"CATALYSTS FOR PRODUCTI ON OF COMBUSTI BLE FUEL AND FI XED CARBONS FROM
HOMOGENEQUS AND HETEROGENEOUS WASTE" TECHNI CAL FI ELD OF | NVENTI ON:  The
present iWOeAtZ16MPel ates to an external, fixed bed, ag@CodANER/BYITano
catal yst for conversion of honbgenous and het erogeneous waste materials.
into hydrocarbon fuel fractions and carbon, and to a process for its
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conpetiti on CARBONSFRONEHOMOGENEOISUANBSH ETERDG ENEQES WYSTEONON C
grow h by high energy prices. At the sane time various kinds of wastes are
being generated all over the world like industrial wastes, donestic
househol ds, THURANSCRE FIEQDPOF ANVENETIONGr 0 wast es and wastes fromrura
developnentaT'act|V|t|es These wastes include nunicipal solid and liquid
wast es( MsWT he pesghieinyentiga delates i amheeny §3¢d bed. agglomenied mpe FriplxM fiast es,
industrial Waakgsh PHOmMBEendtd FRP het@ﬂo@&kBﬁ&n%st@'?ﬁatéda?st IO Ay ARSI frel T UE
wast es from autonobil es, wastes frompetroleumrefineries, wastes from

edi bl e and frastons@ngFasbest. Bnd tecunseqess fos (taprepirasion iasuens, wast es fromthe pul p
and paper, wastes from pal mand other oil seed crushing and expelling,
boi | er- wastes and |nC|nerator |nputs and out puts, organi c and human wastes.
Dunpi ng of BAECKGROW ¢ has become an increasing problem
t hus havin I n he
ccosyst em TIGEHE] ?e%@ ér?%s&ﬁf%%“@ FRriPhoriERopdiratl chO ST Bofiind oy
cont r i but esompetiionifoiatbé evaalalvle pmlrg)lﬂouwns ﬁmdbgharmmrmg/accmomg: grivHistyi mgm and

pol ymeric plas i.c _mater uch as r opyl ene V|nyI
chl ori de, r)% tprlcr:eesn éﬁ th mesnme W{,‘mufﬁng f%vaa eF ax%ooe}/n(% %eﬁé/r?t,ed 31’1 |09 ci ry and
in our dai IvyOrldl lﬁle mdmstninewmes;giomeﬂm:j mmSethtdeamumo:pahe)remmstaegm a&stbshey can

hardl y deconpose by the ves u tu co d|t|ons
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di scarded SanplI uGstedfMIREN ll@edriconbastesOkudl ¢ tpldsaad, xd&berselsospneil ewhdtedni c
scrap conpanents contain contanlnagfs such as | ead, bery um_ nercury and

br oni nat ed USR] MEstes 46Tt & SHRRSh clirotn @nd isEtagta dusies fLﬁLgvaa%ﬁwm ng to

the probl enficA®bAsd Hablds WolpdtioTeull RIFRErEI $RASAITom TdibIPlaAas hbe-sdibleasn €- wast e
are flame retardant, hi gh nelting tenperature plastics which cafil: 3t be

| andfill ed lwtrbawus@errfeﬁﬁe@&égtee@oram Rubadipaeet: WRsasHiom palpand phaimit,

bi odegr adah}g &%ﬂ%%ﬂ’é%eﬂfng%e@%stés%@ ﬁﬁcﬂﬁ?ato:”%ut@ﬂdyouﬁﬁl%a&%gmb bnd
constitutes a sizable fraction of the solid waste streamin a devel opi ng
count ry buthugis ovasies ddiweriog of earbaast withouhproperadishosaldhap hpeaste ningeliing heal th
and envi ongRAb g HRihd davelsP EERER thANGATRMTRARL pitc ametea?g?agmon of
rodent’'s an vector I nsects, provi des food she | npact
on envi r onn¥astedil djsrabdl oy cpra/kéyntbfyeburlungnn@fnelfaggm clodesmyritaited toawiidithtd dihess.
These i”paﬁ%ﬁmﬁ%%nﬁ ob& hed nerely to the di sposal site; they pervade

t he surroundi ng are anywhere that wastes are generated, spread, or
accunul ated.. Unl ess organlc maste i s managed appropriately, its adverse.
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t hereby | rrmarohdag)otyh@newe«m btccmlsnth afe “pdabyceﬁs in fin induetvy o1d ih ber dalieViee
sever al neM/n%thods have. be t gvg oped nor efﬂectlve t@eﬁinent of, t he
wast e mat erfal”f R d HFPYn r K& b SapRta s rhel Y eS0T o art s

whi ch have thgnpeRas hadert dmeur@lr Gcbid&nSthAﬁlrS msatheomqgtecw@dw Ngeddionivasiste

material by catalytic d ra t out ree . of success and
out cones. UBYURBAYEYSHP SOY 'BQ%MQ 24 S e eﬂggatr%fa%&ei rical
conmposi t i onjefitess ¥lbcBasic tselaal dopfpRhéts BydsiRcanrbamnaviRg at lch€asdrylfiiMe car bon
atons using a Fi scher - Tropsch catal yst of fornula CoM aMBbOx mhereln the MD
nmetal is senserpand brappinatedflamgrstadaits dnendre el Pigdsardabls hagrmoyias ifvent i on
di scl oses the, H@%n@thﬁ&hﬁnh&@u§$u$e§HRP 5F1ﬂ€&ﬁ£h&!ﬁo&ﬁ?&1§gﬁé fingc| oses
hybrid catal ysts consisting of chemcally treated m croporous crystalline
silicate such as the pentasil type silicate, a nesoporous silica-alumna or
zi rconi um oxi de co catatyst into which may be incorporated al um ni um oxi de,
mol ybdenum oxi de, | ant hanum oxi de, cerium oxi de, and an inorgani c bi nder
such as bentonite. The catalyst is used in deep catal ytic cracking of

pet rol eum napht has or ot her hydrocarbon feedstocks. GB610080 relates to
fluid catal ysts selected fromthe oxides, sulphides, oxysul phides of Fe,

C, Bi, C, A, Cu, Ti, N, La, Zr, My, Si etc or their m xtures thereof.
The said patent also discloses the use of bentonite along with the spent
catalyst fines or fines produced in spray drying to form spheroidal

catal ysts particles The sald catalyst conp05|t|on |s used to carry out
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c. adding 88% by weight of nontnorillonite clay and blending to forma
slurry; d. spraying the slurry into a fine spray through nozzle onto the
bel t, drywogpixicezbng, segregating to obtain desired aggcomszat/eeis?
nanocatal yst type IB with the particle size in the range of 100-500.
mcrons; and e. recycling the particles of particle size Iess than

100mi crons apg@f, qﬁghertet.hg@eré&f?atmecmenes QhkRIAGD, i3 1§1td%rre& Gl)sr t@ /P (c ).
The process for preparation of catalyst type IC includes; di ng 6% by
wei ght of | praedssedang reeudsdby wei ght of nontnorillonite cl ay, 5% by wei ght of
et henol honopol yner as binder and water to the weighed mixture of titanium
oxi de(30% by wei ght) and titani um hydroxide ( 15%.by weight) with particle
si ze of 20-Hothemtkenatginice bividegradablefaomppaentd afiMyW doe insgortayti ngf anhebeséusery i nt o
a fine spr I t ' in ing-to
obtain desfll)r{edE ERMWQQS%E% é Ctﬁ%nogtgég llp%ia%mtsg%)%ﬁP%de%ﬁ)\étnﬁgblﬁ)%gﬁug?g&sr Ze in
t he range otbecd.l&@oﬁﬂﬂpmm‘llaby]sdveem(!hlpact oreptmtilcihnagthtdné epar@nrehtal;qruthtyp@mbr cle
size | ess than 1cPOm cron§ls ga gat.ers ?@ m crons .obt.ai.n step (b)

|
Lo step (a)MTRANVGRE BT is H anmchon 61 ro et B FS RV By R
indirectly foedtaed shetltear Iynﬂacﬂ m ahwfcmhxentaedueth@rrp&:bﬂther &mlnnoft foal bacrrgand)f

400- 450C to ob Iorrerat ed nano .c tal yst of current
Fvent i on. WREHPERSt SoPeR A TBARMCH BEEDH /i ire sk LY PR P
cylindri cal su&b@r&imgla?bwzmd an§blere at Wal® afdgedetabbdNsppd, d)tﬁa)ﬁ&fmtﬂﬁte&jltfrﬂ&éent
metal oxide, netal hydroxi d@ and/ or ure C{TEt al. s and/or cataly

conbi nat i on&BAGVASHE ABBIASES 2PRRRS ‘a&i UFnRAVErse Itnpack Qowyes té%tﬂt'bt‘ast iy epy

al | owi ng r egsempdsed v dtidralsy Stabillzed. avBFRY @ iReheRitBA NRIOh . wdshe B@liRbyst of
the current |nvent| on is not added to the processed input naterial but the

vapors f r ontddRienyigrusensasy tersbximpastingthy Qeslleopd ¥E¥eshr ough the catal yst
colum that is sealed at both the ends with one inlet and one outl et
opening allowing for the receipt of vapors fromthe reactor and to

di scharge tleianeoldhe ghonp.ispestial newmenthada hajedeen dave'lgoerhfor péecsivie retmentioé sai d
cat al yst ofyt REPLESERT idPURBUthOsel G Al RHOt&ALA! ¥

" ext ernal otr co?ttact cataC ? WE (ftf ta)g a d??fere tﬁ%ﬁg&ti@?@%a‘? e
reactants |aperoaet@tIeth¢ap®blem OfTChEPOSédten y@tvctirtgr o6 wasts mugiteriabrbymabtaiytiay er ed
fixed bed I I ul ar gases onto their
surfaces t\h\ét} &Ha@%s‘wala‘gﬁgo%g}e\w lgpee ?ge{%?‘rgsgﬁ&g%{m{ ygts Further, the

catal yst of the present |nvent| on can bri ng about various vapor phase
deconposi ti on I‘SI on._ erial, such .as

dospolyrrer | SARAOOTGS Taeseh 1 YREERE™ SRy efRuRS sen 8¢ Mononer s,
reduction crfhphaic&rydmuarbcrhmﬁ@dt/lea@oﬁ\deﬁcboﬁ latmisimggoé Fisetet-Grapbésdatatyst Of
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di fferent pltasi bsaspdcKeit inentiby disélbded the LBEofRARY ROMUSsUBpSH MekAIlogeneous
waste materials that can be converted into usabl e conbustible fuel using
the present catalyst is selected from bi omass, plastic wastes, rubber -
wast es, nuni£2473Y5 1S AaIgss WRbtiE cafll @6t &@@rsﬁn%ﬂmt&emrm)r Qlle%ﬂnrﬁ\@ﬁ)tp&%us oi |
cakes, animal wastes, vegetable fats, aninmal fats or ‘a conbination thereof.
The cat al ystysallinenalicate Is@tli‘t a5 fgeneniasih tyrs SIS (o MeEnPREIs SilisaPRINGBR €Fj al s as
ment i oned %ﬁ%&ﬂmhnbﬁdysépkﬁmﬁ@ﬂﬁMéthﬂkﬁ EM?'&:Qh&P&ﬁmk@ Ailginfu axale, 2 gas,
liquid fuel or a solid fuel (carbon) or a tonbination of the three phases
of gas, |i qoelabdenemsexideg langhapwin, oxidph et QKidet anghr inosganis igdeg such as

pyr o- cat al y I I of

Dol yrror s maaiofts THE CRANHIE ichitn dofh e RAREH e BEGR ol % 0

t he bonds db@kvdbmgémd%mﬂscarbon to form Hydrogen, Low nol ecul ar wei ght
Hydr ocarbons. The catal yst involves in the reform ng of hydrocarbon

nmol ecul ar chains having a nol ecular structure simlar to liquid fuels such
as Gasol i neGB@i068kte]atdtetd dmehentayntk defsllS( Limm didlobides, helplides toagda)phideOX Li ght
di esel oil) densed.to. cal | ect S an uid

o oduct o, TreCbired g 12PN R HercPhbie Bife i S batcnf

hydr ocar bons such as nethane et hane, ethyl ene, propane, propyl.ene,

i so-butane, n-butane, unsaturated factions in the O-05 range and the
liquid fraction of C6-C24 carbon atonms etc. Product yield slightly varies .
dependi ng upon the raw material used. The present invention provides a

met hod to convert honbgenous and heterogeneous . waste materials into

hydr ocarbon fuel fractions and carbon2 said nmethod Conprising vapor phase
deconposi ti on of honbgenous and/ or. het erogeneous waste material into

hydr ocar bon fuel and carbon using external, fixed bed, agglonerated nano
catalyst of fornula l. Further the present |nvent|on provrdes the use of
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Bi omass Deoi | ed Cake 40% 8% 52% Cashew Kernel 62% 12% 26% Enpty Pal m
Fruit Bunch 36% 34% 30% Jat hr opha seeds 44% 16% 40% Banboo 4% 42% 54% Wod
chi ps 27% 8292460657k ce Husk | % 49% 50% Chi cken Manure 48eaA8e20dZ86oMdmi ci pal
Solid Waste 6% 13% 78% Refinery Waste Tank Botttom Sl udge 74% 11%
15% Vacuum Resi due 38% 8% 54% Rubber Tyres 40% 15% 45% Rubber Parts

