PROCESS AND APPARATUS FOR THE CONVERSI ON OF SLUDGES The g
‘invention relates to a process and apparatus for the conversi m&? %'8
sl udges to obtain useful products therefrom including liquid fuels. w;
particularly, the process and appar at u§ of the present invention pI‘O\"

r

an i nproverment to the oil product fromthe conversion of the organic
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Further, the viscosity of the oil product resulting from the conversion of sludges by
the process and apparatus of the present invention is intended to be used as an

indicator of both organochlorine destruction and the completeness of the
conversion process.

10 Sewage sludge is an unavoidable by-product of the treatment of sewage and
other wastewaters. Traditionally, . disposal of such sludge is expensive and
typically constitutes up to half of the total annual costs of wastewater treatment.
Historically, the major sludge disposal options have included agricultural
utilisation, land-filling and incineration. Also historically, wastewater treatment

15 plants have been designed to minimise sludge production and most effort is

expended to stabilise and reduce the sludge volume prior to disposal or
 utilisation. |

The solids component of sewage sludge comprises a mixture of organic materials
composed mostly of crude proteins, lipids and carbohydrates. These solids further
20 comprise inorganic materials such as silt, grit, clay and lower levels of heavy
metals. For example, a typical raw seWage sludge comprises approximately 50 to
80 % volatile material and 25 to 40 % organic carbon. Some organic sludges
already exceed current land application standards and consequently cannot be

used agriculturally or are classiﬂed hazardous waste, largely due to their
25 organochlorine content.

Many sludge processing options have been proposed in the past. Such options
have the potential to convert a fraction of the organic material into useable energy
and even less have been demonstrated as viable net energy producers at full



The solids conponent of sewage s| udge conprises a mxture of organic

materials . conposed nostly of crude proteins, |ipids and carbohydrates.
These solids further 20 conprise inorganic materials such as silt, grit,
clay and | ower |evels of heavy metal s. For exanple, a typical raw
sewage sl udge conprises approximately 50 to 80 %volatile material and
25 to 40 % organi c carbon. Sone organic sludges al ready exceed current
| and application standards and consequently cannot be used

agriculturally or are classified hazardous waste, largely due to their 25
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scal e. One comipbn process I nvolves anaerobic digestion of sewage sludge in
whi ch appr oxiineinerationsgasificationnddiguefastigani c materials are converted to
produce a gas rich in nethane. Historically, other alternatives have
i ncluded starved air i ncineration, gasification and |iquefaction.

5 A significant problem associated with the above processes relates to the fact that

the principle useable energy-containing products are gases which are generally
not easily condensable and are of low net energy content. Accordingly, such
gases are impossible or uneconomic to store and must generally be used
immediately. Further, it is generally only' practicable to use them to produce
10 relatively low grade energy, such as steam and flare them to waste during periods
of little or no demand. Not surprisingly, it is preferable that ahy process used
result in storable (liquid or liquefiable), transportable and if possible, upgradable
energy-containing products. .Such products would include synthetic oils. It is
consequently desirable that there be optimum production of net storable energy

15 having any non-storable products, if used at all, used in the operation of the
process itself.

‘Disposal of sewage sludge has become more problematic recently due to the fact

that a) agricultural use of sewage sludge is restricted by its pollutant content,
particularly the organochlorine content, and within this group the dioxins have

20 become the limiting factor, b) ocean disposal is banned, c) land filling will be

~ banned in the European Union by the Year 2000 and d) incineration of sewage
sludge is opposed by the public primarily with respect to the dioxin issue
(refofmation of dioxin during hot flue gas cooling). Consequently recent research

work on thermal sludge disposal processes concentrates on control of

25  organochlorines across the process. '

Inthe field of low temperature conversion of organic sludges, the working group of
Prof. Dr. E. Bayer, University of Tubingen, Germany and the working group of Prof.
Dr. -Ing. P.A. Wilderer, Technical University of Munich, Germany have conducted
work directed to the destruction of organochlorines. The University of Tubingen
30 uses a batch. reactor system and’ achieves destruction and removal efficiencies
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30 uses a bircotporatedtherein bytreferentd, didhe &/ providedtd protesand ppaariédor the
efficiencies conversion of sludges by heating and chemical reaction in order to obtain useful
storable products therefrom, including oils. The process described in these US
15 patents comprises the steps of heating dried sludge in a heating zone in the
absence of oxygen to a temperature of at least 250°C for the volatilisation of oil
producing organic materials therein, resulting in heating zone gaseous products
and sludge residue; removing the said. gaseous product from the heating zone;
thereafter contacting heated sludge residue in a reaction zone with the removed
20 heating zone gaseous products in the absence of oxygen at a temperature of from
280°C to 600°C for repeated intimate gas/solid contact at temperatures sufficient to
cause gas/solid contact, oil producing reactions to occur within the heating zone,
gaseous products catalysed by the heated sludge residue resulting in reaction zone
gaseous products containing condensable oil products; removing the reaction zone

25 gaseous products from the reactlon zone and separatlng at least the condensable
" oil products therefrom.

Also disclosed is an apparatus for the conversion of sludge, said apparatus
comprising an enclosure establishing a heated heating zone having an inlet thereto
for dried sewage sludge and separate outlets therefrom for heating zone gaseous
30 products and residual heating zone solid products; conveyor means within the
heating zone enclosure for conveying solid .prod(icts from its inlet to its solid



- 3- (DRE's) for dioxins and other organochlorines in excess of 95%
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The above US patents still further disclose a process for the optlmlsatlon of the

10  production of oil products from the treatment of sludge including the steps of
heating dried sludge residue and the volatiles obtained from the sludge in the
reaction zone in the absence of oxygen to a temperature of between 280°C and

- 600°C for the establishment of catalysed vapour phase, oil-producing reactions of
vaporised sludge components'in the presence of the solid sludge residue catalyst

15 componénts; testing samples of the sewage sludge by differential scanning
calorimetry and producing as a result of the test a thermogram indicating the
temperature range of the exothermic reaction characterised by the production of oil

products by the process; detérmining from the thermogram the optimum -

temperature for the maximum yield of oil products from the exothermic reaction;

20 and adjusting the average temperature of the reaction zone to be equal to the thus
determined optimum temperature for oil products production. [t waé further
envisaged that an optimisation process for continuous operation with a sludge of
variable components may include the further steps of testing the sludge at intervals

of time and adjusting the average temperature of the reaction, the said intervals of

25 time being frequent enough to maintain the average temperature at or close to the

optimum temperature for the variable composition sludge. |

The process and apparatus for the conversion of sludges of the present invention
has as one object thereof to provide a modified and new process and 'changeé to
the apparatus for the conversion of organic sludges as disclosed in US patent

30 numbers 4618735 and 4781796 so as to obtain storable products with generally
‘unrestricted use therefrom.



