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recycle loop AHE Fo] AtEHJoH, A9

#1ste] &4 ZFv] (one-through conversion) 7 '#o] 4o =
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1L AlR 71e &

F-T synthesis

B. ¥h&& (8-&7] type, 7IEF Al/HE ¥k&7])

. Synthesis gas adjustment

A. Water gas shift reaction

B. Methane reforming (F-T A& G, G o AEE)

C. CO; removal
Upgrading of gasoline-range F-T products

A. Isomerization by solid-acid catalysts

B. Reforming by Pt/alumina
Upgrading of diesel-range F-T products; Hydroisomerization
Oligomerization of light olefins to diesel/gasoline
Hydrocracking of waxes into diesel-range hydrocarbons
New technology (modified F-T synthesis)

eg. F-T and isomerization/aromatization/oligomerization in one

reactor, supercritical reactor for easy dewaxing.
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2 578 &0

o B RIuXNAM9 FAHNFE &S 7t2stste] A 7F(synthetic gas,
Syngas)E THE ¥, 19239 5 #3 A} Fisher9} Tropscholl <& 7l&
Fisher-Tropsch@ A (F-T® 4 /¥-8)71&& AH&st Axste AAAEE ©
nste, oldst S FAHLZE ‘coal to liquids (CTL)7]< o2} Shoh(L
& 36). CTLY ol GTL(gas to liquids)Z HAA7l~5 YE=E st YA S
T3 olgddlS &2lav S (oligomerization)st= JFF-TEAAHOZE A
f Axx ZFsstth. AR 7S A8 BASY 4 ZE A
AEFS o2 RY 48 F de FHel Atk

Light hydrocarbons
Natural——+ Reforming
S \Syngas — T o
/ (CO+H,) synthesis removal
Coal —* Gasification

o

Unconverted gas

F-T products < : Hydrocarbon
*Gasoline/Naphtha recovery
«Middle distillate (high cetane no.,

S-free, aromatic-free)
«a-Olefins Hydro- )
cracking
*Oxygenates
“\Wax

Az /= 7HEH/ A dA (=2 Mert, 53, aromatic-free), a-
Y AENDA, =23, FDd), oxygenates, &2~ T AFTLOLE o] F
ox om, o5 JAH R & HHAAS 95t AxHH(FE7tE
24 9 FT ¥4x7), olapHozs HHd| wet 2 (separation), 7} %
(upgrading, £e]awsl, 223 A7) & F ALgET



Ads 220l ofwol AV A|71ek Z7ell M ko g AREH7] Al
zZhait), o]# 3 o] 42 A oYU AFE& 3%, LG/t Alt, CO, HiE A
ghel] #3F Kyoto Protocol & 5ol A&k Al7]o] uetoA 2o
2 ol & #ofg wodn

ZleHo g Be ZHIE o]Fojx QAW Chevron, Shell, ExxonMobile,
Syntroleum, Rentech, ConocoPhillips, BP, Synfuels & Aol < 3) A

= 2dg WS 2 3] ALHI e A, = Sy
ol 3 A 7L S 255 glo] V€ Bu o ¢ A S
ME RS 5 ole FAYE 7HAT deH, BT vbe S 2 ve3 A
7€l ol AAANAE M B FEE CTLY 4 JlEs Hirshe
=77 8 4 s Aotk CTLe oM F2FAkel -2uet dAl= 7]
5 BAE =satet @8 Aol vbd AT Aoy, o] A4 A&sol
she =2 7IeRE Heo] Ao 27ld= VIeEdde]l =7hd oY,
A5 frefdh 239 CIL AHY Z2S fste] stF@e] CTL 71&7 gl
FAste] dadvlEe) A f5s & ot vy dddEn.

dz w3 oF A} =z A
Fuel gas G -G
LPG G -G
7F&™ (gasoline) GCs - Cn2
‘Y AL (naphtha) Cs - Cp»
5 (kerosene) Jet fuel Cn - Gis
73+ (diesel) Fuel oil Ciz - Ciy
Z-fr (middle distillates) Light gas oil Cio - Co
Soft €2 (wax) Cio - C3
Medium €2 (wax) Cos - Gss
Hard €2 (wax) Cast

o =7F AYA}E oo Z|HERE At tad o

<Y CTL A BalA 1A 3 A% olzsg dAd 2a

NI (2004 JEE: 45.6%)

N

*A7R AT AR Vs o2 2lg) AFo] AerEm (2004d ARt



U= 8269 bbl, 2784 &, 2005 Hi -7} 5082 /bbl & F-$ 400
o g o] di, 8%E CTL FAAEZE oAl Al AzZF ¢F 139 29
Aok (19 47 Fx)

