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(57) Abréegée/Abstract:
The Invention provides a fully synthetic aviation fuel or aviation fuel component having : " a total naphthenic content of more than 30

mass % " a mass ratio of naphthenic to iso-paraffinic hydrocarbon species of more than 1 and less than 15 " a density (at 15°C) of
greater than 0.7/75 g.cm-3, but less than 0.850 g.cm-3 " an aromatic hydrocarbon content of greater than 8 mass %, but less than
20 mass % " a freezing point of less than - 47°C " a lubricity BOCLE WSD value of less than 0.85mm. The invention further
provides for the preparation of a fully synthetic coal-derived aviation fuel or aviation fuel component by blendinga LTFT and a tar
derived blend component. The invention extends to a method of producing a coal-derived, fully synthetic aviation fuel or aviation
fuel component from coal gasifier tar and an LTF T derived fraction.
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(57) Abstract: The invention provides a fully synthetic aviation fuel or aviation fuel component having : " a total naphthenic con-

tent of more than 30 mass % " a mass ratio of naphthenic to iso-paraf

1nic hydrocarbon species of more than 1 and less than 15 " a

density (at 15°C) of greater than 0.775 g.cm-3, but less than 0.850 g.cm-3 " an aromatic hydrocarbon content of greater than 8
mass %, but less than 20 mass % " a freezing point of less than - 47°C " a lubricity BOCLE WSD value of less than 0.85mm. The
mvention further provides for the preparation of a fully synthetic coal-derived aviation fuel or aviation fuel component by blend -
ing a LTFT and a tar derived blend component. The invention extends to a method of producing a coal-derived, fully synthetic
aviation fuel or aviation fuel component from coal gasifier tar and an LTFT derived fraction.
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FULLY SYNTHETIC JET FUEL

FIELD OF THE INVENTION

" The present invention relates generally to aviation fuel and a blending stock for

" aviation fuel. More particularly, it relates to an aviation fuel or fuel component which

is derived from a non-petroleum feedstock.

'BACKGROUND OF THE INVENTION

Distillate fuels produced from non-petroleum sources and derived largely from the
Fischer Tropsch (FT) process are typically highly paraftinic and have excellent

burning properties and very low sulphur content. This makes them highly suitable as

“a fuel source where environmental concerns are important; and in circumstances

where the security of supply and availability of petroleum supplies may cause

concern.

However, although many physical properties for conventional distillate fuels can be
rﬁafched and even outperformed, the fuels derived from FT processes and the like
can not provide conventional jet fuel “drop-in compatibility” (i.e. be amenable to direct
substitution within the conventional petroleum-derived jet fuel infrastructure), as they
lack some of the major hydrocarbon constituents of typical petroleum-derived
kerosene fuel. For example, due to their low aromatic content, FT jet fuels tend not
to comply with certain industry jet fuel specified characteristics such as minimum

density, seal swell propensity and lubricity.

This difficulty in obtaining suitable jet fuel entirely from non-petroleum feedstocks has

triggered several developments in the downstream processing of feedstock in order

- to obtain suitable products.
30

For example, US 4,645,585 teaches the production of novel fuels, including jet fuel
components, from the extensive hydroprocessing of highly aromatic heavy oils such

as those derived from coal pyrolysis and coal hydrogenation.

‘WO 2005/001002 relates to a distillate fuel comprising a stable, low-sulphur, highly

paraffinic, moderately unsaturated distillate fuel blendstock. The highly paraffinic,

moderately unsaturated distillate' fuel blendstock is prepared from an FT-derived
1
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product that is hydroprocessed under conditions during which a moderate amount of

unsaturates are formed or retained to improve stability of the product.

US 6, 890 423 teaches the productlon of a fully synthetlc Jet fuel produced from an FT
feedstock. The seal swell and Iubr|C|ty characteristics of the base FT distillate fuel
are adjusted through the addition of alkylaromatics and alkylcycloparaffins that are

produced via the catalytic reforming of FT product. This process can result in a

7 suitable ‘aviation fuel generated entlrely from a non- petroleum source, but the
- additional reformrng | steps required to generate the alkylaromatrcs and

. alkylcycloparafﬁns impart significant additional cost and complexaty to the process.

