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Sophorose lipids from (a) Candida bogoriensisAb) Candida bombicola 

(acidic from) and (c) Candida apicola (1 actonized)
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(b)

hoch2

COOH

CO—O—CH

(C)

g| 2 Glycolipids from (a) Pseudomonas aeruginosa:rhamnolipid RHI,(b) Ustilago 

maydis:cellobiose lipid,and (c) Alcaligenes s£:glucose-lipid
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(a)

L -CO—CH—CHOH—(CH2)m—CH3 

(CHaln

m + n = 27 • 31

HOCH,

(b)

R, = CO(CH2)mCH3 and 
CO(CH2)2COOH 

R2 — CO(CH2)nCH3 
m = 6 n = 8

n = 6 -12 OH

(c)

13 Acyl polyols from Rhodococcus erythropolis:(a) trehalose dicorynomycolate, 

(b) trehalose tetraester and from Schizonella melanogama:mannosy1 erythritol
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H»*atn'acorrt«oe.(.?a

H«*atri*cootanfl.L«P,(200mg/0

Hex*tn*cont»rKi
(4O0mg/0

-8—e-*

TIME (HOURS)

FIG. 3. Growth of the Pseudomonas sp. on unmodified and 
liposome-encapsulated (-Up.) n-hexatriacontane. Symbols: •. 
growth as determined by protein increase: A. growth as predicted 
by nonlinear regression.

0 4. h 'J73^>0
Pseudomonas sp.(Di§M

Incubation Time (hours)
FIG. 7. Effect of rhamnolipid concentration on the mineraliza

tion of octadecane by P, aeruginosa ATCC 9027. A mixture of
(^CJoctadecane (1.55 g/litcr) and rhamnolipid was incubated in 
mineral salts medium with P. aeruginosa ATCC 9027 with gyratory 
shaking (200 rpm) at 23*C. Mineralization was measured as de
scribed in Materials and Methods. Symbols: #, no rhamnolipid;-V, 
rhamnolipid at 100 mg/liter; Y, rhamnolipid at 125 mg/liter; O, 
rhamnolipid at 300 mg/litcr.

0 5. Pseudomonas aeruginosa ATCC 9027 \Z<k.£J't79zrt)XD

U b" K6D3&S:
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Incubation time (hours)

FIG. 4. Effect of rimmnolipid on the development of ceil hydrophobicity and biodegradation of octadecnnc by /*. aeruginosa ATCC 9027. A 
mixture of qctadecane (3.9 mM) and rhamnolipid in mineral salts medium was inoculated with /’. aeruginosa ATCC 9027. and the resulting mixture 
was incubated with gyratory shaking (200 rpm) at 23*C. (A) Amounts of protein were determined as a measure of biodegradation; (8) cells were 
assayed by the BATH test to determine hydrophobicity as described in Materials and Methods. O. time point zero measured with cells precultured 
tn Kay’s minimal medium before dilution in the minimal salts medium used in the experiment: •. no rhamnolipid; O. 1.2 mM rhamnolipid; +, 
7.6 mM rhamnolipid.

EH 6 £ Pseudomonas aeruginosa ATCC 9027 fdy<D

Wash volume (FCPV)

Fig. 1. Typical trends of octadccanc removal from soil 
columns by non-recirculating washing solutions. Each curve 
represents washing of an independent soil column by the 
indicated solution. Washing by the Triton X-100 solution and 
the UG2 biostirfactant solutions 008% rhamnosc. 008% 
rhamnosc + 01";, pyrophosphate and 0 3% rhamnose + 0 1% 
pyrophosphate was performed in a different set of experiments 
from the other solutions. RLs — rhamnolipid biosurfactants 
produced by aenifiituisii UG2. expressed as % rhamnosc: 
py = pyrophosphate solution. Symbols: (----) water; (A) 
casein: (Cl) Tween 60: (O) Triton X-100: (■) 005% RLs: ( A) 
0-08%, RLs:(• HK)8% RLs + 0-1% py:(x)0-3% RLs + 0-1 % py.

HI 7
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pa#/; w

Mycobacterium
sp.
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sp.
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Mycobacterium
sp-
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Arthrobacter Yy^mH Triton X-100 Norionic > CMC /N+if FA y iSEFfflSS- pas
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{EiS/iU

Candida
lipclytica
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-CMC KFAy ?ut tsm

C. lipolytica me Triton X-100 -100XCMC KFA y pas
C. lipolytica B# Tween 20 > CMC 7A-A ya^% a# pas/; L (F/Vn-XTx 

pas/; D
C. tropicalis Be Tween 20 */fd-y > CMC 7/i/A y&^% ?Ufc pa# (F/i/3-xT. pi 

s/;u>
C. tropicalis Be Mix including 

Tween 85
Mix > CMC x+frAy sm

C. guiltermondii Be Scourol 400 < CMC 
(0.05% 
v/v)

7/i/A yfg^i pas

C. albicans. C. 
guiiliermondii,
C. krusei, C. 
lipolytica. C. 
parapsilosis, C. 
tropicaRs. and 
Picha farinosa

Be POES lauryl, 
strearyi and oleyl 
esters
POES straryl 
and oleyl ethers

> CMC 7/i/A yg-S-to <MW)HLBT&FO
as

(EiS (POES lauryl ether 
T'fflS)

Note: SLS = sodium ligninsullonate. Spans's = tatty acid esters of sorbitan. Tween's = poly-oxyethylene derivatives of sorbitan fatty acid esters, Briji's = 
alkylethoxylatcs, Marlipa = (1013/ 90) alkylethoxylate (CUES), Triton X-I00 = alkyl (octyl) phenyl polyethoxylate (C8PE9.5), Triton X-102 = ally ! (octyl) 
phenyl polyethoxylate (CSPE12), Tergitol NP-10 - nonylphenylethox>'late, CTAB = cetyl (hexadecyl) trimethyl ammonium bromide, SDS = sodium dodecyl 
sulfate, Alfomc - (810-60) ethoxilatc (CS-14, E4.5), Novel Q - (1412-56) cthoxylatc (C12-14, E5.6), Neodol = ethoxylated alcohol. Noigen EA 120 - 
polyethylene glycol alkyiaryl ether, Noigen EA 141 = polyethylene glycol alkylaryl ether (nonylphenvl), Noigen ES 120 - polyethylene glycol ester 
(monookate), Noigen ET 120 = polyethylene glycol oleyl ether, Piysuri A219B = polyoxyethylene alkyl etiier phosphate, Scourol 400 - polyoxyethylene oievl 
ether, POES = polyoxyethylene sorbitan, PCBs = polychlorinated biphenyls, PAHs = polycyclic aromatic hydrocarix>ns, HCB = hexachlorobenzene, CMC = 
critical micelle concentration, HLB = hydrophile - lipophile balance.



C. intermedia mm POES lauryl, 
strearyl and oley 
esters/ethers

> CMC 7A'*yE£$ SiKiU

C. mgosa and 
C. petrophilum

mm Tween 20
Span 60 A

 V II -X777A y PMfil (7/L3-XT 
FlSttL)

C. tropicatis. C. 
guilliermondii, 
Pichia m/so. 
and Mycotorula 
japonica

Tween 20
Span 60

n-<*ys > CMC ^71f 77 y ES (<CMC ES4" L) 
(yvn-xTB^/jiL)

Mycotorula
japonica

mm Tween 20 > CMC 7/t* y&*% R(fc ES (7/L3-xT'BS7 
L)

M£b pah »mm SDS > CMC 
< CMC

7if-yxpy E#

m&m pah ftmm Commercial
series

> CMC PHAs f£ HLB {<15) T-6
&ES

t£iS. FIS

pah e*B Bruij 30, Tergitol
NP-10, Triton X- 
100

fys > CMC 7xf-yxuy ±S/tKS(±S4- FIS (<CMC FIS7' L) 
(7/L3-xT'F1S/aL)

a-&B PAH Commercial
series

^'f^-ys > CMC 7 si-yxuy ±S//k.7 FIS (CMC L)

a^-B Bruij 30 > CMC HCB ES (CMC F1S4'L)
me# rn.im.fgMM Tweens 80 and 

85
#T^-ys > CMC HCB ES (CMC EiStiV)

g^B Alfonic and
Novel II

< CMC 7 xf-yxu 
y . fc'7 X—/V

±m7h ms

s-s-s ±m hc Alfonic and
Novel II

A-f^-ys < CMC 7 xtyxb 
y .. fc'7x—/L @6?

(Sii

a^B Novel II *77 y < CMC 7if-yxi/ 
y, fc‘7i-/u

±S*7i sa

Corexit a-tuw 5% v/v SftiS ±8%-{£zS-S-
S'&B Corexit a-RA 5% v/v X5V~U7^7 (ES
a^B BDOW series 1 to 7% 

v/v
Eiti i&zXx j§7k$ (ES. ES

a^B Commercial
series

*%** 1.25% v/v iSIv FIS

HC Emulsan Ei6*07/L7
y>

Rfk ES

^-RB
#

Emulsan
y

R(k FIS

^RB
ti

Emulsan E/d7©$®@e Rfk ES4L . (Ea

Pseudomonas
sp. &5B

Liposome v yii 
K

> CMC C18 > C367/L
A y

m^;:i±me %a

P. aeruginosa 9A7ve K > CMC 'N7777 y P. aaruginosaiZ#
AM

(7/L3-XT. FIS
4L)

P. testosteroni PCBs %a
Acinetobacter 
iwoffi and P. 
aeruqinosa

K* •x7777 y (sa

Acinetobacter
Iwoffi (C16-18)

sa

Acinetobacter
iwoffi

aeumsg -^7777 y ES

Torulopsis
bombicoia

mm y.t.oij t" K '■<7777 y T. bombicolatZ'
59

%a ES
4L)

Rhodococcus
auranfiacus

/UnV fc" K > CMC 7/L7 y (sa

a^B SflgzE 77 V yt'i 
M

77 v y FIS 4 L

a^B mums Wo-XT' 77 V y FIS

<£.m yj o u t" k > CMC 7/L7y-%# (&HLBs?e#iSm tea

Note; SLS = sodium ligmnsulfonatc. Spans's = fatty acid esters of sorbitan, Tween's = poly-oxycthylene derivatives of sorbitan fatty acid esters, Briji's = 
alkylethaxylates, Mnrlipa = (I 013/90) alkylethoxylate (CUES), Triton X-tOO = alkyl (octyl) phenyl polyetlioxylate (C8PE9.5), Triton X-102 = alkyl (octyl) 
phenyl polyethoxylate (CSPE12), Tergitol NP-10 = nonylphciylethoxylate, CTAB = cetyl (hexadecyl) trimetliyl ammonium bromide, SDS = sodium dodecyl 
sulfate, Altonic - (810-60) ethoxilate (CS-14, E4.5), Novel H = (1412-56) ethoxylate (Cl2-14, E5.6), Neodol = ethoxylated alcohol, Noigen EA 120 = 
polyethylene glycol alkylaryl ether, Noigen EA 141 = polyethylene glycol alkylaryl ether (nonylphenyl), Noigen ES 120 = polyethylene glycol ester 
(monooleate), Notgeu ET 120 = polyetltylene glycol oleyl ether, Piysuri A219B - polyoxyethylene alkyl ether phosphate, Scourol 400 - polyoxyetliylene oleyl 
ether, POES = po!yox>'ethylene sorbitan, PCBs = polychlorinated biphenyls, PAHs - polycyclic aromatic hydrocarbons, HCB = hexachlorobenzene, CMC = 
critical micelle concentration, HLB = hydrophile - lipophile balance.
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1.3.1 7A / y t° k£SB

7^y U h° K5feSS<h LTtix Pseudomonas ##@(Z^fPseudomonas

#mB©*(:(l^<b7k#%{t:^©i^l^©A<#<s Cftb©WB©^<A<7A/ V t: K% 
t'©$181 -5o Wagner6(is Pseudomonas jH5E8©7 AV V h° K4=0

#fMC"3UT##^Ls C 6(Cj;^T^(DA#%A<i#A0-#-6 C
6<&%b^(cL/=o %#%[#©7Ayyi:K#miis I2g/1 mmca-e
mLs c 6 (CckC 6LT^a"«

Fiechterbti^ P.aeruginosa DSM 2659 (Ci;aA-f □ -y h XX~Ji'X<DMWi^MK^>l'>X 

#^Ls 2.25g/l ©#m©7A/ V (: 80g/l/day LT

u a* \ =k ain: wwa ft%u a s\

1.3.2 h U/\D-xy E K£SS
Mycobacteria ©SBBiSliWSI <b LTH-V/cSfl/c h L/^n-X U t° K(is %@Sf4fF

m©a.%>,-fs Mycobocterza

JiltM^fcs Arthrobacter flUffljSt3 Rhodococcus 1©||®^4Stli ^ ib/>'t:$ 
flTV^ao A.paraffineus KY 4303 (i%#%[#(^s 1-3 g/1 (DM^.X h l/^n-X U h° K 

^Hfit'a Ctfi< Suzuki b6) fdcfc -3 Tfg^$tlT^a0 Wagner bits R. erythropolis 
DSM 43215 *<s ^k7Km%%^muac6KJ:^s ; h
V t: K&^BLs %###=^X.a6 3/\^^#|#(cj$-3X^>/y 

k: K^A^t-ac6^#^LTi^a^o

R.erytkrobolzs DSM 43215 #©^@ygMA^%(is ##$#%#%=# L < Ls
ac6c j: ^mcmmt-ao %m^©#@^m#^m(f#^(Csi6g/i 

mmc^Ti#5n^-drac2:A<%6#^$ftT:wa"o

V 6 LT^#^ft/: ^.erytbroboHs

SO 74 #kL ^fm^X^S/y-fyl/Hy/^a-xy k: K^r 15g/l ©iR#TAmf-ac6^s 

UchidabC^^^^ftT^a" "o ^m#©^m#(is 2%©NaCl
ffo 2:Hix±ifinLs 40g/l lztXMi~&o



1.3.3 VTtsD IJ E
Vt'D V t° LTti, Torulopsis ^'ftlbilTV&o

T.bombzcola ti/;l/n-X%%-Cy*aV 1: Gorin tij;-3-C%b*'
^r(D#x T.bombicota KSM-36

6C<b(:j;D. 100g/l J%±0y*nVt:K&&mf&C(bd< Inoue>,(cj;^T%g,^(C 
^ \ c ® v ^ a u t: >, $ ti. 6 L *

flTU6o
T.bombzcola IMET 43747 ti/7l/n-x6^7x9-#(Dm^mE^^#^<Dy^a 

Vt:K^ 90g/l COV^o'JlzKti
y 7 A L-c^i c 6 & % & a^c a %% u & „

1. 3. 4 7>7'>JI/Xij|siJh-^ijb°K4Ii 
COEflaEti, Ustilago )Sto@tiJ;D ?>n-xigWti lOg/l

-e<D#. CWzda #0##^^
35g/l oiRW#>,^T^6o 

Kitamotob|i]S 1-n C.antarctica T-34 iW<£x>

y^;L/x:U hV h-;l/Vk:K^ 40g/l
C®^6 C 6 (c3; D x ^titiMtiJiSo U t>%"e

1.3.5 -eo#(D#mE^mm
CS3:Tti^T&/:E8gEW#0%#H#E&^f LTti, tatf^-XV
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1.3.6
Corynebacterim lepus tin — KSf ®T v7l/#oR^l?^»3 n 'J y ; n — JlM&ffeityk

Cooperatem;y
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1. 3. 8
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>£s y —1 ~5g/i g$4.S"f'^>28)o H-T-td-jiffy

df~fMd) V dS'0-%M~C'£>&o Corynebacterim hydrocarboclastus
5-69/1

%Rff@©^#-#^©#f8 7^'#x. 6 tlT l' Z> o

Candida lipolytica (1^ U >;& 2g/1 HgE^.iE'f">E>
C. (h^30) n ^ /c> Pseudomonas fluorescens 378 #W\ 100^|SS©^.$-f'§ C

^Wococais jg©%#t)^a@^m©^:#/j:yV 3 v di



(##:%# : 1. 3 )
1) 47, 499(1989)

2) jbkt. Wb#. 41, 839(1992)

3) Wagner, F. et al, The 3rd European Congress on Biotechnology, Vol.l.p.3(1984)

4) Reiling, H.E. et al, Appl. Environ. Microbiol., 51, 985(1986)

5) Koch, A. K. et al, Bio/Technology, p.1335(1988)

6) Suzuki, T. et al, Agric. Biol. Chem., 33, 1619(1969)

7) Kretschmer, A. et al, Appl. Environ. Microbiol.,44, 864(1982)

8) Uchida, Y, et al, Agric. Biol. Chem., 53, 757(1989)

9) Uchida, Y, et al, Agric. Biol. Chem., 53, 765(1989)

10) Gorin, P.G.A. et al, Can. J. Chem., 39, 846(1961)

11) #41#, 36, 748(1987)

12) Konig, S. et al, Tenside Surf. Det.,28, 362(1991)

13) Boothroyd, B. et al, J. Biochem. Physiol.,34, 10(1956)

14) Kawashima, H. et al, J. Ferment. Techno!.,61, 143(1983)

15) Kitamoto, D. et al, Agric. Biol. Chem., 54, 31(1990)

16) Kitamoto, D. et al, Agric. Biol. Chem., 54, 37(1990)

17) Kitamoto, D. et al, Biotechnol. Lett.,14, 305(1992)

18) Frautz, B. et al, Biotechnol. Lett.,8, 757(1986)

19) Kim, J.S. et al, J. Biotecnology, 13, 257(1990)

20) Cooper, D.G. et al, J. Am. Oil. Chem. Soc., 58, 77(1981)

21) Tabuchi, T. et al, J. Ferment. Techno!.,55, 43(1977)

22) Mulligan, C.N. et al, Appl. Microbiol. Biotechnol., 31, 486(1989)

23) Mulligan C.N. and Gibbs, B.F., J. Chem. Tech. Biotechnol.,47, 23(1990)

24) mmirngk 66,559(1992)

25) Mclnerney, M.J. et al, J. Ind. Microbiol.,5, 95(1990)

26) Laycock, M.V. et al, J. Agric. Food Chem.,39, 483(1991)

27) Matsumura, T. et al, FEES Microbial. Lett., 61, 243(1989)

28) Gutnick, D.L. and Shabtai, Y., Biosurfactants and Biotechnology,

Marcel Dekker Inc., New York, Basel, P.211(1987)

29) Zajic, J.E. et al, Biotechnol. Bioeng., 19, 1285(1977)

30) Cirigliano, M.C. and Carman, G.M., Appl. Environ. Microbiol., 48, 747(1984)

31) Person, A. et al, Appl. Environ. Microbiol.,56, 686(1990)

32) Finnerty, W.R. and Singer, M.E., Interfacial Phenomena in Biotechnolgy and

Materials Processing, Elsevier Science Publishers, B. V., Amsterdam,p.75(1988



1. 4

1. 4. i

#^#LTua6f-w^ mm(cj:a%m(im^uct(c
$>^ao L^-^T. cc-cmmfa^msmqomAn^
^b7km-e&a/c)6. ^##m^%mm^iPi±fac
6&##LTua ^oT&ao

amA#^(D&m6 at
z,N%ao

act
ua« c@j:9(c.
at®0. t(iA^>)^:i\o

u/zt). @e^act^%t^am^#(f^fiao
u-c, t itm u % a< g, ## $ %% u a ##j &

^ <U E OR (Enhanced Oil Recovery) t>©HllK^©fiJffl^Rlt^^C t

?^^fi-cuao eLT.
f 0##m® 6#& t ±# t L g, ^ a o c 0#wwm
t «r#{k##*<. v^Ttoa 9 cm^a^m scat &f:o

3 & 11 a#@;5ftmmm

#Ub## (xv;Vva ><dsj$)

6>#<sm

s\(DBW-

T^-txn, iijmnom±

-32



<&^9C
6 u 6 #x. 6 ft. ^ fz -e ft^##k^KfG 6 ^ 6#AW<AE#&®%^ ^ % u

(i. 6 ' 6 c 6 tc <k 6
f)06mt)ft6c /z/fL. T;i/^>6^##(:f]UTf(DB#^#^6C6W^$ftT

(f aK#fm® ®msfpmcz -o T. c

8$6LTm#6%5C6t)#S$fn:l'5o
-ou-cti.