48% 24% 28%;s, disd&@@%@ AL HRESn R atbew e §Bdnt !cga.xlgatdnepoé fheks PRodkiadaliRUS
enbodi ments nmentioned are subjected to catalytic testing for vari ous feed
st ocks as g$pvardrpiap ewforiispherqidel aatalyatsyparttictsh. thepeid) catadysticampasition dubseéct ed to
pol ycrack t ' 1. L.eLi ' t ‘ ' ndi tions
Pd the: aveb3ul Sutati bt bRy SultBs A Mo b, ERAGKRARNGRTT
bel ow.  TabUg49686@udistioseya Batdly 3 8okpssititanpaMaw(DOXAROABNCY Haref Agieatkalier si on

to oil (Kgs%{ 221 : NVEL: Sy S s\ 4. 656 Avg. nversi.on to
gas (Kgs) 1 ‘@? " ea?c{)‘\%éert@go 6S|SY’O‘M’% 8%5&4’ :%C?S\'iéebruy(’%%fm léglée t?’%c)eoﬁﬁ 1'§ o
Recovery of Zc &, btn Ce2%6tc 38mBdurReteoaots ¥’ of CavdeSr,(1%) NaSB8Fu, €12 )or Roktyes ack
testing vvitgv 1 oUs d.material ~usi,ng,.catalysts of t . nd | C
bre of ven bOPBG A B 0 P 4 ShOPyE BT i Shey (AR (uiril &
pl asti cs usvaMhce adqairymes dif A tajgpeM |;Ax’ TsBthamaimbér af exygel @vedea! toVviuifin wxanpl es
57 valence requirement of D; ‘y’ is the number of oxygen needed to fulfill the valence
requirement of E; and ‘z’ is approx. 10-100. The catalyst is used in processes involving
the combustion of organic materials and in the autothermal pyrolysis of methane and /or

natural gas.

CN101485978, CN101054339, CN1792428, JP10168223 also discloses conversion of

solid wastes to hydrocarbon fuels in presence of a catalyst.

The catalysts described above are however either photocatalyst/thermal catalyst that
require outer soufce of energy to activate. Moreover, the‘catalyst exists as fluid catalysts
requiring controlled conditions to-maintain the particle size. Also, during the process the
catalysts undergo degradation due to the jagged, irregular shape of the catalysts thus

limiting the use of these catalysts and therefore also limiting the industrial output.

In addition, the processes described and the function of the catalysts is limited to the
conversion or degradation of certain kinds of wastes, the catalysts are added along with
the wastes leading to poisoning of the catalysts and thus reducing their activity and the

reaction rate,

To overcome the dual problems of disposal of non-biodegradable as well as
~ biodegradable waste material to meet the energy requirements, use of waste material as an
alternative source of renewable energy is proposed to be harnessed through the present
invention. Moreover, the present inventor felt a need to develop an active catalyst which

can be efféctively used for the conversion of waste material into hydrocarbon fuels.



The pol ycrack of various waste material is carried at tenperature in the
range of 10-40 C and further the pyrolytic cracking is carried upto 460C
wi t h goodwoanwrsi7on rate and of fuel gases. Salient FeaCuwnszni2/ohsr present
catal yst does not require external source of energy and can operate
effectively under pyrolytic conditions without attrition. |s cost
effective, has hlflgtgea rfa e area .due_.to nanjo size part.icles,

excel | ent JdAvERe e ypreselédﬂve(‘,’fiﬁ‘y BV 95D RYHE N £Rd2! ?ﬁsr'idwpml? 18

het er ogeneantsgrifet e @ﬁtauﬂeatvotd@ thy dise@antages &' @6 tprionartyMdnb Wiighiscasver si on
rate. Can gperate at anbient tenperature to 500 deg C and npre and thus

very fl exi 5FECHVE ¢aePERLE IRERILY SR SXRERPAE gorﬁ*&tonﬁ é‘qttprteanér@@gr@%roan by

thermal or foHeORnSEH0R & hontdgBity dn@! RARGLenb® WIS tiki@idl NntbhRc@ases and

wi |l not disintegrate under steam and noi sture conditions. Does not

rel ease r edérgeasbengt Bhis reaing theybigetof thedrvestieput s maki ng, produci ng
“catal yst contam nation free" fuels. De-polynerizes, nolecular splitting,

re-combi nati on of basic hydrocarbon nolecul es middle distillate |evel

hydr ocar borSUBMIMIARY O THEANMENHON:| ngl e pass and on contact. Does not
require high ,coptacd {hQPagFr%EclI 8@&% én‘?&éntt ﬁvéﬁ@ig efleANd cﬁedaa% te?haﬁgl € pass
on contact conversion cat clabl e an reusa a nu er of times

Land-fi | | abfixed ired, exgglaimerated mesatab'st @mmeltlpmlf¢rmmmr51am@f lhemogrnags arfd

cont anm nan I | ow ng exanpl es, whi ch include
preferred té‘§ e;"&%pr?@ﬁ whd &’Fk?mﬁ% @'&@tarb -I(F'ﬁgtﬁ ?lat e the practice of this

i nvention, i-t being understood that the particulars shown are by way of
exanpl es a rat Ve di scu

npoat ot 4o pBeRRI B bbb bR e sl 4P e R o DRSS BB e ¢ e

i nvention. tIEXédeloels in mezatid & i loxide @Da}"chbmdle‘lfcmfﬁt e@&étﬁdlmtorm’ileﬁ;epehdr%f

Nanoparti cl es 30% b ht an| dro i de, ht of
T ooy Eleasnt ol asiih WL inclsBib BF WG, a%d el EERe of - 40c

to -50C. Thempiive tHeZ€BIdRRT, tih C RBIIRS & m@t\{@doraﬁbdi@ewe@ahe@thémlam & n nano
particles of the size in the range of - 100 nm The nanoparticles of
particle simiguresgerqohavhestiht Ay Oﬁ?@at‘ee‘rle‘t‘ﬂ“aﬁf $io 6HAV B EANRAstioq exfipits
segregat i ORa@dtfe bﬁawnegtatw dﬁﬁbﬁdﬂ&mtcdomﬁﬂbﬁ vathi REhRBrilGMd BRY, or Q% by -

wei ght of ethenol honopol yrrer as _a binder is added to the fine particle

m xture so de%taarmdan@m Ip Hawmbingtippyith thedlinger.y . The slurry is sprayed
into a fine spray through nozzle onto the belt followed by infra -red
drying. The particles are sieved and segregated to the desired aggl onerated
nanocat al ySn ap pprect, thenpresent eeriontpredides ginzxtarrelt firedrbgdgeselimerged 800
mcrons. T r of particle size |less than 100m crons and greater

t han 500 mqgt?(@@totflhgltngﬁnled after segregation are recycled. Surface area

160- 250 sq.nt/gin Exanple 2: Pr épBV@z/Qon(QH)nCat al yst of Type IB

Nanopart cI of ,12(V b I € 0,\Gr iC
grindi ng at %gret eAr‘rpe Pa éérsvﬁa gll%'lg%m iy Egt&g%? he eo é{’re%g %ur“@e%?"g?gr

particl es &fe, Fa @tedttlaandlcme@r agamadthemotbrbtraetailnnanoxrparot as:hmomdest M size in

t he range of 20-100 nm, The art artl e,size s than 20nm
and G et efeFEREH THBARSERFTG dr i 13 E5 SpalRUhr Griesssftr rah Rk e for m
cr y?ﬂen:c c gédd@d?mgllnstﬁ@%e?ﬂbMIt g#ategttezﬂ fﬂﬂiﬁng]'ngtJ H co:rudt\gl ftat?] dithef um}reh@r ad%a]d
o the fine partjcle.mxture so, obtai n ended to forma slurry e
slurry is é‘B?téIVéberF?ft"&mﬁtahlchéoélﬂ? ayastltﬁ%@ﬁs 'nozzl e onto the belt followed

by infra-reg igiiél dighber heth® finké 6fﬁﬁ)uﬁ0-@ sy qasvme n@iMberSiA Phee@aiest dobe dgsired
aggl oner at ed_nanocat al yst type LB wit partr cle size in the range of
100- 500 ni cPoifshe ”H‘?é’eb@rtt“’r @P&Of@POLBer‘tr‘cl‘%thﬁ‘E‘@ $'dsls t han 100mi crons and
greater than gQQ FhRELNT &Pgal N164s akddaed 1S KANR IR qunlraﬁa\t.r §eHe! ®bhenfiUr f ace
area -35-40 Scl)ée nmt/gm Exanple 3: Preparation of Catalyst of Type IC To the
wei ghed m ®p#tec;of 30% by wei ght of titani um oxide and 15% by wei ght of

titani um hygr I d rapand a

m xt ure of @g yg§%§gﬂﬁﬁgﬁﬂFéﬁgﬁgﬁﬁhfﬂiz%é%gwéigﬁﬁx”h ﬁgvﬁﬁg¥@%ﬁonlte

cl ay, 5% byraaicgfitdeofseletthd fivin Roarnwol Retraflowmsle.acthymute glycathethyiene glyeoli s

bl ended to forma slurry. The slurry is sprayed into a fine spray through
nozzle onto the belt followed by Infra-red drying foll owed by sieving and
segregating the desired agglonerated nanocatal yst type LB with the particle
size in the range of 100-500 microns. The particles of particle size |ess
than 100m crons and greater than 500 m crons obtained after segregation are
recycled. Surface area: 90-120 sg.m/gm WO 2012/ 160570PCT/ I N2012/ 000157
Exanpl e 4: Polycrack testing with Minicipal Solid waste(MSW using catal yst
of type A and IB: Catal yst Feed Material qty Start Tenp. Final Tenp.
Conversron & Recovery Percentage Recovery Poncrack Testlng mnth

“AZ a2 ~ 1 o, - 1 AA 1 = L e e ~ 1 ~



404 3.5000 4.4000 7.1000 11.0000 13.46% 16.92% 27.31% 42. 31% | A MSW 16. 35
30 400 1.2000 1.4500 6.7000 7.0000 7.34% 8. 87% 40. 98% 42. 81% | B MBW 24. 15

37 400 3.80Q012%1680000 8. 6500 6. 3000 13. 66% 24. 43% 35. 82%p2G/NAM/HNINBW 36. 15
35 440 5. 4000 10.2500 13.3000 7.2000 14.94% 28. 35% 36. 79% 19. 92% | B NSW

25.15 39 400 0.5500 4.5500 9.6000 10. 4500 2. 19% 18. 09% 38. 17% 41. 55% | B MSW
25.15 34 400 0.5000 4.5500 9. 6000 10.4500 1.99% 18. 09% 38. 17% 41. 55% | B MBW
21.80 41 acrenemgigisther 46doME).300anethy! 6 spiaseg 3tpiratiorodtlyyigne, 4 podvidialvdos | B MBW

21.90 41 4hﬂn&hﬂl@rﬁﬁ%o%UQSQQyﬁnGSQQ&'oﬂnezEP@anQicéfQ%%éx%l ﬂt@rﬁ%ﬂﬁyrﬁ&:{o ﬁ'Zfe@i%%’ B MW

33.60 34 410 3.4200 4
Ethenol homoPolymers

In an aspect, the catalyst consists of 50% by weight element ‘A’ as oxide, 25% by weight

element ‘B’ in metallic form and 25% by wéight montmorillonate clay (Q).

In yet another aspect, the catalyst consists of 30% by weight element ‘A’ as hydroxide,

10% by weight binder and 60% by weight element ‘A’ as its oxide.

In further aspect, the catalyst composition consists of 12% by weight element ‘B’ in

metallic form and 88% by weight montmorillonate clay or its derivatives (Q).

In yet another aspect, the catalyst composition consists of 6% by weight element ‘B’ in
metallic form, 44% by weight montmorillonate clay or its derivatives (Q), 30% by weight

element ‘A’ as oxide, 15% by weight element ‘A’ as hydroxide and 5% by weight binder.

