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(57) Abstract: A municipal or like refuse is crushing, mixing with
crushed limestone, dry up in two stages - by hot air and by part of
solid products of pyrolysis which other part goes on washing out
and filtration. Pyrolysis is carried out in. two stages - due to heat
of the specified part of solid products of pyrolysis and simultaneous
neutralization of allocated hydrogen chloride by limestone with re-
ception of calcium chloride, and then due to heat of final chimney
gases of the combustion chamber, where in three stages the washed
solid products of pyrolysis preliminary drained by a part of com-
bustion chamber slag are burnt together with liquid and gaseous
products of pyrolysis. Gas allocated at pyrolysis condense and di-
vide on organic, which are liquid fuel and water phases. Air after a
dryer moves to blowing away of light organic substances from the
specified water phase, is heated up due to heat of slag and moves
in combustion chamber. Washing water goes on allocation of salts
of heavy metals and calcium chloride, and slag after molding of a
concrete mixture goes to the chamber of thermohumid processing
of the slag concrete by a part of damp chimney gases after drying
calcium chloride, other part of gases moves to manufacture of lig-
uid carbon dioxide.
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METHOD AND PLANT FOR PROCESSING WASTE
~ SPECIFICATION
FIELD OF THE INVENTION -

The present invention.relates a method'and‘
a plant for proCesSing'waste, inciuding soliﬁ
municipal or like.refuse aﬁd also of the refuse
together with oii-industry wastes (oil sludge, acid
tars, étc ), Boil polluted by pest;czdes and oil
.products, waste products of electronxcs,‘used tires,
all kinds of plastics, sewage sludge of the city.
waste water'tteatment plants, the polluted ground
sediment of reservoifs, biologically polluted waéte

products of hospitals, etc.
BACKGROUND OF THE INVENTION

Problem of pollution of cities.by waste
products of the ﬁts Vital,éctivitf and its solution
appeared exﬁrémely cdmplex'scientific - technical

" and soc1a1 - econqmzc task. Spec1a1 spec1f1c1ty here
is shown in a possible concentratxon 1n these waste

products practically all variety of substances and
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the materials meeting in thé nature and -is
artificial by created by the human, and also in
continuous grbwth of their,quanti;y.
' Ecoﬁ&mically the most attract;vefcould.be
sorting of refuse including on the-automated _sorting
,complexes with the subsequent return;ng of a |
sxgn;ficant part of components into manufacture.=‘.
Bowever, it extrepelyzlaborxous, epidemically and
' toxicallyAdangerous procéss allowing-ﬁo sprﬁ.no mb:e.
than 30 % of refuse, as its big part-is'impgséible~
to separate (Katys M. Dumps of Household”Wasté |
Products an& Incinefate Factories - SOufces‘of
" Dioxins. 25.11.2002 20 21/ WWW . svoboda org)
Experlence of Germany has shown, that
recycling is econamically expedien; only for Buch_,
materials as ferrous metals, aluhinnm, glass
dependlng on local condltlons, probably, a paper aﬁa'
-is completely.unacceptab1e~for plastzc,_p&ckigg
materialq, newspapers, waste products of . j
electronics, iinéleum,_etc. (Steven P. Reynolds. The
German Recycling Experiment and its lessonsufdi
United States Policy. Viiiaﬁova Environmental Law
Journal. Vol. V1,1995, Number 1.). 1In the.U_SA'BQ.-G%
of municipai solid waste are recovered due to |

recycling (23.5%) and composting (7.1%) (U.S. EPA.
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_ Municipal Solid waste in the Unzted States. 2003
Facts and Flgures.). .It means, that approxlmately
70% of solid'weste shou1d.be processed by a

"different ﬁay. .

The emergency has developed all over the

" ‘world and with utiliZatiou of oil containing waste -
products. Til1l now'the-comprehensible decision of
‘the challenge - cleariug of ‘the ground repeaiedly
polluted with miue:al oil (for example, a g:oundiof
territories of the gas stations, seaports, railuaf.
depots, fank'farms, etc.), recycling of acid tars
.(weste products'of sulfuric.purification'of.some'"
m;neral o;ls. for example,"the‘lubricent oils,
conta;n;ng 15 - 70% of the sulfuric acid dlssolved
in wate;), utlllzatlon‘of ground sediments of 011_
tanks, ponds - sedxment bowls, eafthen~sludge Sarns,
represent;ng a solxd phase, conta;n;ng paraff;ns,
asphalt-reslnous substances, sulfur, sand, clay and
other mechanzcal 1mpur1ty,'and also heavy metals -
lead, cadmium, zinc,_etc.‘ls not found. Such-refuse
are offered to be processed on unzts of thermal
neutralxzat;on where as a result of pyrolysis

'receive ary carbon containing material - raw
material for manufacture of building materials and

asphalt concrete mixes, and also the condensate and-
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the gasiused.as‘fuel in'theée units'(Zharov-o.A.;

etc. Mo&ernvRuséiaﬁvTeéhnologies; vol. 2. o
Téchnologies and :he Equipment for Processing ana

. Recycling of oi; containing Waste Pfoducts{and dii
Sludges. The Directory. Ecoline. xaroslavl,:2003)..
- It is neceséary to note that such solution of a .
prqblem.ig‘not satisfactory as.the solidirgstsibf
pyrolysis contain heavy metals and, hence, are not
suitable for industrial use and a burial piﬁce aléd.j
demand. Besides egtraétion'oil fram'grdund_déposits
it is inexpedient in connection with high expénsés
and insignificant Qquantity of an 6il.phés§: on the
average 5 - 8%. Mpst_tﬁe rational way of tﬁe.
solution of a problem of utilization of fheAgil
sludge is observed at 5oint procesé of p}rolysis 
with municipal solid waste:(nuziﬁov H.N., Naloﬁovav
ﬁ.v., Shantarin V.D. Utilization bf Ground Sediment
of 0il Tanks without Waste 21.01.2003 11:29/ |
wa.gromeco.hl.ru). Thug, howevet,7the'questions
associated to protection of an environment from
pollution by heavy metals, polyéﬁlorinated
dibepzodioxiné, -furanes'and ~biphenyls also are not
-8olved. |

Now in the world practice some

technologies'oberate joiht thermal processing of
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municipal soiid wgste angislﬁdgé deposité’of Ehé
sewage form;d on city'sewage.purification'planés}
Thus; their joint burning in furnaces of various
.deéigns with préliminarj.drying depbsits éﬁd
obligatory retuin of chimney gases after dryings on
deodorization in a furnace is ptbvided'(v.s:iféﬁ. o
Nos. 4,753,181, 5,630,366, 6.412,428 and Kremer A.I.
About Prospects 6f:Joiﬁt Thermal Processihg'éf
Municipal Solid Waste and Deposits of Sewage.

26.11.2002 22:38/ www.gke.wl.dvgu.¥u). In’

.copnection'with-tbe raised content of heavy metals
iﬁ sludge deposits of sewage all theéé téchnoioéies.'
result in réception of extfeheiy dangerxous siaénand
ashes which démand avbﬁriél place;‘Besideé
chlororganic compounds .contained in solid waste
result in,environmentallcontaminapiqn by -
polychlorinatea dibgnzodioxiné( -furanes‘and
—biphenyls. -

Now in the world wide practice it is
realized more.thgn ten technologigs'of.proééssihgs
soiid,municipql and industfial wastes. The most
widespread among theﬁ are thermal ways: burning,
pyrélysis and gasificétion, . .

Burning cannot be cénsidered as

economically reasonable or saving resources method
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as many organic substances which could to be used,
are bﬁrﬁt with Addifional consumption of fuel ; up
to 2651 (70gal) on ton of burnt solidhﬁaste‘(CId:ke,'
- M.J., Dekadt, M., and Saphire D.'Bufningveérbége in
the USA. Practice vs. State. of A%t..Inform Inc.
©1991. p. 146-147).' Beéides«existing and offérqdjtq;
use planté‘for refuse incineration have a lot of
lacks tﬁé main.thiné from which is'that‘they at work
form secondary extremely toxic waste éroduétS‘ |
(polychlorinated dibenéodio#ins, -furanes,'ané'-““
biphenyls) exude togethei witﬁ.heavy metals iﬁ.an
environment Qith éhimney gases, sewage and élag
(Marjorie J. Clarke Environmental-Sciéntist_Bgsdﬁrce
Recovery and Waste Disposal- Planning. Mipimizing
Emigsidns from Resource‘Recovery, ﬁew York city
Department'of.Sanitation; international ﬁbrkshop on
Municipal Waste’Incineiétion. SDOhsgred by:_ HE
Environment Canada. Meridien Hotel, Montreal, -
Quebéc. October 1-2, 1987. Second Edition and'f
L.A.Fedorov. Dio#iﬁs_as Ecologicai Danger; |
Retrdspeétive.and Perspective. M. Nauka, 1993.-266p.
/www.seu.ru/céilliblbooks/dioksiny/); -
‘Ag at burning waste products it is formed
warmth, the deéire £o usé it was naturai;iso ‘

movement:”Waste-to-tnergy” has appeared KU.S. Pat.
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No. 5,862,762, Everett B. Woodruff, Herbert B.
Lammers, mhamas F. Lammers. éteam flant Operation.
7-the Edition. Division of the McGraw-Hill

'Companies, 1998. Chapter 13. Waste to-Energy Plants,~

T P.729-774 and Joseph A. Salvato Nelson L. Nemerow,
‘Franklin J. Acardy. Env;ronmental Engxneer;ng. 5-the
Edition. John-wiley apd Sons,‘Inc. 2003. Chapter S5..-
Solid waste Manbgeﬁent; P.755 - 888). However,
burning of -solid waste with the purpose of'recepﬁiqn
of heé; to manufacture the electric power results in
‘the even greater Qﬁvironméﬁ;&l contamination. It
speaks tha; thé‘electric power consumptiqn-ig'not
conqﬁant haé daily and seasonal peaks that
accordingly fesults in £1ﬁctuations of loéding of
combustion chambers 6f.garbage incineration boilers -
and, as a result leads to incomplétely burn of waste
products,aﬁd‘to the eveh‘greatgr emissio# of hgrmful.
substances withAchimney géées{~slgg, ash and.sewage.

~ For only teéhnical.reason§ (low-calorie fuel,

_ ineffective geherators, etc.) cost of the electric
power made Qn.mu#icibgl réfuse incineration ﬁlants
cannot compete to éoét of the electric power on heat

.powé: stations. .The price of.oné'kilowaﬁt on heat
power stations 1 - 3. cents, and bn-refuse' |

incine:ation.plants--”lllcents. On laws in force
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for stabilisation of the market to consumers of_it'
is obliged tO'se117for.2 cents for 1‘kilowatt that
gives enormous losses for refuse 1nc1neratxon plants
and in a combination to necessity of a bur1a1 place~
for slag and_ash does these plants absolutely-
.unprofitable, financial forecasts for their.
development are extremely adverse (The Wall_Streetli.
Journal.’ August 11, ;995, p. Al - A2).

Many companies pass from siﬁpie burning'
refuse to the two-level process 1nc1udxng a stage of'
pyrolys;s (decompos;tzon of orxrganic substances '
without access of oxygen) at rather 1ow-temperatures

450 - 800°C (840 - 147-065-). Such. process appears.
energet1ca11y more favorable than slmple burn;ng. As
a result of pyrolysls receive gas and the solid rest,
of pyrolys;s. Then those and other products at. once
w1thoutvany addxt;onal process;ng send to combustloni

' .chanber.for burning. ‘The part of gases of pyrolyszs_‘.

.after condensatlon can be removed from system and
used'as 11qu1d fuel by other consumers (U,“sngat,:
Nos. 4,485,745 and 5'669 317). 5fhus the same~1acks'
are observed as at d1rect burnlng wvaste products.

In the same cases when gas of pyrolysxs is exposed
to clearing of acid gases such as chlorlde hydrogenr

(Hcl), econoniCal;y_process becomes expensive
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because Of. appllcatxon of the expensive equipment
and using expensxve caustlc ox calcxnated soda - and
env;ronmental contamlnatlon by heavy metals is not -
- eliminated.
. Alternative to process of pyrolysis is the .
.process of gasification which goes similarly but at
temperature 800-1300°C (1470 - 2370°F) and at --
presence of a small amount of air. In this case
-received'gas represents a mix of leﬁfmolecular<
hydrocarbens_which then burn in furnace. - Such.
process does~not-improve an ecological situation
‘wﬁereas.presence of air-and'availability of-chlerine
organxc substances in refuse in combxnat;on w;th |
high temperature results in 1nten81ve formation of:
dxoxxns furanes and blphenyls. Salts of heavy
metals as well as in other technologies fram process
are not removing,and,pollute an environment<(0.8;
Pat. Ne.5,445,6877ahd the Review of Modern
feQAQOidgies of Reception of Liquid Fuei from
Biomass by Fast Pyrolysis. 06.01.2003 21:59/
www.sciteclibragi.cam).
o  The most.complete destruction of the
- products contained in ‘refuse is carried out during
high;temperature pyrolysis'or'gasification at .

temperature 1650-1930°C (3000 - 3500°F) in volume
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fused in a mix of mineral e&ditives'with‘ﬁetai (u.s.
Pat. No. 5,134, 944)}ror at temperature up to 1700°C
(3100°F) in volume melt of salts or alkalis in a mix
with addltxves and at the presence of catalysts'
(Ukraine Patent N® 57984 A). The spec;fled ways .
.provide processing refuse practicaliy any' |
compos;t1on as at such temperature are completely g
destroying all ‘dioxins, furanes and biphenyls. As a -
' result it turms to synthesis gas - a hix_of
hydrogen, methane, carbonic oxide, carbon didﬁide;
water steam, nitrogen oxides and.sulfur,'the eolié
rest.—'cokef pieces of inorganic materiele, 1ime;
cement, glass and slag which are proposed te.be--
poured out from a reaetor in sealed buniersfaﬁd
forms without the instruction of their fhrther uee
and wasted melts of salts~end metal which.
regeneration are extremely ccmplex.and power-.
.intensiﬁe process reqeiring besides the,sigﬁiiicant
éonsumption of various reagents. Synthesis'gee'.
after enough'éomplexudecontaminatioﬁ can be used as
fuel. It is necessary to note also that the
specified proéessee do net provide removing of heavy
metals and their salts from the eoiid restvof.
pyrolysis therefore the further applieetiOn of‘siaée

for manufacture of building materials and designs is

- 10 -
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- impossible, special measures on their recycling or.d

burial plédé axe.necesséry.
The technology 6f.pro¢essing of waste

) proddcts 6n-a'basis of 1ow»témperature'p1asmas at
2006 - 100000°C (3630 - 180000°F) is.appliéd' |
'basically to small vblumeg of espeqially dangerous
waste products, for example, bi§logically pollutéd
waste products of hospitals and &iﬁfers by the high
cost pricg of processing (#100 per ton of waste.
products) thatAP:actically excludes a real :
opporfunity to appiy tﬁi§ méthod in large industrial
~Bcj:ales (Installaﬁion for Meéicai and Hazardous Waste
Treaﬁment Using the AC Plasma - AIC'sfstem séliton -
NTT with Institute ofvrroblems of Electrophysics.
http:/[soliton-.msk.ru/hazard.html 12.21.2002 ).

