"TREATMENT OF WASTE AND A ROTARY KI LN THEREFOR' 5 at iﬁ)
| NVENTION rel ates to a nethod of, and apparatus for, the treatne 272?
faste. In particular, the apparatus preferably includes a rotary kiln. The
di sposal, of urban solid waste and/or 10 liquid wastes is a major problem
facing -nodern man. Waste materials generally have a negative econonic val ue
and hany toxic wastes are extrenely difficult to neutra- lize or destroy.
Exanpl es of waste treatnent methods are 15l di sclosed in U S. Patent Nos.
1,859, 159 (Geenwal t); 3,249,551 (Bixley); 3,383,228 (Rekate et al);
3,957,528 (Ot et al) and 4"T&EA@BBNFLPHQQ?STEtAN§ AnRGBAR¥t K&ENt he present
invention to 20 provide a fggRpgoker the treatnment of waste materials. It
is a preferred object tO‘pTUWTTEFTrfﬁﬁ+ﬁﬁ+ﬁ%ﬁﬁ+¥44¥}4yﬂi—pFOdHGL—Gan-be used
as an aggregate, where the aggregate has a positive econom c value e.g. for

concrete production, road making or as porous fill. 25 It is a
Oher praferPod obj ovts i ITHHRcNEe s ert oM ERen TBF PR ngE - 2hd
description. - apparatus fwonehespeeatmhetpoésvemt?envehnignrtissmbles in a

method for the g qd %mtuﬁpra@a@mwﬁﬁa@a@scenf@tawgkimed car bon
and matter ‘which is pyrol ysabl e to produce fuel gas, said nethod i ncl udi ng

the steps of: mixing solid and/or liquid wastes wth a binding
‘material and extruding enhéruESpdsﬁImmE'm&m&mrsoliw'wi@ta1and/or

silicate-conta mf¥auﬁgﬂ &lSes of VWH%f%rrEQS%iéh fiéfﬁ% #84&8-n man.

Waste materials generally have a negative economic value
kj and many toxic wastes are extremely difficult to neutra-
lize er destroy. _
Examples of waste treatment methods are
15 disclosed in U.S. Patent Nos. 1 859 159 (Greenwalt);
3,249,551 (Bixley): 3,383, 228 (Rekate et al): 3,957,528

(ott et al) and 4,112,033 (Llpge).

It is an object of the.present invention to
20 provide a method for the treetment of waste materials.

It is a preferred object to provide a method
where the end product can be used as an aggregate, where
the aggregate has a positive economic value e.g. for

\_ " concrete production, road making or as porous fill.
- 25 It is a further preferred object to provide
a rotary kiln suitable for the. method.

Other preferred objects will become apparent

from the following description. -

In one aspect the present invention resides

‘in a method for the treatment of waste materials
containing fixed carbon and matter which is pyrolysable to
produce fuel gas, said ﬁethod including the steps of:

mixing solid and/or liqﬁid wastes' with a binding
material and extruding a thus formed mixture to form

silicate-containing pellets of waste material from said



- 2 - mxture; thereafter passing the pellets through a kiln system
providing the following treatnents in succession: (a) passage through a
pyrolysis zone in a kiln to drive off at least a portion of the volatlle
gases in the waste; (b) passage through an oxidation zone in a Kiln where
t he oxygen causes the remaini ng vol ati Re~gases and at |.east a portion of
the fixed carbo to be OX|g|zed

H : th ll..
vitrificat®bh® Qﬁﬁe F%ege%?%ﬁr 8oL P |P|&éf§§ %ﬁé&? CE) %ﬁ€:§§%kﬁ% tos
forma porprevidimggthe; femdowhegemmeahgemabaumlsugasesthon1the pyrolysis

zone are used F&%:uﬁL%gaiefgﬁngEhuﬁtESQoly@igthW 1fH1EHMH%1W%]

bi nding materi a e Sel ecte basi s that en lred; 1t w
form a haref§ nettleashnRcPRELEPPaPFatBenyP Lintdiledgasiesy 1nsHdle wastsini | ar

15 material W'(}9)SUb&éibh?ecQ&ﬁ‘ﬁtﬁgwrﬂpebkhaﬁtlshefz%ﬁéb':VntEekEQIn' e ©
passed t hrough a dryer be furnace or_kiln, the

ore theg are fed tg g
pel | ets pr%ﬂ%r%ﬁY?eEeFﬁﬁsﬁﬁléBeb§ Balgdnge MO G ﬁtEﬂ%ﬁﬁ(ﬂ“quitgﬁ%???d%1at
| east an ﬁrth@nz?ﬂeshef fthedzeai-ubnaaa thekivias.tePref ereally divedgumpat e
is cooled in a er M/Of air, e ated in the coogl.er
prefer- ably befﬁg f%ﬁs the ‘%?‘t% ﬁ r%?é°6§??8t§°“ﬁhe ex%a%%ﬁ Ry
fromthe deierify Eridfieradids/ ﬁBesepItl tin ntbet welstetennte diwrheangpdmiis o

an afterbu as cleaning system the second to the oxidation and/or
wtmﬂcat#%%zgﬁgeg

es of the furnace or kiln..
and wherein the volatile gases from the pyroly51s zone

are used as fuel gas for combustlon in the vitrxficatlon .

zone. ' I ' ' S
. . . L o _ u

The blndlng material will be selected on the
basis that, when fired, it will form a hard inert
ceramic.material and may include clay, shale or similar

15 materlal w1th sultable ceramlc properties. |

o Preferably the pellets are passed through a
dryer before they are fed’ to the ‘furnace or kiln, the
pellets preferably being dried by a counter-current
.flow of hot’ gas from at least one of the zones of the

20 furnace or kiln. o '

- Preferably the aggregate is cooled in a cooler
by a flow of air the air heated in the cooler prefer-
ably belnq fed to the dryer to dry the pellets.

_' The exhaust gas from the dryer is preferably G

25 spllt into two streams, one being fed to an afterburner
and gas cleanlng system the second to. the. oxidation
and/or v1tr1f cation zones of the furnace or kiln.