In another aspect, the catalyst consists of nanoparticles of element ‘A’ as oxide or
hydroxide. Accordingly, catalyst consists of nano metal oxide —hydroxide comprising

essentially of titanium oxide and titanium hydroxide.

The catalyst type IA consists 30% by weight of titanium hydroxide, 10% by weight

organic binder and 60% by weight of titanium oxide.

In another aspect, the catalyst type IB consists of 12% by weight Lanthanum and 88% by

weight montmorillonate clay or its derivatives (Q).

The catalyst type IC consists of 6% by weight lanthanum in metallic form, 44% by weight
montmorillonate clay or its derivatives (Q), 30% by weight titanium oxide, 15% by

weight of titanium hydroxide and 5% by weight binder.

The particle size of nano catalyst is in the range of 20-100 nm, which is agglomerated to

obtain granules of particle size in the range of 100microns-500 microns. The



18. 1100 7. 7000 10.18% 13. 01% 53. 90% 22. 92% | B M5W 33. 00 32 400 4. 2000

3. 0000 10.5000 15.3000 12.73% 9. 09% 31. 82% 46. 36% | A MSW 33. 60 44 400

5. 4500 4.%000122305500 0. 0000 16. 22% 13. 39% 70. 39% 0. 00%pLTENMMMGG166 22 450
0. 5500 0. 3000 0.9000 0.9000 20.75% 11. 32% 33. 96% 33. 96% Ave 26.167 -
2.221 4.656 10.331 8.955 8.77% 17. 14% 38. 24% 35. 83% Exanpl e 5:

Pol k t feed. nat t.of 1 | A and
¢ Car ol y ekt oty 85 eBRR SR e bl R TR iR

Recovery Peasftiendaagst iRdcaw esry from Dag tdCl DegnsGr Geyonas Car bon/ R esi due Wat er
Ol Gas Carbon/R esidue Water Kgs Kgs Kgs Kgs % % % % | A Pai nt Sl udge
2.00 44 450 0.925 0.18 0.9

In another aspect, the catalyst acts as a pyro-catalyst at a temperature in the range of 10-

80°C and can be effective even in the temperature range of 100°-500°C.

In yet another aspect, the present invention provides a process for the preparation of the

nano agglomerated catalyst.

The catalyst of the present invention is used for the conversion of homogenous and
heterogeneous waste materials selected from biomass, plastic wastés, rubber wastes,
municipal solid sewage waste, electronic waste, petroleum wastes, edible and non-edible
oil cakes, edible and non- edible oil seeds, animal wastes, vegetable fats, animal fats or a
combination thereof into usable combustible fuel. The combustible fuels are either in the
form of a gas, liquid fuel or a solid fuel (carbon) or a combination of the three phases of

gas, liquid and solid carbon.

DESCRIPTION OF DRAWINGS:
Figs 1(a) and Fig 1(b) depict the general process for the preparation of agglomerated nano

catalyst.

DETAILED DESCRIPTION OF THE INVENTION:

The invention will now be described in detall in connection w1th certain preferred and

optional embodiments, so that various aspects thereof may be more fully understood and

appreciated.

The present invention prdvides an external, fixed bed, single or multilayered
agglomerated nano catalyst comprising of transition/rare earth elements. /inner transition
metal of actinide series, either alone or combination thereof for the pyrolytic conversion
"of homogenous and heterogeneous waste material into hydrocarbon fractions and carbon.

Accordingly, the single or multilayered agglomerated nano catalyst includes the elements
of the transition series comprising the ‘d-block’ in metallic or in oxide or as hydroxide

form either alone or mixtures thereof, rare earth elements of group Il B including the .
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the catalytic composition exhibits variable oxidation states, optionally in combination

with montmorillonate clay or its derivatives and optionally in combination with the

binder.

As used herein, the term ‘catalyst’ or ‘catalyst composition’ means ahd refers to the
composition consisting of elements of transition series comprising the ‘d-block’ in
metallic or in oxide or as hydroxide form either alone or mixtures thereof, rare earth
elements of group III B including the lanthanide series, and actinide series comprising
the ‘f-block’, in metallic or in oxide or hydroxide form either alone or mixtures thereof
that exhibits variable oxidation states, optionally in combination with montmorillonate

clay or its derivatives and optionally in combination with the binder.

In an embodiment, the fixed bed, external, single or multilayered agglomerated nano

catalyst of the present invention is represented by a formula [; |
AxByOz/Qn. (OH)m

where, ‘A’ represents transition element selected from Ti, , Mn, , Cr, Fe; Ni, Nb, Mo, Zr,

Hf, , Ta, Zn, either alone or mixture thereof in metallic or oxide or as hydroxides; ‘B’

represents rare earth elements of group I11 B including the lanthanide series, and actinide

series comprlsmg the ‘f-block’ selected from Sc, Yt, La, Ce, Nd, Pr, Th either alone or

mixtures thereof in metallic or oxide or as hydroxides;

‘X’ is the number in the range of about 0-2; ‘y’ is the number in the range of about 0-2;

‘m’ is the number in the range of about 0-4; ‘n’ is the number 0,1;

‘2’ is the number of oxygen atoms needed to fulfill the requirements of the elements

possible;

‘Q’ represents montmorillonate clay or its derivatives; and optionally along with an

ofganic binder selected from Titanium Tetraflouride, ethylene  glycol, ethylene glycol

monomethylether (EGME), methyl cellulose, tetrafloroethylyne, poly(diallyl-

dimethylammonium, L-lysine, L-proline, Phenolics, Ethenol homoPolymers; preferably.

Ethenol homoPolymers.
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In another embodiment, the catalyst consists of 50% by weight element ‘A’ as oxide, 25%

by weight element ‘B’ in metallic form and 25% by weight montmorillonate clay (Q).

In yet another embodiment, the catalyst consists of 30% by weight element ‘A’ as

hydroxide, 10% by weight binder and 60% by weight element ‘A’ as its oxide.

- In further embodiment, the catalyst composition consists of 12% by weight element ‘B’ in

metallic form and 88% by weight montmorillonate clay or its derivatives (Q).

In yet another embodiment, the catalyst composition consists of 6% by weight element
‘B’ in metallic form, 44% by weight montmorillonate clay or its derivatives (Q), 30% by
weight element ‘A’ as oxide, 15% by weight element ‘A’ as hydroxide and 5% by weight

binder.

In another embodiment, the catalyst consists of nanoparticles of element ‘A’ as oxide or
hydroxide. Accordingly, catalyst consists of nano metal oxide —hydroxide comprising

essentially of titanium oxide and titanium hydroxide.

The catalyst type A consists 30% by weight of titanium hydroxide, 10% by weight

organic binder, ethenol homopolymer and 60% by weight of titanium oxide.

In another embodiment, the catalyst type IB consists of 12% by weight Lanthanum and

88% by weight montmorillonate clay or its derivatives (Q).

The catalyst type IC consists of 6% by weight lanthanum in metallic form, 44% by weight
montmorillonate clay or its derivatives (Q), 30% by weight titanium oxide, 15% by

weight of titanium hydroxide and 5% by weight of organic binder ethenol homopolymer.
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- nano-catalyst has a specific gravity in the range of 4.2-5.0. . The single/ multilayered

agglomerated nano catalyst acts as a pyro catalyst at a temperature in the range of 10-
80°C and can be effective even in the femperature range of 100°-500°C, preferably at a
temperature of 30°C to 90°C and de-polymerizes the high molecular weight molecules of

polymers made from hydrocarbons/petrochemicals.

The thickness of the catalyst column dictates the output product composition. The thicker
the column, the lighter fractions or combustible gases in the output and the thinner the
column width, the higher viscosity fuels will be derived. Thus, the catalyst column
thickness is a critical function in the process of conversion of waste material into
hydrocarbon fuels and solid carbon. The thickness of the catalyst bed can vary from 1 cm

to 100 cms or beyond.

The surface area per unit weight is an inﬂpolrtant consideration when catalysts are used in
the solid state. The said catalyst may have a surface area of 35-250sq. mt/gm. The .
catalyst of type IA has a surface area of 160 to 250 sq. mt/ gm, 35 to 40 sq.mt/gm for 1B
and 90 to 120 sq. mt per gram for [C catalyst.

In another embodiment, the present invention provides a process for the preparation of the
agglomerated nano catalyst. According to the process, the nano particles of the elements
either in metallic or oxide or hydroxide form either alone or combination thereof is

prepared by a process known in the art.

In an aspect, the process for the preparation of agglomerated nanocatalyst comprises;

a. subjecting the nanoparticles of the elements either in metallic or oxide or
hydroxide form either alone or combination thereof to cryogenic grinding in the
temperature range of -40°C to -50°C followed by sieving and segregating to |
obtain nano particles of the size in the range of 20-100 nm;

b. recycling the nanoparticles of particle size less than 20nm and greater than 100nm

obtained after segregation to grinding of step (a);
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d. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating to obtain desired agglomerated nanocatalyst with the particle size in
the range of 100-500 microns; and
e. recycling the particles of particle size less than 100microns and greater than 500

microns obtained in step (d) to step (c ).

In another aspect, the process for the preparation of agglomerated nanocafalyst comprises;
a. adding element selected from the lanthanide or actinide series or a transition metal
to the weighed nanoparticles with particle size in the range of 20-100nm followed
by addition of water, montmorillointe clay or its derivatives, optionally a binder
and blending to form a slurry;
~ b. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating to obtain desired agglomerated nanocatalyst with the particle size in
the range of 100-500 microns; and .
c. recycling the particles of particle size less than 50microns and greater than 100

microns obtained in step (b) to step (a).

The grinding is carried out at cryogenic temperature in the range of -40°C to -50°C which

" leads to obtain finer grain structures and more rapid grain refinement.

Accordingly, the process for preparation of catalyst type IA includes;

a. subjecting the nanoparticles of 30% by weight of titanium hydroxide, 60% by
weight of titanium oxide to cryogenic grinding at a temperature in the range of -
40°C to -50°C followed by sieving and segregating to obtain nano particles of the
size in the range of 20-100 nm; '

b. recycling the nanoparticles of particle size less than 20nm and greater than 100nm
obtained after segregation to grinding of step (a); ’

c. adding 10% by weight of ethenol homopolymer as a binder and blending to form

a slurry;

10
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e. recycling the particles of particie size less than 100microns and greater than 500

microns obtained in step (d)' to step (c).

The process for preparation of catalyst type IB includes;

a. subjecting the nanoparticles of particles of 12% by weight of lanthanum to
cryogenic grinding at a temperature in the range of -40°C to -50°C followed by
sieving and segregating to obtain nano particles of the size in the range of 20-100
nm;

b. recycling the nanoparticles of particle size less than 20nm and greater than 100nm
obtained after segregation to grinding of step (a);

c. adding 88% by weight of montmorillonite clay and blending to form a slurry;

d. spraying the slurry into a fine spray through nozzle onto thé belt, drying, sieving,
segregating to obtain desired agglbmerated nanoc'atalyét type IB with the particle
size in the range of 100-500 microns; and

e. recycling the particles of particle size less than 100microns and greater than 500

microns obtained in step (d) to step (c v).

The process for preparation of catalyst type IC includes;

a. adding 6% by weight of lanthanum, 44% by weight of montmorillonite clay, 5%
by weight of ethenol homopolymer as binder and water to the weighed mixture of
titanium oxide(30% by wéight) and titanium hydroxide ( 15% by weight) with
particle size of 20-100nm and blending to form a slurry;

b. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating to obtain desired agglomerated nano catalyét type IC with the particle
size in the range oinO-SOO microns; and _

c. recycling the particles of particle size less than 100microns and greater than 500

microns obtained in step (b) to step (a).

The drying is carried out using Infra-red or dried using indirectly heated rotary kiln at

calcined temperature in the range of 400-450°C to obtain agglomerated nano catalyst.

11
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the column is a fixed bed reactor thereby allowing reuse of the catalyst.

In a preferred embodiment, the catalyst of the current invention is not added to the
processed ian.It material but the vapors from the processed waste materials are passed
through the catalyst column that is sealed at both the ends with one inlet and one outlet
opening allowing for the receipt of vapors from the reactor and to discharge the de-

polymerized, reformed gases through the outlet.

The said catalyst of the present invention is a redox catalyst and is used as ’external or
contact catalyst’ which is in a different phase from the reactants i.e waste material. The
catalyst forms a single or multilayered fixed bed which has a capability of adsorbing

molecular gases onto their surfaces thus acting as excellent potential catalysts.

Further, the catalyst of the present inventio{n can bring about various vapor phase
decomposition or conversion of the waste material, such as de-polymerization of high
molecular weight long chain polymers to monomers, reduction of hazardous chemical/
oxides, cracking of waste plastics of polypropylene, polyethylene, polystyrene and other
high molecular weight plastics into hydrocarbon fractions etc. The feed material can be a

mix of different plastics mixed in any ratio.