US2009/0000185 teaches a method for producing a jet fuel from two independent

blendstocks, where at least one blendstock is derived from a non-petroleum derived

feedstock, which may be an FT source. In one form of the described method, the

second blendstock is also produced via a non-petroleum source, such as via the

pyrolysis or quuefactipn of coal. However, the provision of at least two independent

- synthetic feedstocks is highly problematic and less likely to be cost effective when

contrasted with petroleum-based fuel sources.

| AcCordingly, there remains a strong need for a fully-synthetic (i.e. non-petroleum

sourced) aviation fuel and an economical means of producing it.

' SUMMARY OF INVENTION

A fuIIy' synthetic' aviation fuel or aviation fuel component having

» a total naphthenic content of more than 30 mass %

e amass ratio of naphthenic to iso-paraffinic hydrocarbon species of more than
1 and less than 15 ' "

e 3 denS|ty (at 15° C) of greater than 0.775 gcm™, but less than 0.850 g. cm™

° . an aromatic hyercarbon content of greater than 8 mass %, but less than 20
mass %

o afreezing point of less than - 47°C

e alubricity BOCLE WSD value of less than 0.85mm '

PCT/ZA2010/000040
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The fully synthetic aviation fuel or aviation fuel component may have a mass ratio of

‘naphthenic to aromatic hydrocarbons of from 2.5 to 4.5. Preferably, the mass ratio is
between 3 and 4.

Preferably, the total naphthenic‘ content of the synthetic aviation fuel or aviation fuel

component is more than 35 mass %.

- Preferably, the total naphthenlc content of the synthetic aviation fuel or aviation fuel

component |s Iess than 60 mass %, and more preferably |t is less than 50 mass %.

Preferably, the ‘mass ratio of naphthenic to iso-paraffinic species of the synthetic

~aviation fuel or aviation fuel component is less than 10 and more'preferably less than

The aromatics content may be less than18 mass % and more preferably less than 16

mass %.

Preferably the freezing point of the synthetic aviation fuels is less than - 50°C, more

preferably the freezing point is less than - 53°C and most preferably, the freezing

| point is less than— 55 °C.

The fu‘IIy synthetic aviation fuel or fuel component is typically produced from a single

non-petroleum 'source and comprises at least two blend components, where at least

-~ one component is produced from an LTFT process. The single source may be coal.

Thefolly synthetic aviation fuel or fuel component may have a freezing point that is

lower than the freezing points of the blend components.

Accordlng to a second aspect of the invention, there is provided a fully synthetic coal-

| derlved aviation fuel or aviation fuel component having a total naphthenic content of

more than 30 mass %: a mass ratio of naphthenic to iso-paraffinic hydrocarbon
Species of more than 1 and less than 15; a density of greater than 0.775 g.cm” but
less than O. 850 g cm™ , an aromatic content of greater than 8 mass % but less than

20 mass %; a freezung pomt of less than - 47°C and a lubricity BOCLE WSD value of

| Iess than 0. 85mm mcludlng
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* 3 first LTFT-derived blend component comprising at least 95 mass %
" ..|30paraﬁ" ins and normal paraffins and less.than 1 mass % aromatics; with
o a density (at 15°C) of less than 0.775 g.cm™; and

§ a second tar-derived blend component comprlsmg at least 60 mass %
'naphthenlcs at Ieast 10 mass % aromatics and at least 5 mass %
isoparaffins and normal paraffins, with a density (at 15°C) of more than

0.840 g. cm” | '
such that the first LTFT—denved blend component may comprise at least 20 volume

% and preferably no more than 60 volume % of the blend.