- ‘Concentration of oxides of heavy metals in
slag and_aéhes,in 2 - 3 times (sdmeﬁimes'and moré)i |
is higher some heéﬁy metals thén in burnt solid
waste. -Thefefore;;though therma1.methods allow to
reduce considerably volume of waste,p?odﬁcts,lthus
ashes even qore?danée:ousfto an-enviranment énd the
slag requirés;speciai measures on tecycling.or a

4 burial biace are formed (Yufit. S.S. Incinerate -

Factories - Rubbish Heap in the Sky. Ecoline, 1998).

- 11 -
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For processing of toxic slags the
technology of eéoiégical concreting is used: mi#pure-
of slags afté;_their neutralization wiﬁh cement,

. lime or dioxide silicon with the subsequeﬂﬁ o
hardening a mix. At corect mixing wastevprédﬁcgg‘
with the cohesive age#t occurs original |
"ipc&psulétion" toxic substances (including heévj
metalshdﬁd dioxins) in the cement stone which is not
passing toxic substances into an envifonmeht.“(u;é, .
Pat. Nos. 4,120,735, 4,518,508, 5,286,430,
5,466,407, 5,649,894 and 6,342,461). However, such
technology ;equires preliminary néutralization of
waste products for what a plenty of chemical .
reagents is_necessary.' A number of‘the.subspénces
making'wasté products,jfor example, sulﬁhnr- '
containing can cause degrddatibn of a cement sﬁone,
‘that results in diffusion of contaﬁination into an
environment. "Besides, toxic metals in the.certain
conditions can be waéhed away from blocks by rains,
for example, at éhéngé of~acidity.éf rain wafér |
accofding to ”weather cqnditioné" (Yyufit s.S.
Incinerate Factories - Rubbish Heap in.the.Sky;‘
Ecoline, 1998). |

- The advanced method of gcologiéél

reconcreting - the integrated mineral-matrix

- 12 -
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} technology~shou1d_provide(ecological safety of a
fecei&ed ﬁateriglvdue.to.cheﬁical bah§ing of
contamination down to their inclusion in a breaker

‘plate cemehtingfnew formation (for example, heavy
metals) or blocking of céntaminators by-cqiloidj
disperse and sol-helium phases in mass.of a forming
materiai..(U.S. Pat. Nbs.4,726,?10, 4,741,776.and',_.-
4,872,9545. However, it is possible only at .
‘ratiqgally,picked hp'compoﬁents of system‘wben~~‘
potential chemicgl properties of components of |
Bystem-aﬁd their mechaﬁicai characteristics are
-suﬁmgrized (Knatkb V.M., Knétko M.V., Scherbakova
E.B. IMM -'1echnology Agaigst'Waste b:oducté.f‘
/Imitation of Natural Processes of Mineral Formation .
- a Pergpective Direétion of Neutralizatiom and
Recycling of_Industrial-Waétes.~zﬁergy: Econom&,
Technique, Ecology. - N* 12, 2001, p. 29-35). .
¢ommercia11} such condition caﬁnot be:exeéutédAas
stxructure of municipal refﬁse.and Accor&ingly slag
is not constant. fhus, even the advgﬁced :
technologies -do not provide manufacture of non-
polluﬁing, éﬁitable for sla§ further use. = Cost of

’slaQ buria1 place is ten times higher than a burial

. place for municipal refuse.

- 13 -
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It is necessary tb note fhat.in all o
patents which h&ve-been'ménﬁibned'above.hardenihg of -
slag-congietefmixes it is stipulated- at upuél. |
temperature of:surround air that is*theaexﬁremeiy 
irrational'because'it takeé too long time.ang.

_reduding forms turnaround de;ayg1;e1ease.6£}finished
goods; Foi acceleraﬁion hardening-of-concrete~aﬁd-
inéreases‘physico —'mechénical parameters.éf

" products épply thermohumid processing - steéming'in .
chambers ﬁy the wet.satu:ated_g:eam,whichvcreéteg
the thermal and daﬁp ipe:tAenvironméh;, favorﬁblé.
for hafdeniﬁg of coﬁcxete. Modes: of stéaming'are 

- various and depend on structure 6f cqncréﬁe mixesL
the optimup temperatuie isothexrmal conéréte;whnm up
is 80 - 85°C (175 - 185°F), that provides for 8 - .20
hours the same durability which éonqrete 6btaiﬁs'in_
the age of 28 day (Bazhenov Y.M. Cbncrete_ |
Technology. Moscow, 1978, p. 205 - 229). However,
sﬁch'way of reductioﬁ pf a production cycle,". -
increase physicof—imechanical paraﬁéters_bf products
provides'significant expenses fdt constructioﬁ and.
operatibn'of boiler—housés,'the big charge of the -
steam reaching 1,2T on lnﬁ concrefé and,-acéordingly,

of water and fuel (Dmitrovich A.. D. Heat and Mass

- 14 -
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Exchange at Hardening of Concrete in the Stéam :
ﬁnvironmeﬁt; Mosééw, 1967). ' -
: The fact.of fuel,production.by'pyrolyais "
- of waste producté is extremely important. In many -
égsés it possible to replace oil fuel, or to use a
_mii of them.'lkll known processes provide - |
prelimihary sorting and ciassification of wéste"
products with the subsequent pyrolysis of an organic
vpart ip yarious temperaturxe ranges?.zbo - 600°C (390
— 1110°F) (U.S: Pat. No. 5,114,581), 315 - 565°C .
(600 = 1050°F) (U.S. Pat.. No. 4,153,514), 400 -
'870°C (750 - 1600°F) (U.S. Pat. No. 4,063,903), 430
- 736°c. (800 - 1350°F) (U.S. Pat. No.4'4.077,84-7~) .and
burniﬁg of tﬁe solid. rest of pyrolysis in furnace of
various désigns. All these processes, however, 1ead
to envi?bnmental contaﬁination by toxic salts of
heavy.metalsiand,are not suitable fér.pr;cessing'the'
waste préducts.containing'polyvinyl-chloridgwahd
6;he; chlorine-containing plastics in connection
with formation of bolychlorinated'diokinq, furanes
and biphenyls. ‘Besides after aéphration of a:
céndehsaﬁe 6f”pyiolitic gés on fuel and water
" phases, enough complex watér t:eating before its

dump into the water drain is necessary.
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The way of three-stage burnin§ developed
for coal-fuel oil mazut and coal-dust boilers by
Japanese'compsnies Mitsubishi Heavy Industries,‘inc._
and Hitschi - Zosen. (Development sf-MACT ;7in=:fff

' Furnace NOx- Removal Process for Utility Steam

.Generators / ¥. Takahashi e. a. /7 Proceeding of the .
American Power Conference. 1982. Vol. 44, p. 402 -
412 ané'Three - Stage Combustion System for
Pulverized Coal Develspea for Commercial Use /.Y,:
Sekiguchi:e. a. // Bitashi - ZOSen.Technical Reviéw;.
'1982. Vol. 43, p.95 - 104) and also of three-stage
~burnin§ for“combustibls’solid waste is known. (U.S.

. Pat. Nos. 5,205,227 and 5,307,746). These méthoa;
allow to 1ower conszderably emisgion of nitrogen.
oxides,_howsver, thus its require careful
preliminary sorting of municipal"refuse bepausé-the
methods are unsuitable:fon burning the waste
products containingvlinoleum, plastic, batteries,

" accumulators and other m&terials including |
chlororganic substances and heavy metals as thus
slag and final chimney gases contain highly toxic
dioxins, furanes, biphenyl and heavy metals.

By development of moderm econaniéally
effecpive technologies of thermal processing N

municipal and similar waste products are nécessary
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for achieving the maximal recycling of secoudary'
power resources and first of all fop pfeliminaty
heating and drying highly the damp and frozen

- together waste psoduCts. .

In U.S. Pat. Nb. 4,859,177 the furnace for
burning combustible waste products which rotational
device is divlded into a zone'of drying and a zone “'
of burning is submitted. Such integration of zones
in one device provides economy of capital expenses
at.construction. .However, optimum work of the a
furnace.is_posslhle only at receipt of waste
‘products of - constant humidity when recirculatiou
degree of the final chimney gases in the rotatlonal.
device and temperature'iu a-zone of burning of the
furnace are balanced"aud constant. . In case of
suhmlsslon hxghly the damp or frozen waste products,'
and also waste products of variable: humldlty burnlng
becomes unstable, chemzcal»zncompletely burn waste -
products.and accordingly; the charge of fueldand
emission of harmful substances in an atmosphere and
wlth slag sharply grows.

In Russxan Patent No. model - 35,257 unit:

- of pyrolysis of household waste products is
descrlbed where the chamber of preliminary. dryxng is

designed as the‘bunker suppl;ed with rxpper and gas
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burners working on gas of decomposition*of waste.'
products for heatinQVthe bunker up to 150 - 200°C
(300 - 390°F). However;~ﬁeating the bunker'withv
waste products.by an open flame of burners local |

| overheating and, accordingly, premature
decomposition or ignition of waste broductsais
possible. :Besides final chimney gases of,burners
without recycling of heat.are dumped directly in an
atmosphere what addition ally pollute‘an'enrironment_'
and lead to the overexpendlture of fuel. 4

In U.S. Pat. No. 5, 052, 313, 5 080, 581 and

5,285,581 is described the way of processlng of
waste products of the-high humidity 1nclud1ngn--~
preliminary dehydration in the mechanical devlce
with the subsequent heating and drying in a : |
multlsectlon dryer by f;nal chlmney gases of furnace
1n the beginning without contact of environs,- and

' 'then at direct contact of chimney gases to waste
products. The liquid educed from waste products in
the mechanlcal dev;ce, concentrates in the
evaporator due to recycllng of heat leaving of a
dryer gas-vapor mixture, the concentrate goes to a
dryer, chimney gases after clear:ng in a scrubber
are dumped in a chimney. Such method allows to save

fuel and to receive a w;de range of in regular
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intervals dried up waste products before their
feeding on burniﬂg,- Howéver; it is impossible, to"
process 6f the waste prodﬁcta, containing salts of
'heavy metais and chlorihg oréanic'substénces gs‘it
is impossible tb prevent dump them inﬁg‘ah.' |
'atmosphere and with élagsApolychlorihated'diokins,
furanes, biphenyls énd salts of heavy.metals, and
the condensate received after cooling of gas-vapor
mixture ofﬂa’dryér in'‘needed complex clearing before
dump intp the water drain. |
In U.S. Pat. No. 5,231,936. is described
dx;ying and burning of high damp combustible waste
prodﬁcts. Drying is carried out by final chimney
gases of furﬁace; The.air from the bunkexr of
initial refuse by thé fan moves ag'blaeting in’
-furnace for burning waste producté that |
simultaneoﬁgiy,destroys‘a part‘of féei unwell
smelling gases. #rying by final chimney gases
reduces the.discharée of fuel, however, - direct
contact of environs results in pollution of chimney'~'
gases by feel uﬂﬁeli gmeliing and other harmful
substances which then together with chimney gases
‘are'dumpéd in an,atmoéphere.becaﬁse the cyclone
. established before a chimney, entréps'onIY'a'dust.

and soqt substances.
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'In U.S. Pat. No.. 4,542,703 unit for
burﬁing'wgsté_p#oducts.of'agy humidity is described
including subéequently pOBitioned.qn the gases fiow
fu:néce‘df drfing and burning of.waﬁte p:o&ucfsféhd“
the afterbﬁrnipg.of chamber of products of -
incomplete combustion. Waste products move.in an
.end face of the rotating furnace opposite to a
burner and move towards to a stream of gases that

V provides in'the beginning ;heir dryiné, and.then'énd:-
burning. Slag is pnloéded from the furﬁacé_ih‘aréa
of location of a burmer, and éhimney.gaées go inm the
afterburnin§ chamber which burner'proviaep avgpi:al
stxeam of gases insidg-ﬁhe chamber at';empera;uré-
1200°C (2190°F). The afterburning chamﬁer is 
established with the‘pﬁrpose.of réductioﬁ ofi
concentration of products of incdmplete combusﬁion
including dioxins cbntaiﬁed in final chimney gases
‘ofiﬁhe furnace that would enablé'to buin pldstics
and toxins. However, in the Commoner’s work .'
(Commoner B. et al. Waste Manqgeﬁenﬁ and Research
5:327 - 346, 1987) it is ingomé& that at inspection
of incinerators has been established that dioxihs'
are formed during burning and that formation of them
occurs alsoAin a zone of cooling, theréfbrg rise in

temperature at burning does not result to. .
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destruction of dioxins. It is established that
emissions of products(of'incdmplete:combustion'from-
a differépt-soft of furnaces of bu:niﬁg-dq noﬁ

- decrease at chanée-of temperature from 700°C up .to.
1600°C (izso - 2910°F) (Trenholm A., Thurnay R..
Proceedings of the Thirteen Annual Reséaréh'
Symppsiﬁm. Cincinnati, on: U.s.'EPA Hazardous Waétq”.
Engineerihg Research haboratory, EPA/600/9 ?,87/015,.
Jule 1987). Aand, at last, high teﬁperatures result
in increase vblatility of‘cohponents that lead_ﬁo.
increaéé»in.emiqsioné of dangerous heavy metals.
‘Thus, the method of reductién of concentration of
dangexrous substances by afterburning has no |
éubét&ntiatidn and is not capable reduce emission of
pioduqts 6f'incompléte combustion and heavy meta;s..

| In U.S. Pat. 4,292,742 is presented the

plant of preliminary drying of burnt fuel by the
impove;iéhed oxygen gas or othér inert gas,,foi
éxample, by nitrogen. The system of drjing of fuel

-.represents the circulating contour inéluded a heateri
of air with theifluidizedfbed of éooléd_slag,-a
dryer with .the fluidized bed of. dried up fuel, the.