The homogenous and heterogeneous waste materials that can be converted into usable
combustible fuel using the present catalyst is selected from biomass, plastic wastes,
rubber wastes, municipal sewage waste, electronic waste, petroleum wastes, oil cakes,

animal wastes, vegetable fats, animal fats or a combination thereof.
The catalyst of the current invention is used to convert waste materials as mentioned

above into usable combustible fuels either in the form of a gas, liquid fuel or a solid fuel

(carbon) or a combination of the three phases of gas, liquid and solid carbon.

12

| e

Gas



% % % % | A Sludge 4.40 26 450 2.9 0.35 0.55 0.6 65.91% 7. 95%
12.50% 13.64% | A Sl udge 3.70 27 450 1.8 0.2 1 0.7 48.65%5.41% 27. 03%

18. 92% | AVBl20ge0FN60 25 450 1.87 0.18 3.55 0 33. 39% 3. PCWISH130¢d187. 00% | A
Sludge 4.10 25 400 1.1 0.5 2.5 0 26.83% 12. 20% 60. 98% 0. 00% | A Sl udge 2. 30
24 450 1.15 0.375 0.5 0.275 50.00% 16. 30% 21. 74% 11. 96% | A S| udge 3.00 21

0 0 0 0

450 1.15 0.35 15,0 38, 333011, 679 50,00% 0. 0006 | & S|udue 43, 89, 31,440 21
molecules of polymers made from hydrocarbons/petrochemicals. The catalyst dissociates
the bonds of Hydrogen and Carbon to form Hydrogen, Low molecular weight
Hydrocarbons: The catalyst involves in the reforming of hydrocarbon molecular chains

having a molecular structure similar to liquid fuels such as Gasolme Diesel, Kerosene

and LSHS(Low sulfur heavy stock) /LDO(nght diesel oil).

The evolved vapors are condensed to collect gas and liquid products. The evolved gas
consists of mixed factions of C1-C5 h.ydrocarbons such as methane, ethane, ethylene,
propane, propylene, iso-butane, n-butane, unsaturated factions in the C1-C5 range and the
liquid fraction of C6-C24 carbon atoms etc. Product yield slightly varies depending upon

the raw material used.

The present invention provides a method to convert homogenous and heterogeneous .
waste materials into hydrocarbon fuel fractions and carbon, said method comprising
vapor phase decomposition of homogenous and/or heterogeneous waste material into
hydrocarbon fuel and carbon \using external, fixed bed, agglomerated nano catalyst of

formula [.

Further, the present invention provides the use of external, fixed bed, agglomerated nano
catalyst of formula 1 for the conversion of homogenous and heterogeneous waste

materials into - hydrocarbon fuel fractions and carbon.
The conversion of homogenous and heterogeneous waste material into usable

combustible fuels, the liquid properties, and the yields from various feed stock using the

catalyst of the present invention is given below in Tables 1,2 and 3:

13
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36% 31% | . B Sl udge Sr.No. Carbon Corresponds | Quantity
Number to _ (wt%)
(Fuel ) (app.)
1 Upto C10 Gasoline 34.0
2 Cl10toC13 | Kerosene 27.0
3 C13t0C20 Diesel 23.0
4  |C20 and above{  Fuel Oil 16.0

Table 2: The liquid Fuel Properties:
Parameter Value UOM
Density @30 | 0.80-

deg C 0.86

Viscosity 29-45 | CSt
Initial Boiling

Point 130 Deg C
Final Boiling -

Point 340 Deg C
Gross

Calorific

Value 10800 k.Cal/Kg

Table 3: Yields from various Feedstocks

Experimental data on Yields from various

Feed Stocks

% | % %
Feed Stock - Oil | Gas | Carbon
Plastics
PE ‘ 80% | 6% 14%
PP 77% | 15% 7%
ABS 72% | 18% 10%

14
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Biomass
Deoiled Cake 40% | 8% 52%
Cashew Kernel - 62% | 12% 26%
Empty Palm Fruit
Bunch 36% | 34% 30%
Jathropha seeds 44% | 16% 40%
Bamboo 4% | 42% 54%
Wood chips 27% | 33% 40%
Rice Husk 1% | 49% 50%
Chicken Manure 48% | 5% 47%
Municipal Solid Waste | 6% | 13% 78%
Refinery Waste
Tank Botttom Sludge | 74% | 11% 15%
Vacuum Residue 38% | 8% 54%
Rubber
Tyres 40% | 15% 45%
Rubber Parts 48% | 24% 28%

0.016 0.184 3.2

D00157 Exanpl e 8:

and | C

bn & Recovery

The catalysts of the current invention in the various embodiments mentioned are

subjected to catalytic testing for various feed stocks as given below:

(1): The catalyst of type 1A and IB are subjected to polycrack testing with Municipal

Solid waste (MSW). The reaction conditions and the average conversion and the

recovery of fuel are’given in Table 4 below:
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Deg C Ol Gas Carbon/R esidue Water G| Gas Carbon/R esidue Water Kgs

Kgs Kgs Kgs % % % % | A Bl ack PP 23.40 27 400 14.15 4.65 4.6 0 60.47%

19. 87% 19w66% 201608790 | A Bl ack PP 4.60 23 450 2.7 0.45 1. 26TONHB2/0A6D. 78%
31.52% 0.00% | A Bl ack. PP 20.00 30 400 8.55 5.55 5.9 0 42.75% 27. 75% 29. 50%
0.00% I A Envi ropeel Polynmer 2.00 24 450 1.5 0.25 0.25 0 75.00% 12. 50%
12.50% O. 002534154,Envi ropeel Polymer 41.80 32 400 28.2 6.6 7 0 67.46% 15. 79%
16. 75% 0. 00% I A "Envi ropeel Polynmer 4.10 25 450 2.65 1.1 0.35 0 64.63%

26. 83% 8. 54% 0. 00% |-A e- waQuentfy astic 10. 0022338408 1.5 0.25 8

Temperature . 22-450C
Average conversion to |2.221
oil (Kgs)

Avg. conversion to gas | 4.656
(Kgs)

Avg. conversion to gas | 10.331
(Kgs)

Recovery of oil (%) 8.955
Recovery of gas (%) 17.14

Recovery of carbon (%) | 38.24
Recovery of water (%) | 35.83

(2) Polycrack testing with various feed material using catalysts of type [A, IB and IC
are given below in examples 5-7:
(3) Polycrack testing with various plastics using catalysts of type IA, IB and IC are

given below in examples 5-7:

The polycrack of various waste material is carried at temperature in the range of 10-40 C
and further the pyrolytic cracking is carried upto 460C with good conversion rate and of

fuel gases.

Salient Features:

e The present catalyst does not require external source of energy and can operate
effectively under pyrolytic conditions without attrition.

o Is cost effective, has high surface area due to nano size particles, exhibits
excellent catalytic activity.

e (Can convert both homogenous and heterogéneous waste material to hydrocarbon
fractions with high conversion rate. ”

e (an operate at ambient temperature to 500 deg C and more and thus vefy flexible
in the gas temperature and does not require activation by thermal or photon

Sources.
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57.50% 17.50% 25. 00% 0. 00% | A e-waste Plastic 1.85 18 450 0.85 0.15 0.8

0. 05 45. 9500281211605743. 24% 2. 70% | A e-waste Pl astic 20. 00 PCTAB2040000187. 75 0. 85
8.4 0 53.75% 4.25% 42.00% 0.00% | A e-waste Plastic 2.00 22 450 1.3 0.2 0.5
0 65.00% 10. 00% 25. 00% 0. 00% | A Lam nated Plastic 2.00 27 450 1.1 0.40 0.5

0 53,000 20, 00 BB A B s A T s 0B 5l 'S - ©
19. 38% 2. 54% 78.n0B8%ue coffitidnd M xed Pl astic 20.00 34 392 11.6 3.1 5.3 0
58. 00% 15. 50% Does not release resxdues into liquid and gas fuel outputs making, producing |
“catalyst contamination free” fuels.
. De-polyr_nerizes, molecular splitting, re-combination of basic hydrocarbon
molecules middle distillate level hydrocarbon chains, all under one single pass and
on contact.
e Does not require high contact time for reactions to happen and acts as a single
pass on contact conversion catalyst. |
¢ Recyclable and reusable a number of times

¢ Land-fillable material and does not cause pollution and leaching of contaminants

trapped in the catalyst.

The following examples, which include preferred embodiments, will serve to illustrate the
practice of this invention, it being understood that the particulars shown are by way of
examples and for purpose of illustrative discussion of preferred embodiments of the

invention only and are not limiting the scope of the invention.

Examples:

Example 1: Preparation of Catalyst of Type 1A

Nanoparticles of 30% by weight of titanium hydroxide, 60% by weight of titanium oxide
are subjected to cryogenic grinding at a temperature of -40°C to -50°C. The pulverized
pafticles are sieved and segregatedv to obtain nano particles of the size in the range of 20-
100 nm. The nanoparticles of particle size less than 20nm and greater than 100nm
obtained after segregation are recycled to perform cryogenic grinding. Further, 10% by
weight of ethenol homopolymer as a binder is added to the fine particle mixture so
obtained and blended to form a slurry. The slurry is sprayed into a fine spray through
nozzle onto the belt followed by infra -red drying. The particles are sieved and segregated
to the desired agglomerated nanocatalyst type [A with the partlcle size in the range of
100-500 microns. The particles of partlcle size less than 100microns and greater than 500

microns obtained after segregation are recycled. Surface area 160-250 sq.mt/gm
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26.50% 0. 00% | A M xed Plastic 0.60 22 450 0.1 0.2 0.3. 0 16.67% 33.33%

50. 00% 0. 00% | A M xed Plastic 27.50 28 400 15.725 4.175 7.6 0 57.18% 15. 18%
27.64% 0.W0%0i12A6d47ed PP Plastic 2.00 23 450 1.55 0.15 @C3/1820d7/0&@%% 7. 50%
15.00% 0. 00% | A Paper Backed Pl astic 26.00 29 400 14 7.15 4.85 0 53. 85%
27.50% 18. 65% 0. 00% | A Paper Backed Pl astic 44.50 31 400 26.68 2.27 15.55 0

50,267 B33 O AR FPRA I 5711, 20,0,25,00,31,69,0,77 9
12 0 8.84% 11. 95% 79. 21% 0. 00% | A Paper Backed Plastic 6.25 22 400 0.1.9
4.35 0 0. 0086r®partities 60 1B0Uy0wei@Bo éfAlanthanum is subjected to cryogenic grinding at a
*. temperature of -40°C to -50°C. The so formed pulverized particles are sieved and
segregated to obtain nano particles of the size in the range of 20-100 nm. The
nanoparticles of particle size less than 20nm and greater than 100nm obtained after
segregation 'are recycled to perform cryogenic grinding. 88% by weight of
montmorillonite clay is further added to the fine particle mixture so obtained and blended
to form a slurry. The slurry is sprayed into a fine spray through nozzle onto the belt
followed by infra-red drying. The paﬁicles are sieved and segregated the desired
agglomerated nanocatalyst type [B with the particle size in the range of 100-500 microns.
The particles of particle size less than 100microns and greater than 500 microné obtained

after segregatioh are recycled. Surface area -35-40 sq.mt/gm

Example 3: Preparation of Catalyst of Type IC

To the‘ weighed mixture of 30% by weight of titanium oxide and 15% by weight of
titanium hydroxide (nano particle size of 20-100nm) is added water and a mixture of 6%
by weight of lanthanum, 44% by weight of montmorillonite clay, 5% by weight of
ethenol homopolymer as a binder. The mixture is blended to form a slurry. The slurry is
sprayed into a fine spray through nozzle onto the belt followed by Infra-red drying
followed by sieving and segregating the desired agglomerated nanocatalyst type IB with
the particle size in the range of 100-500 microns. The particles of particle size less than
100microns and greater than 500 microns obtained after segregation are recycled. Surface

area: 90-120 sq.mt/gm.
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Paper Backed Plastic 20.00 30 400 9.2 3 7.8 0 46.00% 15. 00% 39. 00% 0. 00% | A
Paper Backed Pl astic 20.00 43 400 8.16 0.99 10.85 0 40.80% 4. 95% 54. 25%

0. 00% | A Wweper2/BBaizked Pl astic 30.00 36 400 2.4 10.55 17Pr0%/182820086735. 17%
56.83% 0.00% 1 A Plastic ( Black PP) 3.70 31 455 2.9 0.5 0.3 0 78% 14% 8% 0%
| A Plastic | am nated Al. (1 49 kg - 14.9% 10.00 35 345 0.56 1.30 6.65 0

