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CONDITIONING OF SYNGAS FROM UNDERGROUND COAL GASIFICATION

TECHNICAL FIELD

{0001) The field of the invention is syngas conditioning, especially as it relates to syngas
produced by underground coal gasification. In particular, the invention concerns a method and

system for removing heavy hydrocarbons from raw syngas using a partial oxidation unit.
BACKGROUND ART

[0002] Underground coal gasification yields raw syngas at relatively high pressure that
contains H, CO, CO;, CH4, H,0, heavy hydrocarbons, and oxygenated compounds. Such syngas
may first be cooled to condense out the heavy hydrocarbons, and then cleaned with water
scrubbing. See, e.g., U.S. patent publ. no. 2007/0181854 to Briesch et al. (publ. Aug. 2007).
Such practice can add significant expense to the cost of the process due to the separation of
heavy hydrocarbons and sour water streams that are produced when the raw syngas is cooled.
These separation products, such as phenol and tars, require further cleaning before they can be

sold as byproducts.

[0003] Briesch and all other extrinsic materials discussed herein are incorporated by
reference in their entirety. Where a definition or use of a term in an incorporated reference is
inconsistent or contrary to the definition of that term provided _herein, the definition of that term

provided herein applies and the definition of that term in the reference does not apply.

[0004] EPO patent publ. no. 0486174 to Texaco Development Corp. discusses using a
partial oxidation umit to produce high purity hydrogen from a refinery offgas. However, the
Texaco processes are not specifically indicated for high pressure underground gasification syngas
but rather for refinery gas, natural gas and refinery waste streams such as heavy oil and petroleum

coke.

[0005] Thus, there is still a need for systems and methods for conditioning an underground
gasification syngas stream that eliminate the need to process heavy hydrocarbons such as tar,

phenol and creosotes, downstream of a condenser.
SUMMARY OF INVENTION

[0006] The inventive subject matter provides apparatus, systems and methods for
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conditioning raw syngas produced by underground coal gasification.

[0007] According to a first aspect of the present invention there is provided a method of
removing heavy hydrocarbons from raw syngas produced by underground coal gasification, said
method comprising the step of: processing the raw syngas in a partial oxidation unit using

oxygen to produce processed syngas substantially depleted of the heavy hydrocarbons.

[0008] According to a second aspect of the present invention there is provided a system for
removing heavy hydrocarbons from raw syngas produced by underground coal gasification,
wherein the system comprises: a partial oxidation unit configured to receive the raw syngas and

oxygen, and produce a processed syngas substantially depleted of the heavy hydrocarbons.
[0009] The description below relates to both the first and second aspects of the invention.

[0010] As used herein, the term "substantially depleted" means less than about 10 vol%. For
example, “substantially depleted of heavy hydrocarbons” means less than about 10 vol% of
heavy hydrocarbons. In especially preferred embodiments, the processed syngas comprises less
than about 5 vol% of heavy hydrocarbons, and even more preferably, less than about 1 vol% of

heavy hydrocarbons.

[0011] The partial oxidation (POX) unit can be of any suitable size, shape and construction.
The POX unit can utilise thermal partial oxidation (TPOX) or catalytic partial oxidation (CPOX)
to process the raw syngas. If using CPOX, any suitable type of catalyst can be used. Preferably
the catalyst is palladium.

[0012] The POX unit can be fluidly coupled to one or more types of upstream or
downstream gas-processing or treatment units. Any suitable types of units can be used. For
example, the method can comprise fluidly coupling an acid gas removal unit to the partial
oxidation unit, wherein the acid gas removal unit is configured to receive at least a portion of the
processed syngas and produce at least one of a Fischer-Tropsch fluid, synthetic natural gas
(SNG), town gas, reducing gas, oxo sythesis fluid, dimethyl ether (DME), hydrogen, methanol,

mixed alcohols, ammonia or fuel gas for power generation.