_ Preferably the pellets are heated to approxi-
mately 650_C in the pyroly51s zone by the controlled

30 burning of some ‘of the volatiles driven off from the

- waste and by hot gases transferred from the_oxidation'
zone, the_resglting_yolatile-rich.gas stream being '

used to fuel gas in vitrification zone“end possibly in the
oxidation zone. Some of the fuel gas may be supplied tg the

'afumdinmer,
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Preferably the pellets are heated to apprOX|' nately 650 Cin the pyrolysis
zone by the controlled 30 burning of sone of the volatiles driven off from
#he waste and by hot gases transferred fromthe oxidation zone, the
resulting volatile-rich gas stream being used to fuel gas in vitrification
zones and possibly in the oxi.dation zone. Sone of the fuel gas may be
supplied to the afterburner. -3- Preferably the oxidation of the
pellets, to burn off the remaining volatiles and the fixed carbon solids,
occurs in the -oxidation zone at or bel ow IG00 C, the oxidation and the
conbusti on of .sone ofthe 5 Prafelragasy fﬂmsmdﬁielaméroml YoE T heone lleds ditdg t he
heat in the oxida e. el e f.i,xed carbon e Ie I n
the pellets to pr%#gpe%%%oépénggmﬁﬁ'qh @g& FﬁbagpeS% |gaé?§b|t €§ G)
of the final aggrégéﬂéS.loccurs in the AXpdﬁﬁu@m @onehatexiratestloai r from

the dryer may be iggoPe tQﬁeoé&qa%%QBnZ%BQ Ry a cBhB%sE%%%‘%Q 2 %%UgPt%Qe

V|tr|f|cat|on zone to slpply oxygen to the oxidation zone. Preferab
vitrificati onoof fR8lsPREcAFred the §H€9#§S&§ F@PP]P¥°Péﬂ#Pglﬁhﬁhéeat
vitrification zongn the beaaatmohheoaene Reipag tdencbat edeby ikig EEebBHrnlng

of fuel gas fromthe IS pe an air from s

preferred that th&3 §O$¥d£ éﬁdlﬁo §a§831F¥ St 8 EFPW°&FoﬁgPﬁ%&BHntHL rrent

direction, the reduces the specific gravity (S.G.) of the final
aggregate.

.10 A portion of the exhaust air from the dryer
-may be fed to the oxidation zone by a pipe passing
through the v1tr1f1catlon zone to supply oxygen to the

'ox1dat10n zone, '
Preferably the vitrification of the silicates

15 occurs at 1200°C * 200°C in the vitrification zone,
the heat in the zone being generated by the the burning
of fuel gas from the pyrolysis zone and by air from the
-dryer.

While it is preferred that the solids and
20 gases in the kiln flow in counter-current direction, the
| gas flow in the oxidation and vitrification'zones may be
‘concurrent with the solids flow, where the exhaust gas
_ N from the dryer is fed to the oxidation zone. The hot
U/ gas is then fed to the vitrification zone and burn with
25 some of the fuel gas from the pyrolysis zone to vitrify
the solids. The gas from the vitrification zone is
separated into two streams, one being directed to the
pyrolysié zone to providé heat and oxygen for cbmbustion

" in that zone, the other stream being directed to the

-+ 30 .-gas cleaning system.



gas flowin the oxidation and vitrification zones may be concurrent with
the solids flow, where the exhaust gas fromthe dryer is fed to the

oxi dation zone. The hot gas is then fed to the vitrification zone and burn
with 25 sone of the fuel gas fromthe pyrolysis zone to vitrify the:
solids. The gas fromthe vitrification zone is separated into two streang,;
one being directed to the pyrolysis zone to provide heat and oxygen for o
combustion in that zone, the other streambeing directed to the 30 gas.

cl eani ng system In a second aspectt&he present invention resides in a
kiln systemfor treatment of solid and/ liquid waste materials containing

fixed carbon and Agt{ &g %F15§ sable to roduce fuel gas said
system conpri sing: neans deftning %??ﬁﬁ‘g?’ J‘?Bnr@s‘-%%&ﬂ"e to receive

pellets of said waste materials mxed wth :a binding material, and

means for heating sai d,pehl gySteh ?@ﬂieyukiﬂéh&"dﬂes@iidaanh¢a$t1aqneatlon
of the volatile gases contained in the waste; nmeans defining an

oxi dat i on y ZONE m&O¥RShISaAMontaindaigd PY£&edysksbaanand) wdledr wWhichses
there is an excess oxygen environment for causi.ng the remaining volatile

gases andﬁyrdxyﬁabla.v@rﬁt@muceffuéhegaﬁlseﬂd sgsbem comprtikdngaste to be
oxi di zed; neans defining a vitrification zone downst ream of said oxidation
zone in whi ch, neanse,desfintagesai mitwlpeisetzone e adanted ek q o FRSCHVA
porous aggregate; neans for delivering said volatile gases formed in said
pyrolysis zone to said oxidation and vitrification zones to
pellets of said waste materials 'mixed with a bindlng
maﬁerial _and means for heatlng sald pellets 1n sald zone to. HJ
drive off at least a portion of the volatlle gases contalned
in the waste;s | |
means defiﬁéﬁg ‘an oxidation '?ohé“fdownétream: of said
pyrolysis zone-in.which,_ih usé,_ﬁﬁége.is aﬂ_e#cess oxygen
environment for causing the remainihg volatile gases and at
léast .5 portion lbf_ the fixed carbgn in the waste to be
oxidized; | | | D
means:defining a vitrification zone downstream of said
oxidation iqne in which, in use.'éilﬁcéfes in the pellets are
vitrified to forﬁ-a_porous aggregate;” 
means for delivering said volatile gases formed in said
.ﬁyrolyéis zbne'fo'sgiéloxidation.énd"&itrificétioh zones to
be  used as fuel gas“thgrein, said'fﬁei g§§ suﬁplying the fuel
for the process; there being means. for conveying said'waste

materials successively through said pyrolysis, oxidation and

vitrification zones.