&6c L/c^-oT.

^6 % *). c e c 6 c
c^*<6o ^/z. ##

±#c j; ^ wsm^® ti##j 6 /i 61) o®.

^20^#%cr6(c. L-re#%<. LT#^
6<^#A<&6 6mf)ft6c

#4 #@^%aic«tam&#/\(D#m#oipi±

StSMfc St©* JS u^Oi# Jjp (Cck6A±

SSe<D^ifc$mcd:615]± midWtelcM#^: <)

SS<DlfflflS A^OliaiiSBfc J: 6 Ir]±
-* a X o ly^;i/T-©S*EE<D{$jl$j)S:

>tfS£i*'E>0t{b,J<S©J: "5 ti^WE^lK© ^

r#?a (-y-4-x) j. %^o##(z^#f6c6^%g,ft6c ^/z.

c 6<D^gxsm%m-c*6c

A:(zm#|# L fz#B^ 6%4b L /z () -#- 6 C 6 6##A#(zMa#K^^
#$t!r6C6&m#%:0)^-C&6o cft(i. m—o^T^a^L/z^B-e^^a^

-33-



6%#-C&6o 3 3(c. ; ^ O l/<vl/T(^ j;^ ; t

&Lbz)J;9^ ^bk#®j:9^mz§#%0WmKa

ammjCMf Rouse J.D. et al., (1994) 6
Banat, I.M. (1995r^#mL^^6m()^6)66o

1. 4. 2

ewf, #

LT, ^6% 6 u % t> @ ^ ft

m#-e#MLTU6e^t)&6o mk7K#0##^^b#^e-#-6C6 6 6^C. J:7

vi/^a >6 ^c6 -eo#0Nm#^c
^a>-tl-<X0Kfk7K^M8%LT)#mLTU6C6*#m$flT

etid,

-efiG)(D9t,/J\$^thvrX(D

a#6®#sfpm^K# tc UT, J:

#%. 6#Ac,

f##*T&6M^k*#Ml\T#f@&6Wc^9C6-^ (iUAT

#c. 6%AA<me6%6o

£>6 CMC (Critical Micelle Concentration)

?jb6c6^mmL-cmbam%#&^mM-#-6^#*<ab6c



; tvi/BE^^-oT^ac

1. 4. 3 MiS^gS^<t©^igttSI0l^ffi5ftffl
^##^ac6(j:+e(c?m$fiTU6C6T^6o m

Triton x-ioo

V^fo

3fx CTAB i) SDS

c 6 ic% a„

K#l(:(i, toSSE^SE#5&(Dt LTE®<b t t>KS6®^E^LfcB"?

#%LTi^o

; t;i/

c 6 4)& (p 9 60 /z/c L.

0%#j^WLT^6o 
at. mmaem# (Ci« ^g,ci»)

2rc\ i^CCB ^6Ciz 6#^t)^6o C0=k9^^ g^

1.4.4 mmLtzm^mit^o^m^mm^
^4b7k#®7k#4:®#&#(i^ -k;i/BE(z=k$)0®. ^0^4L*#(D#^(z

##LT^6#(iM^LTU6o
6^#^#8t(c##Ta,6/:A(ceca(, ^

j: r) T3CE3 /:$!),
= -Wl/d'G,gm(c#*&3dt6C6(c^:mA#@g4kft#m:#±^BT##f a6(±#^_ 

/z/cL. &e%A#(c6-3T^#c^@^6(a^mu##(c%aFT#m$)m 
a/c. aeg0;t;i/0#AK4l:zk#0%#. #&d<;%a<!:#<%uc6&&

C0#Alc(a

L ^ L ^ 6 (C (im -3 Tl ^ V v

i. 4. 5
a#amt#r#%V';K (Neodol : 7;l/+;l/#Ciz ^3

Ci5 &#c ethoxylated %;1/3-;|/) ^mu/=%^4k7k#<D#$#!^#m^x f'vA



55 ii' 8 Rm 4 m Pi c
8 % # 3H S)

# >£ S- n 9" 55 2^-

4 ilnt y s^
il' * a 55-

$8 Ot # W 4
E d IE n > d rt
Mi 8 d Pr at- St" # (4
3 8 55

>•-
? (X n> ht

fin ft # (X ft 8 e>4

3SI g *y 4 rt Pr S) Si
B m % # ll' 55 1
qi 4 8 4 77 $ s # Mr
4 w- % 4 Ot # 4 Pr 4

04 it M 0 3ft 04 Ok 4m

to au|i o to d

% 4 4 to 4

4 4 04 # rt- o<
St- 4 % 4

y th 0

77 y m A ae m n- r<
to £ ss V ; # ft 8
/ d 8 n <4

4 /~\ to B 3 M
d % B y D> Pr #
71 55- % $ iff H- 55- Or-

s # s> 4fti 8 # V
Mi S' # 531 #s n y 4
X 4

v_y 9- Ok rft hr g:
U 4 55- nn- 55 4 till %
Q % » St- 4 8 Si
4 m m 8 0 £nn 4 3ft
o* c* Pr 4 r o<
4 4 4 S c d n m
m 4 04 $5 y <-

v ' 4
8 O 4 d A hh 4

E 3E rt rt 8 c— # &

4 & Pr ' 4 If 8 4
A ft 4 [+ % M S (X
k- / # nat- n 4 m
8 n s m
Si

g
th 4 ft y 8 4

S 4 8 d 8 S # —*•
55- 4 w- y # Oik 4 ti- & 04

c* s? nlli o m 4 04 n o n 3ft
4 04 8 4 # g: n ft ft to Pr
4 0 # o< i4 Pr 0 rt 55 sa CD

# d 4 % <r 4 # d y $
8 n § i3f * 55 8 3H

Si M 8 4 4 n U' c IS 0 # #
5ft # # 0 nilt ht (4 y n d 4 &
m > 8 d d 3ft $ * * 55 #

n # to n <— c IT' A
4 d sPdm > S 0^ # (4 d y # 8

p B 55- # s 0 % SB 4
g C“ ti 4 r* n # Ok
c~ 4 d ll' 04 ?t 4 ti 77 A
n y Pr 8 55- 55- 3^ d Si ll- ft 8
M IS fv # 55-

/•• J 4 <r 5ft 8 Fm
Si @ 0< 4 d 04 04 /X =Dr

(4 5ft r 4 m / n n 4 8
31 S rt ( 8 n 3ft Pr Pr 8

4 A 4ff to n 55- * # m
y 4 <4 4 m Sfl 4 # m 4 55>/,
3ft 4 4@ <4 % # c oh 55 55 y

m Si 04 ft z^s m Ok A
H- 4 5ft Pr 'ft i*m H- # 77 gs 4 4
# 04 <4 y :Dr # 4 d 4 4 4
n If m 4 Pr 3ft 8 4 d 4 Si
4 m 8 <*' (X <~ & d-
4 55- vj' % 04 y cv 0 04 m V
4 * 8 3* Si <4 # 4 r r< d 9-t
w m 04 5ft 8 # ?t Pr to 4
c~ r B 0 ff Pr 8 (4 55- 55 A 8
d £t m Pffl 3ft j" w ter-

iT~ <-* * ft th 4 d Si n rr
04 % (4 4: d- ft Ok y Mm Pr 4

# 04 4 4 m 4 55 *
4 d m|i 0 x-/ 04 m # (4
# y 4 8 r< 4 E -J'
n bn rt- 4 hh 4 ti- 4
4 # n d # 55- V d d d

8 A 4 4 4 <- m 8 J #
# 55 o< # A F& B8 4 04 S 8B Pr d cy iff
b II' 0 8 Si <4 a S d- 4 to Q. 1

rv m y n> 8
# j 4 S 5ft 0

4 4 8 y th n # S

(4 A 4 d n <r r4 d # 4 8 (4 a

4 Si th 55 S 4 4 B DJ> m rr 04 4 m (4
5ft 4 y 4 & n % n> 0 I @ a

Djljll y 4 B rfr h (4 d % d A w <r~

4 m. Ml B Sl y rft W> Oik 8 d % 4

04 8 n mi % V Sl % 4 04 to Pr
% u d 4s if V B d Pr m 4
* oft M 8 n 8 % 4 d ft 4

iff ft

4 
Sl
ot

0 0> n rt

to Pr 8 4 4 B # ft 'M o3 to
C 4 til # B to d n n> A 8 & ft
y n ^4. <- m 4 to y ft H$ l>
M to U' to 4 04 4 B Sl y

m c 4 04 55 A 4 d m to iff Ot
1#
iia

EB
w y 04 y 4 Oik 04 % m n 8 a
4 ft % d 55 OT& S Hffl

4
04
ft

to
55

8
$ # » 3 8 4 (7 4 8 4 to at
S SB y SB n at 04 04 $1 d n jmf}
m W B jmf to 55 55S g to to s
; (4 B th @a # <i$ y / c hr
m $1 M 04 # ^4, ^4. & fto 4 # A 55

to ft 55 II' H' 8 8 QlOik
04
to
1

Ok
774<4

# d 8 5l to M 4 4 <4 to ft
55 Oik Mr d 04 04 o< B Ok

04 mi ft 4 4 o 0 n B M 77
4 fV A c d nn|i S3 n # m 8 y

# 8 4 iff rft <r <c~ m m ^s< 55 at d
o> Pr d 8 Sl €>4 n ft 04 hr B 8
71 m m S V hi- to to 55 ri5 at
to 4 hr 4 B y to ti- 8
y 4 s y m to to 8ti 4 i to 55

0>o@ 04 ant-
CCT 4 # 4 y u d o< n> itffl

nn 0 Pr ft m d H 3rf % to n th 4
rto

T 4 4 th to f> B Eff iti A y 4
»
g

55 nn|i 4 4 m d 4 04 ?t it
55

-2K
rv

4 4 r$ il' a- % d o 4 4



Monod MT?#% < , Monod &#%[#&& (&%#&/###&) (C##
#x./c Contois Ltltiw $6l4ix

6 6 LTtf;Hb^6 C 6 >,^,60

L/c^-o-c,

mtcmmT#%uc 6-f;i/#m&

###" 6 61 Mt>ti6 o

&LTl\6C:6*<#x.G,j%%o L/zA<-3l\ A#0^{b^a-(r%^^5#^(c^ 77

#ira##aT#mL%\ pi#fi:^(mm-c#6w<^@6^6o L/:*<-oT. 

0#*^|S]±^6^Lk(:x -eo«k 9 ^^<bg&^#Wk;gg660M#T 

6"-^ 6 % 5 ®w<mg6 ^ a OT. & ZNc

-D-c.

##f a c 6^m##-e^a 6% 3^60

(##^# : 1. 4 )
Rouse J.D. et al.(1994): " Influence of Surfactants on Microbial Degradation 

of Organic Compounds ", Critical Reviews in Environmental Science and 

Technology, 24 (4), pp325-370

Banat, I.M.(1995): " Biosurfactants Production and Possible Uses in Microbial 

Enhanced Oil Recovery and Oil Pollution Remediation ", A Review, Bio

resource Technology, 51 plp-12
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7d#fr (-^am CkL 20-30%@&LA^iR%r#^i\6
#6^TU6o
a« cfic^fLT^

i#A$E. 5#(D[miR#^|S]±$-Wr6C6^Z:'H%[n|lR&aiXij#mimiR (Enhanced 
Oil Recovery: E OR) if?0 -o TU < -? T E 0 R

R# ^ <k m## m 0 &mai# A^<#^ (zm#cvz-3T#-cu6o

C ® E 0 RR#cmA#^#m L <k 9 6 U 9 «9, E 0 R 3 fc #M E 0 R
(Microbial Enhanced Oil Recovery) £l^(£tlTU£o ©tUlR^^^fiTf"hiiA® E

6s#OM^?LI#m(cW<#^A,-eUT, #0%^A<i#5W:a6, 
*&EALT&#d##L(:< l'C6T&6o Lt>^—T%Wc^
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(3) MEORtDFtmS

CDe3Xh<&T(f%^6^T&6yz36W$ij(c^6o

# 6 (C (j: u < -3 *\(D RMm6 o

(a) ##&#
mm-e^/zckoK, wm±&4#W(D&m. g#, pH,

uA#@o^-com#:^m-<a c 6 imm-ea a /:6,

*<&6C6^$b6^6c #@4:K(d:@g#(i%(!:'#%L^U(D-e,

6 ^ ^aym-r & 6c

(b)

6*(:#L%tm#% 61:

##6L-ct7t% cm##) &mu&;5#a##3frcuaa<, msacj;-?%##%
"C#%U3% Mc%6o

(c) -€■£>*&

toE^cDSSl^tDEEti 1 —10/zrn static ©*?-#£ LTfc *9, #^:#A

v^>/(j:MEOROW^^&6 LT##$^TU6^, 6C£

bVXr£>6o %-oT, ##(cC ® <k 9 %L: ^ V ^ C

6 LTio < ##&<& 60

2. 1.3 ME OR9f^016A
(1 ) 1^01^

m^#^#@C&ALS#®^g^Lj:9 6U9MEOR(Dm±(i, 1926 $(:Beckman 
KJ: oT6|7|(C^$$ti/-Co -€"0#, Zobe11(iAP I (American Petroleum Institute)-^

hT, 1943 1953 5%®6%acMf6#A#
zobeiio^o#^

T(i, SfEStiSTcIS Desulufovibrio hydrocarboclasticus

^0#, #(D%^#^mUT7A@4:(Ct7 

%%0MEOR0#BA<o<
1950 1960 fpmcZMj-T, *B, V@, ^mSTMEORO^^-Vl/Kf-X
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1970 #(c*STtL DOE (^
; Department of Energy) U & „

(2) mftfc&VZWftikR

6O-7O%^B^/c()0am^ 10BPD(16001/d) 

MEOR®#^##LTU6o

pJr (National Institute fo Petroleum and Energy Research X 5 is if

f-4-1; i/i/y h°—;*C^X I NF L (Idaho National Engineering La-_ 

boratory) U5o

(3) iotm (C fc 5 ###%

(TRC) T, 1987 #d\&MEOR0S#

MEORCW%6mt>ft6#%^W^-6#A%^ei#L-CU3o ME OR

l'-(X -71/ Kf-% h&fT9M#a<&&6N!l'TUSo

(##^# : 2 . 1 )

1) mm (## '93 . 11-14

2) Vol.l5,No.9(1992),33~37
3) Rebecca S Bryant, Developments of Industrial Microbiology, Vol.30, p255~267
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MICROBIAL FLOODING
Recovery by this method utilizes the effect of microbial solutions on a reservoir. The reservoir is usually 

conditioned by a water preflush, then a solution of microorganisms and -nutrients is injected. As this 
solution is pushed through the reservoir by drive water, it forms gases and surfactants that help to 
mobilize the oil. The resulting oil and product solution is then pumped out through production wells.

(Single 5-Spot Pattern Shown)



04 CYCLIC MICROBIAL RECOVERY
A solution of microorganisms and nutrients is introduced into an oil reservoir during injection. 

The injection well is then shut in for an incubation period allowing the microorganisms to produce 
carbon dioxide gas and surfactants that help to mobilize the oil. The well is then opened and oil 

and products resulting from the treatment are produced. This process may be repeated.
Schematic portrays one well during the 3 phases of this 

process. Flow pattern is stylized tor clarity.
INJECTION INCUBATION (Shut-in Phase) PRODUCTION

Hours Days to Weeks Weeks to Months



2. 2 PAH (Poly Aromatic Hydrocarbon)

2. 2. i
(1)

& in situ treatment 6, 6

ex situ treatment (d^cSij$ tl6a

r: Water Circulating ;£

r in situ (j^*fe±%

csXiLT : Soil Banking^

(Windlow Composting ;£)

1 X'y V —\\L : Slurry-Bioreactor ;i£1 ex situ

(i6T7k) : Bioreactor

m5 «±o^7ru>T^i-v3

(a) in situ treatments

-e(i, #(cmg-e^6o

«) Water circulating ; 7kCDS^T'ES$-ttl^t"^^>S

v ^L^%T7k&m±-e#^LT.