{0013} The POX unit can be configured to receive raw syngas in any suitable way. For
example, the POX unit can be fluidly coupled to a well head of a production well of an
underground coal gasifier. Alternatively, the POX unit can be fluidly coupled to an upstream
unit (or units) for processing or treating the raw syngas prior to it reaching the POX unit. The

POX unit can have a filter for removing particulates from the raw syngas and this can be of any
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[0014] The POX unit can be configured to receive oxygen from any suitable source and in
any suitable way. For example, the POX unit can be fluidly coupled to a tank of compressed air
or to an air separation unit. Preferably the POX unit is fluidly coupled to an oxidant supply unit
(for example an air separation unit) that also provides oxygen to the underground coal gasifier.
As the air separation unit is already providing oxygen to the underground coal gasifier, the duties
of the air separation unit only need to be incrementally increased to also provide oxygen to the
POX unit.

[0015] The POX unit can be configured to receive steam from any suitable source and in any
suitable way. For example, the method can further comprise the step of thermally coupling the
processed syngas and water to produce steam, wherein the partial oxidation unit can be
configured to receive at least a portion of the steam. In this instance, a heat exchanger unit can
be fluidly coupled to the POX unit.

[0016] A feed to the partial oxidation unit can be heated in a feed effluent exchanger to

improve the partial oxidation unit’s efficiency.

[0017] In addition to the underground coal gasification syngas, any other type of
hydrocarbon can be co-fed to the POX unit. Hence, the POX unit can be configured to receive a

co-fed hydrocarbon other than the raw syngas in any suitable way.

[0018] In one embodiment, the step of processing the raw syngas comprises converting the
heavy hydrocarbons to additional syngas, and wherein the processed syngas comprises the

additional syngas.

[0019] In another embodiment, if the raw syngas further comprises methane, the processed

syngas can be substantially depleted of methane using the POX unit.

[0020] According to a third aspect of the present invention there is provided a method for
removing heavy hydrocarbons from an underground gasification syngas, comprising: receiving
raw syngas containing heavy hydrocarbons from a source; processing the raw syngas in a partial
oxidation unit using oxygen to produce a processed syngas substantially depleted of the heavy
hydrocarbons; and providing an air separation unit configured to provide oxygen to the source

and the partial oxidation unit.

[0021] A source, which is preferably an underground coal gasification plant, can be
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configured to provide raw syngas that contains heavy hydrocarbons. The raw syngas can be fed to
a partial oxidation unit configured to receive the raw syngas and produce a processed syngas
substantially depleted of the heavy hydrocarbons. In addition to the underground coal gasification
syngas, any other hydrocarbon can be co-fed to the partial oxidation unit.

[0022] An air separation unit can be configured to provide oxygen to the source and the
partial oxidation unit. As the air separation unit is already providing oxygen to the underground
source, the duties of the air separation unit only need to be incrementally increased to also

provide oxygen to the partial oxidation unit.

[0023]) The invention according to the third aspect can have one or more features as

described for the first and second aspects of the invention.

[0024] The inventive subject matter discussed herein also eliminates the need to process
heavy hydrocarbons such as tar, phenol and creosotes, which are condensed out when the raw
syngas is cooled. Instead, the heavy hydrocarbons can be converted to additional syngas that can
be used as fuel.

[0025] Various objects, features, aspects and advantages of the inventive subject matter will
become more apparent from the following detailed description of preferred embodiments, along

with the accompanying drawing figures in which like numerals represent like components.
BRIEF DESCRIPTION OF DRAWINGS

[0026] | Fig. 1 is a schematic of a first embodiment of a system for conditioning an

underground gasification syngas stream.

[0027] Fig. 2 is a flowchart of an embodiment of a method for removing heavy

hydrocarbons from an underground gasification syngas.