be used as fuel gas therein, said fuel gas supplying the fuel for the
process; there being nmeans for conveying said waste materials successively
through said pyrolysis, oxidation and vitrification zones. 5 The kiln
system may' i ncl ude, upstream of the zone neans, a dryer for pellets of

sol iy, &nd/or liquid waste mixed with a binding naterial; and, downstream of
t he Zone neans, a cooler for the solid aggregate. Qther features of the
apparatus will be conme apparent to the skilhed addressee. To enable the
invention to be fully under- stood, a nunber of preferred enbodi nents wl |
now be 20 described with reference to the acconpanyi ng draw ngs, in which:
FIG 1 is a schematic |ayout of a waste treat- nent plant; FIG 2 is a
schematic | ayout of a first 25 enbodinent of the rotary kiln of the
present invention, FIG 3 is a schematic |ayout of a second enbodi nent of
the rotary kiln, FIG 4 is a schematic layout of a third enbodi nent of the
rotary kiln; 30 FIG 5 is a schematic |ayout- of the solids and
gas flow:FIG 6(a) i.s a graph of the solid and gas tenperatures in the
dryer and the pyrolysis, oxidation/ vitrification zones of the kiln and the
cooler, and 35 . FIG 6(b) is a graph of the oxygen [err]

The kiln system may include, upstream of the zone
‘'means, a dryer for pellets of SOlld and/or liquid waste
- .I mixed with a binding material; and, downetream of the
zone means, a cooler for the solid aggregate.

other features of the apparatus will be come

apparent to the skilled addressee.

To enable the invention to be fully under-
'stood, a number df preferred embodiments will now be
20 described with reference to the accompanying drawings,
in which: |
FIG. 1 is a schematic layout of a waste treat-
ment plant; '
' FIG. 2 is a schematic layout of a first
25 embodiment of the rotary kiln of the present invention;
FIG. 3 1s a schematic layout of a second
embodlment of the rotary kiln;’
'FIG., 4 is a schematic layout of a third
embodiment of the rotary kiln;
30 FIG. 5 is a schematic layout of the solids
and gas flow; _

' FIG. 6(a) is a graph of the solid and gas
temperatures in the dryer and the pyrolysis, oxidation/
vitrification zones of the kiln and the cooler:; and

'35 FIG. 6(b) is a graph of the oxygen (0,)



content in the dryer and the pyrolysis, oxidation/ vitrification zones of
the kiln and the cooler. 5 Referring to FIG 1, urban solid
waste 10 is dunped in a receival pile and is fed as required by an apron
feeder 11 to a primary pulverizer 12. The pul ver.- ized waste is transported

via g_conveyor 13 to a nmagnetic separator 14 which renpves any steel 1}_

conponents 10 in the-waste to a scrap steel bin at 15. The waste is 1
transported by a conveyor 16 to a secondary pul verizer 17 and is ground to"

si ze before being transported to storage ot shown) by a conveyor (The

solid waste passes o neti.c arator .to.renmpve
remai ni ng netal T g%?g lgtg&éagagﬁfaﬁnf Bg Eyﬁgﬁgdfﬁanﬁéﬁﬁﬁﬁﬁgd/and
screened in a pr%@%@;fhgabhpn 2onepepfr £hekadnf eddt 6he gredeysr/ prem xer
21 where it is mxed with the solid waste transported fromits store by a
conveyor 22. 20 The dried pulverized solid waste/clay m xture
Is mxed in a mxer 24 with liquid waste 25 froma storage tank 26 and is

fed to a pugr || 27 to propegerpehyets Eacwhtghuabencgamuedabeealdryer 29,

to be here- inaf n&ﬁ%fscrlbed I n, nore_det ai b% g onveyor 30. dzg

pel lets are dri tHen? tF8REHEPE BT ?ﬂ@ 3t Fé RFI heIY*EE YfFFed

as hereinafter(kpnnntﬁnbdéhelletmlaaprlmggyegaleerizenoléd afftet pehvéed to

a crushing and g | ant b g f ckpi Le - not
%%@t% £ t?@n?@é?é&ﬁ §t§ a SQnS%/Br ]t:? kB L he (

shown) by a conveyor
pellets are conW@ﬂﬂPQﬁFt$ﬁPQ%#W@?o¥43®ht%haF¢@@deﬁo§pbrSquénGOEP@nents

10 in the waste to a scrap steel bin at 15. The waste is

transported by a conveyor 16 to a secondary pulverlzer L_)

17 and is ground to size before belng transported to
storage (not shown) by a conveyor 18, (The solid waste
passes a secondary magnetic separator to remove any

15 remaining metal to scrap at lﬂa,)' '

Clay 19 is crushed/hammermilled and screened
in a processing unit 20; before being fed to a predryer/
premixer 21 where it is mixed with the solid waste
transported from its store by a conveyor 22.

20 The dried pulverized solid waste/clay mixture
is mixed in a mixer 24 with_liquidlwastetzs from a
storage tank 26 and is fed to a pugmill 27'to produce
pellets 28 which are conveyed to a dryer 29. to be here-~

inafter described in more detall by a conveyor 30. o

25 . The pellets are drled and then transported to the rotary
kiln 31 to be fired, as hereinafter described. The
resultant aggregate is cooled and then.fed to a crushing
and screening plant 32 before belnq fed to a stockpile

~ (not shown) by a conveyor 33. " _

30 Referring now to FIG. 2, the pellets are
conveyed by the conveyor 30 to a feed hopper 34 and are
supplied to the rotary dryer 29 by a screw conveyor 35.