20 heating zone gaseous products in the absence of oxygen at a tenperature

of -from . ., 280[err]C to 600[err]C for repeated intimte gas/solid
contact at tenperatures sufficient to cause gas/solid contact, oil
produci ng reactions to occur within the heating zone, gaseous

products catal ysed by the heated sludge residue resulting in reaction zone
gaseous products contai ni ng condensabke5oil products; renoving the reaction
zone 25 gaseous products fromthe reaction zone and separating at | east

t he condensabl e oi | products therefrom Al so disclosed is an
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- 4- pripidus sl fﬂnhéleébjeﬁfbfﬁtﬁé?f?éééhﬁlr%hﬁ&t tohrolidea H%ﬁto‘ﬂitgt %Cfelsf? zone -
havi ng separate inlets thereto for gaseous and sol i roducts an ,

separ at e Soutanst conkel afr #he f process Ofgab%ola@sanbl lewﬁntonprt@dpmme cptiTeyor
means Wt hi I’ﬁﬂﬁe Q{Wq for conveyi ng solid products
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zone solid products outlet being connected to the reaction zone solid
In accordance with the present invention there is provided a process for the

conversion of organic sludges, the process comprising the steps of:
(a) feeding dried sludge through a first reactor;

10 (b) heating the dried sludge in the first reactor in the absence of oxygen for
the volatilisation of oil producing organic materials therein, resulting in
gaseous products and sludge residue (char);

(c) condensing oil from the gaseous products of the first reactor in a
condenser system;

15 (d) reinjecting water free oil andfor non-condensable products into a
second reactor;

~ (e) transferring the sludge residue (char) from the first reactor to the
second reactor;

() contacting the heated sludge residue from step (b) in the second
20 reactor with the oil and/or non-condensable ptoducts of steps (c) and
| (d) in the absence of oxygén to allow the generation of clean products-
and a high quality oil product; and

(g) removing the gaseous products from the second teactor.
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products inlet for the passage of solid products between then and duct

nmeans . connecting the heating zone gaseous products outlet to the
reacti on zone gaseous products inlet. The above US patents
still further disclose a process for the optim sation of the 10 production

of oil products fromthe treatnent of sludge including the steps of

heating dried sludge residue and the val gtiLles obtained fromthe sludge in
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(h) condensing and oil/water separating the gaseous products of the
second reactor in a condensing system;

() removing solid products from the second reactor.

15  The process of the present invention may preferably still further comprise the step
of measuring the viscosity of the oil product of step (h) such that process
conditions may be modified as a result thereof, thereby optimising the conversion
of the organic sludge, particularly the destruction rate of organochlorines.

- The condensing system of step (h) may be either a direct or indirect condensing
20 system. |

The solid products removed from the second reactor in step (i) may be used as a
fuel fpr drying the sludge in step (b) and as an absorbent. Still further, the solid
product may be activated to increase adsorption properties for heavy metals.

In accordance with the present invention there is further provided an apparatus
25 for the conversion of_ organic sludges, the apparatus comprising a feed system for



-5 - It is a further object of the process and apparatus of the

present invention to destroy at |east in part ubiquitous, .
ant hropogenl c organochlorine pollutants including AOX's, DDT, PCB's
and Di oxins present in organic sludges. It is a still further object

of the present invention to provide a nethod for the testing 5 and
control of the process of the present Lnyention to provide optimm
organochl orine destruction and oil quality. - In accordance with the
present invention there is provided a process for the conver si on of
organi ¢ sl uddried siudgepto bescornveyed | h@ttr‘eacmreasserfcnd reactor, a condefiser

feeding drie ha first reactor;
dried sl udgegfsgé%%ﬁ H’]?ﬁ g&qﬂarﬂpq %[Bngc@'ster@Y '?52)? tahstorfine©
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gaseous products and sl udge resid (char);
| separation system, the condenser system and/or oil/water separation system
5 having a transfer line provided for reinjection of oil or oil and non-condensable
products into the second reactor, the second reactor being adapted to contact the
heated sludge residue from the first reactor with the oil or oil and non-
condensable products of the condenser system andfor oiljwater separation

system, wherein gaseous producis may be removed from the second reactor.

10 The present invention still further provides a process for the optimisation of the
process for the conversion of organic sludges as set out above with particular
relevance to organochlorine destruction through use of the viscosity of the oil
product as a process indicator. Preferably, the lower the viscosity of the oil
product the greater the destruction rate of organochlorines. Consequently, the

15  viscosity of the oil product can be used as a process control tool.

The present invention will now be described, by way of example only, with
reference to one embodiment thereof and the accompanying drawing, in which:-

Figure 1 is a schematic diagram of the apparatus of one embodiment of
the present invention for the conversion of organic sludges.

20 In Figure 1 there is shown an apparatus 10 for the conversion of sludges. The
apparatus 10 comprises a feed system 1 2 for dried sludge 14. The feed system
12 feeding said sludge 14 to a first reactor 16. The feed system 12 is such that it
ensures both no air ingress into and no gaseous egress from the first reactor 16.

The first reactor 16 is provided with heating means, for example elements 18
25 thereabout such that dried sludge may be heated therein in the absence of
oxygen to at least 250°C. Such results in the Volatilisation of oil producing organic
materials in the first reactbr 16. Further, this reaction provides gaseous products



(c) condensing oil fromthe gaseous products of the first reactor in a

condenser, systemto produce oil having a reduced water content; 15

(d) injecting the oil of step (c) into a second reactor; (e)
transferring the sludge residue (char) fromthe first reactor to the

second reactor; (f) contacting the heated sludge residue from
step (b) in the second - rgeactor with the oil of steps (c)
and (d) in the absence of oxygen to 20 al l ow the generation of
cl ean products and a high quality oil product; : and

(g) renoving andslydge cesidye otcharsA scew tdrevegerctindnd ewtdot9 is provided to move '
i1 ses a f ol S0 ol RE st ettor & “hoth no air i ngress into, and no
escape of gaseous products .
The gaseous products from the first reactor 16 are transferred to the condenser 20
and oil/water separator if the condensation temperature is <100°C. The resulting oil
5 22 and/or non-condensable gaseous product is injected into a second reactor 24
~ together with non-condensable products 26 if a direct condenser is utilised. Sludge
residue or char from the first reactor 16 is transferred to the second reactor 24 by
way of a transfer line 26. The transfer line 26 is equipped with a valve system 28 to
ensure that no gaseous products bypass the condensation system.

10 In the second reactor 24, provided with a heating means 30, the heated sludge
residue from the first reactor 16 is coﬁtacted with the revaporised oil or oil and non-
condensable gaseous products from the condenser 20 in the absence of oxygen at
a maximum temperature of 550°C. Such allows reductive, heterogenic, catalytic
gas/solid phase reactions for the generation of clean products and high quality oil

15  product. A conveyor 29 and motor 31 is provided to move the solid products or
char through the second reactor 24.