[0028] Fig. 3 is a schematic of a second embodiment of a system for conditioning an

underground gasification syngas stream.
DESCRIPTION OF EMBODIMENTS

[0029] In Figure 1 and 3, a syngas processing system 100a, 100b is shown having an
underground coal gasification unit, which is a source for raw syngas 104 containing heavy
hydrocarbons. In preferred embodiments, the raw syngas 104 can be directly fed to a partial

oxidation unit 110 without cooling the syngas, such as by using refractory-lined piping or heat
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traced lines to preserve the thermal energy and reduce O, to the partial oxidation unit 110. An
alternative embodiment provides for pre heating of the raw syngas 104 with a feed-effluent
exchanger utilizing the energy of stream 112 to improve the efficiency of the partial oxidation
unit 110. Additionally hydrocarbons and fluids other than raw syngas 104 may be co-fed to the
partial oxidation unit 110. An air separation unit is preferably configured to provide oxygen
streams 108A and 108B to the underground coal gasification process and the partial oxidation

unit 110, respectively.

[0030] The partial oxidation unit 110 can be configured to receive the raw syngas 104,
which can be reacted with oxygen 108B and steam 112 to produce a processed syngas 116 that is
substantially depleted of heavy hydrocarbons. Tail gas 118 may be re-cycled to the partial
oxidation unit 110 to produce additional syngas. The partial oxidation unit 110 advantageously
converts the heavy hydrocarbons to additional syngas using oxygen 108B from the air separation
unit, which is already used to supply oxygen 108A to the underground coal gasification process.
Thus, only an incremental increase in oxygen production by the air separation unit is needed,
which adds little to the overall cost of operation of the air separation unit. It is contemplated that
much of the methane in the raw syngas 104 can also be converted to syngas by the partial
oxidation unit 110. By removing heavy hydrocarbons, and optionally methane, from the raw

syngas, downstream cleaning of the processed syngas 116 can be simplified.

[0031] In currently preferred embodiments, the partial oxidation unit 110 includes a
palladium catalyst, although any commercially suitable catalyst could be used such that the heavy
" hydrocarbons in the raw syngas 104 are converted to syngas. This use of a catalyst is optional, as
partial oxidation can also occur at a higher temperature without any catalyst. Use of a catalyst
will depend on the level of particulates in the raw syngas. It is contemplated that a ceramic bed
can be disposed in the partial oxidation unit 110 above a palladium catalyst bed and used to filter
the solids and allow for periodic removal of particulates, such as during periods of maintenance,
to control the pressure drop. If the feed gas contains excessive solids/fines, a non-catalytic system
is envisioned, although not required. The partial oxidation unit 110 having a catalyst can
alternatively comprise a honey comb structure, which advantageously is not plugged by

particulates in the feed gas.

[0032] The processed syngas 116 from the partial oxidation unit 110 can be cooled to
recover heat via steam generation. At least a portion of the resulting steam 122 can be fed to the
partial oxidation unit 110 as steam 112. The remaining portion of the steam 122 can be used for

other purposes.



WO 2012/151605 PCT/AU2011/001693
6

[0033] The cooled syngas 124 can be scrubbed in a scrubber where a waste fluid 134 can be
sent to a waste treatment unit. Water 138 can be recycled from the waste fluid 134 in the waste
treatment unit, and reused in the scrubber. Filter cake 139 can be produced from the remaining
waste fluid. This filter cake 139 can be processed further in a fluidized bed combustor to burn off

the carbon and recover metals such as vanadium, nickel and iron.

[0034] The scrubbed fluid 132 can be fed to a sour shift unit where the fluid 132 can be
processed to produce a sour syngas 142 having a desired ratio of H, and CO. The sour syngas
142 can then be sent to an acid gas removal unit 150 where it can be processed to produce a clean

syngas 154. Steam 144 produced in the shift or other units may be used for power generation.

[0035] In some contemplated embodiments, the acid gas removal unit 150 can include an
EconoSolv™ process that produces acid gas 152, and clean syngas 154. However, other
commercially suitable acid gas removal processes could alternatively be used. The acid gas
removal unit may produce a CO, stream 151 that is send to any suitable form of carbon capture.
The acid gas may be converted to sulfur, sulfuric acid, fertilizers or other useable products,
stream 182. One skilled in the art would understand that various production units that are
commercially known in the art could be used to produce a desired synthesis product including,
for example stream 162: a Fischer Tropsch liquid, synthetic natural gas (SNG), town gas,
reducing gas, oxo synthesis fluid, dimethyl ether (DME), hydrogen, methanol, mixed alcohols,
ammonia, and stream 170: fuel gas for power generation. Tail gas 166 and condensate 164 may

be used for power generation.