V > K - <b#%#^^T®^^±<D^btcmm^ttTU'So

W^TC&6o
6C6T, 7k(:*f6##0##jg^#wc6^A-e&5o C<D

ft#6 L%\ jiE<b7kS7k<DSto*'iEffl£ tlXV5o Meier^<D%H(C J;tltik AE<b7k 

#7k lOOmg/L T^±##0^W(i5%@jKm]$i|$^6(cm#^:U6LTU5o 
(□) Land Farming ;£ ; L6

— 46 —



r'iSiLTi'traWl

6 wMmummom^m

i&TTK^fiJffl LfdlHk*yS£3EL TCx-5)

(b) ex situ treatments

('f) Soil Banking^ (Winnow Composting >^, Soil Piling j&)

##k tz±<D'friti^ itix^o 5fe©

Land Farming i££|sJ$|f;:N ^i&j£ LtiME^frbtlTl x £o W^O

5#A^©@^ ©Mbk#(i c ©;%T3W^ < ttT # b

IH 7 Ex situ treatment <D—0(Soil Banking |C j;5)

( □ ) Slurry Bioreactorji

c t -3 6 &3MT& D. =k < &

i^x.Lbti-S/iA $ it ZcVfJtiS □ $ itT l x :& l x 0

- 4 7 _



(2) Bsoa&m

LT^-77ff> h©@mA##$fti:^eo

#6%e6@6©#

M©@^b)BtUt\ in situ © water circulating yfe^& -o t s ^

h©%#^#8#F$ft6o
slurry reactor c 6 t,^- < ^ — 7

rff >h©0M#^%l^'&Lft%Uo 7K^T&6C6^>»-V--7 7^^>I'
©#^#^^}©##(C##(C##$ £t^ tK©

##^b#^.66^ soil banking i$<hJtlSLT water circulating ^(Djjfi^-y r 

9 9 y bfct-oTffit L < > -^©#50#^:^%#"^# 5o 

■?r<I'T:\ in situ © water circulating ex situ © soil banking ^ slurry 

reactor ^© 3 -3©^^^-DUT^
(>f ) Soil Bankings

Bio Treatment ft:© Ellisb(4^ S#%#©#<^%±©^@±^ 2 m 2000m3

soil Banking &-em##m©^mn:#^^%i\

ifflLTl^o HI 9 12,980mg/kg ©#### (#^#^6^) ^ 34#

^©M@T. 90%J^±^#$^ l,273mg/kg fC#mLT©6o 
SllJ L V 3-£ yyy- b_htc 60cm ElM^spading U

T. 25 "C(cm#L. ±#7k^(i 15%(C#SLTU6o ±#©N »
(6@) %#%

M^piz 3 Ltl^o

so ##^±©#:^b. #©#### - <s*m -

i£L> Cyanamid %© cyanamer P70 tk>0 1 MM%: 1 : 1 T{$fl9 LTV£0

CO«T* KMATEOEARTH MOUNO/

OPt-UHEH TSoim
GRfVEL F*.T€*

S8 S&g&tfj Soil Banking &©#^Cg

— 4 8 —



HI 9 Soil Banking •£ (Ccfc^^-fbTKSCD^®
Approximate!y 200m3 of contaminated soil was subjected to 
treatment with nutrients,surfactant and microbes. Mean values 
of 99 samples are indicated with 95% confidence limits.

10 iooo-5oomg/kg6<s<^-D/c^#Tm^Tu
•So

V 1200-

sio &MX., -y— 77^v

(Oil hydrocarbon concentration is indicated on a day weight basis as mean 
values of 4 replicates per treatment with 99% confidence intervals. The soil 
was contaminated refinery clayey loam and was incubated at 15°C at 15%(w/w) 
moisture. The treatments consisted : A control(moistening and regular mixing 
only); | nutrient addition only; A isolate 004/2 + nutrient; | isolate 015/3 
+ 004/1 + nutriens + surfactant(lOOOmg/kg ). Nutriens were added as 92mg/kg-N 
and 44mg/kg-P with 70mg/kg organic supplement. Microorganisms were added as 
washed cells. )

-49-



(□) in situ water circulating^

Ellis&kL fc soil banking in situ

15 185mg/kg j)^b 26mg/kg (C##LTl\6o

f ®##(i 10mx20m T\ ±Sti 0.5—1.5m A< silty clay, 1.5

—2.5m sandy clay, 3—8m gravel T&^x ST7Ktiti-2.5—3.0m

Water circulating %TzK%- 8m ^©Af^F^bx 30m3/hr ®/<+aCf

50m3 ©V7^^-^>^^#-Cx gravel
0.21-0.7m/hr

: N : ?&&< 70:5:1 ^##-#-6^3(3## 
(#<D#5<Z) cyanamer P70)

UTWoL-ci'60

4E#^LTU-5,o

gravel initl trie ion 
ytrenches x

central well

<~ 20m ■>

EH In-situ ;iAx
In section the zones of influence are shown: A:-during normal pumping out 

through the central well, B:-when the system was reversed and liquid 
was pumped out using the perimeter wells.

-50“



rnean values (2-6<"l

012 MM±S<D in-situ
Figures indicate the mean concentrations of oil
hydrocarbonsat various depths(20 samples per depth) and the 
overall mean

(100 sampling points).Error bars indicate 95% confidence limits.

$LT>Hurtig ^>tt Fixed Bed Soil Columns ^TV-E>0 * 7 AtC^l.SOOg

mi0g/kgo^%#g), ^110# 

& 4.8 & 14.4crn/hr0mm*T#mLl:U6o ##^0 DO 
LT4mg/m±^##f

ttCUo C^fc^LTx 1.37g/kg-son/day6%FK $
>,(C. 8B#T#8%#& 37%A^g, cellubiose
^JPT' 48%IC/a<9n b 1.78g/kg-soil/day£ft0 W-S0

without
surfactants

Sophorose liquids

Cellubiose!ipids

Rhamnose lipids

Trehalose-2,3,4,2’ 
tetraesters

extent of degradation^)

013 * 7 a 5 *k&}m-M7£m$mm

— 51 —



(after 8 days without oxygen limitation)

/rv 3 v t=

initial surface rate of degradation mobi1ization
tension (oilg/kg-contam.soi 1 (% of residual oi 1

HLB (inN/m) dry weight/day) in the upper soi1)

Without surfactants - 65.2 1.37 48
Sophorose liquids 6.9 33.7 1.71 53
Cel 1ubioselipids 8.0 31.5 1.78 58
Rhamnose lipids 
Trehalose-

9.5 36.6 1.53 46

2,3,4,21-tetraesters 10.0 38.0 1.30 52

(yx) XAU-U TO 9-

Rittman&tL Corexit 7664
^±@X7

(mm^&-o/c6##LTvxa, C0=k9c,

^6^xvv-UTXx- T#mf- ^ c (i6}@kgU0%^*<± # u 6 & ft & o
Oberbremer £> {AX0itt'/^^±^J 135g/kg (#6%: f h 7T* > • Ky^^fij >48%, 

hV/A7l/XXa/\4"A>20%,x^z:7l/A*XlO%,AXXl/X6.5%, y;xXX5.5%) ^ 

fBl\ 1O%0±#^%T glycolipid ^/<^A-A-X7XXXh5@#0^&#M-LT 
tx^o %#. 200mg/l

@14 (C^ j; ? (C. 1 MSI# 6 LT^f AX ^ 1/ X^<

A^-XT^^xhaa^comim^omGm^ 35 17-23 n#m:.
21 #^e,o-8#M(cmmLTuao L@j:3%em# 

^oM#(cAnx.T. /<-fAf--X7^X>h0^An(±^##A^A#< LTi^o ALT. 

®##mTT#. 16.3 23.8—39.Og hydrocarbon/kg-soil/day (C±(f.

25.7 &\& 46.5g/kg-soil/day(:±tfTU6o
(a) T^LA Fixed Bed Soil Columns OAflAit#

6C6T. Van Dyke^fi, Cft^0/<<^f'-X7XXXh^#^'#-6C(h(i^#iT2b 

LA#6C6(c=k-oT^qI#T*e6#^LTW60 

$T. /^^A-A-XyXXX hAg%#^r%^W:(caL. X^TA-XyXXX 
Aj^$-Aac6^#xg,ft6o C0^(C-3UT(i. Jaing,0##A<jb6o 13
3 (C. Pseudomonas aeruginosa UG2 OXJAXtf-7 7 X X X h^r 0.lmg/g-soil

mwecati^Af-AAx - A hAA*x- yvxxx0^#{@#(c%m^&"D7t^

UG2 #m<Sr 10x6-8N/g-soil m5nLTL^m^^-DA6#^LTUao
mg#A#Li'±m#T&#T#%d^/c®ax #mLA^w<m 

0#^LA#%(:Aa^o^%6'0#^A^#T&6 6 LTU6o
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Incubolion lime (hi

^14 r y f'iiip(a) .. V7*a — xv t° K3SiB(b)
lZ.3SV&=E?Jl,}&(Dftf$

2 V 3 u t° K(DB#

Cultivation

Hydrocarbon elimination Degradation 
capacity 

(g hydrocarbon 
kg soiled-1

Durance
(h)

Degree
(%) HLB*

(Under oxygen-limited conditions)
Without surfactant 114 81 — 16.3
Trehalose-6,6‘corynomycolate 71 93 4.05 37.2
Sophorose lipids 75 97 6.87 39.0
Cellubiose lipids 79 99 8.0 32.3
Rhamnose lipids 77 94 9.5 28.6
Trehalose-2,3,4,2'-tetraester 94 95 10.02 23.8

(Without any oxygen limitation)
Without surfactant 79 89 — 25.7
Sophorolipids 57 95 6.87 46.5

* HLB is the hydrophilic-lipophilic balance: 20x (molecular weight of the 
hydrophilic part/molecular weight of the whole molecule)
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BiosurfactantsControls
— 50

0 20

sterile pg/g soil cells/g soil

Treatments
Incubation period: * I month Q 2 months

015 ±*Wf P. aeruginosa UG2 £tzlt

Error bar represents 1 S.0. about the mean. Symbols: (a)values were signifi 
cantly different from sterile controls at P< 0.05 ; (b)values were signifi 
cantly different from non-steri1e controls at P< 0.05

Controls Biosurfactants Inocula

g 20 -

cells/g soil

Treatments

Incubation period: 86 1 month Q 2 months

016 ±S43T<DA*-y-^-tr P. aeruginosa UG2 £tzlt
(DSinSlS: (Symbols as in Fig. 15)

(3) vX-f Jr*)—?
^x^yh-tF—7 r 9 9'y h-€-@##3% b£

in situ &

U — U T9 9— hf-M,

/<d 7 7 ^ 9 y b5feJ^S<D—oT'db^) Pseudomonas aeruginosa li##
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2. 2. 2 P AH<0£8

Il76©£EJ&#T2b5Mb7kStd:> j;-3T|g[17 © «k 9 £#£§£ tlTV
%o (H/o

^ %% (%g) ©muT&6o —#cwo^ Tx^y/i/f-

>©mTH/ctmTLTv#, itm,

LT v &i±Sk 

#A$) <fc a'#A^<±# LTV

< (g|18)o

—*$§£■£ t> o fc

^60 ccT.

(PAH) 6kL — 

3#5U:(D^#m (Oif 

>#)

fo m#^fc^^^aPA 

HT(1, 4 3m±(ZXI:fr# 

U@AT^^ v C 6 A## 
6LT#(f>)^6o M#

VTti» $Et3 4 fiLl

fraction structural formula MW ratio of each
fraction(%)

^ paraffinic Saturates

saturates

naphthenic Saturates

vuOOcC

300 - 2, 000 26, 8

aromatics
—cc9^ 300 - X 000 46.7

resins

H

500 - 50, 000 22.3

asphaltens

1 °l|L-^~JJ^cooh

1,000 -100,000 4.2

skeet of evdic aromatics

tc^TV-E>0 017 4±8%#©#:

*£«SB rc)

9 10 16 18 20 22 24 26 28 30 32 34 36
n-7«iii/)QV /Vi 
n-?«*-»0MJ> 
n-?*K >t" / 
$«vW i?{>

16 18 20 22 24 26 28 30 32 34
16 18 20 22 24 26 28 30 32 34

14 16 18 20 22 24 26 28 30 32 34
18 20 22 24 26 28 30 32

018 Jg;6@5H;:&tt-5Wb7kS^ ^ ##&<%##
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i/^u3 ^ a x/-t?

#%LT^6o T%7 7/^>(^

^{b7k#T^$fi/:#m^W^-6o %-3%.

PAHT#^$j%Tl^C^(C^6o PAH6LT. 7^f

T>h7t>.

/<>yt:l/>^ 7>h74/(019) «

PAHO^###(c^LT(^

h7t>(cMLT(i, 21 oj^cmg&fn:
V-B (Smith, 1990 )Q

1,10-Phenen thro Line Anthracene

019 ftmS&PAH

I-Hydroxy-2-nophthok acid

X
X

1-Hydroxy-2-oophthatdehyde

a
 C00H HO

'COOK HO

c/j-^-U - Hydroxynophth-2-yU - 
2-oxobut-3-enok acid

COOH
------- ►- RING FISSION

o-Phthalic ocid Protocotechuic acid

g|20 Various proposed steps the biodegradation of phenanthrene.



anthracene anthracene l.?- dfhydroxy cis 4 - (2-hydroxynophfh - 3-yl) -
cis 1,2- dihydrodiol anthracene 2-oxobut-3 enoic acid.

catechol, 
salicylic 
acid .etc.

OH OH
pyruvate

CHO
^Jj=0

OH

2- hydroxy - 3 2-hydroxy- t-|2‘-hydroxynaphth-3-yl|-
- naphthoic acid 3-nophthaldehyde 2-oxo-t-hydroxybutyric acid

g|21 Various proposed steps the biodegradation of anthracene.

2. 2. 3 9 7 0$ y

^^^/5C6^mm$^TU6(Cernigiia, 1992)^ 6C6ZK

- , c ft 3 6 i (C < t^ u 9 &
6(Vigon, 1989)o C©J: 9 —/W/ftt—9 y ^ f 9 h0#®#^]0#

L/=$g^(:-9^TJBrF(:^6^)ao
(2) mm&sur19>t

Banat#\ Z> ?') 9 U t> KcD^StC-oUTtb^
5%L/c^S@mM6(Djt^ff-D-CU6 (#3)o 35%®a@mW,
0.1%s D 1 % spolene t 1 % petroleum sulfonate

-eftfft 63% 6 58%(c&-e@&#^&-oTU6o %odococc%s 
ST-5 0%#±# (/V 3 V t: y K#W) ch thermophilic BoczUus AB-2 0%#±# 

(7AV v tfv Pet 1006 Ufftwm
|g|iR$ftfc^@^m(i 80%^±^LTi'&o
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3 wet-7 799'y Horn#
(Abu-Ruwaida,et al., 1991; Banat et al., 1991; Banat, 1993)

Surfactant Surface
Tension 
(mN /m)

Residual Oil

(96)

Recovered
Redidual oil

(96)

0.1%SDS 27.1 35 0.0
1 % Spolene 28.0 33 63.0
1 % Petroluem sulfonate 27.5 33 58.0

ST-5(from Abu-Ruwaida et al.,1991) 27.6 35 80.0
Pet 1006(from Banat et al.,1991) 29.0 35 95.0
AB-2(from Banat,1993) 29.0 35 95.0

(a) VTtm U b°.y K

Oberbremer <3 (i, fF7r^ >> y9y9±±'y^ ^±±±±'7^ 1,2,4- h ij y ±Jl±± 

:/ V x ^ Xo.—>, ^s<kUf±79 yy^^Mf&^titzTr^jl^

JL-S/3 > HD0#&
^/:(1990), v

*D-xVby (m2#M) o /c/fL. PAH(C^-f6%m
(C3l\T^%T&eo
(b) 7A/ U t°v K

Pseudomonas aeruginosa ATCC 9027 7 V b° y p'iz±^> in-vitro 7:(Dig

^7:#^g©xAy u by 
LTL^5 (Zhang, 1992)0

±79 b >x T> h 7 x.±yxuy^ 7 )l±yy^ 2,2',5,5'-r h^nob
3,3',4,4',5,5'-/\+'!f^OOt:7^z:;L/^/b^±07Ay V by Acj;5 

m* (Van Dyke, 1993a), #ML7:±Wa-
A6C/7l/ho-A0 2@#K"3l\T##L^#m. #^*©^0#^ 10%^T©#A^ 
T*^7:©(C*L, 5g/l07A/ v by K&WnLf=#A, #0-A"e 40^80%, $/7l/
ha-AT 25~7o%(c3Tmi0ma<i#a^Ti'ao ^u, ^(cc©<k9^m,#m©
7 A / v by F^manL/:^ 7A/ V by K©±^©##^UTU6o 

Scheibenbogen ^(Cj;^T##$^TU&(1994),

#MW<#mA#i®#a-A^g,(Dz§ai#(c^)UT##LT^eo mB#
8.9%, 7.2%(D^*#^, 0.08%®7Ay V by F&af6C6T\
36%6 40%(:^-C#Hj#^i^^-3T^6o ^^(C0.1%OboV >m&xA/ V by K 
(C^Taf-6C6-e, ftlf'fl 56%6 73%(C^^aiW<%^-3TU6o
(c) h ly/\n-XU by K

h Uy^a~X'j7 V y -?-Y 3 |y — Mis Rhodococcus erythropolis lZ±-oX£M£tl

(M-Hurtig,1993),
€©59j^^biLTV^ ($4 )o van Bernem#, <fc^-^E©^@SWj(Finasol 0SR-5) 

t'<9±± — 7 r 9 9 7 h (trebalose-6,61 -dicorynomycolates)



□ -X'^mj y-7^3iy- h£lg/1 au/cj#6x MW©P A H ti; 6 ^
(8122),

4 h u/\n-x'Jn y y = □ u- h%6(,\fiyy □ y t° KA##
Rhodococcus erythropolis #Ao#©6>###

Cultivation
Degradation ratef 

(g oi1/g sdw/d)
Elimination of 
hydrocarbons(%)

Mineralized
C atoms(%)

Soil' 30.3 93.0 29
Soi1,Dib 49.7 98.5 28
Soil,aut,Rh.er.c 29.5 96.0 26
Rh.er.d 43.5 90.0 30
Soil,Rh.er.= 45.2 > 99.0 39

'Soil as inoculum.
bSoi 1 and purified trehalose dicorynomycolates(Di).
cSoi1 and autoclaved(aut) biomass of Rhodococcus erythropolzs(Rh.er.) with 
trehalose dicorynomycolates bound to the cells.

"'Autoclaved soil and Rhodococcus erythropolis- 
'Soil and Rhodococcus erythropolis-
'The degradation capacity was determined up to an elimination of 90% of the 
hydrocarbon mixture.

@22

2 «2 Field contaminated:lOx with 1 L Aramco crude oil; lOx with Aranco 

oil supplemented with Ig/L trehalose dicorynomycolates: lOx with 1 L 
Aramco oil and afterwards lOx with lOOmL Finasol OSRS in 1 L seawater.

