s_-faoeof _cb rubber_cle. The _s_icsl mollficationof

the _ particlesurfacelayerssign_icantly_Itersthe iuertness

and mmbi_ tm__ _ztici_ to be _emi_n7 _im_ with

variousmaterials,and to be subsequentlymoldedinto new and usefulend

products,figureI. In the processof surface-treatment,whichconsistsof

exposure to reactivegas atmosphares,the interiorcf each rubberparticle is

unaffected,whichenablesone to take advantageof the inherentlydesirable

propertiesof the rubberin post-tire_ite applications.It shouldbe

noted that thisprocessis _on-polluting:all processgas streamsare

c_m_letelyneutralizedbeforeventic_to the atmosphere.

_ e_ficacyof s_ace_ication 'infacilitatingadhesionis

demonstrated by _ing the bond strength of stripsof rubber, fi_t_-e2.

T-peel test results for polyurethane cast _nto a non-treated strip of

gives _ion values of 3 lb./iu. _n analogous tests with surf_ied

strips of rubbar, the bo_ is so strmU that the rubber rips at _SO lh/in --

before the pol_/_ bond fails.

It is easy to envisionhow such a dramatica_hesion_m_a_t between

the _on_ and discont_ phasecomponentsin a _site will have

significantimpacton c_mpositephysicalproperties.



developed. These are termed poll_ surface treatments _ _m_ble-bomd

treatments. The ,mt_nm of the Polar surface mcZLiZi_tlon is illusra_ in

figure 3. Two %-2pesof modified surfaces are needed to enable the scrap

parti_=les to be _ted iu a broad range of mats_'ials. The polar

surfaced particles are w_able to use in polyurethanes, et:x:n_esaand sevaral

other polar matrices. The double-lxmd surfaced particles can be used iu

unsabn-atad polyesters, various free _cal polymers, and in rubber

Zocmulations.

_PPLICATIC_S

In order for mn-face-modifiedrubberparticles to have o=m_rica/usage,

there must be costlPerfozmancebeneXlts. _ntioipatedcomposite p_

incentiveswhich will drive __cial use have been identified.

From this, initial end-use applicationsfor surfaca-modlfied=uhber

particles can be targeted by matching costlPerfoDmmce benefits with material

perfozmance requirementsfor specific uses. Amenable markets for polar

surZ_ rubber particles iu polyuret1_nesystms (w_re wehave greatest

technical/_ial knowledge to-date) are listed in figure 4.

ECONOMICS

One of the most importantde_ts of ccmnercial success--

economics -- is favorable for substitutionof surface-modifiedrubber for

virgin resin systems. In the case of POl_, raw material costs range

from $1.25 to $5,,00/Ib.With selling price projections for surface-treated

rubber in the $.?S to $i.0011b. range (with _ of scale), molders are

offered a significant incentive in the form of cost savings.

ENERGY SA_

scrap _ recycle via this tecJn_!cgyrepres_t_ the greatest

_vings potential of all known tire recycling met/xx_, and Immce

explains the D_mudment of Znazgy intarest in this _=h. The mmmgy

required to produce one pound of Polyur_ resin is about 90,000 B'_s.



est;i_t._ tot.ai energy z'eq,aiz-m_ts f= (=iii, __, m_

suz-__ _ tires is 9,ooo ro'O/lb. _n.::e, _ _ o:_

pollm,:etlm_ substituted vit.b m;e pound of mm_e_mo_L_ied rubber viii :mw

81,000 _s. Po]: _ison, tlm _ derived frc= _ tires

only 14,000 B_/lb. which z_=esemts only 2O%of the energy _cFired to make

_ _ pROCm__

Treec_=vei_iom of ro:raptires into m:r_ace-mc_ifiedm_ber _cles

z_Ni:e mm_m three to five specificsteps, _ in part Ohi lm tyPe of

su_ace being impa_c_. _ of scale ca., be appreciated f_ti_

l_ocessiz_g plants with cm3mcit_ of 10-20 million Ixmzxls/year. These plants,

estimated to oost $3-S million each, will _ly _tlize ground

_iied _h tlm existing i._:utz_-_m=e of time jockeys and

grinders, since tire grinders c_mtly sell tlm scrap steel for ultimate

recycle and derive enargy frm burning the fabric, energy rmoovery from this

process goes beym_ rut2)er recycle.

Plant location is expected to be an important consideration. It is desirable

to select sites rm_Lrlarge sourcesof scrap tires -- major me_litan

centers. This will m_-_m;ze shipping oosts of tires and _rou_ rubber.

STAT_ A_D _LLD_E

Much work is still required to develop this appraoch into a ccmmarcisl

process having significant impact on the scrap tire situation. While

effective reactive gas treatments have been developed and patented, much work

is required moncerning demcmst1_tlonof specific applicationsfor these new

_,_. In addition, l:rooessdevel_t is requ/red to scale up these

treatments frn the current one lh/hour Imboratory rate to the over 2,000

lb./br re_ulred for maximum economyof scale.
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In ccmclusion,the Air 1_ucts' _o_ to scrap tire z_cle is very

attractive in tlmt it i] renders scrap nzbb_ z_cive, which ailo_s use in

blg_ valua applications;2) is non-pollut_; 3] Ims the I_tentJal to save

[_] significantcE_ntitles of enezgy;and 4) is economically

attractive.

The support of the U.S. Deparm_t of Energy is ;reatly appreciated.

Wi_ the cost share contract to developthis technology for use with scrap

tires, this work would be years behind tlm current status. U. S. DOE

Contract No. DE-ACO7-881D12695.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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