Gaseous products are subsequently removed from the second reactor 24, either for
passage through a further condenser 32 and oil/water separation system or for
alternative uses 33. This first option provides a volume of non-condensable
20 gaseous product 34 and a volume of refined, low viscosity oil product 36. Solid
products or char 38 are removed from the second reactor 24 by way of a further
transfer line 40 having provided therein a screw conveyor 42 for ensuring both no
air ingress into and no gaseous product egress from the second reactor 24. The

screw conveyor 42 is connected to a cooling system 44 to cool the solid pr‘bducts or
25 charto less than 200°C. '



from the first reactor. The heating of the sludge in the first reactor is
preferably .~ conducted at a tenperature of at |east 250[err]C. 5 The
condenser system of step (c) may preferably conprise either a direct or

i ndi rect condenser, the condensation of gaseous products of step (b) taking

pl ace at <100[err]C or > 100[err]C, respectively. Still
preferably, the contact of sludge resig9ue with the product of steps (c) and
(d) occurs at a tenperature of up to 550[err]C so as to pronote

reductive, heterogenic, 10 catalytic gas/solid phase reactions. The
process nay Prepeesest ynventionenay hepfurther described: withdieference ts tthe Solidwing

(h) co'ndensiél&n%] oi |l /water separating the gaseous products of the

second reactor 1'n a condensing system (i) renoving solid
products fromthe second reactor. 15 The process of the present invention
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Digested Sludge

10 Runt: _Conversion of the mixed digested sludge without vapour condensation after
the first reactor;

Run 2: As per Run 1 with vapour condensation at 40°C after the first reactor and
“injection of the oil product into the second reactor; '

Run 3: As per Run 2, plus injection of non-condensable products into the second
15 reactor.

Raw Sludge
Run 4: As perRun 1;
Run 5: As per Run 2.

The oil quality data for the five runs are shown in Table 1.



I n accordance with the present invention thereis further provided an
apparatus 25, for the conversion of organic sludges, the apparatus

conprising a feed systemfor : dried sludge to be conveyed, a
first reactor, a second reactor, a condenser system and an oil/wat er
separation system the first .reactor having a transfer |ine provi ded

for transfer of gaseous product to the ggndenser system and/or oil/water
separati on system the condenser system and/or oil/water separation system
5 having a transfer line provided for reinjection of oil or oil and

non- condensabl e product stagié 9: bh@uﬁﬁfﬂgmr RaRsQ’-5 t he second reactor
S udge residue fromthe first

bei ng adapted to cont act t he heat ed
reactor with i

" condenser sys

products may

still further

for the conve Tl
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viscosity of fthe oil product fhe grleater the dedtructipn rat¢ of

or ganochl or i n¢diro@mGoatentent | y, the{l5% vj seesi{y 636 tlhes.oi | | psoziugt eaan Jbe

used as a prodgess control tool. The pres¢nt inventionfw |l mnow be

descri bed, by [W4pMEEoshnpl e only, [wi%h | 078 | o076 | o082 | o052 | o044
Oxygen Content (by difference) % 178 12.0 98 | 2905 20.1
Gross Calorific Value MJ/kg 31.78 34.69 35.76 28.6 30.7
Viscosity (at 40°C) cSt 30.6 17.2 1.9 43.4 206
Density . g/mi 0996 | 0963 | 0952 | 0998 | 0975

A further series of tests were conducted to determine the influence of gas residence
time (GRT), reaction temperature and temperature of intermediate condensation on
oil quality as shown in Table 2. The sludge used for this test programme was a
5 50/50 mixture of raw primary and thickened waste activated sludge. The results of
this test programme are summarised in Table 3 and confirm the findings of Table 1.

Table 2: PDU Test Pr'ogramme'

24 450 300 2 40

25 450 600 1 110




reference to one enbodi nent thereof and the acconpanying drawi ng, in

whi ch: - | . Figure 1 i's a schenmatic diagram of the apparatus of
one enbodi ment of the present invention for the conversion of
organic sludges. 20 1In Figure 1 there is shown an apparatus 10 for the
conversion of sludges. The - apparatus 10 conprises a feed system 12 for
dried sludge 14. The feed system _ f feeding said sludge 14 to a first
reactor 16. The feed system 12 is such %at it ensures both no air
ingress into and no gaseous egress fromthe first reactor 16. The
first reactor 16 is provi ded wiktaPi®dati nQil Quality Datd exanpl e el ements 18 25

t her eabout be heated therein in the absence of
oxygen to atg ]

produci ng ork

reaction prd 15.5 15.1 9.1 6.
- 8- arid sludge residge or g conveyor 17 jJand no 19}is
provi ded to jREEMIkg ; i 31537 rfeacsor| BG.o9 i he
gaseous products fromthe flirst rleactor| 16 arg trangferred to thﬂe condpnser
20 and P ¥PIRBA Cepanat®?® iff e LoBREnEabPOn |t &Fferlatde j s735
<100[err] C. I\a&oki b NG Qi | 4000 np/ npn-.conde blle sepu r pduct
is injected jnto "g@sugcond Heact or g%ma Ko 247 o 3 2a.F

Viscosity @ 100°c 6.8 6.2 6.0 43 4.1 .30 3.7

Viscosity index 128 149 130. 81 . 70 18 negative

Carbon Residue [%] - 08 | 1.01 1.31 118 | 1.1 1.60

Carbon [%] 6938 | 5754 | 6056 | 6384 | 6446 | 70.14 | 7177

Hydrogen [%)] 1054 | 1056 | 1050 10.34 1085 | 1059 | 1058

Nitrogen [2] 5.49 5.34 5.46 5.65 5.94 6.07 6.95

Sulphur [%] 0.32 0.36 0.37 0.35 0.37 0.44 0.27

Aromatic Hydrogen [%] 35 4.8 7.5 7.3 83 6.9 4.1

The results in Tables 1 and 3 clearly show the benefit of intermediate oil
condensation between reactors 16 and 24. Due to the significant reduction in water

fed to reactor 24 the oil vapour Gas Retention Time (GRT) is greatly increased

5° providing the necessary time for the conversion reactors to take place.
Furthermore, by comparing Runs 22 and 25 it can be seen that increasing the
intermediate condensation from 40°C to 110°C, a further improvement in oil quality

is realised. This improvement is due to the fact that at a condensation temperéture

of 110°C no water remains in the oil whereas at a condensation temperature of

10  40°C followed by oil/water separation significant amounts of water remain in the oil.