' cyclone, the filter and the fan connected among
theméelves by system of pibelinés. Effective &ofk

of such plant is possible only for homogeneous .in
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composition 6f a dried up gateriaik-for‘example,:
fuel. At pfocessing_non-unifbrm, complex waste'
products in éombosition.what the municipal refuse is
the higﬁ.degréé of ablation,of(liéﬁt particles (a. -. -
paper, a film,.gtc.), i.e. short timeﬂéf their stay
in the fluidized bed of a dried up material that
will result to final high moisture content of_f.
refuse;'tb fast plug up of the cyclone, the filter

- and the condenser a démp.mateiial, a stop of a p1an£
on cleariﬁg will helobsérvéd. | | |

. In U.S. Pat. No. 5,762,010 the wajbf S

processing of waste products of any humidity :
providing pteliminaryAheatiﬁg of'the intéfmeéiate,,
,heat-carriéf (the cerémic spheres.used,f ‘ ‘
simultane&usly and as the crushing-agent5~is,g
described, due to utilization heat'of proégss of
pyrolysis with the'subseqﬁent separation of ashes
fxrom spheres in ﬁhé punched part.of'a drum-type

dryer. Then the specified spheres at temperaﬁuré
750°C (1380°F). mix up ‘_‘w.ith initial waste products
and dry them witﬂ simnltaneoué'héating'of air l
suhmitted‘in a casing of a dryer. Exuded from waste .
products steam mixes with hot air and ﬁoﬁeé to heat
the ipitial‘w&ste products. The part of the |

received gas of pyrolysis without additional
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processingAgoeé to furnace to tﬁe'burning, final
éhimnéy gases heét'up_o;her part oflgas'bf'perIYQis_-
to‘tempefatufe 750°C (1380°F) which moves in the’

- chamber of gasificétion'for pyrolysis of waste'
products. Surplus of gaé of pyrolysis is burnt in
burners on open air. . However, this way is suitable
‘only for processing of inausﬁxiél résidue with‘fhe':.
content of dry substances no nore:thah~10%“ﬁhén-
formed ashes is easily kibble by.sbhereé and then is
eliminating on screens. At processing of municipal
waste bfoduéts stablé fine grind formed slag and,
.aécordingly,-its:separatioﬁ'on screens from‘spherés
is impossible that will result in an 6ften séoﬁ §f
the eéuipmeﬁt for cleaning. Use of surplus of gas
of pyrolysis ié not stipulated as commodity fuel -
therefore it is all burnt for nothing in burnefs aﬁ'
open air that in.additiOn.ally pollutes ;ﬁg
enviropmént, chemical neutralization of steam
condensate 6f'dryer~beforé its dump in the water
drain is necessary. _Besides at proqeésing'éhe waste
products contaihingichlororganie éubsﬁances dﬁd
héavy'meﬁalé,;environﬁental'contaminatiqn by

’ dioxins,'furanes, biphenyls and salts of heavy .

metals is inevitable.
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In U.S. Pat. No. 4,797,091 preliminary
drying of an organicvﬁart of sorted crushed waste
products before hauling 'in.a pyrolysis7reactor b§
air which haszﬁeen heated up due to”reqovefy‘éf'ﬁeat
of slag leéving of the rotational furnace is -

. provided. The systemfof drying of waste br§duc;é"
represeptg thg circuiating contour including a -
cooler of slag, a crushér of waste products, a
pneumatic dryer and a cyclone connected ambng.
themselves by sys;em of pipelines. Dryingiof'waste
products is carried out by direct contact to hot';ir
in a vertical pipe of a pneumatic dryef;l‘noqéve:,
because in piant removal of a moisture ffom'thei-
heat-carrier or preliminary heating of éold~damp
refuse 'is not provided, at their direct.contACt'the
temberature of air can be reduced up to témperéture
6f a dew-point what(will result'in.drainage 6f:air .
'due'td loss of a condensate and,'acbordingl&,‘tp e
humidifying instead of drying of refuse. 1In césé'of
increase of the flow of the hot- air what éxcluding_
its cooling up to a'dew-point cdﬁsumption of'éhe
electric power for blaseing sharply increases what
-ig inherent in work of pneumatic dryers. Besides,
to adjust dﬁration of drying and finai moisture

content of dried up refuse is practically
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impossible. Thereof into reactor of pyrolysis
_enﬁers non—hnifoémly driéd ub waste products that,
accordingly, results in tﬁe overexpenditure of fuel
" in pyrolysis procesé. . '

. Thus, the problem of preliminary‘drying
‘municipal and. similar waste products'befofe its
delivery for thermal processinglhas noﬂsatisfactéry, 
solution. ’ i ‘

In U.S. Pat. Nos. 4,353,713, 4,448,558 and
4,597,771 are described processing of coal together
with light-ffaction of'the municipa1 solid waste
.i#ciuding'ﬁrelihiﬁary sorti#g'and cxushing of the
specified waste products ‘their mixing with
_limestone, ﬁjrolysis of the received mixture with
the subseqguent clearing of pyrolitic gas, allocaﬁion
of some products, burning pf the rest anQ,use'éf
heat of gxdthe:mal reactions betweeh limestone of
dolomite and dioxide of carbon. These processes, -
however, leéd to environmeﬁtal coﬁtamination by
toxic salts of heavy metals and are nét suifab}e for
pgocessipg of w&ste brodudts of"piastic,.despite
that limestoné or dolomite could neutralize
'dischargéd at decomposition of plastic hydrogen
chloride (HCl). It speaks that éhloride caicium

received at such neutralization (CaCl,) in conditions
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of high temperature in gasifier 650 - 980°C (1200 — -
1800°F) is in the melted condition kthe temperature
of melt of CaCl, is 737 - 747°C (1358 - 1376°F) that
" results in éintefing and lumpihg of processable .
waste products, to sharp Qecrease of efficienéy of
contact of environs and in a combination to weak
hashingAdoes process‘of-néutralization of hydrogen _.
chloride absolutely not effective. and, hence,
.practically excludes an poésibilit& of processing of
plastic. .fhe'high temperature in fufnace 1090 - -
1315°C (2000 - 2'400°F‘).'resi.11t8 in the fused
‘condition of salts of heavametals, in general
chlorides and sulfates, (temperature of fusiénlzqz -
915°C.(467 - 1678°F), and, above their surface exist
taking'plaée in balance with these melts their
steams. As partial pressure of steams these salts
is not enbugh, théy in wei§ht of Chimneyngases are
carrieq'éwaf frqmbthe furnace in a chimney, and, due
to low concentration to allocate them ffom gases it
is practically imﬁossible‘though theii total
represents a.viﬁ&l issue. 1In siag also there ére
sélts of‘heévj métalsﬁthat~exc1udes an opportunity
' of its further use.
| In U.S. Pat. No. 6,202,577 is shown

processing of municipal and similar waste products
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including removal.fram.them'large metal objects
crusping and mixing with limestone. Pyrolysis of
the specified mixtﬁre is. carried out in two.stagés.

" The first stagé - in theAmixer_lpéated'in the.

 furnace, at temperature 240 - 260°C (460 — 500°F)
~due to heat recycling of part of theusolid rest of
pyrolfsis when chlororganic compounds which are
taking pléce in refuse, decay with allocation of
hydrogen chloride (HC1) thch.reacts,with crushed
1imestone:and thus is lead out frcﬁAprocess. The
second stage is cairied out at temperature.456 -
500°C (840 — 930°F) due to utilization heat of the
chimney gases received in combustion chamber.iocéted
below. Thﬁs polychlofinatedvdioxins, furanés:and
biphenyls in volume of the furnace are not formed
because all chlorine has been removed from
processable refuse at the brevious stage of
pyrolysis. Gas allocated during pyrolysis is
condensed, the organic phase of it, is liquid,fuei
and goes together vith non-condensed gases in -
combustion chamber. :The water phase feeds on‘a
stage of washing out salts 6f heavy metals and
calcium chloride (CaCl,) which formed at |

neutralization of hydrogen chloride (HCl). The

washed out part éf soiid‘products.of pyrolysis after - - - ..
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drying by mixing‘with hot slag feeds in combustion’
. chamber on burﬁiné. As a result reéeived slag not
. containing heaﬁy métals and sulfur. fhe presented
way has a number of essential lacks:

1. Process of'pfeliminary drying of
initial municipgl refuse is not anticipated. It is
known that process of pyrblys;s'begins only then
when water is completely evaporated and temperature
has achievgd éritical value at whiéh,deccmpose of
-organicsméontained in the refuse takes place. This
period'dépeﬁds of humidity‘of_initial refuse can
take-up to 30 — 40-% of length of all path of a
material in the furnace o£<§yrolysis. Thus,
presehce of'# moisture in réfuse results in increase
in time of presence of‘waste products in the furnacé
of pyroiysis that esseﬁtially reduces its. |
productivity; results in the<overspénd of,fuel and,
accordinély,.rédudtion of an out put of commodity
fugl.,-

2. The.municipal refuse cbntgins
different objecté and materials;inclﬁding glasé, the
teﬁpefatﬁrefiépetval'df béginning of its softening

- depending on composition is equa1-400-7‘600°c (750 -
1110;F). Thus, éooling of slag by air which- B

température is below specified will result in glass- -
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transiﬁion and slagging of,élag cooler and,
accordingly, invstop‘of work of ﬁll factory. Slag
cooling at higher than the specif#ed témperature.the
significant.paft of heat is losing what.reéulés'ih
the overspénd of fuel in combustion chamber and,
. accordingly, to reduction of an output of.cdhmodiﬁy
-fuel. . | .

.3. The waghea out solid products of
pyxolysis after a scrubber have high humidiﬁy that
causes the big consumption of hot slag for ;héir
drying in the mixer before feedingroh'burningi #g'd"
resultgin cdﬁbustion chamber recycling the
significant amount of siag which to ba;lést..
combustion chamber what complicates burningfoﬁt
¢ombustible componéntsvof“a"solid produc£ ofi
"pyrolysis, results in the pverspénd of fuel and,
éccordingly, reduction‘of an output of commodity -
.fuei; | | .

4. Manufacture of finished articles ffom
;1ag_is not stipdlated what considerébly reduces
econdmic'pa:ameters of work of é‘plant. |

5. At use of limestone during pyrolysis
of municipal refuse alongside wiéh.ité interactiph
with hydrogen chloride it is impossibie’to exclude.

and interaction with organic acids. Therefore to
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expect reception of organic acids ipcluding aCeEic;
ant, metactonic, oil, etc. in essential quantitieé
it is impossible. 1In thié-connection instead -of
- reception of organic acids iﬁ is more ratiomal to
orgﬁnize manufacture of liguid hydrocérbonic-fuei;

6. . The water qntgred togéther with damp
refuse is processed during the ﬁrocess. Due to~..
evaporation of a plenty of water ig dryers of
calcium chloride and dump ﬁater steams together with -
final chimney gases ipto an atmosphere the given .
technoiogy has no sewage, howeve:, the significant
éﬁount of fresh wgter is neéded on additional adding .o
water to turnaround system of cooling and cooling of
slag hefore.its sending to the consumer.

| 7. During neutralization of hydrogen
chloride by limestoné in the furnace of pyrolysis
calcium chloride is formed which then toéether with
salts of heavy meﬁais is ektraéting by washing
water. After dfying a paft of this solution receive
dry calcium chloride together with aV§oncentrape of
salts of'heavy ﬁetais. Such mi# is nat a commodity
product, itiié neceséary to provide their separate

" manufacture.. "
8. Their~ccmp1éxvand expensive -

preliminary clearing of harmful impurity (acids,
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sulfuric_combounds, etc.) is necessary for'produéiﬁg
of liquid catboﬁic a¢id ffam gases of pyrolysié by
chemical sorbents with the subsequent élearing gas
in electrofilters or'by‘campressihg:up to higﬁ |
pressures with the subsequent condensatiop-and

- separation of impurity that does production of
carbonic géid economically not the favorable
enterpriﬁe and, accdrdingly, does not'redude
emission of carbon dioxide_(coz)‘into:an‘aﬁmosphe?é,.

9. The joint burning in‘cdmbustio#.
chambexr liquid fuel, noncondensed gaées of py#oljéis
and solid p?oducts of pyrolysis is~exeéﬁ§ed not
rationally what leads to significant émiSBions'df'h
nitrogen oxides in an atmosphere.

-10. Direct éontact between w;shiné wéter‘
and noncondensed gases of pyrolysis in a scrubﬁer
aue to a differenceiin'partiél'pteésure of iight
organic substances in water and gas in thé beginﬁing
results in en:ichment by organic substances of the
gas phase feedin§ in combustion dhaﬁber, i.leto
blowing ﬁaters from light organic substanéesﬁ Then
taking into aécount that the quantity of these'gaSes
is not enough and also that in theh due to ablation
in sebaratea vessel products of incamplété.~

cbndensation of organic substances will'collect that
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wili result in :eqeipt‘in dryer of calcium chloride
the wéter phase witn the'raiéed.conéents of,organic
substanceé and, accordingly, will start the
 emissions of organic substances in a chimney and an
envitonment. |
. 11. For carrying out-theuproéess of
pyrolysis the rotating drﬁm'furﬁace ihcluding‘builtﬁ‘
- in deviées.for.retuin of a part:of a solid product
of pyrolysis in the beginning of pfocess and its’
mixture with. again acting mix of waste products.wifh
a limeépbng.is used. Such complex design of the
.fﬁrnacplcreated difficultieé while in service .
iﬂclﬁding to stops on cleaning and repair.
| Tﬁus, for creation of the advanced highly
effective £echnology'and a plant for processing '
municipal and similar waste products it is necessary
to gxclude“all_laéks specified in the prévious

patents.
SUMMARY OF THE INVENTION
The purpose of the invention - to create
" economically effective the method and plant for

processing of wastes inclqaing a solid mnniéipél or

like refuse and also together with it earlier
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specified waste products due to manufaceure of non-'’
polluting commodity_prbducts:~1iquid fuel, dxy
calcium chloride, ligquid. carbonic acid; a
concentrate of salts of heavy metals and slag-
. concrete products for the building 1ndustry._'~
The follow;ng purpose of the znvention ;
to exclude emigsion in an environment of organxc
light flyzng and.feel unwell smelling substances,
carbon monoxxde (CO) and salts of heavy metals,
including radioactive, to reduce emission of carbon-
dioxide (CO2) and nitrogen oxides (NOX), to exclude
formation of highlyAthic polychlorinated V
benzodioxins; —-furanes and —biphenyls-byxremovinéAof
air from the pfeparatioﬁ block of waste.produete and -
its use at the first stage of drying of initial
waste products under underpressure with suhmzssxon
of noncondensed gases in combustion chamber, blow;ng'
of condensates by tﬁe hot air feeding then also in
combustion chamber and burning in volume of o
combustion ehamberlip three etages;'extraction'salts.
of heavy metals from a solid pioduct of pyrolfsis,‘
neutralizatioﬁ in_theﬂfitst stage oflpyrolysis of .
evolving hydrogen chloride by limestone..'.
. The following purpose of the invention -

to increase an oﬁtput'of'commodity liquid €fuel Adue
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to.reduction of its use on own needs by deep -
,iecycling secondary waste heat of siag, a solid
product of pyrelysis, pyrolitic gas, final chimney
- gases of cbmbustioa chamber and dryers of calcium
chlotide, centrifugal aeparation of the. solid .
product of pyrdiysis washed in an extraction_unit.

' The following parpose-of the invention - - :
~ to provide effective breliminary drying of municipal
and similar waste products of any ﬁumidity including

frozen together by two-phases drying - in the .
beglnnlng wlth the hot air which has been heated up-
due to utilization ef heat of final chimney gases of ..
combustion chamber after heating by them‘the-faraace_
of byfolysia‘and then mixing with a part of a solid
pioduct of pyrolysis. | . |
The following. purpose of the invention -.
to carry out-separate manufacture of a cencentrate
of salts of heavy metals and dry ca1c1um chloride by
consecutive e11c1t salts of heavy metals from
' washing water after an extractor at f1rst,.£or~
example, by sorbents and electrocoagulatxon, and
then calcxum chlorlde in Adryers due to utlllzatlon
' heat of final ehimney'gases of combustion chamber.
| The following purpose of the-inveation'-

'to reduce a production cycle, to improve physico-
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mechanical parameters of slag-conérete producﬁs by -
thermohumid treatment by final damp chimney gases of °
dryers qf the calcium chloride finishing gs.far.és*
100% relative ﬁumidity by moist saﬁurated étedm’éf
low pressuieAfrom the heat.recovery-bOiIer or of the
~vapor of corresponding-technological equiﬁment.

| fhe following purpose of the4inventionx—;
to.reduéé'the consuﬁptioﬁ of water for technological
needs due'to return to ménufacture the éondénsate
received At condensation of a moisture,framvdémp.
chimney gases aftef dryers of calcium chloridéA¥ T
cooled before production of carbon dioxide and from
the chamber of thermohumid treatmgnt of élag 
concrete apd also use.of part of the madg sélﬁtion
of calcium chloride for. setting acqelerétion'and
hardening of concrete with'correéponding decreése of
the amount of water for concrete batch. “

TheAfolloQing purpose of fhe<in§ention -

to exclude a stop of q.plaht for clearing and feﬁair
in connection‘wi;h:slagging of a'sidg cooler and
breakage of the recycling mechanism of.pyrolyéis
furnaces by ins;aliation‘a rotating drqm cooler of
slag and pyroiysis to make in two stages iﬁ
consistently established neutralizer and the drum

furnace of the pyrolyéis’connected among themselves

- 35 -



WO 2007/126746 PCT/US2007/007443

by way.of a product by elevator and screw feeder and
6n'a path of'gasés of pyiblyéis.by thg-pipéliné with -
the fan pioviding direct—flow movement of environs
"in the furhace of pyrolysis;.