The dryer 29 has a drum 36 (w1th 1nternal
flights to convey the pellets upward for more efficient

35 heat transfer) mounted on a rotary support structure.

v



“supplied to the rotary dryer 29 by a screw conveyor 35. The dryer 29 has a
drum 36 (with internal. flights to convey the pellets upward for nore
.efficient 35 heat transfer) nounted on a rotary support structure 37.
“A hood 38 at {he exhaust end receives hot dry gas. which flows
counter-current to the peIIet flow to cause the latter to be dried. The
hoo has a di scharge outlet 39 connected,to a screw conveyor 40 which
transports the 5 dried pellets to a sufge bin 41.-at the inlet end of the
kiln 31. An exhaust hood 42 at the inlet end of the dryer 29 receives the
exhaust gas frémrthd 8PPEr 3Feidty theavwxauspyerdf sacadveshiosudrat I¥s t he

fan is connectgditn @ﬂo@%t%U@HHE¥-&H&£EKEt@oreﬁérﬁeﬁhé@sfa%leJ“Eéﬂﬁ@fter
descri bed. The afterburner 44 is connected to a_gas scrubber 45 and exhaust

stack 46. The p8Ff| F§t§FetPé&9W4ﬁﬁ§qmasﬂﬂ%ehﬁ?ﬁ hast 8. difehiange BHd %
the pyrol ysis z9necAfeetedhad af ajdrdi | doddeydb 40 which trahR®dPH®l¥sés
fone has rotg x %ube ﬁStll ed with refractgi t rlal %and I|fter€5éo
nprove h LhERePEAATS &\ SHRES LhBuhtedto 3 t5¢ o t
structure 49. kialhodd. 50Amsthaustxh@ﬁdthe aﬂleheemdlet bha mﬁwﬂngus
co-axi al Iy recerUBh Ao ReS o mhs Srirdre A88oEFdn: thr B3N SReing ne
kiln 31. The odrdwni offaby wlﬁﬁdﬂ4iu|cﬂheome3152 o53tbk fflam kid n 31 are
[Pty 55" CAReSERATO bR L B ot Bt KR
t he .10 herelnafter described. The afterburner 44 is P
connected to a gas scrubber 45 and exhaust stack 46.
~ The pelléts are fed from the surge bin 41 to.
the inlet end of the oyroly51s zone 47 of the rotary
kiln 31.
15 Tﬁe pyrolysis zone has a rotary tube 48 lined
with refractory material (and llfters to improve heat
" transfer efficiency) and is mounted on a rotary suoport
structure 49. A hood 50 is provided at the inlet ‘end of
the pyrolysis zone. ‘The exhaust end of the zone has a
20 reduced neck portion 51 co-axially received within the
inlet end of the oxidation zone 52 of the kiln 31.
The oxidation and vitrification zones 52, 33
of the kiln 31 are formed by a second refractory-lined
Y " tube 54 mounted on a rotary support structure 55. The
25 angles of inclination and the rotational speeds of the
tubes 48, 54, and the neck portion 51, control
the flow of the péllets and aggregate through the kiln.
a hood 56 surrounds the inlet end of the
"oxidation zone 52 (and the exhaust end of :he oyrolysis
30 zone 47) to receive exhaust gases from the oxidation
‘zone 52.
A hood 57 surrounds the discharge ené of the
vitrification zone 53 and leads to a discharge chute
58 for the aggregate which directs the latter to an

'35 aggregate cooler 59 and then via the cooler discharge



tubes 48, 54, and the neck portion 51, control the flow of the pellets and
- aggregate through the kiln. A hood 56 surrounds the inlet end of the

oxi dation zone 52 (and the exhaust end of the pyrolysis 30 zone.47) to
recei ve exhaust gases fromthe oxidation zone 52. A hood 57 surrounds the

di scharge end of the vitrification zone 53 and | eads to a discharge chutes
58 for the aggregate which directs theq atter to an 35 aggregate cool er 59

and then via the cool er discharge- 5 and conveyor -59b to the crushi.ng

1d [ | 32 ' ' ' : 1 '
doscr bed wi O A ey e85 kby tnt) driiiity Sffa 1 OfBell po RTERES

pugm || 27 tRB&.extruded pellets 28 enter the rotary drumdryer 29 (via
screw conveyor 35) wherf,doelsghetifeAlidd dite PEL! £1SuLS a2AOURY,  The

water is evaporated into a-hot"alr streamtrave ng counter-currently

to the pellebs demawibrd withisefenenseed by HeatIng fresh air 60 by
direct cgntagt, with hots@apgaggptgwproduct in the aggregate cooler 59, and
its flow and i eve the r$quié$d degree and

rate of drying. 15 From ..th?heugtgﬁ&été’g% KXETIACENBEULFEF 28 by way
01;] Sgie\é\/_rcgg\é@%té@rt ﬂxgu_é ot dhe anﬁgeﬁ?mglzlal/\h(itm aséﬁemcagbupber 33et ween
rom the bin“BERIPIhebyfBFy ERESEoRs. ARSI ESF o1 | Lo08REGI | B
burning of water is evaporated into a hot air stream travelling
10 counter¥currently to-th¢ pelletsi__ihis hot air is
generated by ﬁéétiﬁg frésh3air 60 by direct cohtact with
hot aggregateLprdduct-in the_gggrggate cooler 59, ané
its flow and temperature are regulated to achieve the.
fequired degree"and rate of drying.
15 The pellets 28 pass from the dryer 29 by way
of screw convé?ér 40 into the surge bin 41 which acts as
a buffer betwéep the dryer 29 and the oyrolysis zone 47.
'Peliets are rémbved as.reqpiredﬂfrom the bin 41 into the
pyrolysis zone. He:e;.carefully_controlled_burning-of
20 some of.the'voiatiles in the pellets. and heat transfer
from the oxidation zone hot gas raises the .solids
temperature to approximately GSOOC, enough to drive
off most of thé volatiles present. The resulting.
volatile-rich gas stream is drawn off via the hood 350
25 and is used;as.fuei_gas elsewhere in the process. aAny
moisture remaining in the pellets is also driven off at
- this stage. o N _
From the pyrolysis zone 47 the pellets pass
~into the oxidation zone 52. The pellets first enter the
30 oxidation zone_whefeithey are:contacted against excess
oxygen, and the remaining volatiles and fixed carbon
are oxidized. This oxidation along with combusticn of
some of thé_fuel.gas from the pyrolvsis zone 47 provides
_ fhe heét tO-:aise thelsolids temperature to approxi-
35 mately_llOOOC{ '

v



20 sone of the volatiles in the pellets and heat transfer fromthe
oxi dation zone hot gas raises the solids tenperature to approximately [err]