The second tar-derived blend component is typically generated through the

| deliberate tecovery-of a tar fraction generated during gasification of a coal feedstock

~ for syngas productlon The tar-derived kerosene fraction may further comprise at

Ieast 70 % by mass naphthemcs

In a preferred embodiment of the invention, the volume ratio of the first and second
“blend components is between 45:55 and 55:45.

| Accordlng to a third aspect of the invention, there IS provuded a method of producing

a coal-sourced, fully synthetic aviation fuel or aviation fuel component; including the
steps of:
e gasifying the coal under medium temperature conditions in a fixed bed
~ gasifier such that a tar fraction can be recovered during the coal gasification
step; and syngas for an LTFT reactor is produced;
e recovering from the LTFT reactor an LTFT syncrude;
e subjecting the tar fraction to hydroprocessing under hydroprocessing
conditions to provide a tar-derived kerosene fraction having at least 60 mass
% naphthenics;

e suhjecting the LTFT sync_rude to hydroprocessing under hydroprocessing
'-QOhditi'ons ‘to'provide a LTFT-derived kerosene fraction having at least 95
mass % isoparaffins and normal paraffins and less than 1 mass % aromatics;
with a density (at 15°C) of less than 0.775 g.cm™: and

e blending the resultant tar-derived kerosene fraction and LTFT-derived
kerosene fraction -to obtain a fully synthetic aviation fuel or aviation fuel

component.
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~ The tar-derived kerosene fraction and the LTFT-derived kerosene fraction are
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blended in such a way that the .LTFT-derived kerosene fraction may comprise at least

2.0.voilur‘ne' % and ‘preferably no more than 60 volume % of the blend mixture. In a

brefefred embodiment of the invention, the ratio of the LTFT- derived kerosene and

~ the tar-derived kerosene lies between 45:55 and 55:45.

The tar-derived kerosene frac_:tioh may be produced by a medium temperature coal
. -gas_iﬁc_:ation process (I.e. between 700 and 900°C), for example by a Fixed Bed Dry
'Bet*t,'or.n, (FBDB) (trade name) or fluidised bed coal gasification process. By

~employing a medium temperature process, a tar-derived kerosene component that

contains both nap'hthenics and aromatics may be produced during the coal

gaeiﬁcetion step.

The ‘hydrocarbon types of the tar-derived kerosene fraction will typically comprise

between 60 and 80 mass % naphthenics. The hydrocarbon profile will typically

further comprise between 15 and 30 mass % aromatics. The hydrocarbon type profile

will‘-ty'pically -further comprise between 5 and 15 mass % isoparaffins and normal

paraffins.

In the Speciﬂcation, the terms “aromatics” and “aromatic hydrocarbons™ are to have

an equivalent meaning.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, it has been found that it is possible to achieve a
fully synthetic aviation fuel or fuel component that meets specific current conventional

jet fuel requirements, (specifically density and aromatic content), through the suitable

~ processing of a 'single synthetic fuel source.
— a . |
| ~This fuel is characterised in that it contains high levels of naphthenics or

, icyeloparafﬁnic species relative to LTFT-derived kerosene fractions, which typically

contain less than 1 mass% n‘aphthenes.

Naphthenes tybica"y form some component of petroleum-based aviation fuels (less

than 30 mass %) and can contribute positively'to certain required properties such as

Iowerihg the freezing point or enhancing seal swell propensity. They can however,

S

PCT/ZA2010/000040
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contribute negatively_ to Cenain -properties such as increased smoke point and

, vrscosﬂy In addition, naphthenic species tend to be denser than paraffins with the
'same carbon number Hence the density of typical synthetic naphthenic-dominated
~ kerosenes such as those generated by coal liquefaction and pyrolysis processes, will
‘, inevitably significantly exceed the density requirements of aviation fuel specifications.