5. 60% 13. 00% 66. 50960 00% | A Pl astic PP 21 5 1.25 10.5.0
45. 85% 5. 76538P! §§%P%‘y66%/° ik fRstig Whﬁ“%&"&' %‘g)'ﬁﬁwéi‘e&gg ugingeeagalyst of 5 0o
12. 50% 37. 56%e 0AQAAUBB Bl ack PP 2.00 22 450 1.3 0.5 0.2 0 65. 00% 25. 00%
10. 00% 0. 00% | B Bl ack PP 3.70 31

lCataIyst |Feed Material  [Qty |StartTemp. !FinaITemp. | Conversion & Recovery Percentage Recovery
’ Polycrack Testing with Municipal Solid Waste {MSW) 1 »
Carbon/ Carbon/
Catlalyst |Feed Material Deg C DegC Qil Gas Residue |Water |Qil Gas Residue |Water
Kgs - . Kgs Kgs Kgs % % % %
1B MSW 26.50 29 400{ 2.7750{ 2.9500{ 83500 12.4250| 10.47%| 11.13%| 31.51%| 46.89%
1B MSW 29.30 28 - 400[ 0.1250[ 4.1750] 7.3000] 17.7000f 0.43%| 14.25%| 24.91%| 60.41%
1B MSW 37.20 32 425] 1.8500] 9.9500] 17.4000| 8.0000] 4.97%| 26.75%| 46.77%| 21.51%
1B MSW 26.00 38 404| 3.5000{ 4.4000 7.1000] 11.0000{ 13.46%| 16.92%| 27.31%] 42.31%
IA MSW 16.35 30 400] 1.2000] 14500] 6.7000] 7.0000{ 7.34%| 8.87%) 40.98% 42.81%
B msw 24.15 ' 37 400] 3.3000{ 59000 8.6500| 6.3000{ 13.66%| 24.43%| 35.82%| 26.09%
1A MSW 36.15 3% 440] 5.4000] 10.2500] 13.3000] 7.2000] 14.94%| 28.35%| 36.79%| 19.92%
1B MSW 25.15 39 400 0.5500] 4.5500] 9.6000{ 10.4500] 2.19%| 18.09%| 38.17%| 41.55%
18 MSW 25.15 kL) 400 0.5000] 4.5500] 9.6000] 10.4500{ 1.99%| 18.09%} 38.17%| 41.55%
1B MSW 21.80 41 403f 0.4000{ 2.4500{ 7.3000] 11.6500| 1.83%| 11.24%| 33.49%| 53.44%
B MSW 21.90 41 418 0.1000] 7.0500; 6.5000] 8.2500] 046%} 32.19%| 29.68%| 37.67%
1B MSW 33.60 34 410{ 3.4200] 4.3700| 18.1100; 7.7000{ 10.18%; 13.00%| 53.90%] 22.92%
1B MSW 33.00 R 400 4.2000] 3.0000{ 10.5000{ 15.3000{ 12.73%| 9.09%] 31.82%| 46.36%
1A MSW 33.60 4 400] 5.45001 4.5000] 23.6500{ 0.0000] 16.22%| 13.39%| 70.39%| 0.00%
1B MSW . 265 0 450| 0.5500{ 03000 0.9000] 0.9000! 20.75%  11.32%| 33.96%| 33.96%
Ave 26167 . 2221)  4,656) 10.331| 8955 8.77%| 17.14%| 38.24%| 35.83%
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450 2.9 '0.5 0.3 0 78.38% 13.51% 8.11% 0. 00% 18 e-waste Plastic 1.00 22 450

RPRRRRRLO

.45 0.25 0.3 0 45.00% 25. 00% 30. 00% 0. 00% | B e-waste Pl astic 2.00 24 450
.3 0. 25 W0401016653000% 12. 50% 22. 50% 0. 00% | B e-wast e PlpasiiNgn1Z060d523 450
.263 0.337 0.4 0 63.15% 16. 85% 20. 00% 0. 00% I B M xed Pl astic 2.00 36 450
.15 0.35 0.5 0 57.50% 17.50% 25. 00% 0. 00% I B M xed Plastic 2.00 30.450

25 0.2 0.

. 5 0.62.50% 10, 00% 27. 50% 00% | B xed Pl asti,c.2..Q0 29, 450
e 05 o ExanpigS: BRRkaRk g vitd fhilol5Oikd mattkS e Gt gt 420
.225 0.375ad. €:0 61% 19% 20% 0% I B M xed Pl astic 2.00 24 450 0.575 1.025

@aiystiFeed Material Qty|Start Temp. |Final Temp. Conversion & Recovery Percentage Recovery
’ . ~ iCarbon/R Carbon/R
DegC  |DegC Oil|Gas esidue  |Water  |Oil Gas esidue  |Water
Kgs Kes Kes Kes % % % %
1A Paint Sludge 2.00 4 4501 0,925 0.18 09 0| 46.25%( 8.75%| 45.00%] 0.00%
1A Paint Sludge 2.00 28 4501  0.349 0.35 0.85( 04511 17.45%| 17.50%| 42.50%| 22.55%
IC JCBL paint sludge 1.72 3 450 0.3 0.16 1.24 0| 18.60% 9.30%| 72.09%| 0.00%
I Car Fluff 1.94 0] 450 0.36] 0.554 1.03 0| 18.52%{ 28.50%| 52.98% 0.00%
IC Car Fiuff 1.944 30 450, 0367 05571 1.03 0] 18.36%| 28.65%| 52.98%| 0.00%
IC Car Fluff 2l 30 450 05 044 106 0] 25.00%| 22.00%| 53.00% 0.00%
IC Car Fluff 2 30 450 052 042 106 0] 26.00%| 21.00%; 53.00%| 0.00%
IC Car Fluff 21 30 4501 0218  0.682 12 0| 1038%| 32.48%| 57.14% 0.00%
IC Erzberg 2 30 0| 084 04 07 0] 42.00%| 23.00%| 35.00%| 0.00%
IC__|Erzberg 16 El 450 012] 0072 1408 0  7.50% 450%| 88.00%| 0.00%
IC___|Fronkeiten 1 30 450 0.296] 0704 0 0] 29.60%| 7040%| 0.00%  0.00%
Nemetz prduktions
iC abfalle kennenberg 0.58 10 4500 0332 0048 0.2 0] 57.24%! 8.28%| 34.48%| 0.00%
IC Zeefoweloop 2 30 . 450 069 073 0574 0| 3450% 36.80% 28.70% 0.00%
I Zeefoweloop 205 30 450 1615 0.005 043 0| 78.78%| 0.24%| 20.98%| - 0.00%
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e

4 0 28.75% 51. 25% 20. 00% 0. 00% | B M xed Plastic 2.00 36 450 '0.925 0.575
5 0 46. 25% 28. 75% 25. 00% 0. 00% | B M xed Pl astic 27.50 28 400 15.725 4.375
4 0 57.M8% 56800 26. 91% 0. 00% | B Paper Backed Pl asti eCI/I8h12804&5 0. 6

1 0.3 0 60.00% 10. 00% 30.00% 0.00% 1B PE + PP Mx Plastci 2.00 26 450 0.9
.4 0.7 0 45. 00%20 00% 35. 00% 0. OO%IB Plastic + Wod Chips Plastic from

te 2. 0 Q 26 337 0. 0,0 55%
63% 1506 170k ’é%‘%q 6% BEV‘WE %é"‘g Wil Yarios %ﬁpﬂﬁ%ﬁiéﬁg‘gcﬁ‘ﬁ'ﬁﬁ’g&%‘%o 29

450 1.25 0.ad KC:7 O 54. 35% 15. 22% 30. 43%

IEatalyst [Feed Material Qty|Start Temp. |Final Temp. Conversion & Recovery Percentage Recovery
: Carbon/R . Carbon/R
DegC DegC Ollf "~ Gas| esidue] Water|Qil Gas esidue  {Water
Kgs Kgs Kgs Kgs % % % %

1A Algae 1.50 31 450 0.25 0.30 0.45 0.5] 16.67%| 20.00%] 30.00%| 33.33%
A Algae 3.00 45 450 0.2 2.15 0.65 2| 6.67%] 7L67%| 21.67%| 66.67%
A Algae 1.00 27 450 0175 0.33 0.5 0| 17.50%| 32.50%| 50.00%} 0.00%

Bamboo+Plastics (2.0+1.5 ’
A kes) 3.50 20 450 136 0.59 0.95 0.6] 38.86%| 16.86%| 27.14%| 17.14%
A Bio-Digestor Siduge 2.45 22 450 0 03 0.45 17] 0.00% 12.24%| 18.37% 69.39%
A Biomass 1.70 19 450 0.1 0.45 0.35 0.8] 5.88%| 26.47%] 20.59%| 47.06%
A Biomass 2.00 26 450 0.425 0.6 0.7 0.275{ 21.25%| 30.00%] 35.00%| 13.75%
A Coffe skins 1.15 28 450 0 0.15 015~ 0.85] 0.00% 13.04%| 13.04%| 73.91%
A Molasses effluent 2.75 22 450 g 0.275 0.40 2.075]  0.00% 10.00%) 14.55%{ '75.45%
A Multi feed 2.00 20 450 1.1 0.25 0.65 0| 55.00%| 12.50%| 32.50% 0.00%
A Palm EFB 1.25 24 500 0.45 0.5 0.3 0] 36.00%] 40.00%| 24.00%| 0.00%
A Palm EFB 0.33 22 450 0.084 0.096 0.15 0] 25.45%| 29.09%| 45.45%| 0.00%
1A PalmEFB 1.00 A4 350 03 0.5 0.2 30.00%| 50.00%] 20.00%| 0.00%
1A Sugar Cane Bagasse 110 45 450 0.08 0.07 0.95 ol 7.2m%| 636%| 86.36% 0.00%
1A wood Chips 2.00 21 450 0.725 0.58 071 0] 36.25% 28.75%; 35.00%] 0.00%
IC Cashew shell oil 3 30 450 1.84 0.62 0.54 0] 61.33%| 20.67%| 18.00% 0.00%
IC Cashew shell oil 3 30 450  1.878] 0642 0.48 0] 6260% 2140% 16.00%| 0.00%| .
IC Dried fibre after autoclave 1.3 30 450)  0227] 0445 0628 0| 17.46%| 34.23%| 48.31%| 0.00%
IC dry chicken manure 2.5 30 450 1.21 0118 1172 0] 48.40%| 4.72%| 46.88%| 0.00%
iC Dry chicken manure 2.68 30 450 0599] 1.127] 0.9%4 0| 22.35%| 42.05%| 35.60% 0.00%
i EFB 2 30 450 0.15 1.25 0.6 0] 7.50% 62.50% 30.00%; 0.00%
IC EFB 2 _ 30 450 0.3 16 0.1 0 15.00%| 80.00%| 5.00%| 0.00%
I Fiber 3 30 450]  1.756]  0.364 0.88 0] 58.53%| 12.13%| 29.33%| 0.00%
IC Fibre sample AR 30 450 0.9 0.39 0.75 0 -45.71%| 18.57%| 35.71%| 0.00%

Kappa/t2o (PULPER c .
IC material) 2 30 450 1 059 041 0 50.00%| 29.50%| 20.50%{ 0.00%
IC Krantenpapier 051 30 450 Q 0.51 0l 0j 0.00%| 100.00%| 0.00%{ 0.00%
iC Paper mill samples 1.6 30 450 0.08 0.02 1.5 0] 5.00%| 1.25%| 93.75%| - 0.00%
IC - |POME 2 30 450 0.25 1.69 0.0 0| 12.50%| 84.50% 3.00%| 0.00%

Rice paddy husk / braked
IC rice 2 30 450 0.01 1.48 0.51 0| 0.50%| 74.00%| 25.50%| 0.00%
IC wood chips’ 0.8 30 450 0217 0267 0316 0! 27.13%| 33.38%| 39.50% 0.00%
[ wood chips 1.5 30 450  0.243 0 1.257 0| 16.20%| 0.00%| 83.80%| 0.00%
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0.00% 18 Polythene Carry bags 2.00 29 450 0.95 .0.35 0.7 0 47.50% 17. 50%

35.
35.
16.
70.
49.
33.
28.
32.