(3) h
JftT 1,500m ©'/6ffl7^b^tltcifStt * Bacillus lichenifomis BAS50



(4) /fU 7-^/^ tt-7 7 > h

Corynrbacterim hydrocarboclastus -E>§ 5-6g/l )<D ^

v-7-tk
1977).

ttz^ Rhodococcus III! SSh M/^n-X^'Jn'J

t:v c<D#mtk
^7» ^6xlO-5mN/m

(Finnerty, 1988). a%im#KA mUMc#aLf:#mb(Z) 20%^*/<^^4)--7 7 7

9 y HcJ;-oT@iKT£/c<bfg^lTV'5o
(5) mmmm'U*y-yt99y b

3 v y ; 3-71/^^ 1:7 v ^

Ux. 6 C ft LT >, flTl ^ Uo

(6) €(D#

Arthrobacter calcoaceticus RAG-1 6 ^ V T—□-f'Jf 7^7-f

h\ 3#-c? > (emul san) tiN K#flTV ' 5 50
-90%m#-#-6C6A<%>)^-CU6(Re1sfeld, 1972).

4k#A^ $ (C R L T 0#^ & & & o Pseudomonas paucimobilis 7

j##(c Tween 80 -e(D###i|SU:
LTU5(Mueller, 1990). C®77l/^7>t>^#-^#m6LT#mL/c@#:(j:, 7 

+ <>'/77b^l/>^ t:7j:^7K 7Vt>x

^#Wb^#^#<kT#ao

Scheibenbogenb(1994)^ EMtn-A^b 
(zcUT##L/:o *06-0#^ EB# 8.9%, 7.2%c#3H#d^ 2%Triton
X-100 43%6 71%(C$-C#mw^^(). 2% Tween 60 &8s

1^ 7.9%6 32%(c^-e#HjLTl^o it#6 LT 0.08%^ A/ V k: y K(c
0.1%t:av -eftf'fl 56%6 73%-?&^.
Volkering(1995)b(j:, Triton X-100,Tergitol

NPX,Brij 35, Igepal CA-720 CMLT. PAHOpT^bO^C^WT## L

g24).

<k"3T, Cflb0#M<D^#B&i#fC
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0.00
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1.00

0.50

0.00
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time (h)

time (h)

no Tergitol

time (h)

023 Effects of adding Triton X-100(A) 

and Tergitol NPX(B) on the growth of 

strain 8909N on crystalline naphtha

lene.The surfactant concentrations 

used are indicated on the figure: the 

arrows indicate when surfactant was 

added.OD 540,optical density at 540nm

024 Effects of adding Triton X-100(A) 

and Tergitol NPX(B) on COz production 

by strain 8803F growing on crystalline 

phenanthrene.Symbols: +,no surfactant, 

O,0.1g/l; + ,lg/l;V>5g/l. The arrows 

indicate when surfactant was added.

2. 2. 4

gto(soil bioremediation) (C#g ±£> L < t'' -o fcbtilR

in-vitro-eq)/W r 9 9 > b^ in-situT|5)

tM&tl&o ^7ts ±#@(indigenous microorganisms) gft{C/<d' 7t"tb— "7 r 9 9 > b
I -7~l \ Z
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2 . 3 pTC&tt

2. 3. 1 li Cable

A/^wwb#^&A^oAg%a,T^6o mam, m#RamA<^D-XTvy$^ A

Wm3flT#TU&0 /<^^^-7y^^>HD#%(i, I960

c^T(cmE#0{b

m?ii, ±%ma;A#/wa&Am### J;t#ae

2. 3. 2 /^^f-77^>h
/<^r^-!f-7 y ? ? > Hi,

6o #, <yf-H mBm, xf-o
-;K f-;l//<y4'K#*<%6ftTU6o /<-f^-U--Xy^^>Hi, e0#7K%&(D#j# 

#10ck9(C##3::h,TU6o

mi n£Mnz&y£M2ti&JU*y—-?7 9*>b

mnmm
7A7 u e-> k 
h ly/\n-xu b°y K 
V*n U h°«, K 
IzdpTU 3#U b°«, K 
i'JdfU fc°s> K
?>/ '>;i/xuxu h-71/u t°v K

Pseudomonas fl1) 
Rhodococcus MZ) 3) 
Torulopsis M,)5) 
Ustilago Jg6) 
Rhodococcus H7) 
Candida M

msfimm
=1 U y 2 3 -;(/# 
xb°e7;L/X^t-7l/M
7±ru^>m

Corynebacterim JS8) 
Penicillim JS9) 
Polyporus M

/h y v—%
X7/l/-tf> (U/ts^S) 
U/W> (U^#)

Acinetobacter M10) 
Candida M10) 

Corynebacterim JHm

V KS
f-77^?> 
tfX3 i>> 
t77l7f> 
7f-;t/-^>u b°.> K

y

Bacillus M12) 
Pseudomonas M13) 
Serratia Jpl14) 
Pseudomonas M11}

Thiobacillus jH15)



t® m&me&fwt^, @#m@-c® u ^ A a a t b ^
TU/A #M^®A^BS^b®/<d'AA-77AA>h®Amt)^<#^$
tix^&ctfrb, ?L{l:#BSMB® £MSf£® £ AT u a „ ctilticft]
b AT U a ©to©* t LT(A ##@®##^B@^##W^^®B# • #IA fnlB& 
a1'£ffi)]S§i$<,:5A "77 — AIv-t?AA—x

btl6o %-oT. ^@/<Y AA-7 7 ^ A > h®AAm%&<t#f ®#9W1 
eAeAm^-o-rua^m^^Aa^ A^m^A#&TE®4/<A->A^# 

%6%bAao
a) il7kttSt5$ ABSA\ &%1&$LLX de novo &$l&tltz'&lzffi&'t&0

b) SABS;A de novo i®7kBStiS®tiA®WEA#A$ Aa0
c) #ABSA< de novo £-$c$As SABStiSSMA®^SASA $ A a o

d) SABS, #ABS6t>SMA^®#l#^bA^$A^Aao

2. 3. 3
—/<<^-A-77AA>HA #%®^W#BTA^l^TAWc$Aaa6A'b^ 

Hba'®#m&^#Tu&6#S3i%ao ^^m®mmm#6LT(A 
^T® s am® ##*<## $ ATi' a =K ®#m (Aa 6 A «^®3 AT# b-#\

A a o
(DR#
#A#®%#B#(A A^BSmA###m6%D/<d'A-A-77 AA> h^A#$A

a0 i^JAtA Torulopsismgnoliae (A zEilflatolA KAzKSn AV A V K^rSKi LT 
%#Aa C 6 A A D V A n U h°y K A Ail Aa16) o Rkodococcus erythropolis ik ^ffc 

A#T%#Aa C 6 A A () h [y/ND —x V h°y FA4it§17,18lo £/A Pseudomonas 
aeruginosa SB-30 (A 771/# >T'^it§ C A KA *3 glycol ipid-EMW £ASAa19)o
(2) M
il9 A<J v 9WM (catabolic repression) (j;> #A#CAa/^A tt-7 r y A > h

Acinetobacter calcoaceticus W##i^A0AA ^{kA#Ab®/^A AA—7
r 7 9 7 h AiShAkISJS Aa20> o £.tz^ Arthrobacterparaffineus A (A A‘7l/a — xS 

AOK A (9 0KhA#A b®/<A A A-7 7 ^ A > h Aill;A1fiSJ$ Aa21> o IWSteESDk 
Pseudomanas aeruginosa (c A a 7 A y U t° -y K (rhamnolipid) Ail2 2 7 "A Candida

IzMytzca CAaVAif> (liposan)

mmaftLT(A n-7;[/X7>®#<b(c^Aaaf*#im$ft-cua"'o c®mm 
Bf(A A7V3-X, AVto-vK /AI/^7>#^S^AL/z#AABA^^A^:Uo
—A> Bacillus subtilis i:Aat-7y^f> (surfactin) AiH25) 26\ Pseudomanas 
sp. izAayAAJ t°7 K (rhamnol ipid) A^27) (i. V11A A t> A A n — x ^SK ALA

#^®4.AA6%$A^ trLaMkA#®^%(cA(p/<d'A-A-77 ^ A >

$ATUao



(3) SSiEx
Arthro-

bacter paraffineus Xrti> TV-t—KS^SESiH <*: LTS LTV-E)28) 0 Pseudo- 
moms aeruginosa RC-II 7 Ay U t°'y H'4=#^ glutamine synthetase <h©|l5S

7Ay v tzy
6^t(c<k^7Ay v

fqlWct^ich LT> Rhodococcus erythropolis SSS^SJPSt*-5 d <b tc: A; D / V 
3 U t°'y K©:£ii!tt/^!a]JhL34) > Acznetobczcter calcoaceticus RAG T'ti> T $ y 

& C 6 K: j; t) %.-?/i/4f > (emulsan) £l?;^|^±t'5to^U%tl'E>35) o 

A#"f XCLT(i^ Pseudomonas sps.(cfc'VTs v^y^A, *;1/y 
©A, *u 6C6(cd;(9/<4'^^-7 7^^ > h^E14©^±*<

^R$tlTl’l-E>36) o |o]#tg#6 LT^ Pseudomoms fluorescence Ttl> ^ >^$#5^ 
6C6(cj;D^##^(S]±'#'633' 3" o dtUC>tfL Bacillus subtilis #&.[/-?

2. 3. 4 JU*V--7r9*>b£.£f8iM&miS&Xf3&&=?

@G(C3UT(imef

(1 ) Pseudomonas aeruginosa : i?Ay V tfy K (rhamnol ipid) £S@

(a) IM&

P. oerugiTiosa (Cj;()^m$^67Ay-x^#^46f^#BM^<d')f^-7 
7^> K 7Ay IJ b° 7 Khk 1949 WWTJarvis & Johnson(bJ:TSS$tl381 

7Ay ijf-y K1 (L-rhamnosyl-L-rhamnosyl-fi-hydroxydecanoyl-g-hydroxydecanoate) 

67 Ay U h°>y K2 (L-rhamnosyl-/3-hydroxydecanoyl-£-hydroxydecanoate)© 2flSE

[14c]-BE> C14c]-y”y -b n-Mi1 Vc h 

l/—if-#%^6^3 = -4"\ 8urgerg,(cj;t)Ell0im%A<mi@$^l:l^4"43\ 7A 
y U b°7 K<D-a/$(;£> 2 Xf - V y®#K^KfG (glycosyl transfer reaction)

21S©7 A y — xE^SS(rhamunosy 1 transferase) ■fyifefc-f- 
60 thymidine-diphospho-rhamnose (TDP-rhamnose) Ay-xSft^ft (rhamnosyl 

donor) 6ti: yS-hydroxydecanoyl-/3-hydroxydecanoate ^tz(i L-rhamnosyl- g-

hydroxydecanoyl-£-hydroxydecanoate 7)^## (rhamnosyl acceptor) t/iotyAy

V t: 7



o
If

Q—P —- 0*—P —0~ Thymidine

Thymidine-diphospho-rhamnose

o
II

HO *—CH —CH^—C — O —CH —CHg—COOH

(C"z)8
CH,

<ch2)6

CH3

p-Hydfoxydecanoyl- p-hydroxydecanoale

TOP
Rhamnosyltransferase 1

O

Thymidine-diphos
pho-rhamnose (TDP-rhamnose) acts as a 
donor substrate in two sequential rham
nosyltransferase reactions. /3-Hydroxydec- 
anoyl-0-hydroxydecanoate and L-rham- 
nosyl-p-hydroxydecanoyl-0-hydroxydeca- 
noate are the acceptor substrates (modi
fied according to Burger et al., 1963).

HO
O—CH —CH,—C — O—CH -CH,—COOH

CH,
I

{f
CH CH,

HO HO

TOP ■

3 ~,,3

^—- Thymidine-diphospho-rhamnose 

Rhamnosyltransferase 2

Rhamnolipid 2

L-rhamnosylp-hydroxydecanoyH
P-hydroxydecanoate

O
II

O—CH —CH,—C - O—CH —CH —COOH
(^)s

CH, CH,

Rhamnolipid 1

L-fhamnosyt-L-rhamnosyf 
p-hydroxydecanoyl- p-hydroxydecanoale

HO HO

IJ fcfy

(b)

P. aeruginosa KY-4025 PU-1 n-/\°77f >£$$!<*: L

?Ay v v 1/10

7Ay v t: v
P. aeruginosa PG-201 ■''v+tf-r# >(Ci6 )£•!!$[—C t

Tn-5-GM ^AV V v
65E12 59C7

7A/Vt:y
##6 DNA 65512

rhamnosyl transferase chfiS$tlTV'‘-Bo

-i P. aeruginosa SB1 tf-7 7^

SB1 SB3 (i,
^ > hWck <9

-67-



¥UbM (emulsifier)

fac6a<pT#-c&-3/:o

(c)

L^L. SB3#kL

7A/ V kTy K^mmT&6 P. oen^iRosa 0^6# DMA (C h7>X#'/>&#AL
7Ay u y-y
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Map of the rhl locus containing the rhlABR genes involved in rhamnolipid biosynthesis of P. aeruginosa. The rhl locus is 
located between the metG and pheC genes at around 38 min of the 75 min map of the P. aeruginosa chromosome. The sites of transposon insertions 
in the U0287, U0299, and U0391 mutant strains are indicated by triangles. The mutation site in the 65E12 mutant strain is marked by asterisks. 
The DNA fragments necessary for genetic complementation of the four mutant strains are shown and the relevant restriction sites are indicated.
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Acsl flgdl tfmdttl
Ap . A

pBluescript
3 kb

X; coiei y

T/rndOT
EcoRV
EcoRl

pUOlOl mob 

16 kb
blunt ends

rhlA^ .

Aral + fl'indHI

£coRI + tfi/idm
pVLT35

(Acsl)

pU098
13.2 kb

rep/mob

S/D start rhlAB
-—^ (a«d i---------- 1 i *-
Ptac / AATTTTTGGGAGGTGTGAAATG...

Construction of the plasmids pUOlOl and pU098 harboring genes 
relevant for rhamnolipid biosynthesis. A 5.8-kb £co RI-////idIII DNA fragment 
containing the rhlABRf gene cluster was cloned into the broad-host-range vector 
pJRD215, resulting in pUOlOl. Expression of the rhlAB genes in pUOlOl is 
driven by the native rhlA promoter (shown in black), which is positively regulated 
by the gene products of rhlR and rhll. A 3.5-kb Bglll-Sacl fragment was isolated 
from pUOlOl, and the ends were blunted with T4 DNA polymerase (15) before 
ligation of this fragment into the EcoRV site in pBluescript SK+ (20), yielding 
pRL3500. A 3.1-kb AlcsI-Mndlll DNA fragment from pRL3500 containing the 
promoterless rhlAB rhamnosyltransferase genes was cloned downstream of the 
lac promoter in pVLT35 with the EcoRI and ////idIII sites of its polylinker, 
resulting in pU098. Note that EcoRl and Acsl generate ligation-compatible 
ends, which are lost after ligation; therefore, thc/lcrl site is shown in parenthe
ses. The exact fusion of the lac promoter to the rhlAB genes is depicted below the 
pU098 map. S/D, Shine-Dalgarno sequence.
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Rhamnosyltransferase activity and rhamnolipid 
formation in pseudomonads and in E. coli harboring the P. 

aeruginosa rhlABRl gene cluster on plasmid pUOlOl0

Rhamnosyltransferase Rhamnolipid formation 
activity (U ml-1)* (g liter-1)

P. aeruginosa
PG201(pUO101) 24 ±4 2.2 ± 0.4
PG201(pJRD215) 18 ±4 1.6 ± 0.4

P. fluorescens
ATCC 15453(pUO101) 4.0 ± 0.5 0.25 ± 0.03
ATCC 15453(pJRD215) 1.2 ± 0.5 0.06 ± 0.03

P. oleovorans
GPol(pUOlOl) 0.7 ± 0.2 <0.02
G?ol(pJRD215) <0J <0.02

P. putida
KT2442(pUO101) 1.9 ± 0.4 <0.02
KT2442(pJRD215) <0.5 <0.02

E. coli
DH5a(pUO101) <0.5 <0.02
DH5a(pJRD215) <0.5 <0.02

“ The cells were cultivated for 7 days in nitrogen-limited GS minimal medium 
with 2% glycerol as the C source. M9 medium containing 0,5% glucose was used 
for E. coli.