More detailed éxplan&tion of mentioﬁed
above and other purposes and advantages‘ié submitted
in the éetailed description of ﬁhe invention
together with accompanied drawingé;
| .Thus, the offered technology provides
manufacture of‘nqn-polluting commodity products is:
based én.thermochemical prbcessing of ‘wastes
.(ﬁyrquéis)‘and dbes not reduire their preliminary
sorting. However, taking ipto'accdunﬁ e#perience of .
Germany, loédl conditions and economic reasons it is
useful to allocate preliminary with known ways |
objects which rec&cling isiexpedient,'fo;,examble,'
ferrous méﬁals( aiﬁminum and glaés Ehougﬁ the
technology of it does not demand it.

Dﬁring bxocess such higﬁly to#ic
substances as'po;ychlorinated dibenzpdioxins,-
fqranes and -biﬁhenyls are not foimed; And salts of
heavy metalé,;includiﬁg radioactive, instead of

'emisgioﬁ-in an enviroﬁment gather as a concentré;e.
Atmospheric dischargq of q&rbon honoxide (CQ) is

excluded, orgaqic light flying and feel unwell

- 36 -



WO 2007/126746 PCT/US2007/007443

smelliﬁg substances is excluded too, emission of =
carbon dipxide_(Coz)*ié reduéed in comparison with
working plants on 64%, and nitrogen oxides (NOX) -
on 60%. | o

fhe recycling system of heat carriéd out
in productions is makimized so that provides the
coefficient of useful consumption of heat energy'of
a plant of 93,5% that together with manufacture of
own fuel allows not omly to refuse.toxuse'of fuel
from the outside, but also to expose the stayed |
quantity on the market. 'Only'during'start-up peribd
of a plant it-is-necessary'to use'earliérﬁmadg fuel
or fuel from extraneoqs'sources. |

. All stages of process are noﬁAtoxiE; not
fire hazardous and expiosive. Process is continuous
also is fully automated, allowg fo Process- |
éffectively waste products of-any ﬁumidity'includingi
;frééen together. |

~ There are no liquid and solid secondéry

waste products aé wate:-and thq ﬁatér«aolﬁtidns
formed in ﬁrocess are processedAduring.the process
and the slag cleared of heavy metals and gulfuf«is
used in manufacture -slag-concrete products.
Production Qaste are only.chimney gases‘ﬁhich not -

containing highly toxic éomponents. Besides in
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cbﬁnection with application,of thermohumid treatment’
énd depending on composition in 30 - 80 times are.
reduced ﬁardening time of'concrete mixes, increase

- of physics - mechanical'parameters of slag concrete
ﬁrodhcgs. Thus the consumption of fuél-is.excludéd‘
due to heat utilization of final chiﬁney.gages
combustion chamber and dr&ets_of calcium chloride.

-Capacity;of.the plant can vary within-a

" wide range,éf patameters bécause iﬁ-consist of-
separate éechﬁologipal lines in which the sﬁandard.
series¥§rodﬁced_equiﬁment7is'used only.

As a result of ﬁhe calculations it is
established, that at processing of one_tdn_of |
municipal réfuse of average composgition the
_fbllowing commédity products are manufacturing: 110
kg of liquid fuel with heat value about 8100kcal/kg
(14,500Btu/lbm), .liquid carbon dioxide and dry
calcium éhlbride (more than on.30”kg of each!:
product), up to 6 kg of a mix of salts of heavy
metals and coke or cpal (150 g actug;ly salts), up
to 300 kg of,sléé ﬁdt containiné.é harmful iméurity.

| | Liqﬁid fuelhis'uéed.for heating buildings
" and in power boilers.' Ligquid carbon dioxide - for
carbénation of beverages,'in welding practice, etc.

Célcium chloride is applied to acceleration of
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concrete hardening, as deicér for>roads, railway’
switches, regelation of coal and ores, at
preparation of refrigerant,.medical pfbdugts.aﬁd.in
an agriculture. Heavy metals is_réw materialffdi a
metallurgiéal industry.. The slag cleared of-heavy,
" metals and sulfur is used in road construétion aﬁd

at manufacturing of slag concrete products;

BRIEF DESCRIPTION OF THE DRAWiNGS

The above described and other purposes,_promznent
features and advantages will be: more clear from the .
_subsequeng detailed descr;ptxon where arg made-
references to-drawings'in which:

FIG. 1 is a block diagram of a method for
processing of wastes; | |

. FIG. 2 is-a block diagram of a method for

processing of wastes without a heat-recovery‘hoiier
for recelvlng low-pressure moist saturated steam;

FIG. 3 is a flow dlagram of one embodlment
of a plant forAprocessing wastes; and

FIG. 4 is a flow diagram of a seéond

embodiment of a plant for processing wastes without
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the heat recovery boiler for. reception of the low

pressure moist saturated steam.
DETAILED DE_SCRIPTION‘OF THE INVENTION -

: 1n,ric. i1..a Slock diagram of.awmethéd
for processing of wastes is sboﬁn.' A municipal and:i
similar,golid waste 1 feed in a waste prepa#ation
unit A where from them separate lafgé objects which
cannot be grinded. The given technology does not
demand'preliminafy sorting of wastes, however,
'depending on local conditions and economic. reasons - .-
it ié useful to allocate with known ways preiiﬁinar&A
objecﬁs whiéﬁ‘recycling is~éxpedient, for example, -
ferrous metals, aluminium and glass. Then waste |
producﬁé crush till the size of particles no moré
than 10-15 mm (~1/2 "). Simultaneously in an unit C
on~crushing liﬁeétdne 2 feeds. In an unit B carry
6ut mixing limestone powder with drushea waste
products in the weight ratio depending on the
content in themiéubstances, cap&ble-td react ‘with
liméstone aﬁduffquvgfianﬁ of further use of slag

- received in a combustion.chamber (unit 6) and cooled
in an unit R. At direct sending cooled slag to fhe

consumer a weight ratio of limestone with solid
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waste is.frqm 1}5 till 1:20Adepending on content.of
chlorine in uaste products. In case of receipt of
the cooled slag in an unit U to manufaeture slag;
éoncrete'products on mixing'in-the.umit B‘limestene
in the qguantity debendent on a mix formuletien of
- concrete.. At processing refuse.together, for
example, uith'acid tar limestone also adds in the
quantity:dependent on tﬁe content of sulfuric acid
in'tar. The mix received for pyrolysis preliminary
feeds on a drying which ‘is carried out in two
stages. In the beginning via line 3 mixture mbvee
"in an unit ﬁ. The drying agent is'airie‘whiqh are
taken away from the uaste preparation unit A»and
heated up in an unit K of utilization of heat of
final chamber gases up to temperature no more 250 -
" 2600C (480 - SOOOF) by a qhimney gases 5 going fram
the combustion chamber'(unit 0) efter heating by
.them of a pyrolysis furmace (unit d). Such low
temperature of air excludes local'OVerheating and
premature deeompesition during dryiugs (unit'zy of
chlorine?containing erganicAsubetances-of the
refuse, and warmed dryers through a surface of:heet
exchange excludes contact of air to refuse ahd;~
accordinglf, its pollution that allows them'to make

" them to blow away of a ﬁater_phase of 1iquid
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products of'pyroiyais fxrom cbntaminating orgahié
substances. Thé consumbtioh of air 4 is defined by
requirements of burning pfocess in the combustion
chamber O, that provides its.further full use,
exclﬁdes emissibn of used air and,Aacéordiﬁgly,
'contained iﬁ.it aftei to blow away of a water phase
of oréanic and feel'upwell smelling substances iﬁ'an
environment. Humidity of a mixture of refuse with
limestone on an exit from the unit E depends of
humidity of initial refuse and thermal balance of
the system, i.e. qﬁantity'éf heat which can be given
sfrictly regﬁléted consumption and température.of
air éoing finally in the combustion chamber O. At
joint processing of refuse with the waste.producté
containing substanceé capable immediately to react .
with liméstone with emitting the products. of h
reactionuiﬁ an,eﬁvironment, for éxaﬁple,-acid tars
cohtaining up tb 50% of sulfuric acid dissolfed in -
- water ﬁove~for procéésing &ia line 49 to an input in
the unit E where proceeds reaction:
H2S04 . CaCO3 = CaSO4 + CO2 + H20
Optimum weight ratio of the refuse with
' acid~taré is from 5:1 to 10:1 debending on the
contents of sulfuric acid in taré. A}locatéd carbon

dioxide (CO2) and then along with moving of the.

- 42 -



WO 2007/126746 PCT/US2007/007443

'mlxture in a dryer and water vapor via line 7 ccme-
in an unlt F and then noncondensible carbon dioxlde N
via lines 9 and 16 goes in the combustion-ehamber.o
~ that exciu@es its dump in an atmosphere. The'forhed
~calcium sulfate (CasOd) - gypsum is deduced from -
" process together with slag from the combustion
chamber O.

o Finaily tﬁe.mixture of refuse with
11mestone is completely drained in an un;t H due to
m;xing with a part of the solld rest of pyrolysls 6
of the unit J (the furnace of pyrolysis), proceeding
at temperature 450-500°C (840-930°F). When.water is
completely evaborated, the temperature,gf a‘mixture
starts to grow quickly. With the purpose ofAru;ing
out premature decomposition of the organic
substances the drained mixture moves further in to
the block of pyrolysis at temperature no more than .’

- 110-115°C (230-240°F). Exuded in both stages of
dryxng (units E and H) water steams 7 are condensed
in the unit F by turnaround water 8 coming from the
cooling tower (unit x) or the water used for heatlng
and hot water supply of a Plant (on the circuit’ it
is not shown), and then by turnaround water 8 of
specified cooling tower.t‘Noncondensed Qeees via

line 9 go to the afterburning and deodorization in
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the combustion chamber O. Such two-stages method of
drying allows to'process'effectively initial refuse
of any humidity including the frozen waste products.

' Process of pyrolysis elso is carried out .
in two precisely divided'emong themselyes stages.A |
Tﬁe first stage is carried out in an unit G without
access of air where the-incominé mixture 10 first of'
all is heated up. :The consumption of the heat- -
carrier - the solid hot rest of the pyrolysis 6
comlng from the unxt J - furnace of pyrolysis - 1s‘
adJusted so that the temperature of a mixture was
.establlshed in limits 220-250°C (430-480°F), that
provides reaction of decomposition of chlorioe--'
containing organic components of refuse, for.
example, polyvinylchioride, linoleunm, blastic, etc.
by necessary heat, and also slmultaneously protects
pyroly81s materlal £from clotting and stlcklng to
walls of the equlpment. Thus el; ch;orlne contalned.J
in refuse passes in hydrogen chloriee (301) which
practically at the moﬁent.of educing'reacts with
limestone powder and thus:is rehoying‘from proeess
with formatioo of ceieium chloride (CaCl2):

ZHC1'+‘CaC03 = CaCl2 + CO2 + H20

-The second stage of'pyrolysis is carried

out also without access of air at temperature 450-
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500°C (840-930°F) in the unit J where dechlorinated
solid 11 and gaéeoqs,iz products of ﬁy:olysis are -
comin§ from an unit G. -Process proceeds due to.ﬁeat
of the chimney.gases S entering £r§m the cémbustibn
chamber O. Because procesé is conducted without
access of oxygen and chlorine has been reﬁoved ffam
the proceés at the first stage of pyrolysis, |
formatién.of chlorinated dioxins, furﬁnes and
biphenyls is excluded. _'
-The solid rest of'pyrolyﬁis 6'goea'frcﬁ‘
.the furnace of pyfolysis'J on a stage of extréCti&n
M where it is carrying out it washing out by:hot
water water-soluble salts including salt; of hea§y
metals. Gases of pyrolysié‘13 caminggiﬁ-a ﬁéat
exchanger (unit D) where heat ﬁp the high-
temperature heat-carrier 14, for example;.based on
éthylene glycol, up to-temperatureAis not lower 1564
.166°C (300-320°Fi sﬁhmitted then-as.the héat-qarrier
for a'stagerf reception of ligquid carbon dibxidé
(unit W) from chimney gases. The cooled gases of .
pyrolysis ;5 go on a stage of coﬁdensatién (uﬁit I"
whére they are condensed hy-turnafound‘water 8
recieved from the cooling tower X. 1In casé of
perturbation of a technological mode 6r'émergencie§

when ingress of sour gases is poséible into a
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pyrolitic gas condensate, automatically under. the
indication of pH-meter it is'injecting neutralizing
so;utionlso,.fér example, solution of'caustic soda
(NaOH) . Noncondénéed pﬁrt of pyrolitic gases 16
(methane, CO, C02,'etc;)-go to burn in the
_combustion ghgmber o. -

COndensed-produéts Qf'pyrblitic gases 17
are separated in,a_settler L 6n water 18 and organic
19 phases. The organic phase 19 ié-high-calorific
liquiad fuél with heat value ~ 8100 kcal / k§
(14500Btu/Lbm) which moves to the combustion chamber
‘0. The surplus of-the manﬁfacturing fuel goes to a
warehouse of finished goods.