00% 0. 00% 18 Pol yt hene Carry bags 2.00 22 444 1 0.3 0.7 0 50.00% 15. 00%
00% 0.WOZBIcVEIst € pl astic bottles 10.00 25 450 2. 15rLTAS2062/80005221. 50%
50% 62. 00% 0. 00% | C M x shreddered plastic 2 30 450 1.4 0.44 0.16

00% 22. 00% 8. 00% 0. 00% I C 3-7 m xed plastics 8.5 30 450 4.2 0.9 3.4 0
41% 10. % 4Q. 9.0.00% | C .1 30 450 1.05 0,35 0.7 50. 00% 16. 67%
33% 0. 0 }éﬁ“&‘qﬁf?%{‘ﬂaﬁa&&“ﬁr%ﬁﬁi&éefs% °ﬁ'§8¥5‘1?f62{9%§‘§5[85“?dd%52. 00% 19. 50%
50% 0. 00% I C El ectronica Plastics 2:30 450 1.3 0.05 0.65 0 65.00% 2. 50%

50% 0. 00% _ |
Catalyst lFeed Material Qty|Start Tem|Final Tem Conversion & Recovery " Percentage Recovery
i f Carbon/R Carbon/R

Deg C DegC Qil| Gas esidue  |Water  [Oil Gas esidue  [Water
Kgs Kgs|Kes Kes % % % %

1A Sludge 4.40 26 450 29 0.35 0.55 0.6] 6591%| 7.95%| 12.50%| 13.64%
1A Sludge 3.70 27 450 1.8 0.2 1 0.7} 48.65%| 5.41%| 27.03%| 18.92%
1A Sludge 5.60 25 450 1.87 0.18 3.55 0] 33.39%| 3.21%| 63.39%| 0.00%
1A Sludge 4.10 25 400 1.1 0.5 2.5 0] 26.83%| 12.20%| 60.98%| 0.00%
1A Sludge 2.30 24 450 115 0375 0.5] 0.275 50.00%| 16.30%| 21.74%| 11.96%
1A Sludge 3.00 21 450 1.15 0.35 1.5 0] 38.33%| 11.67%| 50.00%; 0.00%
1A Sludge 43.50 31 440 21 19.65 2.85 48% 45% 7% 0%
18 Crude Oil Sludge 9.00 29 450 4.35 0.425 1.55 2.675 48% 5% 17% 30%
1B Sludge 5.40 27 450 2.7 0.5 1.8 0.4 50.00%] 9.26%| 33.33%| 7.41%
1B Sludge 4.00 21 400 12 0.325 1.875] - 0.6] 30.00%| 8.13%| 46.88%| 15.00%
1B Sludge 2.00 23 400 0.475 0.125 1.15 0.25] 23.75%| 6.25%| 57.50%| 12.50%
1B Sludge 27.00 28 400 11.9 1.6 12.75 0.75] 44.07%| 5.93%| 47.22%| 2.78%
1B Sludge 5.10| - 24 450 3.125 0.375 0.7 0.9] 61.27%| 7.35%| 13.73%| 17.65%
1B Tar 2.20 22 450 0.75 0.3 1.15 0] 34.09%| 13.64%| 52.27%| 0.00%
1B Sludge 5.65 30 440 15 0.35 2.05 1.75 27% 6% 36% 31%
1B Sludge 5.65 30 450 1.5 0.4 2 1.75] 26.55%| 7.08%| 35.40%| 30.97%
1B Sludge 43.50 34 400 18 2.85 19.65 3] 41.38%| 6.55%| 45.17%| 6.90%
1B Sludge 60.00 28 400  26.155 9.645 24.2 0| 43.59%| 16.08%| 40.33%| 0.00%
1B " |Sludge 2.50 22 450 0.8 0.225 0.85 0.625| 32.00%| 9.00%| 34.00%| 25.00%
IC Tank battom sludge 2 30 450, 1.308; 0.352 0.34 0] 65.40%| 17.60%| 17.00%| 0.00%
IC Sludge 2.28 30 450 1.682 0.256 0.342 0| 73.77%| 11.23%| 15.00% 0.00%
IC TAR 34 30 450 0.016] 0.184 3.2 0| 0.47% 5.41%| 94.12% 0.00%
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| C El ectronica Plastics 2 30 450 0.8 0.39 0.81 0 40.00% 19. 50% 40. 50% 0. 00%
IC Filns AND Plastics 1.5 30 450 0.64 0.86 0 0 42.67% 57.33% 0. 00% 0.00% | C
Fl uf f nat ewDab12216800450 0. 36 0.08 1.56 0 18. 00% 4. 00% 78 PO0ANIN1D0G1$7C Fol i e
+ granul aat 2 30 450 04 1.343 0.257 0 20.00% 67.15% 12.85% 0.00% I C Folie +
granul aat 2 30 450 0.1 1.704 0.196 0 5.00% 85.20% 9.80% 0.00% I C Foiie +

gr anul aat 1.343. 0. 20.00% 2% 12. 85% Q. 00% | C Ganesa
car plasti é@gé‘l&y Fagpteyi iﬁasglﬁsa“sﬂ)“gﬁtﬁb% %9’}?&'}%1§g{n§§% 0.00% 1 C

Ganesa car plastics 3 30 450 0.96 0.884 1.156 0 32.00% 29. 47% 38. 53% 0. 00%
| C Guddi

lCatalyst IFeed Material Qty|Start Temp. |Final Temp. Conversion & Recovery Percentage Recovery
Carbon/R Carbon/R
DegC DegC Oil Gas|  esidue|Water Qil Gas esidue  |Water
Kgs Kgs Kgs Kgs % % % %
1A Black PP 23.40 27 400 14.15 4.65 4.6 0| 60.47%| 19.87%| 19.66% 0.00%
1A Black PP 4.60 23 450 2.7 Q.45 1.45 0| 58.70% 9.78%] 31.52% 0.00%
tA Black PP 20.00 30 400 8.55 5.55 5.9 0] 42.75%) 27.75%| 29.50% 0.00%
1A Enviropeel Polymer 2.00 24 450 15 0.25 0.25 0 75.00%| 12.50%| 12.50% 0.00%
1A Enviropeel Polymer 41.80 32 400 28.2 6.6 7 0| 67.46%| 15.79%| 16.75% 0.00%
1A Enviropeel Polymer 4.10 25 450 2.65 11 0.35 0] 64.63%| 26.83% 8.54% 0.00%
1A e-waste Plastic 10.00 28 400 1.75 0.25 8 0] 17.50% 2.50%| 80.00% 0.00%
1A e-waste Plastic 2.00 23 450 1.15 0.35 0.5 0f 57.50%| 17.50%| 25.00% 0.00%
1A e-waste Plastic 1.85 18 450 0.85 0.i5 0.8 0.05[ 45.95% 8.11%) 43.24% 2.70%
1A e-waste Plastic 20.00 28 400 10.75 0.85 8.4 0| 53.75% 4.25%| 42.00% 0.00%
1A e-waste Plastic 2.00 22 450 13 0.2 0.5 0| 65.00%| 10.00%| 25.00% 0.00%
1A Laminated Plastic 2.00 27 450 1.1 0.40 0.5 O] 55.00%| 20.00%| 25.00% 0.00%
1A Mixed Plastic 18.75 27 400 0.6 7.75 104 1] 3.20%| 41.33%| 55.47% 0.00%
1A Mixed Plastic 26.00 25 400 5.04 0.66 20.3 0| 19.38% 2.54%| 78.08% 0.00%
1A Mixed Plastic 20.00 34 392 11.6 3.1 5.3 0| 58.00%| 15.50%| 26.50% 0.00%
1A Mixed Plastic 0.60 22 450 0.1 Q0.2 0.3 0| 16.67%| 33.33%| 50.00% 0.00%
1A Mixed Plastic 27.50 28 400 15.725 4.175 7.6 0f 57.18%| 15.18%| 27.64% 0.00%
1A Mixed PP Plastic 2.00 23 450 1.55 Q.15 0.3 0| 77.50% 7.50%| 15.00% 0.00%
1A Paper Backed Plastic 26.00 29 400 14 7.15 4.85 0] 53.85%| 27.50%] 18.65% 0.00%
1A Paper Backed Plastic 44.50 31 400 26.68 2.27 15.55 0| 59.96% 5.10%| 34.94% 0.00%
1A Paper Backed Plastic 20.90 29 400 11.63 0.27 9 0] 55.65% 1.29%| 43.06% 0.00%
1A Paper Backed Plastic 15.15 26 400 1.34 1.81 12 9] 8.84%| 11.95%| 79.21% 0.00%
1A Paper Backed Plastic 6.25 22 400 0 1.9 4.35 0 0.00%| 30.40%! 69.60% 0.00%
1A Paper Backed Plastic 20.00 30 400 9.2 3 7.8 0] 46.00%] 15.00%| 39.00% 0.00%
1A Paper Backed Plastic 20.00 43 400 8.16 0.99 10.85 0] 40.80% 4.95%| 54.25% 0.00%
1A Paper Backed Plastic 30.00 36 400 2.4 10.55 17.05 0 8.00%| 35.17%| 56.83% 0.00%
1A Plastic { Black PP} 3.70 31 455 29 0.5 0.3 0 78% 14% 8% 0%
Plastic laminated Al

1A {1.49 kg - 14.9%) 10.00 35 345 0.56 1.30 6.65 0 5.60%| 13.00%| 66.50% 0.00%
1A Plastic PP 21.70 27 400 9.95 1.25 10.5 0| 45.85% 5.76%| 48.39% 0.00%
1A Polymer Waste 2.00 21 450 1 0.25 0.75 50.00%| 12.50%| 37.50% 0.00%
18 Black PP 2.00 -22 450 13 0.5 0.2 O] 65.00%| 25.00%| 10.00% 0.00%
1B Black PP 3.70 31 450 28] © 05 0.3 0| 78.38%| 1351%| 8.11% 0.00%
1B e-waste Plastic 1.00 22 450 0.45 0.25 0.3 O 45.00%| 25.00%| 30.00% 0.00%
1B e-waste Plastic 2.00 24 450 1.3 0.25 0.45 0] 65.00%| 12.50%| 22.50% 0.00%
1B e-waste Plastic 2.00 23 450 1.263 0.337 0.4 0 63.15%| 16.85%| 20.00% 0.00%
1B Mixed Plastic 2.00 36 450 1.15 0.35 0.5 0| 57.50%{ 17.50%| 25.00% 0.00%
1B Mixed Plastic 2.00 30 450 1.25 0.2 0.55 0| 62.50%| 10.00%| 27.50% 0.00%
1B Mixed Plastic 2.00 29 450 1.25 0.2 0.55 0| 62.50%| 10.00%| 27.50% 0.00%
1B Mixed Plastic 2.00 27 450 1.225 0.375 0.4 0 61% 19% 20%| - 0%
18 Mixed Plastic 2.00 24 450 0.575 1.025 0.4 0f 28.75%| 51.25%| 20.00% 0.00%
1B Mixed Plastic 2.00 36 450 0.925 0.575 0.5 0| 46.25%| 28.75%| 25.00% 0.00%
18 Mixed Plastic 27.50 28 400 15.725 4.375 7.4 0| 57.18%| 15.91%| 26.91% 0.00%
18 Paper Backed Plastic 1.00 23 445 0.6 0.1 0.3 0| 60.00%{ 10.00%; 30.00% 0.00%
1B PE + PP Mix Plastci 2.00 26 450 0.9 0.4 0.7 0| 45.00%| 20.00%| 35.00% 0.00%
18 Plastic + Wood Chips 2.35 31 450 1,29 0.355 0.705 o] s5% 15% 30% 0%
18 Plastic from e-waste 2.00 23 450 1.263 0.337 0.4 0 63% 17% 20% 0%
1B Polythene Carry bags 2.30 29 450 1.25 0.35 0.7 0] 54.35%| 15.22%| 30.43% 0.00%
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2.7 30 450 1.2 0.42 1.08 0 44.44% 15.56% 40. 00% 0. 00% I C H M | ocal
450 1.6 1.92 0.94 0 35.87% 43.05% 21.08% 0. 00% | C HDPE 9 30 450 7.1 0.55
1.35 0 78w62042616037%0 15. 00% 0. 00% | C HDPP-A 1.6 30 450 OPC@®/1820%0@129 O
47.50% 34. 38% 18. 13% 0. 00% | C HDPP-A 1.6 30 450 0.48 0.8 0.32 0 30.00%