"Core tothis 'inve'nt'ion therefore, is the development of a synthetic aviation fuel that

caprtalrses on the posrtlve propertles of naphthenic specres whilst still meeting all the

physrcal property requrrements for avratron fuel specifically density and smoke point.

| ThIS fuel can be produced using two parallel feedstock streams — one is generated
vra a conventlonal LTFT synthesrs process and the other is generated through the

" delrberate recovery of a tar fraction generated during medium temperature

gasn‘" ication of the coal feedstock for syngas productlon

LTFT-derived kerosene component

In this specification, reference is made to the Low Temperature Fischer-Tropsch

i (LTF'D' Process. Thie LTFT process.is a well known process in which carbon

- monoxide and hydrogen are reacted over an iron, cobalt, nickel or ruthenium

containing catalyst to produce a mixture of straight and branched chain hydrocarbon

products ranging from methane to waxes and smaller amounts of oxygenates. This

.' ihyfdrocarbon eynthesis process is based on the Fischer-Tropsch reaction:

2H, + CO > ~[CH,]~ + H,0

where ~[CH,]~ is the basic building block of the hydrocarbonproduct molecules.

The LTFT process is therefore used industrially to convert synthesis gas, which may
be derived from coal, natural gas, biomass or heavy oil streams, into hydrocarbons

ranging from methane to species with molecular masses above 1400. While the term

'Gas-to-quurd (GTL) process refers to schemes based on natural gas (i.e.
| predomlnantly methane) to obtaln the synthesis gas, the quality of the synthetic

- products IS essentrally the same once the synthesis conditions and the product work-

up are defined.

~ While the main products are typically linear paraffinic species, other species such as
- branched parafﬁns, olefins and oxygenated components may form part of the product
“slate. The exact product slate depends on the reactor configuration, operating

- conditions and the catalyst that is employed. For example this has been described In
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the article Catal. Rev.-Sci. Eng., 23 (1&2), 265-278 (1981) or Hydroc. Proc. 8, 121-
124 (1982).

Preferred reactors for the production of heavier hydrocarbons are slurry bed or
tubular fixed bed reactors, while operating conditions are preferably in the range of
160 - 280 °C, in some cases in the 210 - 260 °C range, and 18 - 50 bar, in some

cases preferably between 20 - 30 bar.

The catalyst may comprise active metals such as iron, cobalt, nickel or ruthenium.
While each catalyst will give its own unique product slate, in all cases the product
slate contains some waxy, highly paraffinic material which needs to be further
upgraded into usable products. The LTFT products can be hydroconverted into a
range of final products, such as middle distillates, naphtha, solvents, lube oil bases.
etc. Such hydroconversion usually consists of a range of processes such as

hydrocracking, hydroisomerisation, hydrotreatment and distillation.

For this invention, a suitable kerosene fraction is isolated from the hydroprocessed

FT product using known methods. This LTFT-based kerosene is characteristically

paraffinic and will usually contain little or no aromatics.

An example of suitable hydroprocessing conditions for this process step include :

» temperatures of between 330 and 380°C
* pressures of between 35 and 80 bar

* Liquid Hourly Space Velocity (LHSV) values of 0.5 to 1.5 per hour

A suitable reactor for this process would be a trickle flow fixed bed reactor.

This LTFT-derived kerosene fraction is then blended with a tar-derived kerosene
fraction so as to achieve suitable physicochemical properties for a final aviation fuel

or aviation fuel component. These may include the properties indicated in Table 1.

Tar-derived kerosene component
Where syngas is required from coal for an FT process, by means such as high

temperature gasification, for example high temperature entrained flow gasification

processes, the higher temperatures required to produce syngas usually result in little
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er- no us_efulltar prodUCt as this isjcracked or hydrogehated during the gasification

process. .