¢ enough to dri,ve off nost of the volatiles present. The resulting
volatile‘rich gas streamis drawn off via the hood 50 25 and is used as
fuel, gas el sewhere in the pfocess. Any noisture remaining in the pellets
Isjalso driven off at this stage. Fromfhe pyrolysis zone 47 the pellets

. pass into the oxidation zone 52. The p&llets first enter the 30 oxidation
zone Where they are contacted ai nst. excess oxygen, and the remaini ng
vol atiles*and fixed car aﬁ?f%%ﬁ%i%%ﬁ? RRFS ORQafNEn VAT Med 3P0
conbusti on of zsaee 5@f dtheeHadilgas fropthee puedl yaiss fzene the Wwovéres the
heat to raise_tk lid ture to approxi- 35 -mately. [err]. The
pell ets then 5%2% %%tng %t%\?%lﬁq%g??ﬁﬁ ggn réﬁgo?‘htehéqﬁiﬁ'# FUTRHET fuel
gas fromthe pynole- upsite AR 47 iszm?m-- helbito fhinialg hieleer iswt | ds t enper -
ature up ¢o0 [ + rr | ' ; t LAO t rJ . about
vitrifi ca%i onsg%]’;sei ﬁ[rggtg]ess aﬁoy}eﬁ%I%Pn?%hggg%FPe?g Sg%gggart%sjng%tsfesg?%bl e
physi cal propént t8s oeliliet pggtafirer praddesiirarhe poysdiF@le Ruapgsses
fromthe kil nodi ket agotdgitd thodesddcal aggregate cooler 59 where it is
10 cool ed against a counter-current flow of fresh air 60. B. . Gas

Fl ow Fresh air 60 enter §¢hdHgfFREEBOPRFSSS, FRRSr & he kelddbrdbir et
fromthe hot aggiagat @éhelRierdidal aggregate cooler 59 where it is

19 cooled against a counter-current flow of fresh air 60.
| B. Gas Flow |
-/ - Fresh air 60 enters the aggregate cooler 59,

where it absorbs heat from the hot aggregate. This hot
aif stream is introduced to the raw feed drver (via

15 hood 38), counter-current to the flow of pellets. 1In

' the dryer 29 this gés stream evaporates most of the
-water from the pellets, cooling as it does so. The
flow and temperature of the gas is set to achieve

optimum drying conditions. '

20 The exhaust gas from the dryer is controliled
by hood 42 and is split into two streams. A large
portion goes directly into the afterburner 44 for

| burning prior to gas cleaning. |
K/’ c " Gas and solids flow in a counter-current

25 . manner in the oxidation/vitrification zones of the
kiln. A proportion of fuel gas generated in the
pyrolysis section is fed to a burner 61 located in the

- vitrification zone 33 of the kiln and the remaining air
- .from the drver 29 is introduced into the oxidaticn and

30 vitrification zones. Some of this air is fed to the

fuel gas burner 61 in the vitrification zone '

(]

where gas temperatures are increased and some of th

t

'heat given up raising the solid temperaturss to tha
. .required for vitrification. The remaining air
35 introduced to the oxidation/vitrification zones is Zed



air streamis introduced to the raw feed dryer (via 15 hood 38),
counter-current to the flow of pellets. In the dryer 29 this gas stream
evaporates nost of the water fromthe pellets, cooling as it does so. The
flow and tenperature of the gas is set to achieve optinumdrying.

conditions. 20 The exhaust gas fromthe dryer is controlled byg"

hood 42 and is split into two streans. arge portion goes directly into.
the afterburner 44 for burning prior tolYhs cleaning. Gas and solids fl-ow

in a counter Iy { r t i t i i n of t he
kKiln. A ﬁrop%;ét [ glple ocf%?]fdmgaszggﬁe?gt gér%%d&@ pdy y%??% C%“% 8%s fed-
to a burner 6theocsnure of hehej vikfiéariagi ororaomss 503 t Heh&i ahrand the

remaining air gl rnetar@eéiwﬁrt@?slalbet 69d%@d amtc%lt#hﬁe,]%'éat tea and 30

vitrification zones. Sone of this alr is to the as burner 61 in
the vitrificaPi*ddatdmn #rRA §§ssﬁéﬁ%éﬁét6ﬂ&3Qﬁ%gqﬂuﬁ%ﬁﬁbﬁe%n6°§one of the

heat givesn Upcbﬁdﬂéﬂl&ﬁ“bﬁoéﬁé ?Sﬁﬁﬁhihér@%ﬂé%ﬁﬂég éﬁﬁﬂwiﬁédeEruon
vitrification. he remai ning_air oﬁ uced to

OX|dat|onIV|tFPh§H%|R¥F9&%ﬁ3d ge}éﬁts t (58%%&?%ﬁ926ﬁ€‘5§ 1Atough a
pi pe 62 runni hgadoWwd i genthie 9b61i8e ¥irlom fumtpmzmﬁsSBonaheeab@rl-s
B st A e FFafede EAE bRl L ROl g | o
and fixed carlthe ioxitdeet in otgsedSpeliketin phertele twetreadi bg shéf|C|ent heat
to raise iBe §9Q5¥§Jf§”93&§ Pyr9£¥SEﬁe29@%kt%mW¥1on 51 counter-
current to the pellet flow from-thg py:olysﬁa zone 47 to
the oxidation zone 52 to provide heat and oxygen for
combustion in that section of the process. |

This stream is controlled to allow a small
_fractlon of the volatiles present in the pellets to be

—
N

burnt. The heat released by .combustion and heat -
transfer from the hot oxidation zone gas raises the
solids. temperature sufficiently to drive off most of
the.volatiles present into. the gas stream, in the
20 pyrolysis zone. The resulting oxygen free, volatile-
rich gas stream from this pyrolysis.zone 47 is
discharged from hood 50 and is used -as fuel gas :in tie
vitrification zone 53 and the afterburner 44.
| The remainder of the off gas from the oxida-
25 tion zone (i.e. not:going to pyrolysis) passes through
the hood 56 directly to the gas scrubber 45.
C. ‘Alternative Gas Flow“(as_shown in dashed lines
in FIG. 5) _ |
As an aiternative to the above, the gas Ilow