6 One unit of rhamnosyltransferase activity corresponds to the incorporation 
of 1 nmol of rhamnose from TDP-rhamnose into rhamnolipids h-1 (l, 12).

rkiAB

Rhamnosyltransferase activity and rhamnolipid 
formation in recombinant strains harboring the P. aeruginosa rhlAB 

genes under lac promoter control on plasmid pU098a

Strain Rhamnosyltransferase 
activity (U ml-1)

Rhamnolipid 
formation 
(g liter-1)

P. aeruginosa PG201(pUO98) 15 ±3 0.15 ± 0.05
P. fluorescens ATCC 15453(pU098) <0.5 <0.02
P. oleovorans GPol(pU098) <0.5 <0.02
R putfdn KT2442(pUQ98) 45 ±5 0.60 ± 0.15
E. coli DH5a(pUQ98) 2.5 ± 0.5 <0.02

° The cells were grown in Luria-Bertani medium supplemented with 1% glu
cose. The expression of the rhlAB genes was induced during the exponential 
growth phase (optical density at 450 nm of 0.3 to 0.7) by the addition of 3 mM 
IPTG, and the cells were cultivated for 19 h after induction.
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Growth, rhamnolipid production, and glucose consumption of P. 
putida KT2442(pU098). The strain was cultivated in Luria-Bertani medium 
containing 1% glucose in shake flasks at 30°C. The expression of the rhlAB genes 
was induced by the addition of 3 mM IPTG. OD 450, optical density at 450 nm.
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bi%Tu6"'o dAB *mcDm#(cj;tx
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(4) Serratia marcescens :

cttboaf6 u-ctis
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^btfbtl§70kDa©M6K'Cab*9>
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(5) Acinetobacter calcoaceticus RA57:

oil sludge 4:^#. 4@#077%; €0(^077%; K pSR4(20kb)

(6) Pseudomonas oleovarans :
ocT 77%; K±® aitABc ae?6LT

=i—K^tlTl'-So CCDm(z:f^#(i^ 771/^7 hydroxyl at ion deydrogena-
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M'S1® $ti'Cl'1 <5 (13 7 ) ’ o
aifeABC aifeR (08)68>^

Pseudomonas putida> Escherichia coli R 5ic9IS:"tir'E><h> <_tlb©IB. ABS
n-Af ^ 'y£o£—©KSiA #6 ft o /c69) <>

P.oleovorans ;6^?L'fh?=RJ (emulsifer) <h ~T )lt] 'y'$&

Model for the interaction of alkane droplets and P. oleovorans. During growth on alkanes, P. oleovorans releases an 
emulsifier which is related to outer-membrane lipopolysaccharides (IPS/40-41. The interaction of an alkane droplet with a 
bacterial cell (a) results in the partitioning of membrane components from the cell envelope into the apolar droplet. 
Consequently, alkane droplets become water-soluble. An alternative model lb) is that emulsifiers are excreted as part of 
outer membrane vesicles which interact with alkane droplets. This again results in the transfer of amphiphilic 
macromolecules such as LPS to the alkane droplet (c) which is consequently coated with an outer layer of hydrophilic 
sugar chains, to become water-soluble. CM, cytoplasmic membrane, containing phospholipids 0=; and proteins 
Cy ; PG, peptidoglycan layer; OM, outer membrane; containing lipopolysaccharides ■— in addition to 
phospholipids and proteins.

g|T Pseudmonas oleovorans (DT Jit) Jl



+ INOUCER

alk R Locus 7.3 kb alk BAG Operon
S I T B F G H J K L

99 48 pbacI 41 jp5j[l9]i 49 II 58 |f^9~|go
OCT plasmid

alkane
hydroxylase
complex

men
a/co
deh) _ __-------

RCH. RCH2OH RCHO RCOOH
alcohol
dehydrogenase
soluble

aldehyde
dehydrogenase

/
Chromosome aid A

Genetics of alkane oxidation by P. oleovorans. P. oleovorans utilizes aliphatic 
hydrocarbons with a combination of OCT plasmid and chromosomally 
encoded enzymatic activities. The plasmid localized alk genes are organized in 
two transcription units: alkB-L and alkST. The polypeptides encoded by both 
operons have been identified in E. coli28-29. The expression of alkB-L is 
positively regulated by the 99 kDa product of the alkS gene29-53.
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1 . ^5T;'E±3 =1 ----- fcf vy

^“a -tr X

i. 1 a^-^xommm
^ x(i5##%@^ 500°CJ2!±Tme#^^-3/=#AC^cf 6^#^#:

1. 1 . 1 Delayed Coker

* An txL n - ? AicgALT. cct*lS^gC 

S-tirT3 - ^ X'fbi'^^r^tT'dbSo #^#W<D Delayed Coker # 1930 Standard 

Oil Co. Indiana 10.000BSD 0##Tjb6o

Delayed Coker 0gfi(^<Oxyi?'T'J > Tfc<9>

Foster Wheeler Corp.

M.W. Kellogg Co.

Lummus Co.

Union Oil Co. Calfornia 

Universal Oil Products Co.

B1 aw-Knox Co. A'ASrfr^ ti Delayed Coker Decarbonizing

Procss^r^$L-> ifc> Hoechst A.G. ^ Coking Process 4r5§iSLT^^o 

Delayed Coker (it ^ < v Lummus Co. Continuous

Contact Coking Shamrock Oil & Gas Corp. LSB$"#"/•:*< t<Z>#

Delayed Coker &###-& LTtfV U Z.tT:'&-otz

L-ckk

$ ita 30<. t ®3 - * - egg *9

ncrSt^iS c? it ■So

L/=AatX-C&6o

(1 ) 7“nt70®I

E^WOycS^ISELT, ^3-^X (Green Coke) L PGx #K

m#, mEmm, h

^ tx^. v -%^e#gc^<^uFccx*> 

-#c^3-^x(i-e<D^$m#6 L-cm#a
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$ ft a &<. a ck ? xcrnKm^-c^ $ 3 - ^ x ti

#mm<DUHpm®mwmmK2ftao
(2) m.mm3k

#©3-?K5AtcgA$tia0 3-Y KxAOffi^te 1 ~7kg/cm2T'^ao C©3-^

K7A(C^UT5>jSEJ6^$5C$-tirT3-^x^f ao C©3-^ KxArt^n-^’XT'
#tfc$fta£> k x atc5nS-Etitin7ti3^ty
#Aa0 3-^x^Yc^o/c^©n-^ 3-Yx#J^ftL^#K:J:o

3-Yx£I%Dft7o C©ck9(C^ 3-Y KxArtlc£fi£l7c3-YX&3S5

(cKxA^%#AT%Omf^m^-C^ft)^ao Am^fl/cX/X^jt^X/W >M:y/x

^(iFCCm#t)L< K$ftao
1931 ^cmMk3frcm%, tom^. 3-^ KxA©#^ 3-^ K^AA^^n-^

X&&# ft-f^Y^tk A@A %& $ tlTSffi© ■/□•feXiYi'DTl^o

E^-e&a,,
yt:7mKc#a^ EYnccw-cfmmcBW^ao

Delayed Coker (m#m3-?xBgm&g#6-7a#A6^mm#m3-?x&b@&B 

%67a#A^2bao 0 1-1 tcEMx-Yx, 0 1-2 (c^###M3-^x©Aot 
X7U-^to

3 - ^ x^©#^(i. y f A o <.

20-30wt% , m#eti#A4wt% , 50-100ppm©

mw#m3fi,Tuao

Fractionator
Accumulator

Coke

Gas Oil Stripper
Unstabilized
Gasoline

Gas Oil

Heater

--- 1---

Coke Feedstock

0 1-1. Delayed Coker ~j □ — *f 4 ■V^f-y A



tarn: Em###"

HI 1 - 2 CONOCO ;£ Delayed Cokers □ — -Y^f^A

3 - ? % 6 e %o#A *c ^ tt & m## (j: B m cm u /:

^/z##mcw%A:^6SP^*6o

&#&&-#-&B#(D CONOCO Delayed Coker
xcLTu6o Wc-#-^@#@^g,cxcy
U ^cE@@R%6#C3-4^>f%##C # t) tTo 3 

F'7AttfI® Delayed Coker 6A< |B|U t,0?&6o E*4itt£ LTte, —#C#

^ 4t, #v v >, 3 - ^
$ tl-£>o

3 - ? 4; -oT^k

i~6(D~c\ MH^S;£ v-d t>©titi 1 E 1-1 60

m##0m#^c^LT 1.4 %ub 1.9 

C%6o

1-1 63-f (W: wt%)

3-*-Em*Mm54 3 O

Kuwait 4.8 5.5
Venezuella 2.76 4.2
California 1.60 1.2
111inois 0.60 2.2
Mid Continent 0.38 0.63

Delayed Coker &A#<kLTl'6o
- mms# (###) (uop ma3 -+>y) i960 #^m^^

^mmAammmmm3-^%, mum3-?x

#13-*- 1989#

#2 3-*- 1989# #& #g#^] 7,500 BSD

#33-*- 1989# m& mmmti 10,000 bsd

. /< h 3 3 - ^ % (7K&) (CONOCO 1969 #A^g#%
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186,900 12.000BSD)
(coNoco 1993

1995# 26.000BSD

1 . 1.2 Fluid Coker

Exxon R & E 1954

(1 ) yotxo##

y o t x L 3-^ x©#$ % w^eaggoim&aiwemma
&o ^ xma(D%&©mm%mg§

g 1-3 c ERE a:®

Fluid Coker © Flow Diagram

_REACTOR PRODUCTS 
TO FRACTIONATOR

SCRUBBER FLUE GAS TO CORECYCLE
BOILER

BURNER
RESID FEED-

STEAM

g 1 - 3 Fluid Coker 7 n—^’j A

(2)
3 - x LT ^ o & a u /c 3 - x x tt c

h V UO K^i@-3Tm%^(cA6o
T(j:Tg|3J; f 6o 3 - ^ x^?(j:^6

^ TRfG#(cm t) 60 m% 3 fit 3 - ? x a 3 - ^ x
©% 20—30%-e$,^,o

KiGSAlidME-fX mGZ&mi 480-560T. 590-650°CT^6o m#

#© 15^25%©j-x-U-. 40-60%©^6 3-^x^j:Cf#X^#^j%6o 3-^xiR
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Flexicoker 24,000BSD) ^ 1976

d© Flexicoker (i Fluid Coker {cj;

1.1.3 =im- + >-^'3)

Lummus Co. LA7pn-fcrXT&&0 Fluid Coker 6|o|#(C@

tl60 CL©"/n-feXti#;l9Effl£;ftTl'S:iV

~f\s'*L-9-- 5£l£4?

titiS:

|§| 1 - 4 □ h =!-+>•?'

1 . 1 . 4 ACT I V7°n"trX (Asphalt Coking Treatment in Vacuum)

Bu y= y o t o3 -+> /L-c%#m©

a t #ic 7 % 7 7 ;i/f- j; # ^ 1

*yntXkL xf-A(h*

&cmmT#x ###. m@LT^6

h V 7 LTU5o
(1) yotx%#^5)6) 7) 8)

70-t?X7n-liS$^}:itf4 U- K 3 - 4^ >LT4o ^N 2S©EJ6§s

&3csc^mLT 4oo-45o°c©@a-emEm#^^^3-+>/L. @4©*^ 
©Aie%^^emK"3<()^(j-6o $/=, ^L/zA,m%^©^ E^g§j;()©%

l/- K3-^>/^C6|5|#(:^9C6*<T#6^

&0. ^a^#5C6/)<-e#ao



1.1.5 fex,
• VEBA £{:© LTC Process (Low Temperature Carbonization)

- %x 7 7 ;i% h

• Paccal Process t-X h 7 'J 7© Petroleum and Chemical Corp. RjEC\§s(C:}o VT

1. 2

1.2. 1 Eureka Process-a. V * IS

^##6^ 25%OS#(:
5oo°oc%m$fi. 6

as# y v f-iio - ^ Lima,m^#xTU6o
(1) -yotx(D##iz>

35o°c{&(c?m$am@##mcAao ccTm##u^
soo°ca< a-cma3frRjG#§(c

^ h V V t: >ym& L%\ lOkg/cnfG x^
600^700°C^T%mi-ao ^W#ET(D 400-450°CTS^fT,ao

t^/<y^^0KfG-e&ao m##^i@omm<bo/=)6(c 
KfG^(i2&m±^mm^ttao Rf6A#7AK#L/:6^,
LK^f#±-fao K^^^maG(cxf-Ai]%#iA4.yx/i/(Dcivd#mT&ao xf--

A0/<7'v

CrackedReactor
Fuel GasCharge Heater

Sweetening

Light Oil
Stabilizer

Cracked Light Oil
Preheater

Vacuum
Residue

Foul
Water
Stripping
Unit

Stripped Water

Steam Super Heater
Cracked Heavy Oil

Petroleum Pitch

01-5 EUREKA yoizX7 0—



#k°vmm6}##(if 
omm^-yntxxf-AtLTigiR^^#^^ K*y h3wmm@0m##6%ao

C4 @^T^X/%6LTig)RL/:m, ##Wx(iE#

mmwmfbwiL

1 . 2. 2 Cherry Process-P (Comprehensive Heavy Ends Reforming Refinery)

AT’p-fex(iAK# xim<?3$£ LAT’o-tXTfc <9. M’Ki&<Z>BMMB$lz$g£-t% a -

Kf6#§^^op-+>y^m]MLT. ms_bDP-?

m6LT(D^t)%-C*6o L/- H'P-
mmTa#mKmm<i:K^^-wr6o v*

- ^x±5me^^#6 L%f esteem LT@#* - ^ > 6 tE ^

fc° v f-Hj $ ti £ o h fc

Binder
SolidsAsphalt fCZ^>

Vacuum Flasher

^1-6 CHERRY-P 7’nt770-^W'7A

( 1 ) yotX(D##

6o ##77

y y a. Kv #T#7 7 v V 7 7 7'>i F'7Aif

(it: y Ai&D/'W >y-^AcX@B^^t;X7 V -?. W#<D^|#*^#^#A(ia
m%(im^$ii/:X7V-6LT^(D%@(c^^^6o 77 y^



##. IS{bLT^6-#-6o KfG#§, 77vv^.K7Aioj:^SK7A^3(D@m)A^ 
a#o;58rc#@ LT'e a.

1. 2. 3 Cherry Process-T (Comprehensive Heavy Ends) —AIE21X 

## 3 - ;l/f - 7l/[#(c (i*### 5 ^ tlTU 5 ®T^ 1^7kSi-ili9E*t"^o 9%*

mat: vf M&mcrn

bti&o ijaMp'C 400~450°ciz#S$ ft n - ;i/ ^ - A/MB^RlKgsPSft ft l 'T 10~

20kg/cnfG Rj^^-;l/(±77
v>/^K7AftA^)x mak:vfA#6fiao X^v^ziHRA-ed. #
f^EAftjftfx h v v
777^^ KvATM<bLy:m%###3#TW#&#ao co%^*<st:

77vs/aK7A?#/:%^mat: 

ftck&m@iR#. Aft=k^T#^ft^#a4l:$ft6o

n n it

S kTvf-DKM

7 7 V '> -3. K 7 A

mm :

m 1 - 7 Cherry-T yaftX#m%$M

$yotx^6omat: vf^

60%(:%A,iru6o $A« mmtbjSR

/Jx R^rA-REAA) , WbA^^^)Eu#a-e7 7|'a-;i/-c#6o

1.2.4 €(D#Aotx

• Ashland Petroleum Company (y / V -fy Kentucky Iff )

###^ftft#6#m&(FCC D0)^m#6

• Croda (-f^'ijx)

- smm ^ w > y - ^ Azt'" ^'

±#Eoyotx0f&(c, #E#@. mE#@. A7
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^$#mLTU6o CO

tfctoto 3 - ? x ©BE-MTSE©® b> "C£> 5 0 

#®©<b^Sra©7j<X7 V -£$ftHSW5©E 2 {§ES> jtoSAnfiutc^AU %*©
m#©^@w#f#m^m±Lx 3-^%6

^%o^m^^cf5c6^-cA6o enx.^ m# 2.6%ocm%cm#6 2^#o

10 ^©15lT(:%6o mmcd:0^b7k

1. 3

5# 3 - ? % o^mmg ^ 63-?x&#a/:a6 cmg ^

fog^iaot3 - A -©#C@Trcoyn-trx^S-A^toEAMSEEg^lSg

LTaKafia#aa<&ao 3-^%oa% (#m#x <s^m) ©[Si±^j;cf@E@^©
##(SU:© A # (c#Mm 6 L T<^© 7" a t x ^g ^ ^IT l ^ o

v R H c (Mgm#©7k#fbm#)
R D s c^gmA©m«m) 
soA (m&©#am#)
Lc-Fining (Btt©{fi5>6?7kS{b:9S)

^-©# ##^##a©aEisiE©A!6©m##©@^#0©^#

1. 3. 1 VRHC (MffB;6©7k$<bJM>

ME%%^7Y7l/K(C7k#fb^#L. Delayed Coker Tm^^ec
6cj;t). mm# 3-^o

i. 3. 2 sda ogmoisamm)
Delayed Coker mt)©7XXy7l/|'^ Delayed

Coker T^E^6 C 6 C d: b)#XE^7l/©[H|lR#^E(f 6o

1. 3. 3 AS COTyntX181

San Joaquin MEB'® A-o VT> Delayed Coker ##©#^AE# LT##$ (ftM

#+DAO) A# 12%1#A0LT, 3-?%####, 20%aa4>L-Cl'&o

1.3.4 LC- Fining ( B;6©<£^J&7kWbtfJW)
SRtt^ AtiBifb^rL C-Fining LT#E^#%& Delayed Coker

6o A#6LTgE@^o#m^66#(c, 3-^%o^,m^±(f6 (%@^3-^x)

1. 4 B&3;£

3 - ^ - o#MEA(i. mEf 3 - ^ %o#A© 2 cA



mE|5]±OBi-3-v 

-So
'

FCC VGOHC
7k#*m

mm mssBwm^&mm 
mm zKmfbmm AmA#
SB###

JJMk tKS,

1. 5 ##0=]-±,-m#

1. 5. 1 nwon-ti-m^mti
A#^(Cio(j- 6 3 - ^7 -###[S]c& 6o 1995 iptoSElSicfcij-sigSf^ 

t)& Oil & Gas J. The Pace Consultants Inc., 6-5 #

1-2 2,8ooxio3Bso
(D#4%(cm^L. 44,900xl03t/y T&&o
7/ 26,000xl03t/y 6A#^0 #2@CDn
^7® 3,400xl03t/y 0&#^(Z)8%) ^#<^|#g#LTU6o I^UTx 77l/4f>f->^
tpm. K-f VCD l,500xl03t/y. ;]/--?ZL7CD l,300x!03t/y^ -Tf'U XCD l,100xl03t/y 

B*it 880xl03t/y 2 %) TH 9 &iC{£B LTV&0 £ tzW^fa'C'

Delayed ?&*< 88.2%6E@)%^%&&66-(:U6o

1-2(1) miOgBijCDn-*-^###

a g
Delayed

Fluid
Flexi

1% # 
E#MBBSD

# #
n-?Xl03t/y ]-)%t/d

Japan 57,000 20,400 77,400 878 1,725
United States 1,528,720 167,700 1,696,420 26,036 82,370
Argentina 99,400 0 99,400 1,531 3,140
Brazi1 48,420 0 48,420 746 1,440
Canada 14,800 21,600 36,400 561 7,215
Republic of China - - - 1,472 4,460
C.I.S. 220,401 0 220,401 3,393 5,500
Czechoslovakia - - - 46 140
Egypt 16,470 0 16,470 254 540
Germany 94,193 0 94,193 1,450 3,585
India 36,525 0 36,525 562 840
Indonesia 32,580 0 32,580 502 1,000
Italy 45,000 0 45,000 693 2,000



1-2(2)

a s
Delayed

FI ui d
Flexi

& 0 
BMMBSD 3-?Xl03t/y

t) *
]-?Xt/d

Korea 19,000 0 19,000 293 1,000
Kuwait 54,000 0 54,000 832 1,870
Mexico 10,000 53,000 63,000 970 450
Myanmar 5,200 0 5,200 80 120
Nether!ands 0 36,660 36,660 - -
Norway 23,500 0 23,500 362 500
Poland - - - 48 145
Romania 86,839 0 86,839 1,338 2,540
Spain 29,500 0 29,500 454 1,325
Syria 18,200 0 18,200 280 530
Taiwan 13,560 0 13,560 209 920
United Kingdom 70,000 0 70,000 1,078 2,090
Venezuela 0 52,100 52,100 802 100
Yugoslavia - - - 48 145