The products'for the determination of toxicity data were generated with a 1 tpd pilot
plant. Since this pilot plant_ is a single stage reactor as shown in Figure 1 of US

—
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t oget her with non-condensabl e products 26 if a direct condenser is
utilised. Sludge residue or char fromthe first reactor 16 is
transferred to the second reactor 24 by way of a transfer line 26. The
transfer line 26 is equipped with a valve system 28 to ensure that no
gaseous products bypass the condensation system 10 |In the second reactor
24, provided with a heating neans 30, -t 1@ heat ed sl udge resi due from
the first reactor 16 is contacted with the revaporised oil or oil and non-

condensabl e m den Nt Loxygen
st et T B hund B P PR v B RERGE ¥
het er ogeni c, follmwihgmanner:- gas/ sol i d phase reactions for the generation of
cl ean products and high quality oil 15 product. A conveyor 29 and notor 31
is provided to move the solid products or char through the second
reactor 24. Run6: MS%@GWEQQ)@E@QQ was: convesteduwith Ithe pdetopladt, failoand Icbasecond

rgactor 24, e'the.r(gn%uct ereébﬂé?l@@ﬁn&g{opéfﬁh a further condenser 32 and

oi | /water separation sys en1o 'ternative uses 33. This first
option provides a volume of non-condensable 20 gaseous product 34 and a

vol une of gefRaAe: CrRWof REAGSWAY fdl |htoRhQ¢é5‘c§or?vﬁgl tﬁeld;/l%f Run 6 url{')ﬁ#ﬁéc‘fed)r

char 38 are renpbved fromthe second reactor

transfer line 40 hd®Pdge peconddali of therreactor @W@ﬂd@dmfﬂd MIQ theyreagtosat i ng

both no ai r i ngg pits theyiviere 3enédiat AYRuReduct egress fromthe second
reactor 24. The screvs@conv yor Z?g%msﬁ %Iorlljneéét ed to a cooling system 44

to cool the solid products or 25 char to less than 200[err]C
The observed dioxin toxicity equivalents (TEQs) and the destruction and removal

efficiencies (DRE’s) calculated therefrom for these runs are summarised in Table 4
10  with oil quality data being shown in Table 5.

Table 4: TEQs and DRE’s of Run6and 7

Sludge TEQ (ng) 7.2 0] 0
Oil TEQ (ng) - 6.96 . 1.589
Char TEQ (ng) - 0 0
Total (ng) 7.2 6.96 1.589
TEQ DRE (%) - 3.33 779

Gross Calonfic Value 34.65 34.69
Viscosity (at 70°C) 2244 35.33
Density g/ml 1.0282 0.9622

The sludge residue (char) from reactor 24 can be used as a fuel for. drying the
16  sludge in an integrated sludge conversion facility and may further be used as an
absorbent. Furthermore, the char can -be activated to produce a product with
exceptional adsorption properties for heavy metals, as described in the paper



-9- The present invention may be further described with reference to

the follqw ng exanpl e: The sewage sl udges enployed in the
determination of process data using the conti nuous apparatus of the
present invention were raw sludge containing a mxture 5 of raw primary
and waste activated sludge and digested sludge. The sludges were dried
to approximately 95% dryness in a dryigg oven at 70[err]C prior to
processing in the reactor system "The oil quality data with regard to
el emental anal ysis, gross calorific value, viscosity and density is

summari sed i“EnVisbhreedtally Sound Mispesdl f TahndgeSlutige” Byrs SkrypskivManietenand t he

firet reactol o Rudichod i aRF Seiches e oo Tiputhy. dikcheie: 4Pt 083°

40[err] C af tygrig3oe1d9s.st reactor and injection of the oil
product into the second reactor; Run 3: As per Run 2, plus injection
of non-condensabl e products into the second 1 5 react or. Raw
Sl udge THd prdcesdsfdretheRdbnviersion of sludges of the present invention may be

5  optimised with regard to destruction of organochiorines through use of the
viscosity of the oil product as a process indicator. It is apparent that the oil
viscosity is significantly influenced by polar groups such as -COOH, -NH,, -SH for
example. Such groups are removed in the second reactor 24 by means of
heterogeneous, reductive, thermal, catalytic, solid/gas phase reactions such as

10  decarboxylation, desulphurisation, deamination, for example, resulting in a low
viscosity oil. The reactions occurring in the second reactor 24 are catalysed by
heavy metals including nickel, copper and both aluminium oxides and silicates.
Nickel, copper and aluminium oxidés and silicates are abundant in sewage
sludges. In addition, the same conditions that favour such reactions facilitate the

15 catalytic, reductive dehalogination of organochlorine compounds according to the
Deacon process.

Accordingly, the viscosity of the oil product 36 has been determined to be
inversely proportional to the destruction rate of organochlorine ‘compounds
present in the sludge. As a consequence, the lower the viscosity of the oil
20 product, the greater the destruction rate of organochlorine compounds and
consequently the viscosity of the oil product can be used as a process control
tool. Such is particularly relevant in light of the desirability of the production of

clean fuels with unrestricted uses in conventional diesel generators, engines or
turbines.

25 The process and apparatus of the present invention provide reductive, thermal

heterogenic solid/gas phase reactions in order to obtain storable products with
unrestricted use.



Run 5: As per Run 2. The oil quality data for the five runs are

shown in Table 1. _ . - 10 -
Table 1 Ol Qality Data, Runs 1 - 5 Carbon Content

% 64. 6 70.3 72.1 57.8 62. 4 Hydr ogen Cont ent

% 10. 41 10. 63 10. 82 10.5 10.7 Ni t rogen Cont ent
% 6. 48 6. 36 6. 44 6.72 14 6.31 Sul phur Cont ent

% 0.78 0.76 0.82 0.52 ‘0. 44

Modifications and variations such as would be apparent to the skilled addressee
are considered to fall within the scope of the present invention.



| Oxygen Content (by di fference) % 17.8 12.0 9.8 29.5

20.1 . Gross &L&u% M)/ kg 31.78 34.69 35.76 -
28.6 30.7 Vi scosity (at 40[err] O cSt 39.6 17.2
(%1923 48' 352 Ummmm'""%ﬁm A further series of g{ (raﬂsts wgrg%

conducted to determiné the " nfluénce of. gas .r esi dence time (GRT),
reaction tenperature and tenperature of intermedi ate condensation on
oil quality as shown in Table 2. The sludge used for this test progranme
was a 5 50THE GLAIMS defiingdle invientiory asnas fdllossened wast e acti vat ed

sl udge. The results of this test programme are sunmarised in Table 3
and confirmthe findings of Table 1. Tabl e 2:
PDU Test Prodr afivrocess for the conversian of organic sludges, the process4®prising the
1.5 40 steps of: 21 . 400 300 2
40 - 22 " 450 600 1 .
40

5 (h) feeding dried sludge through a first reactor;

() heating the dried sludge in the first reactor in the absence of oxygen for
the volatilisation of oil producing organic materials therein, resulting in
gaseous products and sludge residue (char);

() condensing oil from the gaseous products of the first reactor in a
10 condenser system;

(k) reinjecting water free oil and/or non-condensable products, if any, into a
second reactor;

() transferring the sludge residue (char) from the first reactor to the second
reactor; |

15 (m) contacting the heated sludge residue from step (b) in the second reactor
with the oil and/or any non-condensable products of steps (c) and (d) in
the absence of oxygen to allow the generation of clean products and a
high quality oil product; and

(n) removing the gaseous products from the second reactor.