* wEe] g4F Aldlel <A dAF givlryt shesith (WAl W A
29 A% FHAAZ AR AFE9 g Ald =2 o3 H)
<HEH 79>
(gke] - 9%
T = 1981 | 1990 | 2000 | 2002 8 | FeEED
<lek | 776 | 1092 | 3789 | 3229 | 383.1 | 6687
A=/ F+9] | 29.7% | 16.6% | 23.6% |21.2% | 21.4% | 25.6%
Telel=% |76.0% |87.9% | 97.2% | 57.3% | 96.9% | 96.4%
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2. 3 MFE 7]& A0

2. 3. 1 F-T synthesis Z vl

o

%0

*F-T &w 7]<9 /&

* Fe Al

FAo] Y FLHEZE Fe, Ni, Co, Ru %—01 ‘”E}
==
K3

Co U}o] /\} 1:}_

%x7]

513, g% °"iﬂ°ﬂ€ Held 5o FH Wi Co Zulzt hHlE
o]

F=

ERE 1—'1:— Olﬁﬁ}%ﬁ\_ﬂ 43} £+ COprich §47129] F-T
3-S5 H3lA FeAl Sull7F /s o] AAALNAS GRS v 9
Uf] ilot scale oA A& = 8 Ut}

Fe &= F-T S SolA 7B A7koln wige] AAJo] 2o
M= we Holn g3t T Sl dYgAo] £& Holth

AFS dEEY &xoloo] &HAY o] B olfE A2
g doly dapEdde] FAakEoe] AAHo steie dEE AMEH
™, ‘f/_}ﬁ}“}ﬁiolﬂoﬂli 4F, duldls, AEH 22 oxygenates A

Sasol 94 &2 !s‘" FS 98 F2 AMEHI e A= FT 2A 4
S FM= Cust Ko A&l 25wz w5 Aer SOt
HRRITI 2 ARSI o Moz Az,

Sasol 9] 312 FT ZFve= vladlelo]Es}t K, €¢F Y, MgO &
S 8§AA A F3H)

A Fle AHE Ao REEA] FA4U FA7IEE S Ho



<X 2> Fe Zuj9] F-TAFGo 9 o] &

3} = Fixed bed Fluid bed
AAAHE T2 g T2 AE -8 0 G
x4 ® Low Temp. (~230°C) ~ 25 bar |® High Temp. (~340°C) ~ 25 bar

® High gas velocity, 2:1 recycle
ratio

® H,/CO ratio ~ 4 (combined
feed)

Sl 574

® High activity for low
temperature to obtain a high
alpha products

® Pores: wide for easy mass
transfer

® Size of particles: relatively large
(e.g. dp ~ 5 mm) for low
pressure drop

® Mechanical strength: high

® Low activity for high
temperature operation

® Small particles (e.g. dp ~ 5 um)
for fluid bed

® Low porosity, small pores (only
volatile products)

® Mechanical strength for low
attrition

EE:

Fe/Cu/KxO/SiO;

(Cu for reduction promotion,
SiO; for wide pores and
mechanical strength)

100Fe-0.5K20O (some Cu,
some structural promotors as
ALOs;, MgO, MnO)

e

® [ron oxide/hydroxide from the
nitrate solution
® Extruding

® Fusion of iron oxides, promotors
to the flux
® Milling to small particles

A

Drying, reduction with H»

Reduction before use

_ Co ZujE Fe Zujo] s} 17k o] itk (BZuhe) 2000))
7]

- Co Ful&=




<¥ 3> Co &1} F-TAFGo 9 o] &

3} = Fixed bed Slurry phase
BAE F2 g~ F2 G
x4 ® Low Temp. (~220°C) ~ 20 bar |® Low Temp. (~220°C) ~ 20 bar

® H,/CO < 2.0 for CO-rich tail
gas (to avoid High methane
selectivity)

® High Conversion per pass (No
product inhibition by H,O)

® Multitubular reactor (tube
diameter < 4 cm) trickle phase

® 'Churn turbulent flow" of
bubbles through the suspension
of catalysts

® Catalyst distribution in the
reactor

¢ Sasol: homogeneously over the
reactor hight

¢ Exxon: decaying concentration
with height of reactor

Sl 574

® High activity for low
temperature operation for "High
alpha products"

® Size of particles rather large for
low pressure drop (dp ~5 mm)

® FEgg shell - (or rim-) catalysts,
because of low effectiveness
factor (pores are liquid filled)
(Exxon developments)