;The specific tar-derived keresene fraction used in this invention is generated during a

'medrum temperature gasrt‘ cation process for example a Fixed Bed Dry Bottom

o '_ (FBDB) (trade name) coal gasrf ication process Durlng this process, typical

10

15

20

25

| temperature ranges for the included sub- processes may be:

e combustion; from 1300 — 1500°C
° gasit'rcatipn its_elf; from 700 — 900°C

K reaeter 6utlet temperature; 450 - 650°C

By 'empleying a medium temperature gasification process, an aromatic- and

naphthenic - containing tar component can be isolated during coal gasification. In

' high‘ temperature gasiﬁcation processes, this tar component will not be preserved.
| A medlum temperature coal gasifi catlon process is a gasification process wherein
| slaggrng of the coal ash can not be tolerated and a dry ash is produced. This

' process can be carried out in a fixed bed or fluidised bed gasifier.

- A fixed bed dry'_bettom gasifier (or tluidiSed bed gasifier) is a non-catalytic, medium

temperatUre,ﬂ pressurised gasifier for the production of synthesis gas from a solid

'carbonaCeeus feedstock such as coal by partial oxidation of the feedstock in the

presence of a gasification agent comprising at least oxygen and steam or air and

'steam, with the feedstock being in lump or granular form and being contacted with

the gaSiﬁcatioh agent in a fixed bed '(or fluidised bed) and with the fixed bed (or

fluidised bed) being."operated at a temperature below the mel_ting point of minerals

contained in the coal.

~ The tar component ‘initially forms part of the raw synthesis gas. When the raw

30 . synthesrs gas is quenched most of the tar/oil components are condensed into the

liquid phase along with the steam As the raw synthesns gas is further cooled, further

*ftar/oil components are condensed from the raw synthesis gas stream at each cooling

35

stage. The resultant liquor (gas condensate) streams are cooled and the tar/oil

fraction is- then removed from the aqueous phase using a system of gravity

separators.
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~Middle 'distillates can then be produced by hydrocracking this tar/oil component.

Suitable hydrocracking conditions for this process include :

temperatures of between 330 and 380°C
'_.. pressures of between 125 and 180 bar

~ e Liquid Hourly. Space Velocrty (LHSV) values of 0.25 to 1.0 per hour
A sunabIe reactor for this process would be a trlckte flow fixed bed reactor.

| These fractions have a hydrocarbon prot" lle that is quite different to that observed
_from the malnstream LTFT product drsplayrng a srgnlt" cantly naphthenrc character

.with some aromatlcs.

Typically the hydrocarbon types for this kerosene fraction comprise:

o f»_ ~ between 15 and 30 mass % aromatics

e between 60 and 80 mass % naphthenics

¢ between 5 and 15 mass % combined isoparaffins and normal paraffins.

The exact character of this tar fractioh can be established using SOphisticated

analytical separation techniques such as two-dimensional gas chromatography

~ (GCxGC).

.Blend characterlstlcs

' The tar-derived and LTFT-derlved kerosene fractions are blended in order to obtain a

suitable aviation fuel or fuel component.

This blend will characteristically have a high level of naphthenics ,typically more than
30 volume %, but this is coupled with an isoparaffinic content that allows a mass ratio

of naphthenics to isoparaffinic species which is less than 15.

The range of blends from 40 volume % tar-derived kerosene / 60% LTFT-derived

kerosene to- 80% tar-derived kerosene / 20% LTFT-derived kerosene was found to

' meet all DEFSTAN 91-91 requirements for Jet A-1 fuel.

A minimum content of 40 volume% of tar-derived kerosene was determined to be the
amount required in order to meet an 8 volume% aromatics level. A maximum
content of 80 volume % of tar-derived kerosene was required in order to meet the

maximurh density specification (0.840 kg/! at 15°C).