20 2. A process according io claim 1, wherein the feeding of dried sludge through
the first reactor utilises a feed system that ensures both no air ingress into,
and no escape of gaseous products from the first reactor.

3. A process according to claim 1 or 2, wherein step (b) occurs at a
temperature of at least 250°C. |
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23 450 450 1.5 40
24 450 300

AT o0 Tabl e BHIHIIHHIHIIIMIIIHFIIIData
Wat er Content[ % 19.6 21.5 18.0 15.5% €15

6.5 GCV [ MI/ kg] 29.19 _ 2% 24 29.8 31. 37 31. 32
34.09 35. 06 Viscosity @O[err]C 102. 6 74. 4 80.9 59.0

55.6 34.8 73.5 .
4. A process according to any one of claims 1 to 3, wherein the condenser

system of step (c) is provided as an indirect condenser system and step (d)
comprises the reinjection of water free oil into the second reactor;

5. A process according to claim 4, wherein the condensation of oil from the
5 gaseous products of step (b) takes place at = 100°C.

6. A process according to any one of claims 1 to 3, wherein the condenser
system of step (c) is provided as a direct condenser and step (d) comprises

the reinjection of water free oil and non-condensable products into the
second reactor.

10 7. A process according to claim 6, wherein the condensation of gaseous
products of step (b) takes place at <100°C.

8. A process according to any one of the preceding claims, wherein the transfer
' of sludge residue (char) from the first reactor to the second reactor utilises a
transfer line equipped with a valve system ensuring that no gaseous

15 products bypass the condenser system of step (c).

9. A process according to any one of the preceding claims, wherein the contact

of sludge residue with the product of steps (c) and (d) occurs at a
temperature of up to 550°C.

10. A process according to claim 9, wherein the temperature of contact promotes
20 reductive, heterogenic, catalytic gas/solid phase reactions.

11. A process according to any one of the preceding claims, wherein the process
comprises the additional steps of:

(h) condensing and oil/water separating the gaseous products of the second
reactor,;

i : , is She Been Replaced
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Viscosity@oO[err]C 40.0 . 31.9 33.0 23. 7 22. 4 14. 9 24.7
Vi scosity@OO[err]c 6.8 6.2 6.0

3.7 "Vistosity | ndex 0128 149

18 negative Car bon Resi due [% | Iﬂl“l "TIH!MMI" l”m

1.18 1.11 1.60 Carbon [ %

63. 84 64. 46 70. 14 71.77 Hyier agen [% 10. 54 10. 56
10. 50 10. 34 10. 85 .10. 59 10. 58 . Ni trogen [% 5.49
5.34 5.46 5. 65 5.94 6. 07 6. 95 Sul phur [%

0. gz ?.43&. A pro8&ss accdidifig to claidh. B1/, whereih thé removal af/solid producisetom

Hydr ogen [ 9 .5 4.8 7.5 7.3 8.3 . 6.9 4.1

The results in %F@@@ é?éc@.f § coprdycted =p asnle PURIEHSE alr INSRPSH r‘ﬁg‘a’i apd oi |
condensation begégsgie E}&j@wﬂgﬁ., ihd'Seddhd duntSiheni ficant reduction
in water 5 fedtoreactor the oil "vapour Gas Retention Time (GRT) is
greatly increased provi ding the necessary tinme for the conversion

reactions tog ah\eprBhé@accordmﬁﬁHrdéiﬁlr {PbE12 Rih &g é&d'?#ﬁ&uc?cg afédodiedi
can be seen that increasi ng i nt er nedi at e condensation from

40[err] C& o 110felesptham20Q7G during removal fiom thersedonddeactor.y i S
realised. This inprovenent is due to the fact that at a condensation
tenperature 10 of 110[err]C no water remains in the oil whereas at a
condensat i onl4-edpRiogess acegrding to any[anergfdhe precsing eiqinag, wheseisrthe dsegessi on

significant amqunﬁﬁercgorﬁiﬁ'fsgé ﬂtlgg?épnoﬂ n the oil.
() measuring the viscosity of the oil product of step (f).

15. A process according to claim 14, wherein the process conditions are
10 modified as a result of the measurement of viscosity of the oil product,
thereby optimising the conversion of the organic sludge.

16. A process according to claim 14 or 15, wherein the viscosity of the oil

product of step (f) functions as an indicator of the destruction rate of
organachilorines.

15 17. An apparatus for the conversion of organic sludges, the apparatus
| ~comprising a feed system for dried sludge to be conveyed, a first reactor, a
second reactor, a condenser system and an oil/water separation system, the

first reactor having a transfer line provided for transfer of gaseous product to

the condenser system and/or oil/water separation system, the condenser

20 system and/or oil/water separation system having a transfer line provided for
reinjection of oil or oil and non-condensable products into the second

reactor, the second reactor being adapted to contact the heated sludge

residue from the first reactor with the oil or oil and non-condensable products

of the condenser system and/or oil/water separation system, wherein

25 gaseous products may be removed from the second reactor.
" This Sheet Has Been Replaced
LTI
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The products for the determ nation of toxicity data were generated with a 1

tpd pilot - plant. Since this pilot plant is asingJ—eét—age—Leaet_gr_as
shown in Figure 1 of US

- Patent 4,618,735 the runs to exenplify the pr eﬂ' m! wﬂ”m
conducted in the foll ow ng manner: -

was converted with the pilot plant, oil gpd char product wer e
coll ected and stored; 5 Run 7: Char of Run 6 was fed into the reactor
with the oil of Run 6 being injected into the second half of

t he reactor. tBtaArmnbau'aﬁJsmerdingitd claim t iZpwhereth artraadsfer line is provuded bach at e
they were genera ec{ dur g The, observed di oxi n. tox
equi val ents (TEQ) PHEQ‘FHJW%%F e seeend reactqrigre thap e to 2
(DRE's) cal cul at Q@I’tﬁé?%ﬁ&éﬁ’éér Isqstehi'8Ag ofl WeloSeDaFAIBIPSystafl. | I Table 4 10

le 5. -

with oil quality data being shown in

19. An apparatus according to claim 17 or 18, wherein the transfer line between
5 the first reactor and second reactor has provided therein a valve system that
acts to prevent gaseous products passing therethrough.