& 2,523,308 351,460 2,874,768 44,918 125,690

* : The Pace Consultants Inc. $gf4, ^t<Diife(± Oil & Gas J. (1995 1. 1) 
n - ^ X^S|g*(t/y) = MM (BSD) x 0.159x 0.98x 0.30 x330

= MM(BSD)xl5.426
3-^X!R#:30wt%, ##8^ 3308

3-^7-###^(1995.1.1 #%) 1-3

1-3(1) - a -m#m%

£ t± £ SUtiE E 0 m ti

BSD 103t/y * t/d

(B *) 77,400 878 1,725
yy/tyif y- 7k 6 Delayed 26,000 400 900

7k m Delayed 12,000 185 375
ilEii sms Delayed 19,000 293 450

jiime FI exi 20,400 - -
(7/ U *) 1,696,420 26,036 82,370

Amoco Oil Co. Whiting Delayed 28,500 439 1,250
Amoco Oil Co. Texas City Delayed 34,200 527 1,810
Amoco Oil Co. Yorktown Delayed 15,200 234 650
Atlantic Richfield Co. Carson Delayed 58,000 893 2,500
Atlantic Richfield Co. Femdale Delayed 49,000 755 2,500
C/G Group Seadrift Delayed - 112 339
BP Oil Corp. Belle Chasse Delayed 21,600 333 860
BP Oil Corp. Lima Delayed 21,000 323 725
BP Oil Corp. To!edo Delayed 18,000 277 620
Chevron U.S.A. Inc. El Paso Delayed 2,400 37 140
Chevron U.S.A. Inc. Salt Lake City Delayed 7,200 111 370
Chevron U.S.A. Inc. El Segundo Delayed 62,000 930 4,000
Chevron U.S.A. Inc. Pascagoula Delayed 71,000 1,093 4,340
Citgo Petroleum Corp. Lake Charles Delayed 54,900 845 4,200
Citgo Ref & Chemical Inc. Corpus Christi Delayed 30,150 464 2,000



1-3(2) - a -smrna

^ it € am IS
BSD

# Be 
103t/y

*
* t/d

Clark Oil & Refining Corp. Port Arthur Delayed 33,000 508 1,850
Clark Oil & Ref. Corp Hartford Delayed 13,000 200 870
Coastal Ref.& Market. Inc. Corpus Christ! Delayed 12,000 185 870
Crown Central Pet. Corp. Houston Delayed 11,250 173 460
Conoco Inc. Lake Charles Delayed 65,000 1,001 3,150
Conoco Inc. Ponca City Delayed 21,500 331 870
Conoco Inc. Bill!ngs Delayed 13,000 200 750
Derby Wichita Delayed - 83 250
Exxon Co. U.S.A. Bi11ings Fluid 7,300 112 490
Exxon Co. U.S.A. Benicia Fluid 25,500 393 1,250
Exxon Co. U.S.A. Baton Rouge Delayed 90,000 1,386 5,200
Exxon Co. U.S.A. Baytown Flexi 31,000 - -
Farmland Industries Inc. Coffeyvi11e Delayed 14,000 216 750
Frontier Ref. Co. Cheyenne Delayed 9,500 146 380
Hunt Ref. Co. Tuscaloosa Delayed 12,000 185 460
Koch Ref. Co. Rosemount Delayed 65,000 1,001 2,940
Koch Ref. Co. Corpus Christi Delayed 14,000 216 370
La Gloria Oil & Gas Co. Tyler Delayed 5,400 83 225
Landmark Fruita Delayed - 61 185
Lyondell Petchem. Co. Houston Delayed 42,000 647 1,950
Marathon Oil Co. Robinson Delayed 24,200 373 926
Mobi1 Oil Corp. Joliet Delayed 38,900 599 2,700
Mobil Oil Corp. Torrance Delayed 46,000 708 2,500
Mobil Oil Corp. Chalmette Delayed 31,400 484 1,950
Mobil Oil Corp. Paulsboro Delayed 21,100 325 1,300
Mobil Oil Corp. Beaumont Delayed 40,700 627 2,300
National Cooperative

Refinery Assoc. McPherson Delayed 20,800 320 705
Powerine Oil Corp. Santa Fe Sprihgs Delayed 9,600 148 550
Shell Oil Co. Martinez Flexi 21,400 - -
Shell Oil Co. Norco Delayed 20,500 316 1,000
Star Enterpprise Delaware City Fluid 40,500 624 2,060
Star Enterprise Port Arthur Delayed 54,000 832 2,360
Sun Co. Inc. Talsa Delayed 7,200 111 280
Texaco Ref. & Market. Inc. Bakersfield Delayed 20,000 308 715
Texaco Ref. & Market. Inc. Wilmington Delayed 68,700 1,058 1,770
Texaco Ref. & Market. Inc. El Dorado Delayed 68,700 1,058 675
Texaco Ref. & Market. Inc. Anacortes Delayed 25,000 385 1,325
Tosco Ref. Co. Martinez Fluid 42,000 647 1,400
Ultramar Refining Wi1 mington Delayed 24,000 370 1,300
Unocal Corp. Wilmington/Carson Delayed 46,800 721 2,400
Unocal Corp. San Francisco/

Sata Maria Delayed 42,210 650 1,090
Unocal Corp. Rodeo Delayed - 485 1,470
Uno-Ven Co. Lemont Delayed 25,110 387 2,020

Delayed 1,528,720 24,260 77,170
( 90.1%)

Fluid 167,700 1,776 5,201
( 9.9%)

Total 1,696,420 26,036 82,370
(100.0%)
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£ *£ % SUtiE «S t£ m m -h
BSD 103t/y * t/d

(Argentina)
Esso SAPA
Yacimientos Petroliferos 
Yacimientos Petroliferos 
(Brazi1)

Petroleo Brasileiro SA 
Petroleo Brasileiro SA 

(Canada)
Petro-Canada Products Inc. 
Imperial Oil Ltd. 
Consumers' Cooperative 

Refineries Ltd.
Suncor
Syncrude
Husky

(Republic of China)
State
State
State
State
State
State
State

(Republic of China)
State 
State 
(C.I.S. )

Novo-Baku
Atyrau 
Pavlodar 
Angarsk
Novo-Kuibyshev
Omsk
Perm
Volgograd 
Krasnovodsk 
Kherson 
Nadvormaja 
Fergana

(Czechoslovakia)
State

(Egypt)
Suez Oil Processing Co. 

(Germany)
Esso AG Ingolstadt 
OMV Deuschland GmbH 
Veba Oel/Ruhr Oel GmbH 
Wintershall AG

Campana Delayed
La Plata Delayed
Lujan de Cuyo Delayed

Cubatao Delayed
Duque de Caxias Delayed

Edomonton Delayed
Sarnia Fluid

Regina Delayed
Ft Mcmurray Delayed
MiIdrid Lake Fluid
LIoydminister Delayed

Anging Delayed
Baling Delayed
Fushum Delayed
Jinzhou Delayed
Jin!ing Delayed
Maoming Delayed
Qilu Delayed

Taging Delayed
Zhenhai Delayed

Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed 
Delayed

Bratisiava Delayed

El Suez Delayed

Karlsrule Delayed
Burghauben Delayed
Gelsenkirchen Delayed
Lingen Delayed

99,400 1,531 3,140
25,200 388 790
39,000 601 900
35,200 542 1,450
48,420 746 1,440
32,700 504 1,440
15,720 242 -
36,400 561 7,215
6,500 100 365

21,600 333 365

8,300 128 270
- - 3,300
- - 2,500
- - 415

4,460
- - 330
- - 450
- - 790
- - 760
- - 540
- - 330
- - 480

220,401
38,529

3,393
593

450
330

5,500

13,720 211
11,277 174
11,217 173
28,192 434
13,908 214
13,532 208
24,809 382
28,568 440
12,028 185
6,954 107

17,667 272
140

- - 140
16,470 254 540
16,470 254 540
94,193 1,450 3,585
21,000 323 1,375
27,500 424 770
28,000 431 1,050
17,693 272 390
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(India) 36,525 562 840
Bongaigaon Refnery

& Petchemicals Ltd. Bongaiganon Delayed 9,675 149 165
Indian Oil CL Barauni Delayed 20,000 308 500
Indian Oil CL Digboi Delayed 850 13 35
Indian Oil CL Guwahal1 Delayed 6,000 92 140
(Indonesia) 32,580 502 1,000
(Pertamina) Dumai Delayed 32,580 502 1,000
(Italy) 45,000 693 2,000
(Praoi 1 ) Gel a Delayed 45,000 693 2,000
(Korea) 19,000 293 1,000
(Kukdond Oil CL) Daesan Delayed 19,000 293 1,000
(Kuwait) 54,000 832 1,870
Kuwait National Pet. Co. Mina Delayed 54,000 832 1,870

(Mexico) 63,000 970 450
(Petroleos Mexicanos) Ciudad Madero Fluid 8,000 123 450

Delayed 10,000 154 -
Salamanca Fluid 4,000 62 -
Tula Fluid 41,000 631 -

(Myanmar) 5,200 80 120
Myanma Petrochemical

Enterprise Than!yin Delayed 5,200 80 120
(Netherlands) 36,660 - -

Esso Nether!and Rotterdam Flexi 36,660 -

(Norway) 23,500 362 500
Statoil Division Mongstad Delayed 23,500 362 500

(Poland) 145
State PI ock Delayed - - 145

(Romania) 86,839 1,338 2,540
Astra SA PIoiesti Delayed 8,600 132 250
Darmanesti Refinery Darmanesti Delayed 8,800 136 300
Petrobrazi SA PIoiesti Delayed 39,000 601 1,070
Petromidia SA Mi di a Delayed 13,100 202 490
Petrotel SA Ploiesti Delayed 11,480 177 270
Rato SA Onesti Delayed 5,859 90 160

(Spain) 29,500 454 1,325
Repsol Petroleo SA La Coruna Delayed 13,500 208 500
Repsol Petroleo SA Puerto!1ano Delayed 16,000 246 825

(Syria) 18,200 280 530
Homs Refinery Co. Homs Delayed 18,200 280 530
(Taiwan) 13,560 209 920
Chainese Petroleum Corp. Kaohsiung Delayed 13,560 209 920
(United Kingdom) 70,000 1,078 2,090
Conoco Ltd. South Killingholme Delayed 70,000 1,078 2,090
(Venezuela) 52,100 802 100
Lagoven-Judibana Falcon Fluid 52,100 802 100
Yugoslavia 145

State Si sak Delayed - 145

* : The Pace Consultants Inc. '^^4 -€-<7)teti Oil & Gas J. 1992 1. 1



1.5.2 3-*-(D##mgta
m 1-4 (:#-#-j:9C. 7/ U^^c#,5(c#m 

2000 700^t/y ©i#m6%6?^"C*6o

1-4 □ - * - (DEsSitBra

ffl € # # ^ m m 3-7x411*
(lon/y)

a# m

yy y * Diamond Shamrock Mckee, TX 250 * m
Lyonddell Citgo Houston, TX 1,000 1996:4Q
She! 1 Martinez, CA 700 1996:3Q
Shell/Pemex Deer Park, TX 1,200 1995:4Q
Trans America Goodhope, LA 1,000 1995:2Q

-h±*? U1tramar Quebee City 270 1996:4Q
> 4 V 3 Pemex Cadereyla 800 1997
^^Xl7 Maravan Punta Cardon 1,130 1996:3Q
7 7 v;!/ Petrobas Paulina 300 2000

Petrobas Paulina 300 2000
7 y Pelrox Concepcion 120 1995

^ ft 7,070

1. 6 yy U*lcfcy55;6=!-^xcDEEI6lRl

7/ u^©s*3-yx©Am#m(i. 1995

i&5# 1,696x10^850 (3-7 %4=M 26,036xl03t/y, 82,370t/d)l?jb6o &##T©
56 ^TA#^zAmr0 33%(cm^Uo 

Cfl& 56 56%(C^^(9,
n-y a 6 6#

X.60 %#%(CUPADD-3A< 21 %CPADD-5© 15
#Wr?^6o 7^ V 77{CjoVTEffl$tlTV^65"/6=r- y xS^iEKtfti Delayed, Fluid 

fc'ckt/ Flexicoker © 3liET'£>6;K S 1-5 (C^f-j; 9 (: Delayed VQ

1-5 *m.mmommmm

St # 3-7 X ASBbTl t/d

Delayed 1,528,720 ( 90.1%) 77,170
Fluid 115,300 ( 6.8%) 5,200
Flexi 52,400 ( 3.1%) 0
Total 1,696,420 (100.0%) 82,370

m#A#m#mT6'/:#^©7y v^A#©tv7 10 tb©3>+>yi^ m 1-6 c
^7#(9^ IOTjBSD ^#x_6A#(i Texaco, Mobil, Exxon, Chevron,

Atlantic © 5 ti:T%60
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± m € SUtiEifc TatxilE #

Texaco Ref. & Market. Inc. 4 Delayed 182,400
Mobil Oil Corp. 5 Delayed 178,100
Exxon Co. U.S.A. 4 Total 153,800 Delayed 90,000

Fluid 32,800
Flexi 31,000

Chevron U.S.A. Inc. 4 Delayed 142,600
Atlantic Richfield Co. 2 Delayed 107,000
Conoco Inc. 3 Delayed 99,500
Star Enterpprise 2 Total 94,500 Delayed 54,000

Fluid 40,500
Unocal Corp. 2 Delayed 89,010
Amoco Oil Co. 3 Delayed 77,900
Koch Ref. Co. 2 Delayed 79,000
BP Oil Corp. 3 Delayed 60,600

1) Heavy Oil Processing Handbook 1991 RAROP

2) efHE, VO1.20, (3), 72 (1977)
3) Oil & Gas J. Vol.16, 200 (1953)

4) Vol.17, (10), 879 (1974)
5) Vol.17, (10), 885 (1974)
6) Bulletin of The Japan Petroleum Institute, Vol.17, (1), 14 (1975)

7) Bulletin of The Japan Petroleum Institute, Vol.17, No.2 ,181(1975)

8) Bulletin of The Japan Petroleum Institute Vol.17, No.2,188 (1975)

9) HB 48-79,801 (1973, 10, 26)
10) m 49-1,922 (1974, 1, 17)

11) Hydrocarbon Processing, 127, Jan. (1974)

12) {I:###, Vol.23, No. 1, 140 (1981)
13) ####:&, Vol.52, No.556 , 652 (1973)
14) ###&&#&, Vol.51, No.544, 639 (1972)
15) HB 47-27,205 (1972, 10, 27)
16) # MOL Voll8, (6), 51-56 (1980)
17) Energy Progress, Vol.5, No.1 , 61 (1985)

18) Energy Progress, Vol.5, No.4 , 239 (1985)

19) Eric L. Tolleson, et al., IBViS# 0061

Department of Chemical and Pet.Engineering, Univ. of Calgary

20) H0297B Extended Abstr Program Bienn Conf Carbon

vol. 18th (1987) p.44-45 (1987)
21) Elejc. M., for Submission to JPI Lecture Meeting (Tokyo) (1980)

22) 6 707t^ v y X, Vol.38, No. 7,8 , 15 (1986)

23) Clauson, F.A. The Joint AICHE-IMIQ Energy Mwwting (Acapulco)p.2404(1980)
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2 . =3 — ^7 <7D 5FU m «>5E

2. 1 m# c #s 6 3 - ^ x mm m<D#%

S#3- ^ xD\

/A ^©traM^^-ti^T*d V -vc2:> r*\%j -t&tK«t
o 6%##oi#suB&aA<#&fi& c 6 ^^,T#/:o 
f omm6c AB#6 c a*<, ^#m®m#^A%6)6-cu

j: -3 T;t # a.
P^^K^Sij' Zi^Ei'flh'3 — y7 6Ml33 — y7 X<£-|lij§| lyTl^a/hs ^ A#A(c

LT#mLT

/ > hmw,c.'T&-3/co #s2#:5#m&Wk LTE^^a^Avi/

70%^±^^Aar3E-3Tuao 

2. 1. 1 gpWJfflm
5’/633 — 9 x(i-?:©SiMtC J; o7,SEl''53‘U'AcF ATTl^ao 3 — jj — b^fe!l= c? fbfz

^®$$(D^3-^%(D3'S%#^ r&&%j

k#m#M (z#w ^ A a«
(-^^) foam#

##m6^/1^ cm#m, o 2 ^ABUAa c 6*<T# a,

^3-^%

* SAfESi^lafflR'M

- #%m 3-^2 %EA# cm## 2-5 %@ac® &®)
- 33 - ? %EA# 3 & ®)
-

- AA#mm (MM)
r/?#j 3-f%

-Aammm# i.it/A^mmmm
(am^)

101



TmajL/:<)OT^eo

*<. m2%;tm#7;( VX7-C(i r^#j aA^-^xcg^m^-D/Zo L^Lx f0#

0^6LT, r^%j 5%&3-?xa#,SL

TDfcBd>&V'5>$Ftrabotzi)K SSSl^Ttib> f - r; - ^x^rp^^SALT£ @

^ 2-1 mA6o60g$&#(cj:

6o

2 - 1 5;6 n - ^ x tW&?5MS?, <h Z (DS#

mmgmmemmm#

3-/7 xlEi^fflmsy
Aamaam#

t>-'U bmi&mmmtt 
mmm
r*\%j am3-/7^mm#

&m m#m/-mm/#mm
mti -mm/cm#
■fey yh —mm
it¥ m@m/am3-/7x
#ss -mm/ce;6
7 ;i/a

(i) 3-/7x0;!«

s#3-/73-4

t). 1994 ^^36T 400#t 4,123,000t C^^TV^o
"#mr 6 "##+^0#" m02

o(c#u\ ^0m#m^#A6 6, m 2-2

2-2 3E#m@fC;W6:5# 3-/7 X0##m##M0## (S&:103t)

MB+aw
S HD *D1

# $4
ISM

ffl
&(2) (2)/(l)

%
EM

14
w

ffl Sil 
ft(3)

%
(3) / (1)

1982 1,473 11 608 619 42.1 764 89 853 57.9
1983 2,595 60 1,824 1,884 72.6 665 46 711 27.4
1984 2,101 226 1,196 1,422 69.1 593 57 650 30.9
1985 2,055 729 887 1,616 78.6 402 37 439 21.4
1986 2,857 1,288 966 2,254 78.9 551 52 603 21.1
1987 2,996 1,386 932 2,318 77.0 666 23 689 23.0
1988 2,855 1,420 788 2,208 77.4 633 13 646 22.6
1989 3,119 1,399 827 2,226 71.3 888 6 894 28.7
1990 3,169 1,460 807 2,267 71.5 896 6 902 28.5
1991 3,258 1,502 776 2,278 70.0 974 5 979 30.0
1992 3,374 1,582 911 2,493 73.9 874 8 885 26.1
1993 3,954 1,699 1,270 2,969 75.1 978 7 985 24.9
1994 4,123 1,681 1,507 3,188 77.3 927 8 935 22.7

1983 S7&3-?x0##mif0j#wm#m0i#KA&<±igamia];:=

-102-



m6ammWBa<*aa<. -e®jt#w#@Kck^-c±#<#]#L-cuao

2-3 c^-ao-c&o, mm - ^6 h ?