9
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A further advantage of this invention lies in the modification of the freezing point of

15

20
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A-more -pteferred range for the blend is one where the ratio of the first (LTFT) and

“ second (tar-derived) kerosene fractions is between 45:55 and 55:45

The _ﬁnal -._bllend'of the non-petroleum components has a distinct naphthenic-rich

.cha'racter'_imparted by the addition of the tar-derived kerosene produced using

“medium temperature, fixed bottom gasification. The final synthetic aviation fuel or

fuel compone_nt _vvill.therefore typically have a characteristic naphthenic content of no

less than 30 volume% and no more than 60 volume%.

| the'blends with respeCt to the blend components. Whiist the blend components

themselves have freezmg points which are lower than the maximum aviation

- kerosene freezing point speC|f' ication, namely -47°C; applicant surprisingly found that

“the blend mlxtures had freezung point values sugmf cantly reduced from those of the

components It seems that some synerglstlc interaction between the blend

‘components facilitates a freezmg polnt reduction of the blends of up to about 20%

from that of the original components themselves.

- The applicants postulatethat this advantage may stem from the use of chemical

diluent effects in mitigating against the negative effects of certain hydrocarbon

species in the blend components. It is known that both n-paraffins in LTFT kerosene

' and aromatlcs in tar-derived kerosene typically have a detrimental effect on freezing
pomt because of their mdwudual ease of crystallisation. It appears that blending
25

~ and naphthenics results in a surprising (i.e . non-linear or non-lnterpolated) decrease

these species with components that also have a significant proportaon of iso-paraffins

in freezing point. However, given that each component already contained
advantageous species .prior to blending, it is suggested that it is the interaction

betWeen the dominant species contained in each blend component that s core to

| _observing' this the effect. The ratio of the advantageous species, namely iso-

parafﬁns to naphthenics, is therefore highlighted as a critical feature of this invention.

In order to further define the effective chemical window for this surprising behaviour,

~ the ratio of naphthenics to aromatic species may also be identified.

The invention will now be described with referenceto the following non-limiting

“.examples.

10
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EXAMPLE

- Various blends of tar-derived kerosene and LTFT-derived kerosene were prepared

. as previously described usmg ‘methods known in the art. These were analysed

‘alongside the blend components and the results compared to known data for coal-
I|quefactlon derived aviation kerosene. The specification analysis was performed

accordrng to ASTM test methods and compared with JP-A jet fuel specifications. The

| 'hydrocarbon characterlstlcs of each of the kerosene samples were determined using

two-dimensional gas chromatography (GCxGC).

DESCRIPTION OF TABLES AND FIGURES:

, N Tab_le"l. . summarises results of the blends and blend components; and
~ Table2 gives detailed results for these samples.

F'igure 1 shows the hydrocarbon species distribution for a representative set of

blends; and

-of data for an oUt-of-specification blend for completion.)
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............................................................

....................

Taf—derived |

kerd_éene

g RN ARG b

o ‘ ﬁf-- o’ e S‘gj
A p X %&b&&\; 1:.

mass%

n-paraffins

iso-paraffins

mass% 19.3 13.01 - 3.13

| Naphthenics

| 'mass% 39.7 52.72 72.19 97.3

aromatics | mass% 01 | 111 | 1481 | 2059 2.1

.Mass ratio of

naphthenic:iso- |~ - | - | 01 [ 21 4.1 231 | >90

paraffins

Mass.ratio of

naphthenics: - - 10 | 3.58 3.56 3.51 - 46.3

aromatics‘

SRR T T o,

At A A A ”. e A
........ SRS B SN N g g G I G S S A %z
: gﬂ(mr.illuated? ccording to ASTM test methods e
T s . 7 .c.b.\:-'. ety % x> X w s v R o S : . N
£ “ Mo i AT AP %’& A A SRR SRR, ARAERIRA

L,
2
CLLADANY

.