20. An apparatus according to any one of claims 16 to 18, wherein a further

transfer line is provided from the second reactor allowing solid product to be
removed therefrom. '

10  21. An apparatus according to claim 20, wherein the further transfer line has
provided therein a screw conveyor that acts to prevent air ingress into, and
gaseous product escape, from the second reactor.

22. A process for the conversion of organic sludges substantially as hereinbefore
described with reference to the examples.

15 23. A process for the conversion of organic sludges substantially as hereinbefore
described with reference to the accompanying figure.

24. An apparatus for the conversion of organic sludges substantially as
hereinbefore described with reference to the accompanying figure.

1
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Tabl e 4: TEQs and DRE's of Run 6 and 7 Sl udge TEQ (ng) 7.2

0 ) 0 Ql TEQ Cng) 6. 96
1.589 Char TEQ (ng) 0

0 Total (ng) 7.219 - 6. 96

1.589 TEQ DRE (% 3.33

77.9 Table 5. Q| al i t Data for Run 6 and 7
Ol Quality PROCESS AND ARBARATUS FOR THE G RSIQN, OF SLUDGESRun 7
Gross Calorific Value M/ kg 34. 65 34. 69

Viscosity (at 70[err] O cSt 224. 4 35.33
Density o/ m ABSTRACT 1.0282 0. 9622

The sl udge residue (char) fromreactor 24 can be used as a fueI for drying
the 15 slu [ [ her
be used as ggﬁrobas@fbéglg’é Eglg\r?\%rgﬂlgz:lrf;é ﬂ%‘nrlrgrg@ﬂséﬁ tﬁg ar can&%n act é
produce a profiduct with excepti onal adsor pt | on properties for heavy

netal s, as described in the paper

(@) feeding dried sludge through a first reactor (16);

5. (b) heating the dried sludge in the first reactor (16) in the absence of oxygen
for the volatilisation of oil producing organic materials therein, resulting in
gaseous products and sludge residue (char);

(c) condensing oil from the gaseous products of the first reactor (16) in a
condenser system (20);

10 (d) reinjecting water free oil and/or non-condensable products, if any, into a
second reactor (24);

(e) transferring the sludge residue (char) from the first reactor (16) to the
second reactor (24);

() contacting the heated sludge residue from step (b) in the second reactor
15 (24) with the oil and/or any non-condensable products of steps (c) and
(d) in the absence of oxygen to allow the generation of clean products

and a high quality oil product; and |

(9) removing the gaseous products from the second reactor (24).

-
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1

- 13 - "Environnental |y Sound Di-sposal of Tannery Sludge" by S
Skrypski - Mant el e and T R Bridle, published in Water Science and
Technol ogy, Vol. 29, No. 4, pp 1033 to 1039, 1995. The process
for the conversion of sludges of the present invention may be 5 optim sed
with regard to destruction of organochl orines through use of the
viscosity of the oil product as a process indicator. It is apparent that

the oil viscosity is significantly influenced by polar groups such as
-COOH, -NH2, -SH for exanpl e. Such1§toups are renoved in the second
reactor 24 by neans of © het er ogeneous, reductive, thermal, catalytic,

sol i d/ gas phase réacti

s such as 184 decarboxyl ation, desul phurisation,
deam nation, for g¢xanpl

resul tinggijn a | ow viscosity oil. The
reactions occurring i tor. 24 are catal ysed by heavy
met al s i ncl udi ngeni ckgl, copper and beth al um ni um oxi des and silicates.
Ni ckel , copper aBd al fimi ni um_oxi des apd silicates are abundant in sewage
. . pr-4 . . .
sl udges. In additifon, |the sar@ conditijjons that favour such react
facilitate the 15| cajal ytic,gFeducti
conpounds accordi fg—t9 the Z& Deacop—pt uw%a. Accordingly,

viscosity of the qil )roductgfé has bé¢en detern nedi{to be- in
proportional to tHe dgstructi®n rate ¢f orgarochl orijne c&pounds
present in the slydge}l As a consequenge, thel owner th;a-ng scosityreaf gt he oil

20 product, ®©he_greafjer the destructijon rats of orggroghl ori ne oynds
and con Q'thy th® viscosity of the oil progydt—gjan be uspd as
process control too]. Such is particularly relgvaftyin light of thhe
desirability of the prodpction of clean fuels With unrestricted es
in conventional diLE'S'E'I—g«,nerat OrS, engimnes or tfur pi neggo
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25 The process and apparatus of the present i nvehtion provi daga)ir&_tc%e,

t her mal het er ogeni ¢ sol i d/ gas phase reactions in order

storabl e products with unrestricted use. :

- 14 - Modi fications and variations such as woul d be apparent to tﬁgwu;
skill ed addressee are con5|dered to fall within the scope of the present

I nventi on. _ -151§ -

PROCESS AND APPARATUS FOR THE CONVERSION OF SLUDGES

ABSTRACT

A process for the conversion of organic siudges, the process comprising the steps
of:

(a) feeding dried sludge through a first reactor (16);

(b) heating the dried sludge in the first reactor (16) in the absence of oxygen
for the volatilisation of oil producing organic materials therein, resulting in
gaseous products and sludge residue (char);

(c) condensing oil from the gaseous products of the first reactor (16) in a
condenser system (20);

(d) reinjecting water free oil and/or non-condensable products, if any, into a
second reactor (24);

(e) transferring the sludge residue (char) from the first reactor (16) to the
second reactor (24); |

(H contacting the heated sludge residue from step (b) in the second reactor
(24) with the oil and/or any non-condensable products of steps (c) and
(d) in the absence of oxygen to allow the generation of clean products
and a high quality oil product; and

(g) removing the gaseous products from the second reactor (24).
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THE CLAI M5 defining the invention are as fol | ows: qﬂ%%q‘émg

t he conversion of organic sludges, the process conprising the

steps of: - (a) feeding dried sludge through a first reaq“gg%
(b) heating the dried sludge in the first reactor in the absence of gen
for the vol atilisation of aqig. producing organic nmaterials
therein, resulting in gaseous products and sl udge residue
(char); 10 (c) condensing oil fromthe gaseous products of the
first react orit iig aafurther object of the qsradesssand apptaeanmé of phe@ (ireseri ihvértionng a
reduced wat er (d) injecting the oil of

step (c) int djeét@)écé'hde@%alﬂ d:}art ublqu1tous anthrapogenic, IrgaReGiicringe polluiags
residue (Charn%clﬁ&nﬂg]Atd)@sfﬂ)[E?tPCB%%JQ{S [Plbg grﬁ?es%‘ﬁFWPamc sludges. react or;

15 contacting t heat e residue fromstép (b) in the
second reactor with the 0|I of steps (c) and (d) in the

Zﬁgegcﬁl SL gﬁlg %ﬁ'ﬁﬁl@ﬂuﬁhéﬁ%ﬁ é&eof the present inventioh B HraVile d MEthSH G R 18GH S

and control of the process of the present invention to provide optimum

organochlorine destruction and oil quality.