[0036] In Figure 2, a method 200 for removing heavy hydrocarbons from an underground
gasification syngas is shown. In step 210, raw syngas containing heavy hydrocarbons is received

from a source, which can be an underground coal gasification plant in step 212.

[0037] In step 220, the raw syngas can be processed in a partial oxidation unit using oxygen
to produce a processed syngas substantially depleted of the heavy hydrocarbons. In step 222, the
partial oxidation unit optionally includes a palladium catalyst, although any commercially
suitable catalyst could be used. In alternative embodiments, partial oxidation can occur without
the use of a catalyst. In step 224, the raw syngas can also include methane, and the processed
syngas is preferably substantially depleted of the methane. In step 226, the partial oxidation unit
can convert the heavy hydrocarbons, and optionally methane, in the raw syngas to additional

syngas, which makes up at least a portion of the processed syngas.

[0038] In step 230, an air separation unit can be provided that is configured to provide
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oxygen to the source and the partial oxidation unit.

[0039] An acid gas removal unit can be fluidly coupled to the partial oxidation unit in step
240, such that the acid gas removal unit can receive at least a portion of the processed syngas and
produce at least one of a Fischer Tropsch fluid, synthetic natural gas (SNG), town gas, reducing
gas, oxo synthesis fluid, dimethyl ether (DME), hydrogen, methanol, mixed alcohols, ammonia
and fuel gas for power generation. In step 250, the processed syngas can be heat exchanged with
water to produce steam, and the partial oxidation unit can be configured to receive at least some

of the steam.

[0040] As used herein, and unless the context dictates otherwise, the term "coupled to" is
intended to include both direct coupling (in which two elements that are coupled to each other
contact each other) and indirect coupling (in which at least one additional element is located

between the two elements). Therefore, the terms "coupled to" and "coupled with" are used

synonymously.

[0041] It should be apparent to those skilled in the art that many more modifications besides
those already described are possible without departing from the inventive concepts herein. The
inventive subject matter, therefore, is not to be restricted except in the scope of the appended
claims. Moreover, in interpreting both the specification and the claims, all terms should be
interpreted in the broadest possible manner consistent with the context. In particular, the terms
"comprises" and "comprising" should be interpreted as referring to elements, components, or
steps in a non-exclusive manner, indicating that the referenced elements, components, or steps
may be present, or utilized, or combined with other elements, components, or steps that are not
expressly referenced. Where the specification claims refer to at least one of something selected
from the group consisting of A, B, C .... and N, the text should be interpreted as requiring only
one e¢lement from the group, not A plus N, or B plus N, etc.

[0042] Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common general
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be

expected to be ascertained, understood and regarded as relevant by a person skilled in the art.
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1. A system for removing heavy hydrocarbons from raw syngas produced by underground
coal gasification, wherein the system comprises:
a partial oxidation unit configured to receive the raw syngas and oxygen, and produce a

processed syngas substantially depleted of the heavy hydrocarbons.

2. The system of claim 1, wherein the partial oxidation unit utilises thermal partial

oxidation.

3. The system of claim 1, wherein the partial oxidation unit utilises catalytic partial

oxidation,

4, The system of any one of claims 1 to 3, wherein the partial oxidation unit is fluidly

coupled to a well head of a production well of an underground coal gasifier.

5. The system of any one of the preceding claims, wherein the partial oxidation unit is
fluidly coupled to an oxidant supply unit that also provides oxygen to the underground coal

gasifier.

6. The system of any one of the precedihg claims, wherein the partial oxidation unit is

fluidly coupled to an air separation unit.

7. The system of any one of the preceding claims, wherein the partial oxidation unit is

configured to receive steam.

8. The system of any one of the preceding claims, further comprising a heat exchanger unit
configured to allow heat exchange between the processed syngas and water to produce steam,

and wherein the partial oxidation unit is configured to receive at least a portion of the steam.