6 cm 2-4) {b#%m. mm' ±s^m6mamm<D3^gT#^$^ ^cTum#m 

6i^@m<Dm#mT&-3/=c<k^$e^ mm###
30%^^#|I)^ 20%^(0#^c$-e(c#YLi:u&o

2-3 m#ms*x(D3E.mmM%mmwM& (j^ion)

mas
*

t?li Ifeil A»7-6 Cling
m **

ikU fttiX SHI
M

MW ftfn IMS SIS

1982 619 - - - - - 94 4 - 15 593 20
1983 1,884 22 - - - - 92 5 - 110 1,829 59
1984 1,422 102 - 8 - - 126 - - 90 1,337 35
1985 1,616 279 13 90 11 - 129 - - 167 1,081 40
1986 2,254 404 27 182 29 - 155 - - 474 1,202 58
1987 2,318 420 34 216 33 - 74 1 1 568 1,139 80
1988 2,208 419 32 233 25 - 67 1 1 567 1,010 84
1989 2,226 394 30 263 27 - 66 1 1 534 1,001 92
1990 2,267 383 32 282 27 - 62 1 1 550 1,060 53
1991 2,278 386 30 290 29 12 54 1 1 603 1,000 65
1992 2,493 363 30 271 34 12 100 - - 692 1,161 98
1993 2,969 344 29 255 30 12 111 - - 874 1,521 156
1994 3,188 256 30 285 32 - 94 - - 911 1,505 410

4 mmmMmsD - 0 xoiii mrmM (#&:103t)

a*#*
*

m* am 

m m

5**S JAM m# #Wl$
M

M#* m$ 11-±6 SIS

1982 853 - - - - - 86 4 - 342 295 348

1983 711 - - - - - 43 5 - 374 241 325

1984 650 - - - - - 50 - - 328 261 288
1985 439 - - - - - 29 - - 334 259 90

1986 603 - - - - - 38 - - 412 259 167
1987 689 - - - - - 11 - - 528 210 217

1988 646 - - - - - 5 - - 571 207 114

1989 894 - - - - - 3 - - 564 200 413

1990 902 - - - - - 2 - - 618 264 286
1991 979 - - - - - - - - 635 303 283
1992 885 - - - - - - - - 582 292 218

1993 985 - - - - - - - - 656 325 250

1994 935 - - - - - - - - 633 318 227

±EmSSa<D;l#eEfiitili$x4EWSmicfci>TWi<DWSelT6^6Sij-Anfcti-<b 
m m m n t i& © m *4 *' e> m & u tz # <d % n- 7? & s„

* ±m(DmBaa#<D#mM:ta6R#L#&Bmu%:t<DT&&. aoi, #sa®?i
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E#3ftTu&mw#%-3Ti'&o

(2)

I E A Statistics: Oil and Gas Information 

Coal Market Survey

(a)

#%Bom 2-5

2-5

2-6

2-7
2-8

2-9

mi
:&8U(c#Ay= t)0-e*6o H'jt, SIS^Be LfcSg©5'?63 -^b>

2-5 SS3IJ5;6^-0X;1#m (WSFJH-x) (i£ft:10H)

ma%*
tm &&sa a*?.* (M& 

m M
SA#8 mu **I* 

**
#a#w m* 11-±5 w

1982 1,473 - - - - - 94 4 - 358 890 368
1983 2,595 22 - - - - 92 5 - 484 2,070 383
1984 2,101 99 - 8 - - 126 - - 417 1,594 323
1985 2,055 269 13 90 11 - 129 - - 418 1,333 130
1986 2,857 390 27 181 29 - 155 - - 670 1,444 224
1987 2,996 407 34 215 33 - 74 - - 881 1,333 297
1988 2,855 402 32 233 25 - 67 - - 913 1,200 198
1989 3,119 361 30 264 26 - 66 1 - 889 1,192 505
1990 3,169 344 32 282 26 - 62 1 - 940 1,308 339
1991 3,258 345 30 291 27 12 54 1 - 1,074 1,287 347
1992 3,374 324 30 271 31 12 100 - - 1,112 1,436 316
1993 3,954 308 29 255 27 12 111 - - 1,344 1,819 401
1994 4,123 257 30 285 32 10 94 - - 1,543 1,824 637

±E©#Sarom$»EEttm$x4a*SR)Ticfci,>Ti&(D#SE^6SidAnfc^<b

* ±E<D;l#*^tf<Dl(Eli^tie)e^^^@lEL/ct)(DTS5o Eo T, #$«©>g 
#*©»tt#ftEi-a L4'l'o titiS : 5;6Hm#tt®Ert^lg1)

m 2-5 j:3c, ®{k#
%#, 9o%j^±^^a6-ci\ac #

1994 #(i 400# t TU6o

(b) I E A Statistics: Oil and Gas Information21

I EAkL 2-6 C^j;9K^LTU6o C
fuccka^,
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S2-6 mra#n-^*.<Dmmmwm (w:ion)
TV^6o

1973 1980 1991 1992 1993 1994

Total Consumption 2,112 2,702 4,584 4,411 5,073 4,826
% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

Transformation - - - 1,737 1,714 -
( 39.4) ( 33.8) ( -)

Energy - - 29 34 30 -
% ( 0.0) ( 0.0) ( 0.6) ( 0.8) ( 0.6) ( ")

Transport - - - - - -
Industry 2,112 2,702 4,555 2,640 3,329

% (100.0) (100.0) ( 99.4) ( 59.9) ( 65.6) ( -)
Others - - - ~ “ -

Non-Energy Use - - 98 94 89 -

% ( 2.1) ( 2.1) ( 1.8) ( ")

£HS; I E A Statistics25

(c) Coal Market Survey

LT^LTu^^o-c&eo

2-7 mm####3->z

% m 1990 1991 1992 1993 1994

Skill 351 335 350 350 393
mmm 276 283 279 299 324

75 52 71 51 69
fi'X ■ =] - £ X 590 543 488 514 420

3-771 275 284 245 299 287
:ti'xS 315 259 243 215 133

y 71/ $ S 20 20 20 20 20
300 300 300 300 300

WiW&m
/J\#+ 1,261 1,198 1,158 1,184 1,133

531 494 666 886 889
iSsF(PCi) 56 82 119 196 474

1,735 1,729 1,674 1,626 1,416
E ■ k 7i/ y 287 287 258 269 291

348 342 316 295 198
fey y hS 228 220 242 246 227

872 880 858 816 700
300 200 200 200 100

/j'ft 2,622 2,505 2,659 2,908 2,879

o' ft 3,883 3,703 3,817 4,092 4,012

£tji&: Coal Market Survey3 5

-10 5-



(d)
*3 - ^m 2-8 j; ? c 1991

2-8 3-1>%#### (j^ion)

M % 1983 1984 1985 1986 1987 1988 1989 1990 1991

# A M 3,675 3,284 3,323 3,882 3,876 4,157 4,391 4,029 4,300

m iS

« m 487 337 172 287 186 195 682 380 500
15 X • 3-/7 X 740 619 769 525 501 586 613 630 600
7 71/ 34 36 44 - - - - - -
* - /< -r K 285 218 251 217 117 180 178 130 130
-fe 7 > h 1,999 1,265 834 939 782 819 779 730 730
# -f 7 «& m 130 799 1,483 1,887 2,290 2,377 2,139 2,159 2,370

it 3,675 3,284 3,323 3,882 3,876 4,157 4,391 4,029 4,300

&#: B*3 - ^ X^6# (£III)')

(e) MfiWFSm

$2-9 3-0%#### (#m= io3t)

1990 1991 1992 1993 1994
ffl

Steel Coke 270 260 200 240 360
PCI 70 80 110 170 730
S. Total 340 340 310 410 1,090

Gas/Coke 650 650 600 600 400
Cement Kiln 540 490 620 890 900

Boiler 230 220 230 250 250
S. Total 770 715 850 1,140 1,150

Boi1er 1,600 1,650 1,550 1,700 1,400
Others 700 750 700 800 600

Grand Total 4,060 4,100 4,010 4,650 4,640

Import 2,503 3,650 3,320 3,820 4,120

-ErCT^ 2-10 (C/K^o
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2-10 mmoa3-/7(usia)

m M
1990 1991 1992 1993 1994

» * m 280 280 250 340 520

m n ■ ± 1,070 1,060 1,180 1,490 1,490

it X n 690 880 910 1,100 1,260

# X s 0 0 0 0 0

* m # * ■ 16 # 50 40 80 90 70
3 A £ Si 0 10 10 10 10

5 ;ti % S 20 20 30 20 20

E ■ /\° /^ ■ St 230 240 220 210 240

m fe 1g 3 m # 30 20 20 20 20

it # E # 280 280 270 250 210

n x • 3 - X 650 650 600 600 600

* -E <D # 350 350 250 250 250

^ It 3,650 3,830 3,820 4,380 4,690

* Trader Inventory £ «Jf

(3) W5»i6(D5>6xmmm

C0@(±3Xh^C7>^g%6LTx 

t/>h#(C4o^T^ 3-^%0#AX)%^bLTV^o 1994 #g@#&

(mmm) (im 2-11 (cw-ao-e&ao

2-11 1994 (#^m)
(3Mi:103t)

ffl i$ "a at

a&#m 3,050

Tfi'-f 5z (1,850)

ts > b (1,200)

t> 71/+J- -t > ffl 310

€<o#m 1,490

IS: 81 ( 910)

7] X/ 3 - /? X ( 230)

-eo# { 350)

•a ft 4,850

(4)
1994 ^0#

m 2-12 j:9(^ HS, MSt)j:c;LS0g^T(iMS*< 58%
Lsa< i2%6@umc%^TU6o

^ 2-13 0j;9(C. 2.5%—3.0%(C#^TU6C6^^6o
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2-12 ^H#WmiJ<Dffi§Ml*l!R (BSE) (W:103t)

H S
(S:3% f )

M S
{S:1- 5 — 3%)

L S
(S:1.5%l )

a tt

Merchant
Coke producer 0 100 300 400

tSfeU! 0 1,090 0 1,090
-by y h 320 800 30 1,150
/K-f 5 920 290 190 1,400
to# .150 410 40 600

n" ft 1,390 2,690 560 4,640
(%) 30.0 58.0 12.0 100.0

: sem

2—13

ili 103 t/y

0.2 - 0.6 % 150 - 200
0.8 - 1.5 300 - 350
1.5 - 2.0 250 - 300
2.0 - 2.5 400 - 500
2.5 - 3.0 1,500 - 1,800

2.1.2
2-14 ^)j:C/#2-l5 (z

TjkLtZo

2-14(D 3-(>mmw (#B=io3t)

1973 1980 . 1991 1992 1993 1994

OECD total
Total Consumption 24,489 28,536 43,055 46,475 46,252 46,121

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation 1,444 968 2,036 2,361 4,121 -

% ( 5.9) ( 3.4) ( 4.7) ( 5.1) ( 8.9) ( - )
Energy 13,099 15,020 20,309 21,174 21,708 -

% ( 53.5) ( 52.6) ( 47.2) ( 45.6) ( 46.9) ( - )
Transport - - - - - -
Industry 9,946 12,468 20,477 22,764 20,299 -

% ( 40.6) ( 43.7) ( 47.6) ( 49.0) ( 43.9) ( " )
Others - 90 233 176 124 -

% ( 0.0) ( 0.3) ( 0.5) ( 0.3) ( 0.3) ( " )
Non-Energy Use 5,860 6,807 9,790 12,482 11,540 -

% ( 23.9) ( 23.9) ( 22.7) ( 26.9) ( 25.0) ( " )

titi& : I E A Statistics21

-10 8-



2-14(2) m3 ->77,ommmmw.otm mmw (W:io3t)

1973 1980 1991 1992 1993 1994

North America
Total Consumption 17,958 18,198 24,618 28,532 27,734 27,086

(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation 500 162 654 905 1,105 -

% ( 2.8) ( 0.9) ( 2.7) ( 3.2) ( 4.0) ( - )
Energy 12,494 13,490 16,202 16,968 17,395 -

% ( 69.6) ( 74.1) ( 65.8) ( 59.5) ( 62.7) ( - )
Transport - - - - - -
Industry 4,964 4,546 7,762 10,659 9,234 -

% ( 27.6) ( 25.0) ( 31.5) ( 37.3) ( 33.3) ( - )
Others - - - - - -

% { 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Non-Energy Use 4,964 4,392 7,449 10,362 9,057 -

% ( 27.6) ( 24.1) ( 30.3) ( 36.3) ( 32.7) ( - )

Pacific
Total Consumpt on 2,162 2,877 5,702 5,392 6,205 6,122

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation - - - - 1,714 -

( 27.7) ( - )
Energy - - 486 501 536 -

% ( 8.5) ( 9.3) ( 8.6) ( - )
Transport - - - - - -
Industry 2,162 2,877 5,216 4,891 3,955 ( " )

% ( 91.5) ( 90.7) ( 63.7) ( - )
Others - - - - - ~

Non-Energy Use 50 175 702 641 697 -

% ( 2.3) ( 6.1) ( 12.3) ( U.9) ( 11.2) ( - )
OECD Europe
Total Consumpt i on 4,369 7,461 12,735 12,551 12,313 12,913

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
T ransformation 944 806 1,382 1,456 1,302 -

% ( 21.6) ( 10.8) ( 10.9) ( H.6) ( 10.6) ( - )
Energy 605 1,530 3,621 3,705 3,777 -

% ( 13.8) ( 20.5) ( 28.4) ( 29.5) ( 30.7) ( - )
T ransport - - - - - -
Industry 2,820 5,035 7,499 7,214 7,110 -

% ( 64.6) ( 67.5) ( 58.9) ( 57.5) ( 57.7) ( - )
Others - 90 233 176 124 -

% ( 1-2) ( 1-8) ( 1-4) ( 1.0) ( - )
Non-Energy Use 846 2,240 1,639 1,479 1,786 -

% ( 19.4) ( 30.0) ( 12.9) ( 11-8) ( 14.5) ( - )

£jj & : I E A Statistics21

(i) mmon®.

• O E C D North America #<—#i@i < ^ t> North America

<B#LTl'6o

North America &< 24—36%6#^i^<, Pacific 12%6
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• North America (ice ;Hr -#!g(C^(j" 6L\

• Pacific t Europe North America T(i

25^37%-C&6o

(2)

/ vactOfMeuiK

. V^6^4fVXA< 60~80%6i%U#&#&^LTU

60 HXv, -f^U7(i2o-3o%^m:*04]-e(m^m^W$6O:-3TL\ao

2-1 5(1) E;A3-^(*B) (S&:l03t)

1973 1980 1991 1992 1993 1994

* H
Total Consumption 17,264 16 058 21,786 25,427 24,255 23,768

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation 500 162 654 905 1,105 -

% ( 2.9) ( l.o) ( 3.0) ( 3.6) ( 4.6) ( - )
Energy 12,430 12,595 14,677 15,315 15,581 -

% ( 72.0) ( 78.4) ( 67.4) ( 60.2) ( 64.2) ( - )
Transport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Industry 4,334 3,301 6,455 9,207 7,569 -

% ( 25.1) ( 20.6) ( 29.6) ( 36.2) ( 31.2) ( - )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Non-Energy Use 4,334 3,301 6,455 9,207 7,569 -

% ( 25.1) ( 20.6) ( 29.6) ( 36.2) ( 31.2) ( - )

£jjS: I E A Statistics25

2-1 5(2) 5aD-^X0fflMll©|^ Uf'JX) (S&:103t)

1973 1980 1991 1992 1993 1994

-f f U X
Total Consumption 567 1,197 1,308 1,848 1,826

% (100.0) (100.0) (100.0) (100.0) (100.0)
T ransformation - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Energy - 467 1,043 1,047 1,070 -

% ( 82.4) ( 87.1) ( 80.0) ( 57.9) ( - )
T ransport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( " )
Industry - 100 154 261 778 -

% ( 17.6) ( 12.9) ( 20.0) ( 42.1) ( - )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Non-Energy Use - 100 154 261 778 -

% ( 17.6) ( 12.9) ( 20.0) ( 42.1) ( - )

£tiS: I E A Statistics25
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m2 -15(3) 3-7(77>x) (jti&aou)

1973 1980 1991 1992 1993 1994

7 7 > X
Total Consumption 395 1,507 2,248 2,329 1,854 1,771

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation - - 155 243 167 -

% ( 0.0) { 6.9) ( 10.4) ( 9.0) ( " )
Energy - - 899 907 875 -

% ( 0.0) ( 40.0) ( 38.9) ( 47.2) ( - )
Transport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( " )
Industry 395 1,507 1,194 1,179 812 -

% (100.0) (100.0) ( 53.1) ( 50.6) ( 43.8) ( " )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( " )
Non-Energy Use - - 264 141 121 -

% ( 0.0) ( 0.0) ( 11-7) ( 6.1) ( 6.5) ( - )

: | E A Statistics21

m2 -1 5(4) a#3 -7xammsmea### (h^y) (W:io3t)

1973 1980 1991 1992 1993 1994

K-f "J
Total Consumption 2,180 1,940 2,256 2,226 2,357 2,236

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation 804 589 938 877 822 -

% ( 36.9) ( 30.4) ( 41.6) ( 39.4) ( 34.9) ( - )
Energy 265 456 568 553 629 -

% ( 12.2) ( 23.5) ( 25.2) ( 24.8) ( 26.7) ( - )
Transport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Industry 1,111 895 750 796 906 -

% ( 50.9) ( 46.1) ( 33.2) ( 35.8) ( 38.4) ( - )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( " )
Non-Energy Use - 87 5 5 - -

% ( 0.0) ( 4.5) ( 0.2) ( 0.2) ( 0.0) ( - )

yjift: | E A Statistics21
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2-1 5(5) sa3-zommsmmamm# h* y y) (m^ion)

1973 1980 1991 1992 1993 1994

4 ? u y
Total Consumption 727 1,339 3,232 2,997 2,802 2,891

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Transformation 77 159 243 276 170 -

% ( 10.6) ( H.9) ( 7.5) ( 9.2) ( 6.1) ( - >
Energy 340 209 572 606 609 -

% ( 46.8) ( 15.6) ( 17.7) ( 20.2) ( 21.7) ( - )
Transport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Industry 310 971 2,417 2,115 2,023 -

% ( 42.6) ( 72.5) ( 74.8) ( 70.6) ( 72.2) ( - )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Non-Energy Use 310 604 293 129 90 -

% ( 41.6) ( 45.1) ( 9.1) ( 4.3) ( 3.2) ( - )

tfj A : I E A Statistics21

2-1 5(6) S#3-0{tii-91 (#1±:103t)

1973 1980 1991 1992 1993 1994

t>i-y
Total Consumption 694 2,140 2,832 3,105 3,400 3,218

% (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
T ransformation - - - - - -
Energy 64 895 1,525 1,653 1,814 -

% ( 9.2) ( 41.8) ( 53.8) ( 53.2) ( 53.4) ( " )
Transport - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Industry 630 1,245 1,307 1,452 1,586 -

% ( 90.8) ( 58.2) ( 46.2) ( 46.8) ( 46.6) ( - )
Others - - - - - -

% ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( 0.0) ( - )
Non-Energy Use 630 1,091 994 1,155 1,409 -

% ( 90.8) ( 51.0) ( 35.1) ( 37.2) ( 41.4) ( - )

i±5&: I E A Statistics2’

2.1.3 yy U
7/ 1950 1989

L/=o u^L, #&##) m#
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2-16

Qtitii
■ *«'->m >mn
DSA • 3-»i> 
atrA/nnm .