In accordance with the present invention there is provided a process for the

conversion of organic sludges, the process comprising the steps of:
(a) feeding dried sludge through a first reactor;

10 '(b) heating the dried sludge in the first reactor in the absence of oxygen for
the volatilisation of oil producing organic materials therein, resulting in

gaseous products and sludge residue ‘(char);

(c) condensing oil from the gaseous products of the first reactor in a

condenser system to produce oil having a reduced water content;

-

15 (d) injecting the oil of step (c) into a second reactor;

(e) transferring the sludge residue (char) from the first reactor to the
second reactor;

(f) contacting the heated sludge residue from step (b) in the second

reactor with the oil of steps (c) and (d) in the absence of oxygen to

20 allow the generation of clean products and a high quality oil product;
and

(g) removing the gaseous products from the second reactor.
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(g) renoving the gaseous products. fromthe second reactor 2. A
process according to claim 1, wherein the feeding of dried sludge through

20 . the first reactor utilises a feed systemthat ensures both no air
i ngress into, and no escape of gaseous products fromthe first
react or. 3. A process according tb-claim. 1 or 2 E:BEA@IM ﬁ'{eq:igggi{)
occurs at a tenperature of at |east 250[err]C.

A process according to any one of clainms 1 to 3, wherein}the condens,,ea
system of step (c) is provided as an indirect condenser sy%MaﬁUmsﬁ“@b
conprises the reinjection of water free oil into the secqnd reactor.

5. A process according to clai m4 wherein the condensation of oil from
the 5 gaseous products ep (bé @k g ce > 100l err].G— .
6. A process according to an;}'o of I a‘iﬁY aga wherel n the condenser
systemof step (c) is row ded as a d| rect condenser

dy

and step (d)

Waterntent {%]

GCV [MJ/kg] 29.19 28.24 29.8 3137 31.32 34.09 35.06
Viscosity @ 20°C 102.6 74.4 80.9 59.0 55.6 34.8 73.5
Viscosity @ 40°C 40.0 319 33.0 23.7 22.4 149 247
Viscosity @ 100°c 6.8 6.2 6.0 43 4.1 3.0 3.7
Viscosity Index 128 149 130 81 70 18 negative
Carbon Residue [%)] - 0.88 1.01 1.31 1.18 1.1 1.60
Carbon [%] 59.38 57.54 60.56 63.84 64.46 70.14 71.77
Hydrogen [%] 10.54 1056 .| 1050 | 1034 | 10.85 | 10.59 | 10.58
Nitrogen [%)] 5.49 5.34 5.46 5.65 5.94 6.07 6.95
Sulphur [%] 0.32 0.36 0.37 0.35 0.37 0.44 0.27
Aromatic Hydrogen [%] 35 | 4.8 7.5 7.3 8.3 6.9 4.1

The results in Tables 1 and 3 clearly show the benefit of intermediate oil
condensation between reactors 16 and 24. Due to the significant reduction in water
5 fed to reactor 24 the oil vapour Gas Retention Time (GRT) is greatly increased
providing the necessary time for the conversion reactions to take place.
Furthermore, by comparing Runs 22 and 25 it can be seen that increasing the
intermediate condensation from 40°C to 110°C, a further improvement in oil quality
is realised. This improvement is due to the fact that at a condensation temperature
10 of 110°C no water remains in the oil whereas at a condensation temperature of

40°C followed by oil/water separation significant amounts of water remain in the oil.

The preducts for the determination of toxicity data were generated with a 1 tpd pilot
plant. Since this pilot plant is a single stage reactor as shown in Figure 1 of US



t he reinjection of mater free oil and non-condensabl e products into the
second reactor- 7 A—process according to claim6, wherein the
condensatl . products of step (b) takes place at
<l00[err] !Iﬂu“"ﬁmﬁﬂ‘lM ocess according to any one of the preceding

cl ai s, V\/ne of ygLudge residue (char) fromthe
first reactor to the second reactor utilises a transfer line
equi pped with a val ve system ensuring that no gaseous 15 products
bypass the condenser system of step (c). 9. A process according to
any one of thHEHPBGiAdMISdefinirg the,invdrdioai ane bl doliomwst act of sl udge
residue wth the product of steps (c) and (d) occurs at a

tenperature of up to 550[err]C 10. A process according to claim9,

catalytic gastsof HodRE Bt 1B RfheBh AFRIgHq udges, HERERETIFRTITHR

one of thé& precediepg o¢“l ai nrs, wherein the process conprises the
addi ti onal steps of: (h) condensing and oil/water separating
t he gaseous products of the second reactor;

(a) feeding dried sludge through a first reactor;

(b) heating the dried sludge in the first reactor in the absence of oxygen for
the volatilisation of oil producing organic materials therein, resulting in
gaseous products and sludge residue (char);

10 (c) condensing oil from the gaseous products of the first reactor in a

condenser system to produce oil having a reduced water
content;

~ (d) injecting the oil of step (c) into a second reactor;

(e) transferring the sludge residue (char) from the first reactor to the second

reactor;

15 () contacting the heated sludge residue from step (b) in the second reactor
with the oil of steps (c) and (d) in the absence of oxygen to allow the

generation of clean prodpcts and a high quality oil product; and
(9) removing the gaseous products from the second reactor.

2. A process according to claim 1, wherein the feeding of dried sludge through
20 the first reactor utilises a feed system that ensures both no air ingress into,

and no escape of gaseous products from the first reactor.

3. A process according to claim 1 or 2, wherein step (b) occurs at a
temperature of at least 250°C.
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(1) renoving solid products fromthe second reactor.: 12 A process
according to claim 11, wherein_the renoval of solid products from

the second reactor is conducted so as to mninise ai I

escape of gaseous products from the second contai rie“l l“ﬂl"m"ummlmocess
according to claim 1l or 12, wherein the. golid products aré cdol &

to less than 200[err] C during renpval fromthe second reactor. 14 A
process accordin h REEH [

Purthor compri sea WASEEY aBfply o"EnP oRESSH flf 3187, WHEIEH) td 8nBeRcss

the oil product ¢fstema s([é;) (c) is bﬁovndécﬁas Anpn@n@ﬁ&oaﬁmedlsygtehoandi&tep (dD4
wherein the process conditions ed as-a result of the

measur enent of vP%'EB‘ésfefsytth"e'Pl%’“B'i‘ of watsadiee, ol into tLe $eCORGERASERS - opt i i si ng

t he conversion of the organic sludge.

5. A process according to claim 4, wherein the condensation of oil from the
5 gaseous products of step (b) takes place at = 100°C.

6. A process according to any one of claims 1 to 3, wherein the condenser
system of step (c) is provided as a direct condenser and step (d) comprises
the reinjection of water free oil and non-condensable products into the
second reactor.