The waterxr phase 18 of liquid products of -

yrolysis fram the‘unit»L_together.thh a
condensate 20 from the unit F.goes to an un;t N
where in a scrubber it is made to blow away the
organlg_substances dissolved of water, basically the
acetone, by a part of hot air 21 after drying~~'~

' through a heating surface of a mlxture of mnn1c1pal
sol1d waste and 11mestone in the unit E.
Temperature of incoming air is 105-110°C (220-

" 230°F). Process is carried out due to a difference
of partial pressure of light organic substanceé'in

water and air at their direct-contact‘that results

- 46 -



WO 2007/126746 PCT/US2007/007443

in enriohment by organic substanceS'of air. Then
air 22 sated by'vapors'of organic substances and -
~moisture'mixes.up with the main stream of hot air 21
leaving the dr&er E is addition aliy heated up due
to coolxng of slag in the unit R to temperature 260-
A270°c (500-520°F) and moves to burm in the
combust;on chamber O via line 23.
Blow ‘of £ from organzc products water phase
- 24 from the unit N goes on a stage of’ washlng off’
the Bolid‘rests of pyrblysis to the extractoru(unit'
M). Thus the sol;d rests of products of pyrolyszs
in the begxnn1ng are cooled by water down to 80°C
(175°F), and then durxng 1-1.5 hour agltatlng with
hot water there is a dxssolutzon of calczum chlor;de_
(CaCl2) and extraction ‘of ions of metals, includingi
radioactive, from pores of'solid-particleé, As far -
as calcium sulfate (CaSO4) - the gypsum received in .
brocessing of.refuseitogether with acid'taré'is
badly dissolves in water (~2 g /L of water), ifs hit
in an endrproducﬁ -~ calcium chloride as an impurity
possible'on;y-in insignificant qﬁantity'(up to 1%) .
The optimum ratio of extraotion water to the solid
rests of pyrolysis is 2:1, that corrésponao to a_
degree of the ektraction'of heavy metals more than

90 %. Then the water together wiéh the salts
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aissolved in it goes via line 25 into an unitQ
;here.allocétion 6f salts of'heavy me;als is carried .
out by kn§wn'technique, f&r example, in two étages:
“in the beginning adsorption 6n coal or coke and then
by eiectrocoagulation. The degree of-extréctiOQ'bf
heavy metals by such as m@thod is nof lesé than 99.9
%. The ﬁeavy metals allocatéd:iﬁ the unit Q:as a. ‘
concentraﬁe go to a warehouse of finished goéds:'
'Cleared from salts of heavy metals

solution 26 containing calcium chléride again goes
on extfactioh.in the uﬁit'M.J»Paxt of a circulating”
sdlu;ion (apprbxiﬁately 25 %) are constantly picking-
out iia line 27 into an unit T for reception:of‘dry'~
calcium chloride.. This process is carried out by
standard ﬁethod on,a'spray dryer, a screw dryer and
a cooler. Necessary heat is brought with;finai |
chimney gaées 5 after heating upibf-air 4 and i -
receptions éf moist saturated steam 45 in the heat .
recovery boiler of -the uniﬁ-K, and cooling by the
turnaround water's coming from the ccéling-fower X.
The manufacturin§ dry solid caléiﬁm chioride goes to
a waréhouse:of~finished'goods.

' The exhaust moist chimney gases 28 after
drying calcium chloride (uﬁit T);move in the unit U

for manufacture of slag concrete products. The part
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of these gases via line 29.§oes according to thermal
balance of systém, i:e; with that quantity of heat
which can be used applying the high-téﬁperature'

~ organic héat-carrier 14 heated up in the unit D on a
stage of reception of liquid carbon dioxide (unit -
"W). It isAapplied standard an absorption-desorption
method wigh use of a solution of monoethanolaminé.-
Chimney-éases before isolating from them carbon

 dioxide (Co2) are cooled down to 35-46°c.(95-105°?)f,*~
by turnaround wate:'B,ithe'condensate-ailoéatéd*a;
it 30 is used for additional féedingiof turnarcund
systems of ﬁhter suppl& of the extractof (unit M) -
and the cooling tower (ﬁnit X). The ekhaustxchimhey .
gases of 31 and 32 of the units U and W are blow out
in a chimney (unit V), 11qu1d carbon ledee goes to
a warehouse of finished goods.
| washed out in the extractor (unit M) sol1d'
products of pyrxolysis 33 go to an unit P of a
filtration (centrifugation). Filﬁxdte 34 fram;a~
centrifuge mixes up with the extract 25 which have
left the unit M and goes on a sﬁage of -allocation of
salts of heavy metals (unit Q). _
The washed solid product§ of pyrolysis.3$'

after'centrifugation in the unit P proceéd'in an |

unit S where are dried h& mixing with a bar; of the
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',hot:slag 36 leaving from the combustion chamber O.
ﬁater vaporé 37 éllocatea-frdm the mixer-drye#'s #re o
condensed in‘the.cqndensef;r. From the mixer-dryer

'S the hot dry mixture 38 of solid pyrolysis products
and élag_enter to the combustion chambex o-fof |
burning. - A _

. rThe slag 39 cleared of harmful imburitj is'
cooled in ‘the unit 'R down to 200°C (390°F) by air
21-22 and then to 70°cC (160°F) by  cleared of salts
of heavy metals solutlon of calcium chloride 26 and
to 25~30°C (80-90°F) by turna;ound cooling water 8
'cchipg.frcm the'cboiing”towér X. The calcium
chlofide solution 40 goes then in the:unit M of
extraction,hand the slag via line 41 f’to'warehouse.
of finighea goods orAis sent the consumer.

Depehding on loc§1 conditions all slég or
its part_cdme on manufacture of siaé concrete |
prdducta in'the'uﬁit U vié'liné‘éz. There via line
43 all campdnents pecessar& for making élag
concrete. The composltlon of mixes depends on local-
conditions, can vary over a w1de range and consist,
for e#ample, of slag, portland cement, gypsum and

‘water (according to 260 kg (570 Lb), 37-87 kg (80-
190 Lb) depending on mark §f cement, 1.5 kg (3.3 ib)

and 23-27 L (6-7 Gal) counting upon 1 ton of
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refuse); slag, grinding brick breakage, limestoné in
addition sent to a pyrolysis furnace and water
(according to 260 kg (570 Lb), 100-150 kg (220—330
Lb), 50 kg (110 Lb) and 80 L (21 Gal) counting upon
1 ton of refuse), etc. .For acceleration settingland
hardening of coﬁcrete calcium chloride (0,75.1,9 Eg
(1.65-4.2 Lb) on 1 ton of refuse) is used for what
the part*bf a solution of calcium chloride (10-12 L
(2.6-3.2 Gal) with concentration of
9.7% CaCl2) via line 44 moves in the unit U that in
addition depending“on a mix fqrmglation.on 15;45 %
reduces water consumption on making of concrete. -
For reduction of a production éycle, |
increase of physics-méchanical parametefsvof'
products, an possibility to use po;tland cement with
the lowered activity, lime-sandy and otheis low-
activity astringent'thermohumid.prbcessing of
concrete is applied; The heating-ehvironment.is
damp final chimney gases 28 after the dryer of
calcium chloride'(gnit T). For attaining relative
humidity of gases up to 100% in the stream of
chimney gases 28 via line 45 is injected the moist
saturated steam of low pressure developed by the
heat recovery boiler (unit K). In case of

complexity of a choice of serially let out steam
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heat recovery boiler of required parameters.it ié
.ﬁsed the vapor of mixer-dryers and extractor (on the
circuit it is not shown). Recycling of waste final
damp chimney gases reduces in 20-25 times the
éonéumption of steam in comparison with .the existing;
equipment, using steam for steaming concrete. A.
cycle of heat treatment: rise of temperature of
concrete products up to 80-85°C (175-185°F) .within
-2-3 hours, isotﬁermal curing of concrete at the -
specified.temperature for 4 hours and cooling 2-3
hours. Depending on composition of concrete the
cycle of heat treatment can'easy be adjnsﬁed over a
wide range. The exhausted chimney gases via line 31
are dﬁmped in chimney (unit.v). Exruded in the -
chamber of processing of concrete the condensate viﬁ
line 46.c0mes back in the heat recovery boiler of
the unit K, and surplus of-a~condensate éoea.for'
extractién in éhe'unit M via line 47.
During start-up of'the:plant for warming
up  and stabilizatién of all streams, i.e.
achievement matefial and thermal equilibrium of all
.proéeéses ié ﬁsed preiiminary produced fuel orx
- additional fuel (fuel o0il or fuel gas) going into

the unit O via line 48.
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In FIG. 2 a block-diagram of a wastéd '
processing ﬁethé@ without use of low-pressure moist
saturated stéam from the heat recqvery is shown;.
Such a variané‘is necessary when cohoiqe of the' 
specified Qteam heat recovery boiler of requitéd__
parameters is complicated. o |

| in this caée for finishing relative-
huﬁidiﬁy:§f gases up ﬁo-iOO% in a stream of chimney
gases 28 via lines 45 from lines 7.and 37,'£he patt»i
of vapor of mixer-dryers (units H and S) and an
extractor (unit M) moves. During startup and:stoﬁ
of a piant,”and'also in case of infringément of a
technological mode ox ehergencies, low'--p:é'es.su;re'-~
steam 51 of the electric steam boiler is ﬁséd; Such
a decision considérabl}-reduces the consumption'of
cooling water for condensgtion of the speéified
ﬁapor in the conde@ser‘(unit F).

| In FIG. 3, a flow diagram.of oné

embodiment of a plant for processing wastes is;
shown. The planﬁ works . as folloﬁs;AKnown waYs-andj
on the known equipment preliminéfy prepared'mixture'
of crushed municipal orAsimilar refuse with
limestone powder (on the circuit it is not shown)
moved in thé drying installation with heat tranéfef

surface working under uﬂderp:essure of 2—10'mm-of



WO 2007/126746 PCT/US2007/007443

water column (H20) that excludes allocation of feel
ﬁnwell_smeliing Qases in.an énvirdnmept. At joiné
processing of rgfuge with.the waste products

' confaining substances capable immediately to react
with limestone with emitting the products of
reaction in an environment, for example, with the
acid tars containing up to 70% éf the sulfuric aéid..
move for processing ditectly in a:dryer 1 where they
first of all mix up, react with a limestone, and
then move along a dryer are dried up. Installation
consisis of actually the d;yer 1 supplied with a:
césipg for thevheﬁt-carrier‘and intermal shaft_with‘
bladég putted on a screw line, a condénser 2 aﬁd,a'
fan 3. At ﬁhe input and output of a material from
the dryer-are instalied a drum feeder§'4 playing a
role not only of batchers, but also gas gealeré noﬁ
admitting éxte:nal air inleakage; for iﬁput“of écid‘
tars it is antiéiﬁafed an additional branch pipe
with the reéulating gate. Screw Slades.provide
intensive agitating,Auniform warming ﬁp,-mbving
along the device and packing of'ail vélume of waste.
The dryer 1fié warmed with air submitted by a fan 5

' fromubrahch of preparation of refuse (on the circuit
it is not shown) through aﬁ air heater 6 where it is

vheated up by the final chimney gases of a combustion '
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chamber 7, up to temperature 250 - 2600C (480 -
5000F) . Such ldw teﬁberature of air excludes lécal-f~
overheating and premature decampositiéh in the dryer:
1 chiorine-containing organic substances and ﬁafﬂing
of the dryer.through a heating surface ex;ludes
contact of refuse an@ air without its pollution,
The blowipg rate of air is equal to requirement of
process of burning in.the combution chamder 7 that
provides its the further full use,,exéludeé emidqioh;”
even parts of.fulfilléd‘the.air in to aﬁ atmoéphege;

Wafer-vapor leaving the dr&er 1 are o
condensed'iﬁ the condenser 2 by turnaroﬁnd water
comihg from a cooling téwer 8 orx the,Wa;er uséd‘for.
heating and hot water supply of the plant and then
by turmnaround water of‘the specified coéling toﬁer
8, condensate-gathers in d tank 9 wheﬁce by a ﬁump_
io flows to a scrubber'il on~blowiﬁg light organic =
impurity. Noncondenced gases are sucked awéy.hy the
fan 3 and move in burmers 12 of the combustion-
chamber 7. | . |

The mix of refuse and‘limestone'is dried
'up in the dryér 1 up to the intermediate.humidity'
stipulate by gquantity of heat broﬁght in by hot ai:
and initial humidity of refuse. Then the hix moves

into a mixexr-dryer 13 rgpresented by ;hé de#ice in
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which parallel horizontal shafts with blades putted
on a serew line is rotate. The drive of shafts is -
supplied-ﬁith the Qpeed rotation regulator. On an
- output of #apor it is instglied the separation
device. At rotation of éhafts agitating, ﬁnifo;m
warming up, tramsportation and final removal of a -
moisture from refuse is-carriedAout due to-mixinguwnl.
with a part of the:soiid rests of:the pyrolysis
.1eaving a furnace of pyrolysis 14 at temperature..
1450-500°C (840-930°F). After full removal of water
.the.temﬁeratﬁre'of'a mix starts to grow quickly. To
.afoiﬁ Qgccmpqgitibn of orgaﬁic components -of refuse
in the mixer-dryer 13‘compl§te1y drained mix.is
un;oading iﬁto a neutralizer 18 at temperature no
,mbre than 110-115°C '(230-240°r) that is provided
with speed rggulation of shafts rotation insidé thé
device. ﬁéter_steam allocated by_a;d;yef are .
qondensed in a éoﬂdénser 15 hyAturnaround water
coming from the cdpling tower 8, condensate moves in
an extractor 16. Noncondensed gases.ﬁy a fan 17 go
to the burners 12 of the dombuséibn chamber. 7.
' fhé first‘gtage of pyrolysis is carried
' out without access of air into the neutralizer 18
'which consist of the_cyliqaricai case with branch

pipes. for an oqtput of pyrolitic gases and the shaft
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built inside with blades putted on a screw line.’
Outside the case is supplied with a casing for‘hoe
air supp;y. The incoming‘mix of . refuse and .
limestone first of all is heetedaup; The ﬁeaﬁ-'..
carrier cohsumption - the solid rest of the.
_pyrolysis coming from the furmace of pyroiysis af
temperature 450-500°C (840 -930°F) - is adjusted ry a
drum feeder 19 so that the temperature of a mix in
the neutralizer 18 was established 220-250°C (430-
480°F) that provldes £full dec0m9081t10n of chlorine—
‘contalnxng organlc components of. refusew Besxdes:
presence of the solid rests of pyroly81s protects
pyrolysis material from clotting and. stlcklng to.
walls of the equlpment, For compensatlon of losses
of heat in to-en environment the pert of“eirlwhieh
has been heated up in a cooler of slag 20 up te,
temperature 260-270°C (500-520°F) after a cyclone 21
'by-a fan of hot blaeting 22 moves by a
deuntercurrent in a cesing of the neutralizer isiand
then again is dumped into the cooler of slag 20.
Thus at constantly maintained teﬁperature.of e.mix
is not lower 220°c-(430°r) rhe first-s;age of
pyrolysis is carried out: all chlorine eenﬁained.in
refuse turnes into hydrogen chloride (HCl) which |

there and then practieally at the.moment of
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alIoca;ion_reacts with limestone powder forﬁing
calcium chloride“(CaClZ)‘énd'thps all chlorine. is
removing from process. Déchlorinated.gases of the

. pyrolysis, récefved in the néutralizer 18 move into .
ﬁhe ‘furnace of pyroiysis 14 by a forced draft'fan
23. Dechlorigaged solid.broducts of pyrolysis by an
elevator 24 and a sc:ew,féede; 25 also go to the
furnace 14 where,the second stage of pyrolysis of
refuse proqeeds. '

'The-furnace of pyrolysis 14 represents a-
drum rbtatihg_furnace with extermal heating by the
‘chimney gases coming from the combustion chamber 7
located below. External and -internal surfaces of the
drum are supplied with'spirél edges that increases a
surface of heat exchange and intensifies process of‘
pyrolysis by the shoveiling of a material. Process
proceeds without access-of air at temperéture 450- .
500°C (840-93052); For excluding of air and_chimneg
gqsés inleakage into volume of the furnace of

" pyrolysis, it works under pressurization, i.e. at
superfluous preséureAS-IS mm of H,0 éreated hy:the
fén.23, éending gases of pyrolysis from the

- neutralizexr 18. ThuSrpolychlo:inated |
dibeﬁzodioxins,.;furanes and -biphenyls a:e'notA

formed becauée process is conducted without access
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of oxygen, and all chlorine'has been removed from
processable refiuse as far as at the previous stage
of pyrolysis in the neutralizer 18.