9. The system of any one of the preceding claims, wherein the raw syngas comprises

methane, and wherein the processed syngas is substantially depleted of methane.

10.  The system of any one of the preceding claims, wherein the partial oxidation unit is

fluidly coupled to an acid gas removal unit that is configured to receive at least a portion of the
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processed syngas, and produce at least one of a Fischer Tropsch fluid, synthetic natural gas
(SNG), town gas, reducing gas, oxo synthesis fluid, dimethyl ether (DME), hydrogen, methanol,

mixed alcohols, ammonia and fuel gas for power generation.

11.  The system of any one of the preceding claims, wherein the partial oxidation unit is
further configured to convert the heavy hydrocarbons to additional syngas, and wherein the

processed syngas comprises the additional syngas.

12.  The system of any one of the preceding claims, wherein the processed syngas comprises

less than 1 vol% of heavy hydrocarbons.

13. A system for conditioning an underground gasification syngas stream, comprising:

a source configured to provide raw syngas containing heavy hydrocarbons;

a partial oxidation unit configured to receive the raw syngas, and produce a processed
_ syngas substantially depleted of the heavy hydrocarbons; and
an air separation unit configured to provide oxygen to the source and the partial oxidation

unit.
14.  The system of claim 13, wherein the partial oxidation unit comprises palladium;

15.  The system of claim 13 or claim 14, wherein the raw syngas further comprises methane,

and wherein the processed syngas is substantially depleted of methane.

16.  The system of any one of claims 13 to 15, wherein the partial oxidation unit is fluidly
coupled to an acid gas removal unit that is configured to receive at least a portion of the
processed syngas, and produce at least one of a Fischer Tropsch fluid, synthetic natural gas
(SNG), town gas, reducing gas, oxo synthesis fluid, dimethyl ether (DME), hydrogen, methanol,

mixed alcohols, ammonia and fuel gas for power generation.

17.  The system of any one of claims 13 to 16, wherein the source comprises an underground

coal gasification plant.

18.  The system of any one of claims 13 to 17, further comprising a heat exchanger configured
to allow heat exchange between the processed syngas and water to produce steam, and wherein

the partial oxidation unit is configured to receive at least a portion of the steam.
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19.  The system of any one of claims 13 to 18, wherein the partial oxidation unit is further
configured to convert the heavy hydrocarbons to additional syngas, and wherein the processed

syngas comprises the additional syngas.

20.  The system of any one of claims 13 to 19, wherein the processed syngas comprises less

‘than 1 vol% of heavy hydrocarbons.

21. A method of removing heavy hydrocarbons from raw syngas produced by underground
coal gasification, said method comprising the step of:
processing the raw syngas in a partial oxidation unit using oxygen to produce processed

syngas substantially depleted of the heavy hydrocarbons.

22.  The method of claim 21, wherein the partial oxidation unit utilises thermal partial

oxidation.

23.  The method of claim 21, wherein the partial oxidation unit utilises catalytic partial

oxidation.

24.  The method of any one of claims 21 to 23, wherein the partial oxidation unit is fluidly

coupled to a well head of a production well of an underground coal gasifier.

25.  The method of any one of claims 21 to 24, wherein the partial oxidation unit is fluidly

coupled to an oxidant supply unit that also provides oxygen to the underground coal gasifier.

26.  The method of any one of claims 21 to 25, wherein the partial oxidation unit is fluidly

coupled to an air separation unit.

27. The method of any one of claims 21 to 26, wherein the partial oxidation unit is

configured to receive steam.

28.  The method of any one of claims 21 to 27, further comprising a heat exchanger unit
configured to allow heat exchange between the processed syngas and water to produce steam,

and wherein the partial oxidation unit is configured to receive at least a portion of the steam.
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29.  The method of any one of claims 21 to 28, wherein the raw syngas comprises methane,

and wherein the processed syngas is substantially depleted of methane.

30.  The method of any one of claims 21 to 29, wherein the partial oxidation unit is fluidly
coupled to an acid gas removal unit that is configured to receive at least a portion of the
processed syngas, and produce at least one of a Fischer Tropsch fluid, synthetic natural gas
(SNG), town gas, reducing gas, oxo synthesis fluid, dimethyl ether (DME), hydrogen, methanol,

mixed alcohols, ammonia and fuel gas for power generation.