30 in the oxidation/vitrification zones 52/33 car be co-
current instead of counter-current to the solids flow.
In this case the air returning to the process from the-
drver 29 is introduced into the oxidation zone 32 oI |
the kiln. Here it allows the combustion of remaining

35 wvolatiles and the fixed carbon 1n the pyrolvsed pellets

“

%



* ature to that required for oxidation. Hot gas |eaving the oxidation zone
52 is in part returned to the 10: pyrolysis-zone 47 via the neck portion 51
counter- current to the pellet flowfromthe pyrolysis zone 47 to the
OX|dat|on zone 52 to provide heat and oxygen for combustion in that section.
the process. This streamis controlled to allow a small 15 fraction of
th vol atiles present in the pellets to PT burnt. The heat rel eased by.
combustion and heat transfer fromthe hotloxidation zone gas raises the
sol i ds ‘tenperature sufficiently to drive off nmost of the volatiles present
into the gas s2REafPSPrhshdhAF fipat yaeresahed thatr dsulcitng asgryeiP fhve,
vol ati |l e- r|chtlassau&a@nfrwnatﬁug;d@go{yéhspagges47nkg }neC harged: £ & om

hood 50 and |s used as s in the vitrification zone 53 and the
af t er bur ner 44% ?ﬂezPé‘ﬁal ﬁdé&’ed"fe thes of$MBeEFEERm Lhe fUFITHEF 2CE833rSone

(i.e. not goi ngyt buppiakysi sjorpasses::f htloelgf\uéhegbeodr% (iHeeCﬁdanI»Osiﬁle
gas scrub r 4 t o] as shown i.n .dashed |ines
in FIG 5??As gﬁnglternaéﬁﬁgté?t i€ abo'?/%é f% S%agnfﬁgwt§0qﬂ+qugk

oxi dation/vitrsblidsei up zoned t32/Hamiohet enpecatueet. | Getsedeeaofingthe
count or - curr e 101 EBR3Qlin s |11 LR So6PRCrLRGLARL +9 WAl N9 Lo Lhe
process fromthe dr I's I ntroduced e oxl atlon zone 52 of the
Kil'n. Here |tP&FPéMélﬁh@QﬂﬁﬂﬁEnﬁQNP%ﬂV¥@ﬂahﬁPhgaB§ eslvaen demmbahe -

fixed carbon ipusbecRYLal ¥ RRIdEIsh of aPHe 2B38ERS st halrHieatemieNfi &t ed

that is not_ taken up by
10 of the gas is dlscbarged from the plant via hood 57 to

Y

. the gas scrubber 45.
(O _ The temperature of the waste and of the gases
in the dryer 29, pyrolysis zone, oxidation/vitrification
' zones 52, 53 and the cooler 59 are shown in solid and
15 dashed lines respectively in FIG. 6(a) while the oxygen
(02) content in the above is shown in FIG. 6(b).
Referring now to FIG. 3, the layout of the
rotary kiln is generally tﬁe same as for FIG. 2, except
that the pyrolyzed pellets are transported from the
20 exhaust end of the pyrolysis zone 47 to the inlet end
of the oxidation zone 52 by a tube 70 passing through
the hcod 56 and where exhaust gas from the oxidation
zone is fed to hood 71 at the exhaust end of the
U/ pvrolysis zone via an inlet pipe 72.
25 In the embodiment of FIG. 4, the oxidation and
' vitrification zones 52, 53 are provided in respective
refractory-lined tubes 54a, S54b mounted on respective
rotary supports 55a, 35b. The oxidized cellets are
conveyed from the exhaust end of the oxidation zcne 52
30  *to the inlet end of the vitrification zone 53 via a hood
73 and discharge chute 74, the latter being received in
a hood 75 in the vitrification zone.
 The hot gases from the vitrification zone 53,
through duct 43, are mixed with some of the exhaust
35 gases from the dryer 29 and fed into the oxidation zone



the solids. The hot gas then passes into the vitrifica- tion zone 53 where
its tenperature is further increased by burning a portion of the fuel gas

fromthe pyrolysis 5 zone 47. Sone of this heat is given up to bring the
solids up to vitrification tenperature. Gas |eavingthe vitrification’zone_

53 is in part returned to the pyrolysis zone 47 to provide heat and oxygeqys.

for com bustion in that section of the Q ocess. The renmi nder 10 of the’
gas is discharged fromthe plant via hood*57 to the gas scrubber 45..The
Leperature of shhe uazkdyAld 4f; 44 636 Epb N6 BNentNG Zhe R dlypicazoNe,
oxi dati on/ Vi tr;s_i'cati on %’gnesl 512, -5 tg%ng FRe Cool er % are shown ]isn Solid
and 15 dashed FifABsZPaEPEGty vely in - FIG 6(a) while the oxygen ([err])

content inthe above is %@p\m_']j]_n dd Gebdbly Rebatrentg vdpWHe ddfi1ds the -
| ayout of .the rotary kiln is generally the sane as for, FIG 2 exceﬁgaghat
pal

the pyrol yzed PefFEESEre T 232 YRBAAFRENSO PIOVHAR tE i PRFeR

pyrol ysi s gonecdétbmetrheriivh &f mab@fof hepexodat feomzamd & 4y chdobe. 70
passi ng through the hoodTZ%']and vvher'te exh_augt ' gas frforp t he oxiéjgti on zone
is fed to hood 71 at the ‘BhARH" SIRE 31 C PR PPy PEFFsiEO 7 SRR A R AP AT et
pipe 72. 25 duction, rioad makeirpdorenigbf gfaGe doridus Bdldat i on and
vitrification zones 52, % r& nfoyi [ D3 (1 refr. i ped-

t ubes 54a, 54b-nounted o?%rrg'sagtelgr?é\//egrr?%tgg?%ﬁ'g%&ﬁfﬁ%g‘},{ %%%ée ggi di zed
pel l ets are cohieyedbbdiments alesamsibeddwdthons deipdattiiong Zomem 52h80 to
the inlet d Vi S Gatd - i RagVk 0 i ar ge
chute 74, f‘ge ?Iétetgggtbé?lr?gedrtg?er} \%%Z?ﬂﬁéﬁﬁgo ﬁ?éih:&n%%r?egh\ﬁ%ji%%%??ﬁn zone.
The hot gases fromthe vitrification zone 53, L ' .