The solid rests of prodeets of pfrolyeie
are removed from the furnaee 14 into the mixer -
~dryer 13 and the extractor 16. The ratio of
consumptlon depends on temperature of a mlx in the'
neutraliZer 18 and is adjusted by number of
revolutions of drums of the feeders 19 and 26.
Washing of the solid rests of pyrolysls ‘in the
extractor 16 is carrled out by the,water czrculatihg
through an installation 27 for water treatlng frqm
heavy metals. Thus in the extractor dur;ng 1 1.5
hour agitating with hot water there,ls a dlesolution
of calcium chloride (CaCl2) and extraction of ions
of metals, including rad10act1ve, from potes of
solid particles. In processing of refuse together.
with acid tars the formed gypsum practically is not
dissolved in washing water, leaves from the °
extractor togetherlwith washed solid products~ef
pyrolysis, goes into the combuetion chamber 7Aand is
deduced from process together with slag.. The solid
rests of pyrolysis goes into the bottom pait of the
extractor which case is.inclined to 10-15° to |

horizon. Rotatiﬁg screw moves up'solid-phase to the
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tob end of the deyice, mixing it with water,
ioosening and crushing that CIeateé‘big and equaliy'
accessible for hot water surface of céntadt. Water
- ig entered at the opposite end of the device and
after passage through ali its length ieaveé‘throﬁgh.
netted baffle plate on intake of a pump 28, the part
of water recirculate into a bottom of the device, -
then to~évoid formatibn of stagnant zones on its
‘bcttam. Other water with dissolvea salts of heavy
metals and calcium chloride together with a-filtraﬁe'
from a'éentfifuge 29‘throdgh a cartridge filter 71
.by a pump 30 throﬁgh a heaﬁ;exchanger 31 moves in -
the installation 27 for water treatment frcm'sél;s'
of heavy metals in which known, cheap and reliable
cbmbined method including water treatment with coal
or coke.with the subsequent electrocoagulation is
used (on the circuit it ié not shown). sﬁch way
a110ws(;§ remove from water solutions 99.9% of heaw
metals contained in-it.

Cleared from salts of»heavyAmegals the
solution is warﬁéd up in the heéthxcﬁénger'3i'by
léaving fro& ﬁhé extféctor 16 and the centrifuge 29

" 1liquid suhmittéd.by the pump 30 and then again goes
in tﬁe extractor 16. The péit of the circuléting.

solution (approximately 25%) by a pump 32 moves in a
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spray dryer 33 forx manufactﬁre of the calcium
chloride. '

Water vapors Iéaving the éxttaqtor-16~§re
condensed - in tﬁe condenser_ls bypturna:oun5~wétéf-
coming fraﬁ the cooling tower 8,'condensate-comes‘

. back into the extractor 16. Nocondensed éases b}
the fﬁn.17imove in tﬁe burners 12 of the cqmbustion
chamber 7.

The solid phase by the rotoi‘deviée.Of'thQ.
extractor 16 is ugloading in the bowl centrifuge 29
with automatic screw unloading of a sedimeﬂt”whicﬁ
humidity debending on the division faétbr oflthe:
established centrifuge makes 6 - 15%. - Tﬁe'
subsequent drying of the damp washed frdh hégvy c
metals salts and calciﬁm chloride solid‘broducté of -
pyrolysis is carried out in a miker—dryer-34 due
mixing with the hot ~ 11500C (21100F) slag leaving
from the combustion chamber 7. The design 6f'the
mixer-dryer 34 is similar to design of the'dévicé
13, 1eaving wﬁtei vapor. are éondenséd in a condenser
35 by the turnaround water comin§ from the coéling
tower 8, condensate goes to the extractor 16.
Noncondensed_gases by the fan 17 move in the burners
12 of the combustion chamber 7. The d?ainéd mix of .

the washed solid products of pyrolysis and slag at
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temperature 101-102°C..(214-216°F) by an elevator 36
énd a screw feeder 37 goes to a.bun#er 38 of the
combustion chamber 7 located below the rotating
furnace ofvpyrolysis 14.

In working volume of the combined graté-;
fired combustion chamber 7 gaseous and liquid
products of pyrolysis of fefuseAare-burnt,
noncondenéed,gases;fram the condenser installations
.are deodorizing and‘burning. The Qolid washed out
products of pyrolysis, basically the carbon, are A
burning in iayer on a movihg'chain-grate stoker.of a
-diregt course 39.. Thickneéé of layer is adjusting
by a gate 40. While move in depth of the coﬁbﬁstion4
chambér on éIowly movable grate bar surface solid
products of pyrolysis are_ heat up, ignite and burn
out then slag is dump into the mixer-dryer 34 and
the coolgr'of slag 20 where it is cooled by air
forced_bf a.fan'di. The ratio of consumptions.of,_
slag in the'appara;uses 20 and 34‘adjus§ by position
of gates 42 and 43,A§nd, the -gate 42.§rovideq_such__»
conspmption of hot slag at whicﬁ the temperatufe-of
a mix.on an:oﬁtput~frdm the mixer-dryer 34 is

'estaplished 101-102°C (214-216°F) that indicateq )
about full removal of a mgisture.from a migéuré

coming on the grate bar lattice 39 of the combugtion
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chamber 7.. Other mass of slag goes in thé cooler 20
ﬁhenée air which has been heated up-to temperature
260-270°C (500-520°F) through the cyclone 21 by the

- fan 22 in each of zones is blow through blast
tuyeres 44 under the graﬁe bar lattice 39,'in£o,the
burners 12 and air nozzles 45.

Work of the comﬁustioh chamber is carried
out on a method of;thiee—stage burning. This is
method of decrease of nitrogen oxiéés.emission
.differs tﬁat.it does not reduce formatiom NOX, but 
restorés‘alfeady forméd nitrogen oxides. The
‘'essence of a method consisﬁé that in the combustion
chamber 7 is higher than the grate bar surface of
1attiée 39 the burners‘12'w6rking with lack of air
(60 - 85 % from stoiéhiometrical) are established.
As a result products of incomplete combus;ion which
serve as gasés - reducers ére formed. Iﬁteractién
of these.gases with the nitrogen oxide, formed at
5uxning‘solid wasté-products of pytolysis in layer

" on grate bar surface of the lattice 39 results in
reduction df,nitiogen oxides (NO) up to molecuiar
nifrogen.(uﬁ);‘ kegul&tion of air supply in the

" burners 12 is co;recting depends on the content of
nitr&gen oxides in final éhimneyzgases of the |

' combustion chamber 7.  Above the burnérs 12 burning
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liquid'and gaseous products of pyrolysié are located
the nozzles 45 of sharp blasting through which air -
for afterburning products of incomplete comhustién
moves. Thus, the volume of the c&mbustion:chamber
as though shares in height on a zone of burning of
the s0lid washed out rests of the pyrolysis coming
on grate bér of lattice 39, a zone of secondary
burning aﬁd reduction of nitrogen oxides and a zone - . -
of tertiary burning - afterburnings of prodﬁcts of
incomplete burning from the second zone. .
Application of thié method allows to lower.emissibns~
of nitfogen'bxides (NOX) more than on 60 % in .
comparison with traditional methods of bﬁrning..f-
Formed in the furnace of pyrolysis 14 in coﬂnéction~-~-
with absence of oxygen carbon oxide (CO)
afterburning in the combustion chamber 7 up to
carbon dioxide (CO2). Neﬁtralization of hydrogen
chloride (HCl) allocated at the first stage of
pyrolysis excludes its inflow in the combustion
c#amber 7 and, accqrdingly, formation in it
chlorinated dioxins, furanes, and biphenyls. fhe
part of not burned down solid products of the
pyrolysis.which falling through the grate bar, gets
in the bunker 38 located under the grate bar of |

lattice 39, and then éhrough the mixer-dryer 34 by
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the elevator 36 and the screw feeder 37 agaiﬁ.mOve'

in the bunker 38 sf the combustion éhamber 7. -The
carried aﬁayAfine particles of soot, Qlag and ashes
subsided at the én& of the-fﬁrnace of pyrolysis 14
come back in a slag pocket of the combustion chamber -
7 by a fan of ablation 46. Fuel from extraneous:
sources moves in the burnérs ;2.on1y in start-up
period of .the plant.

Finél chimney gases of ;ﬁé.combustion
chamber 7'at,tempefatu:e.1150—1250°C (2100-22809F{
go on heatiﬁg of:the furnace of pyrolysis 14 after

- which pass through a cycloﬁé 47 where it are»cléared
ffom:the carried away dust. - Dust collected in:the
cyclone 47 Qoes-in-the:screﬁ feeder 25 and then in
the furnacé of pyroleis 14. From the cyclone 47--‘
chimney-gases at tempeiature 620-650°C (1;50—1200°P)
come in cheiéir heater 6 where heat up air, used as
the heat;cdrriér in the dryer 1 and then at - .
iembgrature'450-47o¢c (840-880°F) by aniexhauster ABA

go to a heat—recovéry boiler 49 for fbrmating moist
saturated steam,fused in a chamber 50 bf_tﬁermbhumid
procéésiﬁgs'bfﬁcbncrgfe. Final chimney gases of.the

" heat recovery boiler 49 at temperature 350-400°C
(6604750°F) by an exhauster 51 move on drying of;a

"solution of calcium chloride, and, the most .part of
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gases go in the spray dryer 33, the rest of gases -
in a screw dryer 52.fof to finish drying of the
solutionf The blowing rate of gas on the‘dévicea 33

- and 52 is supported automatically by syateﬁ of the

| block of ratio of streams under the indication of
,temperaturea of the chimney gases on an output ffam
the spray and the screw dryers - 110°C (230°F). The-
iniiial‘aalution with concentration of 7-12 % of
calcium chloride (CaClz)-is evaporated in tﬁe spray
dryer up to 50-70 % of concentration and flows down
in the screw dryer 52 where due to heat of the
chlmney gases coming in the beginning in a Jacket
and then in a screw zone of the dryer'itself,Ait-is"“
completely dried up ta.résidual humidity nofmbre
than 0.5 % and then“goés on cooling in a scréw
cooler 53 and then unloading in a waréhouae of -
finished goods. Cooling is carried out by turnaround
vwater from the cooling tower 8.

The moist chimney gases after drying.af
calcium chloride'ga to a cyclone 54 where afa”
separated from carried away dropa of a,squtian and
by an exhauster 55 ﬁoves into the chamber 50 for
thermochumid processings of concrete and an
installation 56.for manufacturing of carbon diokida.'

This installation works by the standard absorbption
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- désorption method of reception of carbonic acid
fram the chimney gases with the help of the
monoethanblamine (on the circuit it is not shown).
'Quantity of the gases coming.for manufacturing of
.carbbnic acid apd,vaccordingly, produétivity of.
installation it is limited to thermal balance of
system, i.e. that quantity bf~héat which can be ﬁsedA.
applying for heating 6f a desorber of the
installations 56 heated up in a heat exchanger 57
high-temperatﬁre‘organic ﬁeat—carrier, for examplé;

" based on ethylene glycdl."The condensate received

at.cooling”of chiﬁney gases from 110°C (230°F) down -~ "

to 40°C (105°F) before an absorbexr of the
instﬁllatioﬁ 56 is used for additional supplying
tﬁrnarognd system of wgter supbly of the cooling
tower 8 and cher needs- of the plant..-The-chihneyA
gases .cleared from carbon dioxide (C02) by‘an '
exhauster 58 are dumped ih'thencommon_gas flue of
final chimnéy.gaseg of the plant. ‘Thus; the content
of carbon dioxide in the chimney gaseé dumped in an
atmosphere in‘cdmparison with iﬁcinerételfactories
is reduced mb#e than'gn 64 % because the part of
 carbon remains in the commodity liquid fuel, the

given technology does not use additional'fuel and a
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part of formed carxbon dioxide is manufacture as the
commodity product. .
Thé pyrolitic gas from the furnace 14-ét
temperature 456-500°C (840-930°F) flowsvin a dydibne
| 59 where i£ is cleared from the carried away dust -
.which returns by the screw feeder 25 back'ihto the
furnaée ofipyrolysis'14. Then pyrolitic gas goes in"
thé horizéntal'heat'exchénger 57 where heats up to
temperature not less than 150-160°C (300-320°F) the °
high-temperature organic heat-carrier, for‘ethplé,
based on ethylene glfcpl‘which'by a pum§~60 mbveé-fo
heat tﬁe desorber of the installation 56.- Cbéled
down pyrolitic gas goes‘in a vertical”tuﬁular.heat
exchanger 61 where its condensation by turnérSund
water from the cooling tower 8 and in a scrubber -
chemisorber 62 for final cpndensation and*cleafi#g.
6f gases and vapors.isicarried oﬁt‘by an irrigatioﬁ
of its own condensate cooled in a vertical heat
exchanger 63 by turnaround water from the coolin§
tower 8. In case Qf»disturbance of a technolbgical
mode when increase of acidity of.a pyrolitic §as
condensate is possible for neutralization of sour -’
impurity by a metexring pump 64 from a tank.65-
supplied with an anchor mixer automatically under én‘-

indication of pH-meter moves a neutralizing
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solution. cirgulgtion of a_condensate.is'carried
éut by a pump 66. simultaneously tﬁe condensate
from the scrubber - chemiéorbe; 62'goés into a
" separated vessel (éil sump) 67 where it is segregate
on water and 6rganic phasgs whiéh accumulate in |
corresponding tanks 68 and 69. The noncondensed
part of'pyrolitic gas by $ fan 70 goes on burning tqi,
the burners 12 of the combustion chamber 7. The
-organic bhase of a condensate of a.pyrolitic gas
ffqm the ﬁank 69 through a cartridge filterxr 71 by‘é
pump 72 in bart.goes ﬁé fuel to the warehouse of
.finished goods and in part - to the burning in the
bﬁrners 12 of the combustion chamber 7. The water
phase-from ihe tank 68 through the cartridge filter
7ivby a pump‘75 moves to blow away from light
organic. substances in the scrubber 11 which.is'
carried out by a part of hﬁt air‘(~5 %) éupplied.by
the fan_él. The sediment from the cartridge filters
71‘pgriodicé11y during clearing pdres.filtering
elements moves in the combustion chagber 7. (on the
circuit it is ndﬁ shown) . The temperature of'air
delivériﬁg in the scrubber is 105-110°C (220-230°F).
Blow off from a great‘bulk of organic products the
watef phasé from the Bcrubber 11 by a pump .74 goes

on a stage of washing of the solid rests of
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pyrolysis to the extractorllG. Alr-sated with
organic products and a moisture by a fan 75 moves to :
mix with the‘maln stream of air leaving the dryer 1.
The mix of streams goes in the cooler of slag 20"

. where is heated up to temperature 260-270°C (500-
~520°F), passes through the .cyclone 21 and by the fan
22 ofvhot hlasting is dumped in the combustion |
-chamber'7.and a casing of the neutralizer 18.
Carried away by stream of air fine partlcles of slag
collected in the. cyclone 21 and through ‘the mixer-
dryver 34 come back in the combustion chamber 7. .