31.  The method of any one of claims 21 to 30, wherein the partial oxidation unit is further
configured to convert the heavy hydrocarbons to additional syngas, and wherein the processed

syngas comprises the additional syngas.

32.  The method of any one of claims 21 to 31, wherein the processed syngas comprises less

than 1 vol% of heavy hydrocarbons.

33. A method for removing heavy hydrocarbons from an underground gasification syngas,
comprising;

receiving raw syngas containing heavy hydrocarbons from a source; processing the raw
syngas in a partial oxidation unit using oxygen to produce a processed syngas substantially
depleted of the heavy hydrocarbons; and

providing an air separation unit configured to provide oxygen to the source and the partial

oxidation unit.
34.  The method of claim 33, wherein the partial oxidation unit comprises palladium.

35.  The method of claim 33 or claim 34, wherein the raw syngas further comprises methane,

and wherein the processed syngas is substantially depleted of methane.

36.  The method of any one of claims 33 to 35, further comprising fluidly coupling an acid gas
removal unit to the partial oxidation unit, and wherein the acid gas removal unit is configured to
receive at least a portion of the processed syngas and produce at least one of a Fischer Tropsch
fluid, synthetic natural gas (SNG), town gas, reducing gas, oxo synthesis fluid, dimethyl ether

(DME), hydrogen, methanol, mixed alcohols, ammonia and fuel gas for power generation.
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37.  The method of any one of claims 33 to 36, wherein the source is an underground coal

gasification plant.

38.  The method of any one of claims 33 to 37, further comprising thermally coupling the
processed syngas and water to produce steam, and wherein the partial oxidation unit is

configured to receive at least a portion of the steam.

39. The method of any one of claims 33 to 38, wherein the step of processing the raw syngas
comprises converting the heavy hydrocarbons to additional syngas, and wherein the processed

syngas comprises the additional syngas.

40. The method of any one of claims 33 to 39, wherein the processed syngas comprises less than

1 vol% of heavy hydrocarbons.

41. The system of any one of claims 1 to 20, wherein the partial oxidation unit is further

configured to receive a co-feed hydrocarbon or other fluid other than raw syngas.

42. The method of .any one of claims 21 to 40, wherein the partial oxidation unit is further

configured to receive a co-feed hydrocarbon or other fluid other than raw syngas.

43. The system of any one of claims 1 to 20 and 41, wherein a feed to the partial oxidation unit is

heated in a feed effluent exchanger to improve the partial oxidation unit’s efficiency.

44. The method of any one of claims 21 to 40 and 42, wherein the feed to the partial oxidation

unit is heated in a feed effluent exchanger to improve the partial oxidation unit’s efficiency.



PCT/AU2011/001693

WO 2012/151605

1/3

14 4% 44"

SHU( SS8901d WO Wes)S I aan3iy
oo 4
1BMOd «— jusuness)
"| 1ejep diseM 6¢l
$ aye Ja)jl4
99| ﬂ m
jusunesl) ojokosy seg iey
BIUOLLLE IO |
9} S|oy02[e paxiw Emg SISeM
10 [ouBY}aW ojEM
(eqeogdce ) | _comw_wg: pajokoay
ooy 10 3G 8¢} shieien
v || 10 sisayjuhg el wnipe|jled
0XQ 10 INOYIM JO
‘seq) Buionpay A 1745 911 yum) uogepixo| 01 | uoneoyisesy
— a9l 10 seo) > Jaqqnos [« fionoosy [« Eled |« 207
Sionp >n_ <« umoj 10 NS amden sebufg JesH 0LL  sebufg| punosBiapu(i”
SISSLpUAS Jo yosdou 20D T 1 Mey
-1808|
o st} cel :ﬂm V80l | %0 dH
¥Sl {eroway S asol
el 44} 20 dH
Se9 poy | us
sebufg joomg 0s) 1nog a_ns_am_w w_w_ w_mm._u.m BMod, | gy
144 ‘— u_coE=._< 0} uabouIN
¢Sl [se9 py v
281 ¥00/g ¥o0ig ™
_ Kianooay Jamod 0} Wwesjg JaMOd 0} WealS 2001 Iy

pIoy ounyding 0} Jnyding «——

Jnyding

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2011/001693

WO 2012/151605

273

wes}s ay)