® Activity: high for low reaction
temperature

® Pores: wide for easy mass
transfer (liquid filled pores)

® Size of particles:

¢+ Not too small for easy
separation from the liquid
phase

¢ For Sasol approach: rather
small for equal distribution in
the reactor

¢ For Exxon approach: not so
small for decreasing catalyst
concentration with the height

EE:

Co-ZrOy(TiO,, Re)-Ru(Pt)
Support (SiOz, AlLO;, TiOZ)

Co-ZrOy(TiO,, Re)-Ru(Pt)
Support (SiOz, AlLO;, TiOZ)

o Az

Firstly making the support with a
wide porosity (e.g. kneading of
SiO,-particles together with silicagel,
drying) then sequential
impregnation with cobalt and
promotors

Various methods:

¢ Coprecipitation

Kneading and impregnation
Sol-gel method

Spray drying

* & o

- Co &l CO, 7} O X3 FATIAAE BHo] welHE

TAI7F o).

- Co Fult e CH, & B Adtale BA7F Qo] AL Fuzw Ag

o] 7}& 3ttt
- Co Fle 171 olFE &FH|Y, A7l EHERol 59 1R A 9
AA Sl & AR AE shH A7 Pt, Ru, Re 59 AFE 2517 A7k
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Aure) shzsld] o5 AojAE FA7t2E AA=ERE Lol
A Gkl s 989 544 CO9l FeFol ot

Ferl Zuj7h Ao 2 RE AojAE (CO¢ ol &) T2}
2o A3 Ao HAT

FeAdl Zvjol= K, Cu 59 ZFv ZAEH ALO; SiO: ¢ A|A
A7 dagh] oY Z/gHlo] osf FHuje] AW obe} A
o BXx JFs PXIth

HHE7FQl bR A wEr Fule] HF 2AWME o=
A AAEI A xE o ok gt

CTLY F-T k&8 Fuizidel oM olitstetae] 438 &
COy-rich 47129 W3S 93lA FeA w9 Qv A

waorr

ks
=]

¢

CoAl Fvix= HH3 =Fvf GEY 7k 98 @3 CO,



8-S 7] (Fixed Bed, Arge ¥7)
1. yF 9¥7438 Yds3#d 3AHZF (multi-tubular fixed-bed with internal

2. 53y 3148 HuF  (multi-tubular fixed-bed trickle bed) ¥H-&-7]

3| A} et 7|4 3] A} ATd= H| a1
- Low Temperature FT : Arge ~
Sasol Fors Reactor(tubular fixed bed 1990
CUTEC trickle-fixed-bed reactor TFBR 2003
RTI USA Fixed Bed Reactor 2003

The plant was
BASF China | 74(X13ton) fixed bed reactors r%ﬁ%"%ﬁlsglo%%r;o 1%11
1960s in China

BASE China Fixed bed2 (1)*88%31{) exgrith about 119999%‘ Demo
Shell | Malaysia|  multi-tubular fixed bed 1993 | Waxes chemicals,
BP Fixed bed 2003 Demo
Syntroleum Fixed-bed or fluid-bed F-T 2005

o T¥fF5F WS 7] (Circulating Fluidized Bed, Synthol 3 7%)
1. Synthol : Fo}& ¢ Sasolburgel AX]$+ CFB ®H3-7]
2. Sasol Advanced Synthol (SAS, Fixed Fluidized Bed, 1989%1~)
Sasolburg °ll AX]¥ CFBE FFBZ A4}l =¢. Secundad]l U 24
o] CFBHH-E-7]
- 16W1E FFB 8tl2 WA (1995 ~ 19991d)
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@ Cold stream
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CO + H,
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Litquiel
products

NN
Products !
CO+ H2 5

(28 3] 2AFHS7]Y e =

Synthol Advanced

[2¥ 4] Synthol ¥ Sasol Adv. Synthol(SAS)9] 7E =

&85 HF9-87](Slurry Bubble Column or Three Phase Bubble Column)

1.