V Slag from the combustion chamber 7- at
temperature 1100-1150°C (2010-2100°F). goes lnto the
dxrum cooler of slag 20.. The drum xa znstalled under
angle of 4-6° to horizon and rotates.with a speed 3-
6 rev/min. The motionless end face»entrance of the
slag cooler and 15 — 25% of the rotating drum.lengthv
on the bart of the lnput of slag lining by the

-firebrick with fire resistance not less then 1300oc
.(23700F), other part is supplied wlth internal
nozzles for pouringbslag that helps it_shoveling,
the best air flow and crnshing of the caked pieces.
Owing to rotation of the drum slag goes to'it
unloading end being cooled down to temperature.QOOéc

(390°F) by air comingitowards which is heated up
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from 105-110°C (220-230°F) up to 260-270°C (500-
520°F). If for reception of'thevslég concrete
products .it is required in uniformly érushed slag,

. steel or céramic'spheres in diameter 100 - 150mm are
loaded -into a cooler of slag 20 used as.the crush1n§ :
agent. The volume occupied by spheres makes 10 —
15% of ﬁorkingfvolume of the drum limited on the
part of an output of élag by a cross lattice. Then
.slag gets in-a scraper conieyer 76-located in the
case suppiied with surfaces of cooling in which the
solution ofvcalqium cﬁioride'cleared from salts of
heavy metals and furnaround.watéf of the cooling
tower 8 circulates cooling-élag accordingly doﬁn.to
65970;C (156-160°F) and 25-30°C (80-90°F). The
cooled slag cléared 6f;heavy metals and sulfur mpyeé
in a bunker 77 whence éepending on local qonditions
is sent_tb'the-consumer'of to maﬂufécturé of the
slag cqnéreie products.

Installation for reception ofislag
concrete products inqludes a concretg.mixer 78 where
move ‘slag and thé solution of célciumfchloride.made
bf thé giveﬂ ﬁecﬁnoldéy gll necessary cqmponenta
deliver, for example, portland cement, grinded brick
breakages, gypsum, etc. rgéeivedAfrom»extraheous'

sources. The composition of mixes depends on local
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conditions and can vary over a wide range. The
received mik goes for modeling and compaction on a
vibration'platform.79 and'then moves in the chamber
‘50 of'therﬁohumid processing:of concrete products
which repreéenté the tunnel with the band éonﬁeyef
located inside on which the concrete'prodﬁcﬁs formed
earlierislowly'move; For aajusfment of speéd of
movement of a_bandithé drive of the conveyer is
4supplied‘with a regulator of speed. -InsideAthe
tunnel is waterp:oofing and heat insulated. The
floor is.made.with a bias aside pit for gathering a
Vcdndgnsate. In the top parﬁ in the beginning and
tﬁe end of the tunnel branch pipes for an exit of
chimney gasés and in the center - a branch pipe: for
aﬁ entrancé of damp éhimney gases after the dryers
of calcium cbloride 33 and 52 in a mix with moist |
saturated steﬁp from the heat‘teéovéry bdiler 49Aare
located. ' Exhausters 80 ghd 81.mounted on exits of
chimney gases are gupplied wiﬁh a*ial directing
devices and two speed electric motors-that provides
effective regulation of productivity in the big
range-of io;ding; |
Work of the chamber 50 is carried out as

follows. simultaneogsly with loéding of concrete

products into the chamber coming damp chimney gases
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at temperatufe 110°C (230°F). To reach rélatiie"
humidity of gasés up to 100% it is injecting moist
saturated steam from the heat recovery.boiler 49,
 Thus, inside the chamber the damp inert. environment
capable to speed up all processes directed on full
maturing of éoncrete is established. Adjusting
productivity of the exhausters 80 and 81 inside the
chamber different intensity of streams of B;eam and
gas mixes along the line concrete prbaucts is -
established"énd, accordinﬁly, their temperétufe mode
-of heating, ageing and cboling is adjusting. The
condensate ;1located from a steam and g$§ mix'§oés
in the pit of the chamber of brocessihg_of qoncréte
and by a pump 82 moves in the extractor 16 and in
turnaround system of tﬁe water coolinﬁ tower 8
supply. Circﬁlation of water in turmaround system
isvcarried oué by a pump 83. The exhaust chiﬁney
gases are dumped in flue duct of final gases of the
plant and then by an exhauster 84 in a chimney 85.
‘In FIG. 4, a flow diagram Qf a second
embodiment of a plant for processing wastes without
the heat recovery boiler for reception of the lsw'.
pressure moist saturated steam is shown. Such
variant is necessary wheh the choice of sérially

manufactured steam heat recovery boiler of required
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parameters is complicated. - In this case an eleétrié
boiler 86 df corfespondiﬁg pioductivity connected by -’
system of pipeline§ on thé'part of an input of a

‘ condensaté'through the pump 52 with pit of a
condensate and on the part of an outﬁut‘of.a Bteém
with section of mixting of the chambe:‘so of
thermohumid processings ofvslag—concrete producté is
installing. The electric steam bbiler 86 is
intended for work_dhring sﬁart-up and a stop of a
plant. During the establishéd operating mode it is
used vapor of the,hixer-dfyérs 13 and 34 and also
tﬂe extractor 16 thch by a fan 87 moves in the
chamber 50 of thermohumed processings slag-concrete -
products. Such decisibn éonsiderably redﬁces the
power inputs connecﬁed.to manufacture steam and the
consumption of cooling water on condensation of the

vapor- in the condensers 15 and 35.
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I claim:

1. A method for processing of wastes
comprisingAthe steps of:

1.1 removal from solid waste largé objécts
which cannot be grinded;

1.2 removél_of_ferrous metals, aluminium
and a glags‘by known ways if it is reduirea by 196@1 
conditions and ecqncmic-reasons, though phé '
technology itself does not demand it;

143 grinding of refuse and'liﬁgstone,

" mixing mentioned crushihg solid waste wi£h iimestone
.powder for forming of pyrolysis mixtureAin éﬁé
weight ratio, dependenﬁ-on the contents-in wésté
products of substances cagable tb react with '
limestone and from variant of further use of
Areéeived then slag; | |

| 1.4 in case of joint processing of refuse
with the waste pfoducts-containing-éubstanceé‘
capable to react with the'limestﬁne with emitting
the products of reactio# in an environmegt, for
example, with acid tars move for brocessing directly

in the first stage of drying;:
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1.5 two stage d;ying spooified pyrolysis
mixture - in the beginning by the hot air which has
been heated up due to utilization of heat of final
chimney,gasss,land then due to mines with s pért7of
the hot solid rest of the byrolysis removed from the
rotating furnace of pyrolysis;

A :1.6 two staoe‘pyrolysis without air.access
of.specified pyrolysis nixture in the beginning due
to mixing with a part of the hot solid rest of the
pyrolysis removed from the furnace of pyrolysis with
simultaneous neutralization by a limestone poWder'of
allocated hydrogen chloride and reception of calcxum
chloride and then passage dechlorinated pyrolitic
mixture and the pyrolitic gas received a; the first
stage along a rotating drum of the furnsce in one
direction for final pyrolysis with reception the
pyrolitic gas and the solid rests of pyrolysis dueu
to heating by chimney gases of combustion chamber;

1.7 hesting_by gases of pyrolysis the‘high
temperature otganio hest-carrier; for example, based
on ethylens glycol used then as the heating agent at
reception carbon dioxide from the final chimney
gases; -

1.8 condensation of gases of pyrolysis

with the subsequent division into the water phase of
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coming to blow away from organic impurity by hot air
Afte: drying by it of solid waste and an organic
phase used as comquity'fﬁel and fuel for own needs;

1.9 washing of other part of the solid
rests of the pyrolysis removed from the rotating
furnace of pyrolysis by the specifiea water phase of
a condensate of pyrolitic gas for dissolution of.
calcium*chloride-and extraction of ions of metals,
including radioactive, from pores of solid particles
of waste products with tlhe subsequent allocation of
heavy metals as commodity product, for example,
:adsdrptiOn at a coal orfcoké and then by
electrocoagu;ation;

1.10 centrifugation the washed solid rests
of pyrolysis with moving of the received filtrate
for extraction of ions of heavy metals from waste
products and the solid rests for drying due to
mi#ing with a paré of the. hot élag leaving from
combustion éhamber; |

1.11 burning of the washed éolid rests of
pyxolysis, gasedus and liquid products of pyrolysis
and noncondénsedlgaséé, afterburning carbon monoxide’
(CO) up to carbon dioxide (CO2) with reception of

slag and chimney gases, the subsegquent heat'
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utilization of the specified gases and slag for
other téchnological‘prbcesses; '
1.12.reception'of the moist'iow.pressurg
saturated steam due to heat utilization of fiﬁai'
chimney gases or use of vapor of a mixer-dryers and
- an extractor for finishing relative humidity of the
chimney.ggées going for thermohumid processing of
the sla§;concréte producgs up to 100%;
~1.13 constant removing of a part of the;
washing water cleared of heavy meta;s (é liquid
phase) for reception of dry calcium éhloride due'tb
drying by final chimney gases; |
1.14 cooling §f~slag and sending to its
consumer or for manufacture a slag concrete
products; |
' 1.15 thermohumid processing of slag
éoncretg products by damp final chimney gases aftér
drying calcium chloride in a mix'wifh moiﬁt‘

saturated steam of low pressure.

2, The method“defined‘in claim 1 wherein
in step 1.3. at direct sending the cooled slagAto'
the consumer the weight ratio of limestone to solid
waste is from 1:5 till 1:20 depending oh‘fhe

contents of chlorine in éolid waste, at'progessing
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solid waste together with acid tars addltlonally
- supplies a 11mestone in the amount dependent on the
contents'of the sulfuric acid in tars and in case of
'uslng the slag to manufacture slag concrete products
additionally suppl:es a limestone in the amount

dependent on a compounding of a concrete mixture.

‘3. The method defined im,claim 1 wherein
in step 1.4 the optimum weight ratio of waste |
producte with acid tars makes from 5:1 up to 10:1.
depending on the conteats'cf a sulfuric acid in

tars.

4.-The method defined in claim 1 wherein
in step 1.5 the first stage of drying is carried out
by air which has been heated up to 250 -1260°C (480
- 500°F)_wﬁich_c0nsumpticn is detined by'need of
process of. burnzng in combustlon chamber, ana the
second stage - due to heat utilization of a part of:
the solid rest of the pyrolysis going for mixing at
temperature 450-500°C (840-930°F), aad the
temperature of the'drained mixture at the output

" should not exceed 110-115°C (230-240°F).
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S. The method defined in claim 1 wherein
in step 1.6 the'first stage of pyrolysis is~carried
out at temperature 220-250°C (430- 480°F), and the

second stage - at temperature 450- 500°C (840 930°F).

6 The method defined in claim 1 wherein

in step 1 7 the hxgh-temperature organic heat- .
carrier, for example, based on ethylene glycol is

" heated up to temperature not less theh 1504160°C ;

(300-320°F) .

7. The method defined in claihAl wherein
in step 1.8 the temperature of air goipg.to.b;oﬁ~
away the light organic substances from a.water.phase.
is 105-110°C (220-230°F), and the air censumbtioh,is

5 - 6% total air blasting in combustion chamber.

8. The method defined in elaimll wherein
in step 1.9 the optimum ratio of extraction ﬁater to
the solid rest of pyrolysis is zilffduration'df_the
extraction at temperature of water 80°C (17S°é) is

1-1,5 hours.

9. The method defined in claim 1 wherein

in step 1.10 humidity of the solid rest after a

- 8O -
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centrifﬁge going for mixing with the hot slag which -
has temperature 1150-1200°C (2100-2190°F), is 6-15

% e .

10. The method defined in claim 1 wherein’
'in step 1l.11lwith the purpose of decrease of nitrogen
oxides émissiqn the‘combuétion éhambet works by
three-stage burning method when the volume of
chamber conditionally sharés on height~in a zone of
burning of the solid washed out rests of pyrolysis
on a ch&in—grate stocke;,7a zone of secondary
.bﬁrning when'burnérs for bﬁfning ligquid and gaseous.
products of'pyrolysis work with lack éf-submitéed
air tﬁerefoié products of incomplete combustion
which serve as gases reducers of nitrogen oxides
(NO) up to molecular nitrogen (N2) and a zone 6f
tertiary bﬁrnipg - afterbﬂrning of produéts‘of
incompleée burning from the seéond zone are formed,
and as éharp blasting is dsed-air.which.has been
heated up in a coole: of slag up to_témperaturg 260-
270?c (500-520°F) thgt si@ultanéously'provideg.
afterﬁurniné éf-formed because of the oxygen lack in
" the furnace.of pyrolysis carbon monoxide (CO) uﬁ to

carbon dioxide (CO2).
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11. The method defined in claim 1 wherein
in step 1.11 burniﬁg_ia-carried'out at temperature
not above 1250°C (2280°F) thus decrease of
temperature of.the received chimney gases due'td
utilization of heat is-carfied out consistengly at

_pyrolysis on item 1.6 mainly up to 620-656°c (1156;
1200°f), Heating ofuéir for the first stage of |
dr&ing'éf.pyrolysis~mix£ure on step 1.5 mainly up to
450-470°C (840-880°F), ;eception of the low pressure .
moist satﬁrated steam on step 1.12.main1y up to 350-
400°C (660-750°F) and drying of-caléium.chloride on

step 1.13 mainly up to 110°C (230°F).

12. The method defined in claim 1fﬁhe£ein
in step 1.13 intake of washing water for manufacture
of calcium chloride makes'approximateiy 25_% of the-

general consumption.

13. The method defined in-claim.l wherein
in step 1.14 cooling of slag is carried.out in three
stages: by the air down to tempefaturelzoo°c.' |
(390°F), by the solution of.calcium ch;oride to 70°C
(1605F) and by turnaround water from the cboling.
tower to 25-30°C (80-90°F), thus the air is heated

up to 260-270°C (500-520°F).
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14. The method defined in claim 1 wherein
in step 1.15 the'thermohﬁmid.processipg of slag 4
concrete broductg is carried out as follows: rise of
' temperature up to 80-85°C (175-185°F) within 2-3
hours, isothermal curing'pf concrete ét<80¥85;c4
“(175-185°F) 4_4 hours and.cooling 2-3 hours, and,
dependiﬁg on composition of conérete the cycle of
thermohumid'treatment'can easily be adjusted over a
‘wide range. The working agent are damp chimney
- gases after dfyipg th9 calcium chloride, 100 %
attaininé with relativé huhidity due to injection of

the 1ow_pressure moist saturated steam.