40 uonJod e Jses) Je aA18931 0} painbyuod S| JIUN UOKEPIXO
leied ay) uisIaym pue ‘wes)s aonpoid o) Jajem

pue sebufs passeooid sy} Buibueyoxs jeay :ggz deis

uonesausb Jamod Joj seb jany pue ejuowwwe ‘sjoyodje

paxjw ‘loueyjsw ‘uaboipAy ‘(JQ) 1ouis 1Ayiewip ‘piny sisayjuAs oxo ‘seb
Buionpai ‘seb umoj ((ONS) seb jeinjeu aayjuAs ‘piny yosdol| Jaydsi4 e Jo auo
)ses) Je aonpoud pue sebuhs passadoid ayj Jo uoipod

B JSe| Je 8A189a. 0} painbiyuod Jun [eaowsas seb pioe

ue Jun uonepixo [efued ayy o) Buydnos Aping :opz deis

sebuks |euonippe sy} sestdwod
sebuAs pessadoid ay) uisiaym pue ‘sebuis [euonippe
0} suoq.edolpAy Aaeay ay) Buiaauod :gzg de)s

aueyiaw jo pajodap
Ailenueysgns st sebuks passadoid ay) ulesoym pue
‘aueyjew sasudwod Jayuny sebuks mel ay) :yzg dals

wnipejjed sasudwod jun uonepixo [eied ay) :zzz dajs

Jueid uoneoyiseb |eoo punoibiapun ue si.821nos ay} :ZLz dels

7 3In31

\

Jiun uoijepixo jensed ay)

pue 921nos ay} 0} uabAxo apiroid
0} panbiyuod Jiun uoneledas

Jie ue Buipinoud :ggz dals

00

suogIed0IpAy w
Aneay ay) Jo pajaidap |
fiiepueisqns sebuAs passasoid
e aonpo.d 0} uabAxo Buisn

Jiun uopepixo |eided e ul sebuhs
Mmel ayy buissaonoud :gzg deis

80INn0S & Wolj
suoqueooipAy Areay Buiuiejuod
sebuhs mes Buiaiedal ;g1 z dais

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2011/001693

33

WO 2012/151605

¢ 2anSiy

6¢l
a¥ed o)1
Jusunealy
JoIeM S1SBM
Jojem
8¢
b | psjohoay R
wnipejjed
1445 noyim 1o .
174! gL |Uim) UoiepIXO| pgy | uonedyises f
> Jaqqnuos Kianoooy |elued [eoD w
_ aimde) sebuAg JesH (i) sebufg| punosbiepun §
Bsmod 0.1 20D 3 Y MeY A
yodxg 1 )oo|g Jemod
3 3 sL ctl sﬁm v80} |°0 dH
$S1 [EAOLLIDY ‘ Nwmu_u
seopoy |2V [ yus «l
sebuig jeams 051 inog )00|g Jamod 0} usbosy «——— NSV
3; ;
261 | se9 pioy v /
c8l joog 33018
Kianoooy 1aMmod 0} Wea)g 1aMod 0} Wes)s 200l v

pioy aunyding 03 unyding «—— inyding

SUBSTITUTE SHEET (RULE 26) RO/AU



INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2011/001693
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B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
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US 2008/0244976 A1 (PAISLEY) 9 October 2008
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A Abstract : 1-44
D Further documents are listed in the continuation of Box C See patent family annex
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underlying the invention
"E"  earlier application or patent but published on or after the “X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
-"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) - such documents, such combination being obvious to a person skilled in the art

"O"  document referring to an oral disclosure, use, exhibition
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or other means & document member of the same patent family

"P"  document published prior to the international filing date
but later than the priority date claimed
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