10 7. A process according to claim 6, wherein the condensation of gaseous

products of step (b) takes place at <100°C.

8. A process according to any one of the preceding claims, wherein the transfer
of sludge residue (char) from the first reactor to the second reactor utilises a
transfer line equipped with a valve system ensuring that no gaseous

15 products bypass the condenser system of step (c).

9. A process according to any one of the preceding claims, wherein the contact
of sludge residue with the product of steps (c) and (d) occurs at a
temperature of up to 550°C.

10. A process according to claim 9, wherein the temperature of contact promotes

20 reductive, heterogenic, catalytic gas/solid phase reactions.

11. A process according to any one of the preceding claims, wherein the process
comprises the additional steps of:

(h) condensing and oil/water separating the gaseous products of the second

reactor;
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16. A process according to claim14 or 15, wherein the viscosity of the oil

Eroduét of st ephl(f). functions aslz;n iAndi cator ?f t[}ﬂlnmwlmm |‘>|i||gr8;nilc
. organochl ori nes. : process for 0
sl udges according to claim1,2 or 3, wher ei*n theL gaseasus *pr oduct s
produced in step (b) include non-condensabfre products and wherein
the injecting step (d) further includes the step of I njecting the
non-condensabl e pRo vind S5IR) $r38uSE GRIMS tHeP Rl reactd®  18. An apparatus
for the conversigl% 0 orgdanl c sl ques, the appar at us conprising a
feed systemfor dried sludge to be conveyed, a first reactor, a
second react ofp. A rORARNSRordNG 1@ Bla 4 120iBldih R Rim&R 3 3biic Brodlieteefom e
first reactor having a transfe I ne provided for transfer of gaseous
product to the set¢dnel teacitrnisecorgluctagnsamll 40 roinimigatair ingrpss dntoprand
system the condenser 2'5 syq%te and/ pr oill(yvat L irsepar ation system
havi ne a transf ePSTAPRLTHASEPURArQAYFS from, the second container.
- 18 - reinjection of oil or oil and non-condensabl e products
into the secaq reactor, the_.secqnd reactqr bei dapted to
contact ¢ Fe. hht APrepessscoring 1o oarg 1T i a3 phRfin e FLProBURRATE 0Bl ne
oi I or oil and ngeesHRNERPCIRINgtHERioval from the second reactor.

14. A process according to any one of the preceding claims, wherein the process

further comprises the step of;
(i) measuring the viscosity of the oil product of step (f).

10 15. A process according to claim 14, wherein the process conditions are
modified as-a result of the measurement o_f viscosity of the oil product, -

thereby. optirﬁising the conversion of the organic sludge.

16. A process according to claim 14 or 15, wherein the viscosity of the oil
product of step (f) functions as an indicator of the destruction rate of
15 organochlorines.

17. A process for the conversion of organic sludges according to claim 1,2 or 3,
wherein the gaseous products produced in step (b) include non-condensable
products and wherein the injecting step (d) further includes the step of
injecting the non-condensable products into the second reactor.

20 18. An apparatus for the conversion of organic sludges, the apparatus
comprising a feed system for dried sludge to be conveyed, a first reactor, a
second reactor, a condenser system and an oil/water separation system, the
first reactor having a transfer line provided for transfer of gaseous product to
the condenser system and/or oil/water separation system, the condenser

25 system and/or oil/water separatjon system having a transfer line provided for
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of the condenser system and/or oil/water separaWn 5
gaseous products may be rempved fromthe second

apparatus according to claim 18, wherein a tran memmmw |ded such

t hat gaseous products renoved fromthe second re ﬂ”"]erred to a
further condenser system and oil/water sefgfation system S *  20. An
apparatus according to claim 18 or 19, wherein the transfer |ine between 10

the first react ofgjfddioncePl bEask ‘éhdhﬁén-lébﬁdériis%‘élé hesdidts antoaltw@ mh@m
t hat acts to prevent (gaseous products passing theret

21. An appar at usregctor thengeeendamgaaior beindc rdaried 119 eontact thﬁh@ﬁétﬂﬁig aludget her

b e PR e S PR BT S i erfl AR HRable MoBfil 0

21, wherein the funhéetoridenssi esystanmeardior oil/water separationdesystensr evhierain
screw conveyor that acts to prevent air ingress into, and gaseous
product e8cape, $3shRUSHREOdUtHMAYREemnved from the %@O"ﬂrﬁﬁﬁ%ss for the
conversion of organic sludges substantially as her ei nbef ore

described with reference to the exanples, 24. A process for t he
conver si on of1%r@ﬁrﬁp@aéﬂtﬂfdg@%o@@%t’&'ﬂ'maw ;Wl?ﬁeﬁé Hﬁﬂﬁéf bpgis provided such

described W th rglerg06sd Gobil@sIEHBUBE SR e’ dH8h8E reactor are transferred to a

further condenser system and oil/water separation system.

20. An apparatus according to claim 18 or 19, wherein the transfer line between
10 the first reactor and second reactor has provided therein a valve system that

acts to prevent gaseous products passing therethrough.

21. An apparatus according to any one of claims 18 to 20, wherein a further
transfer line is provided from the second reactor allowing solid product to be
removed therefrom. ’

15 22. An apparatus according to claim 21, wherein the further transfer line has
provided therein a screw conveyor that acts to prevent air ingress into, and
gaseous product escape, from the second reactor.

23. A process for the conversion of organic sludges substantially as hereinbefore

described with reference to the examples.

20 24. A process for the conversion of organic sludges substantially as hereinbefore

described with reference to the accompanying figure.

25. An apparatus for the conversion of organic sludges substantially as
hereinbefore described with reference to the accompanying figure.
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25. An apparatus for the conversion of organic sludges substantially as
her ei hbefore described with reference to the acconpanying figure.

- 19 -

PROCESS AND APPARATUS FOR THE CONVERSION OF SLUDGES

ABSTRACT

A process for the conversion of organic sludges, the process comprising the steps

feeding dried sludge through a first reactor (16);

heating the dried sludge in the first reactor (16) in the absence of oxygen
for the volatilisation of oil producing organic materials therein, resulting in

gaseous products and sludge residue (char);

condensing oil from the gaseous products of the first reactor (16) in a

. 6ondenser system (20) to produce oil having a reduced water content;

of:
(a)
5 (b)
(c)
10 (d)

()

(f)

15

injecting the oil of step (c) into a second reactor (24);

transferring the sludge residue (char) from the first reactor (16) to the
second reactor (24),

contacting the heated sludge residue from step (b) in the second reactor
(24) with the oil of steps (c) and (d) in the absence of oxygen to allow the
generation of clean products and a high quality oil product; and

removing the gaseous products from the second reactor (24).

Figure 1
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