1950 dd] A2 B-TgAdolel &&8A+ AlFo]lE, 1993\ d W7 5me] Hb-g-
7] 37} Sasol 2+<1e] =AU EH AT

2. 714 gl gHdTES, ARl &, ARl Suf o] 3o EAFIT

T

W3] AGe) BAHZ dF B39 BUYPECIW, Wl ¢

oF 5% 7k dEu o] Zorl, v FAYE of 1/40]k JbE F
g AA/ AN F 9o ) HEAZr] 2
FAH neHg S2et AT Svlste el BAZ Fs)of ok
(Sasol& 5 E&HI é—uﬂ/ﬂé 2 A2de ARsgty B

o, AAE W& GHAA &)
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- SUURAYT DED
stEAn<—h o s e BOILER FEED
W1 ER
= wax
- aas
Sn——
-} N
[2¥ 5] €219¥ w8719 ME=
< 5> 2993 37 W 2gA ol§
s | uer | R &% AAEE ) 31
Sasol 1~2 bpd pilot
Sasol 1 m 100 bpd Demo
Sasol 5m 2,500 bpd 1993 May Commercial
Sasol
ConocoPhi| Quatar 11 m 15,000 bpd 2006 . 5850 MM.
llips) in Construction
Bureau of | ygp 50~70 bpd il We 24 ¥ 8
15,000 bbl/j
CEA France gasoil /]
Dem.o t;afhgg Plant
China China ~ 5.5m 1997 China*industries)
Diesel 70% Naphtha
18% LPG 12%
ExxonMob 200 bpd 1996 pilot
o 1AZF "AM# ¥EE7] (Micro Channel Fixed Bed)
1. 717/ &3 AL Velocys
2. 01~0.3 mm x 2~3 cm® A% channelfZ2 ¥-&3} Y2+47F 4F
a4, 484 H89A
3. 2FWEAT S channels F7HA7]= WAlo®E REXOE UY3)
7] AR A s,




Velocys
Vs
Conventional
Process Technology

Characteristic
dimension

N\
~0.1-0.3 mm

[Z1¥ 6] Microchannel fixed bed®} 71&9] fixed bede] H]xl

<¥ 6> A4 FoAL AY FA FAE

84} gdet | =4 | A% 3 AR E W3
SASOL I $1200 MM
Chevron Nigeria | Escravos| 2 17,000 bpd 2006 Chevron Nigeria
Sasol Ras $850 MM
ConocoPhillips)| Quatar | [affan 2 15,000 bpd 2006 in Construction
: 2006~ Comm. Sasol technolo
China | Shenhua 2 3.2 MMt/yr 2007 (tendency) 8y
ExxonMobil Qatar 100,000 bpd Study or Planning Stage--
Study or Planning Stage--
Shell Egypt 75,000 bpd $1700 MM
Statoil gcf)ﬁg; 1,000 bpd Study or Planning Stage--
Syntroleum Peru 5,000 bpd Study or Planning Stage--
Australi Study or Planning Stage--
Syntroleum 2 11,500 bpd $600 MM
Bolivia 10,000 bpd Study or Planning Stage--
Chile 10,000 bpd Study or Planning Stage--
Iran 40,000~70,000 bpd Study or Planning Stage--
Shell Qatar 75,000 bpd 2003 the engineering




3. 3. 3 Synthesis gas adjustment

o FA7IEERE dAARY FEHAEFS Axdte FTeg2 /‘}%'3}35‘ <=
Hey Sl ol wel 24v7E & 47k EesH, 2 H, CO,
Cozg,]_ CH4-/] gag. o] /Jz];ﬂ ag—x~‘|7]./\_,] Nxﬂ ;lelo —w—x 44_ ,\]_Q.
ste A7V 7237 Ao wel ¥shy] wEe] FTER 1_01] Eiges
7k2 %A (syngas adjustment) W3- FQ38tH, ofgf I@ 5204 Ao
2 #3AE FEoE 31T 5 Stk

o YRHHQ] o]& WEW HFEZWE AHEE AF A= Hy/CO9 w7t

= Hy/(2CO+3C0O,) < HI7} ¢F 1.057F 75, ZE Zu)jr}
A9 ALo|A Hy/CO HlE 2157} Q7 Hth Wg AAdE g4
oF 20%7) o)|AtsEt AT ABEH AW S4 ko] ofF 2o AMEre] 7} A3)

ol = <F 50%° o2t} w3 mukg/AAANEQ C~C, &9 A &g
QTE

Power

Steam

-'Heaw Ends ]
~ Recovery

Fischer |
F-T Reaction Chemistry | Tropsch |
CO +2H, = - CH,- +H;0 g ;

2.H = -165 kdimol

Effluent Water

# Diesel
# Naphtha

[2" 7] =9 3ALY] F-T }4S F6e Hertss) vhg 4%

o FT 34E s 7= =24 =4S 93 vhSol= Hy/CO9 HlES
13k water gas shift ¥H-3 (WGSR), P|¥Hg e ¥4l G, GO Mg

S 9 ME e (%571 NA(steam reforming), HF-4F3}(partial



oxidation), w4l F#4Fs}(autothermal reforming)), 12|31 CO, A AR
sol dom, ofgol] MFHoRE AT