4.46 30

00%
% | C

50. 00% 20. 00% 0. 00% I C Kali vapsi 2.08 30 450 1.1 0.4 0.58 0 52.88% 19. 23%
27.88% 0. 00%+6+-Db-GiHa530-450-1521.-282.2 0 -30-40%25.60%44
0.00% | C Ldg? E jolfthpys CBy b 450013 7290 440 Qo) s G704 23 03884 1 5s5of) 084ed) QO
Pol eLarry bags 2.00 - 22 444 1 0.3 0.7 0| 50.00%| 15.00%| 35.00% 0.00%
LDPE M X 1 a :!sllc bottles 10.00 25 450 2,15 1.65 6.2 O 21.50%| 16.50%| 62.00% 0.00%
IC Mix shreddered plastic 2 30 450 14 0.44 0.16 0| 70.00%| 22.00% 8.00% 0.00%
IC 3-7 mixed plastics 8.5, ] 30 450 42 09 3.4 0] 49.41%| 10.59% 40.00% 0.00%
IC CD's 2.1 30 450, 1.05 0.35 07 O} 50.00%| 16.67%| 33.33% 0.00%
IC Electronica Plastics 2 30 450 1.04 0.39 0.57 0] 52.00%| 19.50%| 28.50% 0.00%
I1C Electronica Plastics 2 30 450 1.3 0.05 0.65 0| 65.00% 2.50%| 32.50% 0.00%
Ic Electronica Plastics 2 30 450 0.8 0.39 0.81 0] 40.00%| 19.50%| 40.50% 0.00%
Ic Films AND Plastics 1.5 30 450 0.64 0.86 0 0| 42.67%| 57.33% 0.00% 0.00%
[ Fluffmaterial 2 30 450 0.36 0.08 1.56 0| 18.00% 4.00%| 78.00% 0.00%
IC Folie + granulaat 2 30 450 04 1.343 0.257 0] 20.00%| 67.15%| 12.85% 0.00%
Ic Folie + granulaat 2 30 450 01 1.704 0.196 0 5.00%| 85.20% 9.80% 0.00%
1C Folie + granulaat 2 30 450 04 1.343 0.257 0] 20.00%| 67.15%| 12.85% 0.00%
Ic Gamesa car plastics 3 30 450 0.96 0.884 1.156 0] 32.00%| 29.47%| 38.53% 0.00%
Ic Gamesa car plastics 3 30 450 0.96 0.884 1.156 O] 32.00%| 29.47%| 38.53% 0.00%
ic Guddi 27 30 450 1.2 0.42 1.08 0] 44.44%] 15.56%| 40.00% 0.00%.
IC H M local 4.46 30 450 1.6 1.92 0.94 0] 35.87%| 43.05%]| 21.08% 0.00%
IC HDPE 9 30 450 7.1 0.55 1.35 0] 78.89% 6.11%| 15.00% 0.00%
IC HDPP-A 1.6 30 450 0.76 0.55 0.29 0] 47.50%| 34.38%| 18.13% 0.00%
ic HDPP-A 1.6 30 450 0.48 08 0.32 0| 30.00%| 50.00%| 20.00% 0.00%
Ic Kali vapsi 2.08] 30 450 1.1 04 0.58 0| 52.88%| 19.23%| 27.88% 0.00%
Ic L D Gulla 5 30 450 1.62 1.28 22 0| 30.40%) 25.60%| 44.00% 0.00%
[ Ldpe film 6 30 450 37 14 0.9 0] 61.67%| 23.33% 15.00% 0.00%
1c LDPE Mix 1.6 30 450 1 0.21 0.39 0] 62.50%! 13.13%| 24.38% 0.00%
ic mix plastic 2.2 30 450 1.02 0.666 0.514 0] 46.36%| 30.27%| 23.36% 0.00%
I Mix Plastics 2 30 450 0.64 0.12 1.24 " 0] 32.00% 6.00%]| 62.00% 0.00%
I Mix Shreddered Plastic 3 30 450 232 0.486 0.22 0] 77.33%| 15.33% 7.33% 0.00%
IC Mix shreddered Plastic 2 30 450 1.77 0.23 0 0| 88.50%| 11.50% 0.00% 0.00%
Mix shreddered Plastic +
1C 1bt pet 2 30 450 16 0.25 0.15 O] 80.00%| 12.50% 7.50% 0.00%
Mix shreddered plastic +
ic packadge plastic 2 30 450 1.3 0.46 0.24 0| 65.00%{ 23.00%| 12.00% 0.00%
iC Mix shredds 3.26 30 450 1.04 1.06 1.18 0| 31.90%| 32.52%| 35.58% 0.00%
Mix van schoon pp en PE
Ic E1 10121 1.6 30 450 1.421 0.079 0.1 0] 88.81% 4.94% 6.25% 0.00%
Mix van schoon pp en PE
IC E1.1012% 1.6 30 450 1.4 0.09 o1 0| 87.50%| .5.63% 6.88% 0.00%
IC Mixed plastics and botties 2 30 " 450 0.32 1.38 03 O] 16.00% 69.00%| 15.00% 0.00%
IC Mixed plastics and Films 2 30 450 1.44 0.36 0.2 0| 72.00%| 18.00%| 10.00% 0.00%
Mixed plastics with a lot
[« of PET 2 30 450 0.62 1.13 0.35 0] 26.00%| 56.50%]| 17.50% 0.00%
iC Nylon 6 5 30 450 0.975 2.025 2 0| 19.50%| 40.50%| 40.00% 0.00%
ic P.P. Gulla with Calcium 4.48, 30 450 08 1.68 2 0| 17.86%| 37.50%| 44.64% 0.00%
Ic PE - Blau 0.7 30 450 0.56 0.04 0.1 0| 80.00% 5.71%| 14.29% 0.00%
IC PET 2 30 450 0.08 1.32 0.6 [¢] 4.00%]| 66.00%| 30.00% 0.00%
IC Plastic 1.6] 30 450 1.28 0.22 0.1 0| 80.00%| 13.75% 6.25% 0.00%
IC Plastic 16 30 450 1.4 0.09 0.1 0] 87.50% 5.63% 6.88% 0.00%
ic Plastic 1.6 30 450 1 0.21 0.39 0] 62.50% ’ 13.13%| 24.38% 0.00%
[+ Plastic 1.6 30 450 0.48 0.8i 0.32 0| 30.00%| 50.00%| 20.00% 0.00%
Ic Plastic 1.6 30 450 0.76 0.55, 0.29 O 47.50%| 34.38%| 18.13% 0.00%
9 Plastic 2,125 30 450{ - 1.625. 05 0 © 0] 76.47%| 23.53% 0.00% 0.00%
IC Plastic 3 30 450 1.614 0.918 0.468 O] 53.80%| 30.60%| 15.60% 0.00%
IC Plastic 18] 30 450 0.179 0.661 0.96 0 9.94%| 36.72%| 53.33% 0.00%
Ic Plastic 1.944 30 450 0.36 0.554 1.03 O] 1852%| 28.50%| 52.98% 0.00%
iC Plastic 0.7 30 450 0.56 0.04 0.1 0j 80.00% 5.71%| 14.29% 0.00%
Ic Plastic 2 30 450 0.52 042 1.06 0] 26.00%| 21.00%| 53.00% 0.00%
IC Plastic 2.1 30 450 0.218 0.682 1.2 O] 10.38%| 32.48%| 57.14% 0.00%
IC Plastic Cartridges 2.027] 30 450 0.323 0.794 0.91 0] 15.93%| 39.17%| 44.89% 0.00%
[[9 PP HDPE , PE 2 30 450 1.5 0.5 0 0] 75.00%| 25.00% 0.00% 0.00%
PP talco, shredded light
IC plastics 2 30 450 0.182 1.218 0.6 0 9.10%| 60.90%| 30.00% 0.00%
shredderd plastic
IC gildenhaus 2 30 450 1.78 0.08 0.14 0| 89.00% 4.00% 7.00% 0.00%
shreddered plastic |
IC gildenhaus 2 30 450 1.78, 0.22 0 0| 89.00%{ 11.00% 0.00% 0.00%
IC Teflon 2.54 30 450 0.13 1.085] 1.325 0 5.12%; 42.72%| 52.17% 0.00%
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1 0.21 0.39 0 62.50% 13.13% 24.38% 0.00% I C m x plastic 2.2 30 450 1.02
0.666 0.514 0 46.36% 30. 27% 23. 36% 0. 00% I C M x Plastics 2 30 450 0.64 0.12
1.24 32.WO0%B/BW62. 00% 0. 00% | C M x Shreddered Pl ast PCTANBA24&A572. 32
0.46 0.22 0 77.33% 15.33% 7.33% 0.00% 1 C M x shreddered Plastic 2 30 450
1.77 0.23 0 0 88.50% 11.50% 0. 00% 0.00% 1 C M x shreddered Plastic + | bt pet
2 30 450 1.p]2 ﬁ 0.15 0 80.00% 12.50% 7.50% 0. 00% | C M x shreddered

pl astic + ¢ e plastic 2 30 450 1.3 046 0.24 0 65.00% 23. 00% 12. 00%
0.00% 1 C M x shredds 3.26 30 450 1.04 1.06 1.16 0 31.90% 32. 52% 35. 58%

0.00% 1 C M x van sch ofn B% gn'PE El 10121 1.6 30 450 1,421 0.079 0,1
. An external, fixed bed, agglomerated nano catalyst for conversion of waste materia

into hydrocarbon fuel fractions and carbon represented by the formula;
AxByOz/Qn.(OH)m

wherein, ‘A’ is a transition element sélected from Ti, Mn, Cr, Fe, Ni, Nb, Mo, Zr, Hf,

>W, Ta, Zn, either alone or mixture thereof in metallic form or as oxide or as

hydroxide; ‘B’ represents Sc, Yt, La, Ce, Nd, Pr, Th either alone or mixture thereof in

metallic form or as oxide or as hydroxide; and optionally along with an organic

binder, |

‘x’ is the number in the range of about 0-2; ‘y’ is the number in the range of about 0-

2; ‘mf is the number in the range of about 0-4; ‘n’ is the number 0,1;

‘z’ is the number of oxygen atoms needed to fulfill the requirements of the elements

possible; '

‘QQ’ represents montmorillonate clay or its derivatives.

2. The external, fixed bed, agglomerated nano catalyst according to claiml1, wherein,
catalyst comprises ‘A’ in metallic form or as oxide or as hydroxide in the range of 10-
65% by weight; ‘B’ in metallic form or as oxide or as hydroxide in the range of 5-
25% by weight; ‘Q’ in the range of 30-90% by weight and optionally the organic
binder in the range of 5-12% by weight.

3. The external, fixed bed, agglomerated nano catalyst according to claiml, wherein
organié binder selected from Titanium Tetraflouride, ethylene glycol, ethylene glycol
monomethylether (EGME),  methyl cellulose, tetrafloroethylyne, poly(diallyl-

diméthylammonium, L-lysine, L-proline, Phenolics, Ethenol homoPolymers.

4. The external, fixed bed, agglomerated nano catalyst according to claims land 2,
wherein catalyst comprises; ,
‘a. Catalyst type IA comprising 30% by weight of element ‘A’ as hydroxide, 10% by
weight organic binder and 60% by weight of element ‘A’ as oxide.
b. Catalyst type IB gomprisiﬁg 12% by weight of element ‘B’ in metallic form and

88% by weight montmorillonate clay or its derivatives.
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0 88.81%4.94% 6. 25% 0.00% I C M x van schoon pp en PE HEl

10121 1.6

30 450

1.4 0.09 0.11 0 87.50% . 5.63%6.88%0.00%. IC M xed plastics and bottles
2 30 450 wo28121168%00. 3 0 16. 00% 69. 00% 15. 00% 0. 00% | C Rcran2qbesuscs and

Films 2 30 450 1.44 0.36 0.2 0 72.00% 18.00% 10.00% 0.00% 1C M xed
plastics with a Iot of PET 2 30 450 0.52 1.13 0.35 0 26.00% 56.50% 17. 50%

0.00%1C Nylon 6 30 45

975 .2 9. 50% 50% 40. 00%
P.P. Gulla wfh Cc%ﬁ%ﬁt a/rneﬁczfgméﬂma%g"? (Smmg lemept }}33 i piatic ‘%f 8
| C PE - Blau 0. %ehht ARfAtrRorifnkle Oy Or its QrB R0 QR 30% My hdei 2R UietheRO% aE PET 2

30 450 0.08 1.32 0,6 0

oxide, 15% by weight element ‘A’ as hydroxide and 5% by welght binder.

% | C
4% 0. 00%

5. The external, fixed bed, agglomerated nano catalyst according to claim 4, wherein

catalyst type [A comprises 30% by weight of titanium hydroxide, 10% by weight

ethenol homopolymer and 60% by weight of titanium oxide.

- 6. The external, fixed bed, agglomerated nano catalyst according to claim 4, wherein

catalyst type IB comprises 12% by weight of Lanthanum and 88% by weight

montmorillonate clay or its derivatives.

7. The external, fixed bed, agglomerated nano catalyst according to claim 4, wherein

catalyst type IC comprises 6% by weight of lanthanum, 44% by weight

montmorillonate clay or its derivatives, 30% by weight titanium oxide, 15% by

weight element titanium hydroxide and 5% by weight of ethenol homopolymer.