0.8654 0.870

0.7364 0.8020 0.8342

Viscosity@-
20°C

8.0 max 1.84 3.68 4.51 7.46 7.5

28 29 29 22

.Smoké point -

Freezing point -58.4 -55.8 -50.9 -53.9

Lubricity :
BOCLE, WSD

0.51 0.66 0.54 -

* figures extracted from “Development of an advanced, thermally stable, coal-based jet fuel’;
Schobert, H et al; Fuels Processing Technology, 89, (2008), 364-378
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- Table 2 Detalled propemes of a tar—denved/LTFT kerosene blends

PCT/ZA2010/000040

Colour Saybolt

R

‘ N A A 2 e o 2
X e A S 1% TNt % 3
. “ A e o e MR BN e S -
DR -3‘.;; R et bl g ‘-.::s'*:". 4
X s -,kn',, DR PN, v oy &4
LA e . . “e .
AR SRR T R zquw qu IO &
" L ) _.\r:-.ﬂ : . 4 RN AR Y ? s el
LA S ey AR R T TS § R o St
o s At 8 B .‘ o
. ) . h . 4 <
: T o ] R
..f:’. " A ‘. » . ..\ X _r, v
AR R BRI : ﬁ* oate
.
. i D ’
o :“ 4"’/’ 0 4 A »
.

..........

) sofso;-i?;

R Sh
R

>+30

Particulate

Contaminants

cﬁ?@%@ %

22\-(%.(

<0.1

Total Ac:dlty
bleﬂns.
Parafﬁr_ls"'_
Total Aromatics | Vol % | 26.5 max 0 a7 8.6
Total Sulphur mglkg_ <1 10 12 11 <1
Total Nitrogen mgfkg €1 €1 1 <1
| Naphth_alene vol % 3.0 max 0.18 ?0.01 1.16 0.17
Bromine No_ <01 <01 <01 <01
'+>;§@§%§ﬁa o
s S e
Initial Bo:llng Pomt 142.5
5 % 156.1
10 % 158.2
max |
20 % °C 159.7 164.9 171.4 183.7 198.8 i
30 % °C 165.0 | 170.8 180.1 192.1 207.9
40 % °C 171.0 1779 188.3 201.3 215.9
50 % °C Report 182.7 184.0 197.3 210.3 2239 |
60 % °C 188.7 . 192.3 206.0 219.5 231.1 ]
70%. 1 °C 195.1 200.5 215.3 228.9 2385 |
80 % °C [ 2026 209.6 227.6 239.5 " 246.5
90 % °C Report 208.0 225.0 244.9 251.7 2549
95 % °C 1T 2110 240.1 255.5 : 258.8 2604 |
| Final Boiling Point °C 3000 | 2158 256.2 261.0 264.0 264.6
max
Recovery Vol % 98.6 98 4 98.3 983 | 984
Tso-T1o [ °C > 20 287 | 267 34.5 36.5 32.9
ToTro C | 540 | 540 668 821 77.9 63.0
“Flash Point C | 380min | 405 a4 46.5 53 | 520 |
Density @ 15 °C kg/L | 0.775- 0.7364 0.7695 08020 | 0.8342 0.8654
0.840
Density @ 20 °C_ | kgl | 0.771- 0.7334 0.7665 0.7990 08312 | 08624 |

' This pafaffin charadterisation includes all saturated hydrocarbon specie's — namely linear

pafafﬁns (iso and normal), as well as cycloparaffins (also known as naphthenes)
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The claims of the patent specification which -follow form an integral part of the

_' di$c|osure thereof.
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CLAIMS

1. A fully synthetic aviation fuel or aviation fuel component having:

a total naphthenic content of more than 30 mass %,;

a mass ratio of naphthenic hydrocarbon species to iso-paraffinic hydrocarbon
species of (more than 1 and less than 15):1;

a density at 15° C of greater than 0.775 g-cm™ and less than 0.850 g-cm™;

an aromatic hydrocarbon content of greater than 8 mass % and less than 20
mass %;

a freezing point of less than -47° C; and

a lubricity ball on cylinder lubricity evaluator wear scar diameter value of less
than 0.85 mm.

2. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

mass ratio of naphthenic hydrocarbon species to iso-paraffinic hydrocarbon species is
(2.5 10 4.5):1.

3. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

total naphthenic content is more than 30 mass % and less than 60 mass %.

4. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the
mass ratio of naphthenic hydrocarbon species to iso-paraffinic hydrocarbon species is

(more than 1 and less than 5):1.

5. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

aromatic hydrocarbon content is greater than 8 mass % and less than 18 mass %.

0. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

aromatic hydrocarbon content is greater than 8 mass % and less than 16 mass %.

15
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7. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

freezing point is less than -55° C.

8. The fully synthetic aviation fuel or aviation fuel component of claim 1, derived
from a single non-petroleum source and comprising a blend of at least two blend

“components, wherein at least one of the blend components is produced from a low

temperature Fischer-Tropsch process.

Q. The fully synthetic aviation fuel or aviation fuel component of claim 1, wherein the

freezing point is lower than a freezing point of any of the blend components.

10. A method of preparing the fully synthetic aviation fuel or aviation fuel component
of claim 1, comprising:
blending at least:
a first low temperature Fischer-Tropsch-derived blend component
comprising at least 95 mass % isoparaffins and normal paraffins and less than 1
mass % aromatic hydrocarbons, and having a density at 15° C of less than 0.775
g-cm”>; and
a second tar-derived blend component comprising at least 60 mass %
naphthenics, at least 10 mass % aromatic hydrocarbons and at least 5 mass %
isoparaffins and normal paraffins, and having a density at 15° C of more than
0.840 g-cm™;
whereby a fully synthetic aviation fuel or aviation fuel component comprising from
20 volume % to 60 volume % of the first low temperature Fischer-Tropsch-derived blend

component is obtained.

11.  The method of claim 10, wherein the second tar-derived blend component is

generated through a recovery of a tar-derived kerosene fraction generated during

gasification of a coal feedstock for syngas production.

10
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12. The method of claim 11, wherein the tar-derived kerosene fraction comprises at

least 70 mass % naphthenics.

13. The method of claim 12, wherein a volume ratio of the first low temperature
Fischer-Tropsch-derived blend component to the second tar-derived blend component
IS between 45:55 and 55:45.

14. A method of preparing the fully synthetic aviation fuel or aviation fuel component
of claim 1, comprising:
gasifying a coal under medium to low temperature conditions in a fixed bed

gasifier such that a tar fraction and syngas are recovered,;

generating a low temperature Fischer-Tropsch syncrude from the syngas in a low
temperature Fischer-Tropsch reactor;

subjecting the tar fraction to hydroprocessing under hydroprocessing conditions
to obtain a tar-derived kerosene fraction comprising at least 60 mass % naphthenics;

subjecting the low temperature Fischer-Tropsch syncrude to hydroprocessing
under hydroprocessing conditions to provide a low temperature Fischer-Tropsch-
derived kerosene comprising at least 95 mass % isoparaffins and normal paraffins and
less than 1 mass % aromatic hydrocarbons; and having a density at 15° C of less than
0.775 g-cm™; and

blending the tar-derived kerosene fraction and the low temperature Fischer-
Tropsch-derived kerosene to obtain a fully synthetic aviation fuel or aviation fuel
component comprising from 20 volume % to 60 volume % of the low temperature

Fischer-Tropsch-derived kerosene.

15. The method of claim 14, wherein a ratio of the low temperature Fischer-Tropsch-

derived kerosene to the tar-derived kerosene fraction is between 45:55 and 55:45.

16.  The method of claim 14, wherein the tar-derived kerosene fraction is produced by

a medium temperature coal gasification process operating at a temperature of from 700

17
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to 900° C, wherein both naphthenics and aromatic hydrocarbons are produced during

the medium temperature coal gasification process.

17. The method of claim 14, wherein the tar-derived kerosene fraction comprises

between 60 and 80 mass % naphthenics.

18. The method of claim 14, wherein the tar-derived kerosene fraction comprises

from 15 to 30 mass % aromatic hydrocarbons.

19. The method of claim 14, wherein the tar-derived kerosene fraction comprises

from 5 to 15 mass % isoparaffins and normal paraffins.
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Volume % tar-derived kerosene
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