20

25

30

35



t hrough duct 43, are mixed with some of the exhaust 35 lmuuﬂmﬂﬁm
dryer 29 and fed into the oxidation zone 52, thereby 62
v through the vitrifica- tion zone 53. As will be readily Apparent "o®thé
skill ed addressee, the process variations provide the potential 5

cugkoner with a range of options fron1mhiq t o choose. The aggregate can be
used for concrete pro- duction, road maki ng-or high grade porous fill.
Variations and nodifications may be nmade to the enbodi nents descri bed

wi t hout departing fromthe 10 present invention as defined in the appended
clainms.. 1§ 325 30 35 * C L M S * CLAIMS 1. A method for
the treatment of waste materials containing fixed.carbon and matter

which is pyrol yisabl eat mesdiceedielchgastreaicden®t hod |iwgs vdi Nga £ L1 81 PS
of: mxing solid and/or liquid wastes wth a binding material and
extrudi ng comtdirsing ofdwdd nadthore ahd wlaartersivhicst eisomlyaioliysgasd | ebs of
waste material fromsaid mxture; thereafter passing the pellets through a
kjln syst@moduce fue} gas,_said method inc;uding_the stgps of:
mixing solid and/or iiquid wastes with a binding
‘material and extruding a- thﬁs formed mixture to form
silicate-éon;aining pellets of waste material from said
ﬁixture; thereaf;er passing the pellets through a kiln systen
. providing the following treatments in succession: |
(a) passage through a pyrolysis zone ig a kiln to drive
off at least a portion of the volatile gases in the waste;
(b) passage through an oxidation zone in a kiln where
'the oxygén causes the remaining volatile gases and at least a
pqrtion of the fixed carbon in the waste to be oxidized; and
(c) passage through a vitrification z&ne in a kiln to
_vitrify_silicates present in the pellets to form a porous
- aggregate; |
\_ IR and wherein the volatile gases from the pyrolysis zone
aFe qséd as fuel gas for combus;ion in the wvitrification
zone.
2. A method according to claim 1 wherein the volatile
gases from the pyrolysis zone afe also used as fuel gas in
the.oxidation zone.

3. A method according to claim 1 or 2 wherein:

the pellets are passed through a dryer upstream of the



providing the followi ng treatnents in succession: (a) passage through a

pyr
gas

Hmmml kiln to drive off at |least a portion of the volatile
mmHm(b) passage through an oxidation zone in a kihn where

t he 6xyfen cdusés the remaining volatile gases and at |east a portion of
the fixed carbon in the waste to be oxidiged, and (c) passage through a

vitrification zone in a kiln to vitrify di
form a porous aggregate;

o
v

cates present in the pellets toxy
and wherein the volatile gases fromthe pyrolysis

zone are udddlmss¥akam gakhé opetbebusbedngi drind Dt mi fovategsurgrst Zlow A

met hod according to claim1 wherejn the volatile gases fromthe pyrolysis .
zone are al%fo B8&d &’3st fHoBadti nltRdtodMt Pdn YRRe.zoRes Afnetaidh kiln
according to claim1 or 2 wherein: the pellets are passed through a dryer

upstream ofS¥$e® * C L M S * kiln system the peliets being.

dried by a countgrcuryent _flow of hot gas _ fromat |east_.one of the zones
.metlﬁ?ie?%cor&ngrg?nﬁigémc wgtz"§('3\hf:|‘érei n: the

of said kiln system

o0d acc alrm

aggregate is coql,ed 'nggoraﬁg%erié)ycé‘oi'éQWigf"Hébdi&e antaedffcléi Si‘h%?f.g\c"\/-

fromthe aggregate co

eirng fed to sal yer 1n a tountercurrent

to the pel I§ls. nSated AalR! BAHa06EQifHb OcAYa PPPe it 28b0Fel ‘bednpherai n:
the binding material is clay, shale or other siliceous material which, whe

fired, forng asdd WOPEAM S ABéESEhBErcurrent flow to the pellets.

5. A method according to any one of claims 1&'-_ 4
wherein:

the binding material is clay, shale or other siliceous

material which, when fired, forms a hard ceramic material.

6. A method according to any preceding claim wherein:
the flows of the pellets and gases in the pyrolysis
zones are countercurrent, and the flows of fhe'pelletéiand
the gases in the oxidation and vitrification zones  are
countercurrent or concurrent.
7.' The method according to any"pfeceding 'diaim
wherein:

said 'pellets* are heated in said 'pyfblysiS" zone to

approximateiy 650 C.' are heated in said oxidation zone to .

approximately 1,000°C. and are vitrified in said

vitrification zohe aé approximately 1,200°C &+ 200°C.

8. A kiln syStEm for treatment of solid ahd/of 1iquid

waste materials containing fixed carbon and matter which is
pyrolysable to produce fuel gas said systenm comprising:

means defining a pyrblysis " zone adapted to receive



6. A nmet hod according to any precedi ng cl ai m wherein:

pell ets and gases in the pyrolysis zones are countercurre‘mu‘gm ﬂH‘“
vof the pellets and the gases in the oxidation and vitr' zenes
are countercurrent or concurrent. 7. The nmethod according to any
preggding claimwherein: said pellets are heated in said pyrolysis
zone to approximately T [err], aré heated ifysai d oxidation zone to
approximately [err], and are vitrified in said vitrification zone at

appr oxi mat eg}ér%geergg %é« Iwnag Ixeuggégr %&%at ment f s |d amgl)/l%rdlng

l'i quid wast efials con alnlng ¢ar bon -and "at e

pyrol ysabl epb@R5Qduce a#%leél?ss £ dhéé/éir‘? QQHErbghﬂgts”‘i%”%al%eUd}{é"gco

pyrolysis zone aJap te to recelve sald waste materials

mxed Wi thgravhi RAMGeisddala Qaﬂc{r@@nsff @heh%tlla@gl%alg%s@ 'c?ér?téifhé@' d
zone to drive off at |east a portion of the volatile gases contained in the