8. The external, fixed bed, agglomerated nano catalyst according to claim]1, wherein the

particle size of the elements in said catalyst is in the range of 20-100 nm, which is

agglomerated to obtain granules of particle size in the range of 100-500 microns.

9. The external, fixed bed, agglomerated nano catalyst according to claim1, wherein said

catalyst is a pyro-catalyst at a temperature in the range of 10-80°C and can withstand

temperature upto 500°C.

10. The external, fixed bed, agglomerated nano catalysf according to claiml, wherein

catalyst is in a different phase from the waste material.

11. The external, fixed bed, agglomerated nano catalyst according to claim1, wherein the

nanocatalyst has a surface area in the range of 35-250 mt*/gm.

12. The external, fixed bed, agglomerated nano catalyst according to claim1, wherein the

nanocatalyst has a thickness in the range of 1cm to 100 cms and beyond.
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4.00% 66. 00% 30. 00% 0. 00% I C Plastic 1.6 30 450 1.28 0.22 0.1 0 80.00%

13. 75% 6. 25% 0. 00% I C Plastic 1 6 30 450 1.4 0.09 0.11 0 87.50% 5. 63%,

6. 88% 0. OWe2b2/M8bastic 1.6 30 450 1 0.21 0.39 0 62. 50% Pr3Ay3neMH138% 0. 00%
IC Plastic 1.6 30 450 0.48 0.8 032 0 30.00% 50. 00% 20. 00% 0. 00% I C Pl astic
1.6 30 450 0.76 0.55 0.29 0 47.50% 34.38% 18. 13% 0. 00% |1 C Plastic 2.125 30
450 1.625 0.5 0 76.47% 23.53% 0.00% 0.00% 1C Plastic 3 30 450 1.614 0.918
0.468 0 53. 80% 30. 60% 15.60% 0.00% 1 C Plastic 1.8 30 450 0.179 0.661 0.96 O
9. 94% 36. 72PA& The external, fixed bed, agglomerated nano catalyst catalyst according to claims 1 and

12 wherein the hydrocarbon product composition varies with the thickness of the

catalyst bed.

14. The process for the preparation of external, fixed bed, agngmerated nano catalyst
according to claims 1 and 2, comprises;

a. Subjecting the nanoparticles of particles of the elements either in metallic or.
oxide or hydroxide form either alone or éombination thereof to cryogenic grinding
at a temperature in the range of -40°C to -50°C followed by sieving and
segregating to obtain nano particles of the size in the range of 20-100 nm;

b. Recycling the nanoparticles | of particle size less than 20nm and greater than
100nm obtained after segrégation to grinding of step (a);

c. adding a binder or montmorillointe clay to step (a) and blending to form a slurry;

d. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating to obtain desired agglomerated nano catalyst with the particle size in
the range of 100-500 microns; and

e. recycling the particles of particle size les.s than 100microns and greater than 500

microns obtained in step (d) to step (c ).

15. The process for the preparation of external, fixed bed, agglomerated nano catalyst
catalyst according to claim 14 further comprising adding element selected from the
lanthanide or actinide series or a transition metal to the weighed nanoparticles with
particle size in the range of 20-100nm of step a followed by addition of water,
montmorillointe clay or its derivatives, optionally a binder to obtain agglomerated

nano catalysts.

16. The process for fhe preparation of agglomerated nano catalyst according to claims 14
and 15, wherein, the binder selected from Titanium Tetraflouride, ethylene glycol,
ethylene glycol monomethylether (EGME), methyl cellulose, tetrafloroethylyne,
poly(diallyl-dimethylammonium, L-lysine, - L-proline, Phenolics, Ethenol

homoPolymers.
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53.33% 0.00% 1 C Plastic 1944. 30 450 0.36 0.554 1.03 0 18.52% 28. 50% 52. 98%
0.00%I1C Plastic 0.7 30 450 056 0.04 0.1 O 80.00%5.71% 14.29% 0.00% I C

Pl asti c 2wBQo®aBoIN52 0.42 1.06 0 26.00% 21. 00% 53. 00% @COOSadiBodisstic 2. 1
30 450 0.218 0.682 1.2 0 10.38% 32.48% 57.14%0.00% I C Plastic Cartridges
2.027 30 450 0.323 0. 794 0.91 0 15. 93% 39.17% 44. 89% 0. 00% | C PP HDPE , PE -

230,10 35 oaeds 5 00 a0 b B B D RO LT Lo
pl astics 2 30 0 redderd
pl astic gil decibiass and 3@ céiprising{8 0. 08 0. 14 0 89. 00% 4. 00% 7. 00% 0.00% I C
a. subjecting the nanoparticles of 30% by weight of titanium hydroxide, 60% by
weight of titanium oxide to cryogenic grinding followed by sieving and
segregating to obtain nano particles of the size in the range of 20-100 nm;
b. recycling the nanoparticles of particle size less than 20nm and greater than 100nm
obtained after segregation to grinding of step 1;
c. adding 10% by weight of binder to step (a) and blending to form a slurry;
d. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating to obtain desired agglomerated nano catalyst type IA with the particle
size in the range of 100-500 microns; and
€. recycling the particles of particle size less than 100microns and greater than 500

microns obtained in step (d) to step (c).

18. The process for the preparation of agglomerated nano catalyst type IB according to'.
claims 6 and 14 comprising;

a. subjecting the nanoparticles of particles of 12% by weight of lanthanum to
cryogenic grinding followed by sieving and segregating to obtain nano particles of
the size in the range of 20-100 nm;

b. recycling the nanoparticles of particle size less than 20nm and greater than 100nm
obtained after segregaﬁon to grinding of step 1; '

c. adding 88% by weight of montmorillonite clay to step (a) and blending to form
a slurry; ,

d. spraying the slurry into a fine spray through nozzle onto the belt, drying, sieving,
segregating fo obtain desired agglomerated nano catalyst type IB with the particle
size in the range of 100-500 microns; and

e. recycling the particles of particle size less than 100microns and greater than 500
microns obtained instep (d) to step (c).

19. The process for the preparation of agglomerated nano catalyst type IC according to
claim 14 and 15 comprising; _

a. adding element selected from the lanthanide or actinide series or a transition metal

to the weighed nanoparticles with particle size in the range of 20-100nm followed
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shreddered plastic gildenhaus 2 30 450 1.78 0.22 0 0 89.00% 11. 00% 0. 00%
0.00% 1 C Teflon 2.54 30 450 0.13 1.085 1.325 0 5.12% 42.72% 52.17% 0. 00% |
CLAIM 1l1.weonoextsesnal , fixed bed, aggl onerated nano cat aCydan2dignooesnver si on
of waste material into hydrocarbon fuel fractions and carbon represented by
t he fornmul a; AxByOz/Qn (G—l)mwherei n, 'A" is atransition elenment selected
fromTi, M, C ei t her. al one_.or m xture
thereof in netal® a(fidfttS’Prﬂfd’Yatea’smfﬂ%fnagu%‘Pfe CXth%fdtsod/Z?f‘ﬁ%twes B’pt'P’e%lP' @s%ﬂ‘i§

Yt, La, Ce, Nd, JidblehBingitd foeh 2dlgne or m xture thereof in netallic form or

as oxide or a hydrOX| de; and optionally along with an organi c hi nder, 'Xx'
is the nunberir erf‘Wé‘g 5‘?1 Wrpntey ggﬂﬁ Spiyothrough “?Zéletcﬁ’éo WﬁﬁﬁlérdrY'ﬂgtﬂ%"“Fgange of
about 0- 2; diRg %rﬂbatn Hé%lréchéggﬂcﬂrwﬁed)ﬁan@té@tldtyspwﬂh thelpartice dii2qn nunber
0,1; "z' is the nu er of gen atons needed to fulfill the requirenents
of the el errents tb@%g%¢fe100‘ “t‘@B'i*Seé%ts nontnorillonate clay or its
derivatives. .- rIé}%hﬁg(Ih% paficies fdprRficRage 189 ThATRDAEEEhNADQr&atk @laYSho
according to claim1 ", wherein, catalyst conprises "A" iIn rretal lic formor
as oxide or as hp@mprtempchmtsrﬁe(b)aﬁge@pdﬁ) 10- 65% by weight; '13' in
netallic formor as oxide or as hydroxide in the range of 5- 25% by wei ght;
"Q in the range of 30-90% by wei ght and optionally the organic binder in
t he range 020.9hd exteinyl, fisédyhed, agglonfmatedenane cptalyst dcbordigheany efght dawrsdted nano

catal yst accorgi | gaﬁ! er selected from
Ti tani um Tetr gg’l‘g%rr%ngteh% fﬁle{i:h%decr?g% R snl?g% ‘ﬁ‘ar?érg‘& ycol nononet hyl et her
(EGVE) , net hyl cel lul ose, tetrafl or oet hyl yne, poly(diallyl-

di met hyl a in L Pheng] i Pol rs. .
The-ext erna - 1 pugal B EEoss e w5 REh bR S R Tt o1
land 2, wherei0, eatminysdid canfysi sas briag abadtavapsi phgspeddcémﬁ@sﬁtwm sf mgstd80% by
wei ght of el enent. lA 125 dh dr oxi % g:af? % wei gh anj c b| der and 60% by
wei ght of el efffrialspselegled, frope sejgete PMESp& aFTEf Pi G4b 8 Y355 by

wei ght of el emlﬂtclpaBsoumsemgawame dlevtrdhia NehsRS Petileunt mabtes, raaimigmaid hdnonat e
clay or |ts der| vatives. i Si

| yst .type -1 C conprisin % pby. wei ght
ol ovent ' 13 FHibldxkrkcediye ﬁ'i“} DAogdiRiC é@?t‘@ﬁt aRIGH HBYTY %&ﬁ@%g PP i ts
derivatives (@ks oBQ¥mBinatisaférest MEERlable corfus@Me AR drobartodudreindNbligl ement
A as hydroxide and 5% by wei ght binder. 5. The external, fixed bed,
aggl oner at ed G¥AN-cat al yst according to claim4, wherein cat al yst type 1A
conpri ses 30% by wei ght of titani um hydroxide, 10% by wei ght et henol
honopol ymer and 60% by wei ght of titanium oxide. 6. The external, fixed
bed, aggl onk dt etethethdo c aeriests homegeopwi gd t beterpadnasus, wesler alateriglst antgst type

| B conpri ses gyt a onat e
clay or its dé?l%%ﬁo\\?‘gsfw er‘IFhle@e%?e%Eq nsgl xecfu%\éd%ﬁ]g%o%lgag Angno

cat al yst accodchon@osloombiahwmdgenMemé’pnhewo@Iny@ts Vtangetalt@atmrq)hydwslbe% by
wei ght of | ant.h 44% yeelgusely | | onat e cI rivatives,
30% by wei ght tﬂfe? nlaﬂbr%nélﬁtnégwag&%ﬁ \ﬁgi ag%%lome aeerglenno £ %’% otﬁrfﬁrﬁ’yd‘ﬁom de and
5% by wei ght of ethenol honopolyner. 8. The external, fixed bed,
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aggl oner at ed o helabgnbugirainkei@sgedtoRandsteCinbtefalz éntb ytiidearban @l Gfactida®- 500
mcrons. 9. The external, fixed bed, agglonmerated nano catal yst according
to claiml, WAt & BPNs ai d cat al yst is a pyro-catalyst at a tenperature in
the range of 10-80C and can wi thstand tenperature upto 500C. 10. The
external, fixed bed, agglonerated nano catal yst according to claiml,
wherein catalyst is in a different phase fromthe waste material. 11. The
external, fixed bed, agglonerated nano catal yst according to clainy,
wherei n the nanocatal yst has a surface area in the range of 35-250 nt2/gm
12. The external, fixed bed, agglonerated nano catal yst according to claim
1, wherein the nanocatal yst has a thickness in the range of lcmto 100 cns
and beyond. 13. The external, fixed bed, aggl onerated nano catal yst

catal yst according to clains 1 and 12 wherein the hydrocarbon product
conposition varies with the thickness of the catalyst bed. 14. The process
for the preparation of external, fixed bed, aggl onerated nano catal yst
according to clainms 1 and 2, conprises; a. Subjecting the nanoparticles of
particles of the elenments either in netallic or oxide or hydroxide form

ei ther al one or conbination thereof to cryogenic grinding at a tenperature
in the range of -40C to -50C fol | oweddby sieving and segregating to obtain
nano particles of the size in the range of 20-100 nm b. Recycling the
nanoparticles of particle size |less than 20nm and greater than 100nm
obtalned after segregatlon to grlndlng of step (a) C. addi ng a bi nder or
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