15. A plant for processing of wastes
compriéing-the stepsAofz
15. 1 a dryer»wi;h heat-transfgr’surface
supplied_with a casing for the heﬁt;carrier,“ -
internal shaft with blades mounted on a screw iine
for mixing,.moving'and tighteﬁing 6f pyfolysis
mixture, the drum feeders installed aﬁ input and
output of the sﬁecified mixture; an additional
brancﬁ pipe:with theffegulating gate for submission
" of aqid tars, connected by system of pipelines from
the part of an output of vépor wﬁth condenser

installation, an input of the heat-carriexr - with

- 83 -



WO 2007/126746 PCT/US2007/007443

the aif heater installed in chimney of final chimney
gases of a planﬁ, and from ;he ﬁart of an output-
with the fan feeding an air in a scrubberzfor blow
awvay a condenéate from an impurity the prganié'
suhstances‘and the cooler of slag located below
-combugtion chamber;
_15.2 a condenser installation for vapor of
a dryer éqpplied with'the condenser, the fan, the
 tank of a condensate and the condensaﬁe rehbval pﬁmpf
connected by system'of'pipélines on the‘patt-bf an
input of vapor with a dryer, an output of a
condensate - with a scrubber to blow awéx,of a
condensate from an impuiity of organic gubstanceb by
air coming after heating of a dryer, and,anﬁoﬁtput
of noﬁcondenced.gases ﬁhrough the fan wifh burners
of combustion chamber; |
| 15.3 a mixer-dryer supplied with parallel
 horizonta1 shafts with speed rotatibn regﬁlétor and
blades mounted on the screw line carrying out'finﬁl
drying of spécified_pyrolysis mixtﬁre due to mixes
with a part of the solid rests 6f pyrolysis and
conhgcted by the pipeline with a drum feeder on- the
part of an input of the solid rests of pyrolysis. _
with the furnace of pyrolysis, systemvof p;pelines

for pyrolysis mixture on the part of an input with a
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dryer, ‘on the part of an output of the drained
mixture witn neutralizer; on.the part of steam
output- with'the_condensen'and an extracton, and
noncondensed gases - through the fan wzth burners og
combustion chamber;

4 15.4 an installation for wnshing other
part of the solid rests'of the pyrolysis-leaving.the
_rotating furmace of pyrolysis supplied with the
extractor which body keeps on a branch pipes of
input and output of the solid rest of pyrolysis and’
washing waten, output of vepor and an input of a
condensate, an internal shaft with blades mounted on
a screw 1ine,for mixing andAmovincs of a product.to -
a_countercurnent to coming washing water and
rotating device for e unloading of the Qashed rests ’
of pyrolysis, pumps, the condenser,‘the fan and a
settling centr:fuge with an automatzc unloading of
the deposit connected by system of plpellnes thus,
that -the extractor an 1nput of the rests of
pyrolysis connected through a drum feeder to the
furnace of pyroiYsis; and on an output - witn a
centrifuge, on an output of vapor - with the
'conaensen, the condensate from which again comes
back in an extractor, and noncondenced gases by the

fan move in the burmers of combustion chamber, and,
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the centrifuge via line of filtrate through the:puﬁp'
gnd heat exéhapgér is consistently connected with.
installation for c;earing'of ligquids from heavy
‘metals and'with an exﬁractor; and via line of
depoéit - with the mixer-dryer instalied-uﬁdef a
furnace; A ' -

15.5 a neutralizer suﬁplied with branch
pipes for an output of gases of py;olysis, a casing
for feed of hot air and thé shaft built in inside
with blades mounted on the screw line providing;thé
first étagg of pyrolysis with simultaneous
-néutralizatiOn of'hydrogen'éhloride and reception of
the églcium'thoride COnnected'on the paft of an
input of pyfdlysis mixture with the mixer-dryer, oh.
an output - through élgvator and screw feeder with
the rotating furnace of'py;olysis{ and, branch‘pipés
of an ou;pﬁt of pyrolitic gas by éyétem Sf pipelines‘
through the fan are connected to the furnace of
pyrolysis, branch pipes of a casin§ on én input of
air are connected with the forced draft fan and on
an output - to a cooler of'slag}

| 15.6Aa furﬁgce of pyrolysis of the organic
'proaqcts:contained in pyrolysis mixture supplied.
with a rotating drum with external heating-by

chimney gases of combustion chamber, external and
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intefnal ribbing surfaces, motionless loading and
unloading the edd faCeé connected on the part of an
input with a screw feeder of a mixture'and with-#

. forced draft fan of gas of pyrolysié £from
. neutralizer, on an butput of the s0olid rests of
. pyrolysis through drum feeders with the mixer-dryer
and an extractor, moreover on an output of chimney
gases and gas of pyrolysis with the cyclones
connected on an output of a dust of‘afproduct‘with a
specified screw feeder;

15.7 a combustion chamber blocked with the
furnace of the pyrolysis located below épgcified
furnace and supplied wiﬁh a moving chain-gréte-'
stocker for burning the washed out solid reété of
pyrolysis, the burnersilocated above of A grate bar
surface for burning of liquid and gaseous. products
of pyrolysis and noncondensed gases, during start-up
of a plant - reserve fuel and also air nozzies of
the sharp blasting located above burners; o

15.8 a condenser installation of the
pyrolitic gas supplied with connécted by the system
of pipelines the cyclone; the heat exchanger for
heating of the high temperature organic heat-
carrier, the tubular condenser, the scrubber-

chemisorber, the separatéd vessel, the tubular heat
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exchanger for condensate gooling, the circulating J
bumD.Athe collecting tanks for water phase and
organic fuel, the Eartridge filters, the pump for:

" feeding of a water phase in a scrubber for to blbw‘
away of organic impurity, the pump for. feeding of
liquid organic fuel in burmers of combustion chambex
and a warehouse of finished goo&s, the fan for
feeding‘of noncondensed gases in burners.of.
combustion.chambe#, and, at infringement offa'
technological mode for neutralization of acidic’
impuriﬁiés énticipated installation of a tank with a
>mixe; and the metéring,pumbﬁof neutralizing
solution; \ |

15{9 an installation for blowing away of -

the watgr bhase of condensed products of pyrolysis
from the orggnic impurity, supplied with a‘scrﬁbbef
filled with pu;.on rings, the pump and the fans
conpected by systém of pipelinés at an input of hot
air through the fan with a dryer, at an output
through the fan with a cooler'of slag; at an ipput
of a water phase with condenser'iﬁstailation of a
pyrolitic gés; aﬁd-at-an output through the pump

" with an extractor;

15.10 an installation for heat utilization

of the final chimney gases supplied consistently
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connected with chimney a cyélone, air heater with
the fan for air'feeding, exhauster and the heat
recovery boiler for moisﬁ low pregsurefsaturatedv
steam production connected at the input‘ofﬂchimhé}-
gases with.the furnace of pyrolysis, and at the

. output with installation for reception of-calciuﬁ-
chloride, #nd, the cyclone at an output of a dﬁst is
coﬁnected.with a- screw féeder of the furnace of

" pyrolysis, air heater a;-the input of:ai: through'
the fan is conmnected to a place of prepératioh=of
waste products, at the output with a dryer,'aﬁd fﬁé
heat-recovefy boilei is connected by a-éteam iine to
' the chamber of thermohumid processings of siag
concrete; | _ a

15.11 an installatiom for fee&ing 6f tﬁe

moibt saturated steam in the chaﬁber of tﬁermohumid
processings of the slag conciete'réplacing in:case-
.of compiexity.of a choice serially.hanufacture heat-
recovery boiler of required productivity and o
supplied with the electric steam boiler connected by
the system of pipelines at the ihput of a condensaté
and an output of steam with.the specified chamber - of
processing of slag.concrete and the fan coﬁnected at
the input of steam with pipelines forxr wvapor of |

mixer-dryers and an extrhcto:, and at the output of
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steam - with the specified chamber Qf processinQ
slag concxefe;_ | ‘ .
15.12 an instaliation for manufacturing
" the calciuﬁ chloride supplied with a spray and a
screﬁ dryers, é.a screw cooler, exhauéters.and a
cyblone'connected by system of.pipelines in such a
manner that drying of_a'solution of célcium chloride
is carried out due to heat utilization of final"
chimney gases in two stages: in the beginning in-a
spray., apd ;hen in a screw dryer with the subsequentj
cooling in a'screﬁ'cooier; ahd, the consumption of
tﬁe chimney gases; feed by the exhauster
simuitaneouély in a spray dryer and a screw dryer is:
supported automatically by system of the streams
ratio block, and fin#l moist gases are released frdm
drops of a solution in a cyclone and move. to tﬁe
installaﬁidp'for'reception thelcarbén dioxide and to
the chamber of.thérhohumid'proéessings of slag
concrete; - | |
15.13 an installation for recepfibn carbon

dioxide ffom'thé'chimqey gases suppliéd with the
equipment using a method of reception carbon dioxide

'with_the help of the ﬁonoethanolémine, connected by
system of pipelines at the inputlof the heaﬁing

agent with the heat exchanger for heating of the
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yigh temperature organic heat-cérrier, the scfuﬁbgf
- cooler pf'chim#ey gaseé before an absorber of the
installation is connected‘by.condensate pipe with
.cooling toﬁer of plant and tﬁe exhauster of final
gaseé - with chimney of final chimney.gaseé of a
plant and a éhimney;. . |
15.14 a mixer4dryé;-of the washed and
filtered solid rest of the pyrolyéis supplied with
parallel horizéntal'shaft with blades put on the
screw 1ipe carrying out drying the specified rest of
_ pyrolysis due to mixing wiﬁp-other part of hot slag
of cqmbustioh chamber and cbnnected at the input
with4a cent#ifuge and through the gate with the .
cgmbustion.cﬁamber, and at the output thréugh an
elévatér and screw a.feeder with the bunker of a
combustion chamber, an output vapor - wi;h the
condenser énd én'extractor, and hﬁnédndehsea gases
through  the fan'-.with burners of the-cgmbustion
chamber; | | ‘

. 15.15 an installation for cooling the slag
supplied wiph th? rdtgting drum cooler of slag which
entrance part-iining-by the firebrick and connected
through the gate.to combustion chamber, other part
of the drum has intermal nozzles and gteel‘dr

ceramic spheres for shoveling and crushing of slag,
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the scrapex cbnieyer located in the case having
surfaces of cooiing and the bunker of the cooled
slag, and, the drum cooler in-a countéicutrent tq
movement of slag is connected at an.input of ai?
through the fan with the dryer, at an-output through
the cyclone with the forced draft fan, surfaces of
cooling of the conveyer are connected to the
piﬁelineﬁof the caldium chloride solution c;eared of
heavy metals and to turnaround system.of-C6oling
tower and the bunker of the cooled slag —~ﬁith'a
warehouse of manufacture goods and with installation
for receptiﬁn of a slag concrete;l |

15.16 an instéllation for réceptiqn:of’a
slag concrete products supplied with a concreﬁe
mixer for reception of'a concrete mixture of -
necessary composition, a vibration platform for -
modelling and compaction of the specified mixture,
exhaugters, a condensate removal pump and the.
chamber of thermohumid processing connected by
system of pipeliﬁeé at an input Qf‘tﬁe heat-cérrier
with insfallation for reception of calcium chloride
and the heat recovery boiler, at an output thtaugh
exhausters with chimney of final chimney gases of a
plantfand a chimney, and at an output of éA

condensate ~ through a condensate removal pump with

- 92 -



WO 2007/126746 PCT/US2007/007443

turnaround system of water supply of cooling tower

and an extractor.

16. The plant defined -in claim 15 wherein
in sfep 15.1 the drum feeders simultanedusiy with .
regulation of the consump;ion of py:blysis mixture
exclude extermal air inleakageAin working volume‘of,

a dryer.

17. The plant defined in claim 15 wherein
in step 15.2 condenser insfailation ensures the
functioning of the dryer with heat-transfer su:face

undef.necesSary underpressure 2-10 mm of H20.

18. The plént defined in claim 15 wherein
in step 15.3 the temperature of the drained mixture
at an~output‘f:om the mixer-dryef ié no Qoré than
110 - 115°C (230 - 240°F) and is established due to
speed regulétion of shaft iotatioﬁ inside the

device.

19. The plént defined in claim 15 wherein
in step 15.3 and_15.4'the ratio of the cdnsumptiqns
of the solid‘rests of pyrolysis in the mixer-dryer

and an extractor it is adjuséed by the drum feeders
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established at an output of the solid rests of
pyrolysis from the‘rotating furnace of pyrolysis so
that pyrolysis temperature of a mlxture in
neutrallzer is establlshed at a level 220 - 250°c

(430-480°F).

_ 20 The plant defxned in claim 15 where:n
in step 15.5 the- forced draft fan sends hot air at -
. temperature 260-270°C (500-520°E) to a caalng.of ‘
. _neutralizer only for compensation of 1oases of heat

into an environment.

21. The plant ‘defined in clalm 15 where;n :
in step 15.6 the fan of sending of pyrolys;s gas of
from neutralizer ensures the functioning of the
furnace of pyrolysxs under necessary pressurlzatxonj

of 5- 15 mm. of H,O

22. The plant defined in claim 15 wherein .
in step 15.7 regnlation of the consumption 6f'air.
sending in burmers located above.a grate bar aurface
of lattice is'corrected depending on the content of
nitrogen oxides (NOX) in final chimney gases of

combustion chamber.
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23. The plant defined in glaim 15 whereiﬁ.
in step 15.5 at infringeﬁent'of.a technological mode
clearing of gases and vapérs_from the acid impurity

' is carried out automatidgl;yzunder the indication of
pH-méter by turhing on the metering pump‘cénnectea
at the inputvwith vessel of a neutraiizing solution,
and at the output witp the bipeiine connecting a |
4scrubber - chemisorber with the ci:culating pump of
a-coolingbcontour of a con&énsate of the specifiéd."

scrubber.

24. fhe.plant defined in claim 15 wherein
in sﬁep 15.11 the electric steam boiler is iﬁtended
for work during start—ﬁp and a stop of a plant and

. during the establishéd operating mode is used the
fan sending vapor of the mixer - dryers and
extractor into_the chamber of thérméhumid proceséing-

of slag comncrete.

25. The plant defined in claim 15 whgrein
in step 15.12 the iﬁigi&l'solutioﬁ oflcalcium
chloride wiﬁh.¢6ncen£ration of 7-12 % to boil off up

to 50_-70" % in a spray dryer and then is finally
dried up in'g screw dryér‘up to humidity no more

than 0.5 %, and, work of streams ratio block system
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of chimney gases among dryers is'adﬁusted under the
‘indication of tempereture of chimney gases at an
;oﬁtput from the specified drvers equai'toA;10‘+45°c-

(230°F) .

26. The plant defined in claim 15 wherein
in.step_15;14 and 15.15 ratio of the consumption of
slag in the miier-dfyer and a cooler of Blag is
-adjusting by position of~the proportiening.gate
established at an output of slag from combustxon
chamber so that the temperature of a m;xture of the
washed and flltered solid rest of pyrolyels and slag:

was established not above 101-102°C (214-216°F).

27. The plant‘defined in.claim 15 wherein
in step 15.15.an entrance ﬁotionlees end face of a .
cooler of slag and 15-25 % of 1ehgth of a rotating
drum at the input of slag lining'with the firebrick

with.fire resistance not less thaﬁ_1300°c (2370°F).

28. The plant defined in claim 15 wherein
in step 15.15 for reeeption of uniformly crushed
slag as the crushing agent steel or ceramic spheres

in diameter 100 - 150mm are used eccupying,lo - 15%
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of working volume of the drum limited at an 6u£put

of slag by a cross lattice.

. 29. The plant defined in claim 15 wherein
in step 15.16 the chamber of thermohpmid'processings
of the slag concretelproducts ié executéd as'thé‘
tunnel with the band conveyer located inside, a

_floor inclined aside pit for collecting of a
éondensate; a branch pipe of an input of the damp
chimnéy gases located in the center of the top part
of the.tunnei, two branch‘pipés'of an output of the
chimney gases located in the beginning and the end
of the top bart of the ttnhél,iand, a drive of ﬁhe
conveyer is suppliediwith a regulator of épeed, ana.
exhausters are supplied with axial directing devices

and two-high-speed electric motors.
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