wast e; neansn 4@kl RlaBge;an oxi dation .zone downstream of said pyrolysis
zone in which, in wuse, there is an excess oxygen environnment for causing
t he renai ni ng- vomatanlse dafésiagd at |eastataqor ziome oflowhetiiexed sar bodid n
the waste to be oxidized; neans defining a vitrification zone downstream of
sai'd oxi dat Pymodyisdsi reasis ckn vhigbe, i9i | i esthere hdspeh| etxsemse oxygen
vitrified to forma porous aggregate; neans for dellverlng said volatile
gases for nme§RVe TORTEG Ny i T sFRUS HRE thes Aepadaing vl anilei epspEcARdmt

zones to . . .
least a portion of the fixed carbon in the waste to be

L/; _ oxidized;
means defining a vitrification zone downstfeam of said
.oxidation zone in which, in use, silicates in the pellets are
.vitrified to form a porous aggregate;
| means for delivering said volatile gases formed in said
pyfolysis zone to said oxidation and vitrification zones to
be used as fuel gas therein, said fuel gas supplying the fuel
for the process; there being means for conveying said waste
-ﬁaterials successively through said pyrolysis, oxidation and -
vitrification zones.
9. The apparatus according to claim 8 wherein:
said means defining said oxidation and wvitrification
zones.compriées_a second refractory lined tube; and wherein
said first ﬁube- is formed witﬁ a neck portion which
controls both the flow of pellets from the pyrolysis zone to
' thé oxidation 2zone and the countércurrent flow of hot gas
from the oxidation zone to the pyrolysis zone to provide heat

'énd oxygen for combustion in said pyrolysis zone..



be_used _as fuel gas therein, said fuel gas supplying the fuel for the
process; there being nmeans for conveying said waste materials successively

t hr : llﬂ”ﬂ” is, oxidation and vitrification zones. 9. The
appﬁmmﬂm wt o claim8 wherein: said means defining said oxidation

and Vittificdtidn Zones conpri ses a second refractory |ined tube; and

wherein said first tube is formed with af@gck portion which controls“bothég

the flow of pellets fromthe pyrolysis zone to the oxidation zone and the

t t f f hot fromt i datign zo th | ysi :
Cone Co bt ovi adGoniTind SRFREREHST RnpadeiR, By %G borbl v el OnkReR

11111111121}1%%%1%1&%{;;1‘ hpg.trelahldiof Mas r?eyrroul:)ys 0, ZJJI? fgppgl;.g&}{?ysiofs

claim 8 rther inc ng a ream of sard pyro

zone for dyapingPebbrisyeanueyesai® aahdrdr Viila andod 160! &Swilovksss eam of
said vitrification zone for cooling the solid aggregate. 11. Apparatus
accor di ng g4i G} v £ {lda €061 24464 efor Ao BLhANERE §61iBabgkPepaeehot gas
fromat |east one of the zones of the kiln system and/or ﬁot air fromthe

cooler is fed tia i heApbyrdthd Gauodrding r eot -éilaint @0 hednsawuweftgae! katds i n
the dryer. 12. The apparatus of any one of clainms 8 - 11 wherein said neans
for heati rrrsmigkdysol yhat zéne wnphosexgarafisokort dee¢ageriomg bt thgases

to said pyrolysis zone fromoxidation zone. 13. The apparatus of claim
10 or 11 fagneferof néhedikighn neunteromnddiory drathgaidl rore Fheel coakerrém.
said fed to the dryer in countercurrent flow to the flow of
pellets in the dryer. |
12. The apparatus of any One'ofrclgims 8 - 11 wherein
said means for heating said pyrolysis zone comprises means
for delivering hot géses to said py:olysis; zone frob
oxidation zone.
13. The apparatus of claiﬁ:lo or 11 further inclﬁding;
means for delivering volatile fuel gas from said
pyrolysis zone to  said vitrification zone for combustién
therein, and means . for delivering a-pbrtion of the .exhaust
gases from the dryer for combustion in said vitrification
zone., |
14, The apparaﬁus of claim 9 wherein said firsﬁ and
second tubes are inclined downwardly for gravity feed. of said
pellets, and are rotatable about their longitudinal axes.
15. The apparatus of any one of claims 8 - 14 wherein
said means for delivering said volatile gases from said
pyrolysis ' zone ‘to said oxidation and wvitrification zones .

comprises a first burner located adjacent the diséharge end

v



- pyrolysis zone to said vitrification zone for combustion therein, and neans
for delivering a portion of the exhaust gases fromthe dry:“ulmmﬂtmmmnﬁm
. in said vitrification zone. 14. The apparatus of claim?9
first and second tubes are inclined domnmardly for gravityfeéd bf sai'd °
pegLets and are rotatabl e about their gi tudi nal axes. 15. The apparatus

of any one of clains 8 - 14 wherein said ans for delivering said volatile

gases from sai d gy #g g zone - to said oxidation,. and vitrificatiaon :
zones conp?i s&&* BFREFOR0RANY aBPHceht SERBMA RUERSR &Xgendiss
Ng g9 evitg

sai d V|tr|éﬁggﬁ 18a gngoggrngg x&egg ?ﬁsggogg? S?hg

vitrificatron z%)ne I nto Ssal ggOXI §$§I on zone.

treatment of ypgstey Eiensal Sfosybﬁ:thaent'tq'l 'a>e ero%* npswe 98%8%;1%9

with reference to the acconpanyi ng draw ngs. system

treatment s@ﬁsc&@éi@lfybagaﬂ&b@Lhueaéreeaegebeﬁeaew@eﬁcEE?e@eﬁkEhteeﬁﬁ%ence
and as illustrated in the acconpanyi ng draw ngs.

accompanying drawings.
17. A kiln system for the treatment of waste
substantially as hereinbefore described with reference and as

illustrated in the accompanying drawings.