18, 000

14. 000
12. 000

1 10. 000
’ 8, 000

1 9 9 0 1991 1 9 9 2 1 9 9 3 1 9 9 -1

ttift:m&mn

0 2-1 i-9X(Dmi

2-16 U *<d:E;63 -^xoE^mfW (MM£:l03t)

1990 1991 1992 1993 1994

12,929 13,449 14,691 16,059 15,866

t> ju-tJ-'f >@m 6,383 6,403 6,486 7,072 6,278

mti * 3 =j x * 1,447 1,371 1,834 2,494 2,866
tr> > b/ tfflft 1,541 1,930 2,495 2,450 2,585

o'ft 22,300 23,153 25,506 28,075 27,595

SSitM 104 446 -584 -423 128

a. 4 3- y %(i3 - o v / <

@@8## (2.5%&m Ti#5^me

©3-^x!40^ 3-a Low-volatility coking coal Oft

1990 7/

4#®7/ V#fc&#6^3-?xo;###a#-eut;( > Ho|iA

(3-ov

i%mTL*#m^^Ti^w) $trcu&o

^ ties# 3 - ^ c 5 ~ 6 %) x mA##wmx y 3
y h #0±#%6'g,mgXBT*<?m^ft6(DTx cft^os^

3 — % X-§r|ll||*n:7^it"4'-B 5?63 — y7 X%%0 3 — 'J x.^~V — i/ 3 'si)^fix Lx

#)5x 7/l/^#@|Sl(fX7V[/-!fY>M^3-^%o##gA<#^:LT^t)x T/VXzOXf^
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7 (i 3 - ii - M4?ti <9 SM £ 3 -f

*3-^X041CM®'tU^iOCO^§o

2. 2 5;6=t-7X(DS,*

s# 3-7 x-cm#J;o ^ 3 % a mtwrn# a o -efi-f fi3.

--tf-*3=kcxy -^-icx^'y 7d<&*X 1^j:-oT#^:-o i:l ^ a o
&&M. S t) 7r*a0

%jtm, ##7k^. Arne. m#gmm,

$±#Kx t >y#x m%@m. m<bgmm, mm

^T&ao

@Bt*ao v 3 y b 3 - 7 X (iX^ 7 7 3 - 7 X dtiy^H G I (Hardgrove Index) 

i#%#^03-7X(iv3 V b3-7x-e&a#^-^L^ 

S#3-7XUm#^W#^j:^THS. MS^^CfL S® 3#c^#^fiao

2-17 ^HSWh3IJ45;6 □ - 7 x 0%#

L/S (m : 1 . 5 &LT )
M/S (m : 1 . 5'-3. 0)
H/S (Eiktt% : 3. 0 a± )

^r(D#(DX/<'y ^(i^CDmDT&ao

W5$ 0.5 % Max. (dry basis)
10-15 %

HG I 50 Min. (Hardgrove Index #}## 100 (cS l ''HI##$4lS V') 
mm OxlOMM(Fine), 0x25MM(Fine), 0xl50MM(R0C)

3-*-^6mUAL/z$^(DA3-7X (Green Coke Raw

Coke) 6^3-7 LBiSmm#a B%T o - 7 - 7^: 6"
-e 1,200^1,350%)-e F^j L/C3-7X (Calcined Coke) 02@#^ao

2-18 £3-7X2: FWLl 3-7X(D%%

0.5 ~

1.2 ~
2.06 ~ 2.12

40 ~ 50



(c^-EStiT

I'&o
2. 2. 1 ^zi-^X

L/S (S : 2% max) : T/Hfyf-Z/X ; ^>7-^ 7^ V/7
M/S (S : 2-3%) : 7/ V*
H/S (S : 3% min) : 7/ V*
7^ :O.8~4.O%O&0&7I/>KLTL/S(2%max)

tM/S (3% max) 02@^0/l/-K-em^LTU6o
(2.o-3.Qwt%) , mm#^3-^xj;()t;L5 

7^ V*(D^#^8ij(DA3-^xO)%^m 2-19 (:#6A:o

*2-1 9(1) 77 IJ JiOW&rmn^ - 0 X0tttt (ikSBij)
(1995.First Quarter)

tE tfc € mmm Type Sul fur V A Vols HGI
wt % PPM wt %

Amoco Oil Co. Texas City sponge 5.00 1,000 11 80
Amoco Oil Co. Whiting sponge 4.60 500 12 80
Amoco Oil Co. Yorktown sponge 4.00 1,300 12 80
Atlantic Richfield Co. Carson sponge 3.00 340 10 50
Atlantic Richfield Co. Femdale sponge 2.90 266 10 60
BP Oil Corp. Belle Chasse sponge 0.93 50 10 86
BP Oi1 Corp. Lima sponge 2.10 220 10 80
BP Oil Corp. To!edo sponge 2.99 302 10 66
Chevron U.S.A. Inc. El Paso sponge 1.86 150 12 77
Chevron U.S.A. Inc. El Segundo sponge 2.20 475 13 68
Chevron U.S.A. Inc. Pascagoula sponge 5.80 1,050 12 78
Chevron U.S.A. Inc. Port Arther sponge 3.95 350 11 77
Chevron U.S.A. Inc. Salt Lake City sponge 2.00 27 10 90
Citgo Refining Corpus Christi Sponge g h o, 3.70 1,500 10 45
Citgo Refining Lake Charles Sponge

Sh o t 4-40 1,400 10 57
Clark Oil & Refining Corp. Hartford shot 5.50 1,400 10 80
Coastal Ref.& Market. Inc. Corpus Christi sponge 3.85 800 12 102
Conoco Inc. Lake Charles shot 4.75 1,400 10 43
Conoco Inc. Lake Charles sponge 2.10 276 10 35
Conoco Inc. Lake Charles needle 0.50 80 9 -
Conoco Inc. Ponca City sponge 2.30 300 10 70
Conoco Inc. Bi11ings shot 4.75 650 10 43
Crown Central Pet. Corp. Houston sponge 1.30 175 11 75
Exxon Co. U.S.A. Baton Rouge sponge 3.96 262 10 79
Exxon Co. U.S.A. Baytown f1exicoke 2.50 32,000 1 28
Exxon Co. U.S.A. Baytown bedcoke 2.50 2,500 4 28
Exxon Co. U.S.A. Bi11ings fluid 6.00 1,000 6 28
Exxon Co. U.S.A. Benicia fluid 3.25 600 4 28
Farmland Industries Inc. Coffeyvi11e sponge 2.30 325 11 65
Frontier Ref. Co. Cheyenne sponge 5.50 525 10 71
Hunt Ref. Co. Tuscaloosa Sponge Shot 4.70 1,630 12 42
Koch Ref. Co. Rosemount shot 5.30 475 11 50
Koch Ref. Co. Corpus Christi sponge 1.28 350 11 77
La Gloria Oil & Gas Co. Tyler sponge 1.90 59 11 48
Lyondell Petchem. Co. Houston Sponge

Shot 4.00 1,700 11 45
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2-19(2) x®## (±mu)

A & % Type Sul fur
wt %

V A
PPM

Vols
wt %

HGI

Marathon Oil Co. Robinson sponge 1.91 240 9 65
Mobil Oil Corp. Beaumont Sponge Shot 5.10 1,050 11 60
Mobil Oil Corp. Chalmette shot 5.10 1,350 11 50
Mobil Oil Corp. Joliet sponge 5.00 600 13 70
Mobil Oil Corp. Paulsboro sponge 5.10 750 14 70
Mobil Oil Corp. 
National Cooperative

Torrance Sp°"9eShot 1.35 490 11 48

Refinery Assoc. McPherson sponge 2.80 450 11 65
Powerine Oil Corp. Santa Fe Sprihg s sponge 2.75 900 11 65
Seadrift Coke L. P. Seadrift Needle 0.60 4 4 -
Shell Oil Co. Martinez f1 ex/bed 2.00 30,000 3 -
Shell Oil Co. Norco sponge 2.00 110 8 70
Star Enterpprise Delaware City fluid 6.25 1,100 5 30
Star Enterprise Port Arthur sponge 6.75 375 11 60
Sun Co. Inc. Tul sa sponge 1.75 245 13 80
Texaco Ref. & Market. Inc. Bakersfield shot 1.10 325 10 59
Texaco Ref. & Market. Inc. Wi1 mington shot 2.50 590 11 40
Texaco Ref. & Market. Inc. El Dorado shot 3.75 300 11 60
Texaco Ref. & Market. Inc. Anacortes sponge 3.20 370 10 55
The Needle Coker Co. Lemount needle 0.50 3 6 71
Tosco Ref. Co. Martinez fluid 2.40 600 6 30
Ultramar Refining Wi1 mington sponge 2.70 600 13 55
Unocal Corp. Carson Sponge Shot 2.05 550 11 47
Unocal Corp. Rodeo sponge 0.80 360 12 95
Unocal Corp. Sata Maria sponge 4.50 1,850 13 90
Uno-Ven Co. Lemont sponge 4.00 1,800 11 85

£ijA : The Pace Consultants Inc.

7/ ^ 2-20 (c^

6.75~0.50wt% ^j[S^$B@(C#r)TU6o

2 - 2 0(1) 7> U tiommmo^zi-t^omk (S content E)
(1995.First Quarter)

£ it £ Type Sul fur V A Vols HGI
wt % PPM wt %

Star Enterprise Port Arthur sponge 6.75 375 11 60
Star Enterpprise Delaware City fluid 6.25 1,100 5 30
Exxon Co. U.S.A. Bi11ings fluid 6.00 1,000 6 28
Chevron U.S.A. Inc. Pascagoula sponge 5.80 1,050 12 78
Clark Oil & Refining Corp. Hartford shot 5.50 1,400 10 80
Frontier Ref. Co. Cheyenne sponge 5.50 525 10 71
Koch Ref. Co. Rosemount shot 5.30 475 11 50
Mobi1 Oi1 Corp. Beaumont Sponge Shot 5.10 1,050 11 60
Mobil Oil Corp. Chalmette shot 5.10 1,350 11 50
Mobi1 Oi1 Corp. Paulsboro sponge 5.10 750 14 70
Mobil Oil Corp. Joliet sponge 5.00 600 13 70
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2 - 2 0(2) T y u (S content J®)

# % % m&m Type Sul fur
wt %

V A
PPM

Vols 
wt %

HGI

Amoco Oil Co. Texas City sponge 5.00 1,000 11 80
Conoco Inc. Lake Charles shot 4.75 1,400 10 43
Conoco Inc. Bi11ings shot 4.75 650 10 43
Hunt Ref. Co. Tuscaloosa Sponge Shot 4.70 1,630 12 42
Amoco Oil Co. Whiting sponge 4.60 500 12 80
Unocal Corp. Sata Maria sponge 4.50 1,850 13 90
Citgo Refining Lake Charles Spon9e shot 4.40 1,400 10 57
Amoco Oil Co. Yorktown sponge 4.00 1,300 12 80
Lyondell Petchem. Co. Houston 9 Shot 4.00 1,700 11 45
Uno-Ven Co. Lemont sponge 4.00 1,800 11 85
Exxon Co. U.S.A. Baton Rouge sponge 3.96 262 10 79
Chevron U.S.A. Inc. Port Arther sponge 3.95 350 11 77
Coastal Ref.& Market. Inc. Corpus Christ! sponge 3.85 800 12 102
Texaco Ref. & Market. Inc. El Dorado shot 3.75 300 11 60
Citgo Refining Corpus Christi Sponge g ^ =t 3.70 1,500 10 45
Exxon Co. U.S.A. Benicia fluid 3.25 600 4 28
Texaco Ref. & Market. Inc. Anacortes sponge 3.20 370 10 55
Atlantic Richfield Co. Carson sponge 3.00 340 10 50
BP Oil Corp. Toledo sponge 2.99 302 10 66
Atlantic Richfield Co. Femdale sponge 2.90 266 10 60
National Cooperative 

Refinery Assoc. McPherson sponge 2.80 450 11 65
Powerine Oil Corp. Santa Fe Sprihgs sponge 2.75 900 11 65
Ultramar Refining Wilmington sponge 2.70 600 13 55
Exxon Co. U.S.A. Baytown f1exicoke 2.50 32,000 1 28
Exxon Co. U.S.A. Baytown bedcoke 2.50 2,500 4 28
Texaco Ref. & Market. Inc. Wi1 mington shot 2.50 590 11 40
Tosco Ref. Co. Martinez f 1 ui d 2.40 600 6 30
Conoco Inc. Ponca City sponge 2.30 300 10 70
Farmland Industries Inc. Coffeyvi11e sponge 2.30 325 11 65
Chevron U.S.A. Inc. El Segundo sponge 2.20 475 13 68
BP Oi1 Corp. Lima sponge 2.10 220 10 80
Conoco Inc. Lake Charles sponge 2.10 276 10 35
Unocal Corp. Carson Sponge Shot 2.05 550 11 47
Chevron U.S.A. Inc. Salt Lake City sponge 2.00 27 10 90
Shell Oil Co. Martinez flex/bed 2.00 30,000 3 -
Shell Oil Co. Norco sponge 2.00 110 8 70
Marathon Oil Co. Robinson sponge 1.91 240 9 65
La Gloria Oil & Gas Co < Tyler sponge 1.90 59 11 48
Chevron U.S.A. Inc. El Paso sponge 1.86 150 12 77
Sun Co. Inc. Tul sa sponge 1.75 245 13 80
Mobil Oil Corp. Torrance Sponge Shot 1.35 490 11 48
Crown Central Pet. Corp. Houston sponge 1.30 175 11 75
Koch Ref. Co. Corpus Christi sponge 1.28 350 11 77
Texaco Ref. & Market. Inc. Bakersfield shot 1.10 325 10 59
BP Oil Corp. Belle Chasse sponge 0.93 50 10 86
Unocal Corp. Rodeo sponge 0.80 360 12 95
Seadrift Coke L. P. Seadrift Needle 0.60 4 4 -
Conoco Inc. Lake Charles needle 0.50 80 9 -
The Needle Coker Co. Lemount needle 0.50 3 6 71

£fj: The Pace Consultants Inc.

— 117 —



2. 2. 2 r*#j 3-/7%

• Regular grade coke: LX7JI i

. Needl e coke: #*&&<###-(% &&% >,
tl^n-^7,^00 UHP#@0#46 LTOTStlTU^o 

m 2-21-# 2-25 mma,

2-2 1 □ fr&
POM.

#Aa

mfemm 87—90 86—90
0c# 0.3—1.0 0.3—1.0
mm# 10—13 11—14
±eh# 1—5 0.5—0.6
#7lr7K# 4—8 4—8

Kcal/kg 8,500 8,500

djft: 3 — 71/V — h

2-22 5;6 n - %a%

l/f a "7 — — — K Jl>

its. 2.04—2.12 2.12—2.15
a&msmm&xio-vt 2.0—4.0 0.6—1.3
0c# % 0.2—0.5 o.l &.T
EH# % 1.0—1.5 0.2—1.0
rtfWk ppm 20—500 3—5

tijS: ###'

2 — 23 7"^ l/- KAS#3-*%### O JFPPj

fflAna (A) toAnn(B)

Kmm % 87—90 87—90 86—89
0C# % 0.3—1.0 0.3—1.0 0.3—1.0
#%# % 10—13 10—13 11—14
AEH# % 1—1.4 4—5 0.5—0.6
##A# % 4—8 4—8 4—8
iii Kcal /kg 8,500 8,500 8,500

2-24 =f 4 is- K*'gt5»3-/7%omm&n.

% 99.0—99.5
0Z# % 0.25—0.35
@%# % 0.23—0.26
^EH# % 1.00—1.15
##*# % 0.04—0.08
ES+E# % 0.08—0.13
wtm 2.03—2.06
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2-25 yju- KM# 3 - 0 X (DSSS.E

mfemm % 93—96
im# % 0.5 j
mm# % 4—7
£tiiM# % 3—4
mmm Kcal/kg 7,900—8,000
-W-^fX (y,yi) %

> 4 6
> 80 30
> 100 52
> 200 95

2. 2. 3

2-26 lfl#?l05ii 3-/7

fBfc Si -try > h 7IW7

fian# % 2-3 1 ~3 5 1 — 6
m% HGI 40 1 HGI 40 1

wj t?»-&
HGI 40 1

Sk# % — — — 0.5 1
% — — — 10—14

rtfyrfk ppm — — — 800 \

2. 2. 4 cm#.

& 2-27 (C^L/Co

2-2 7(i) ^#3-/7x ■ cm# ■ ^mo&vtsm

5# 3 
7JU- K

-<7X
5N U- K

Mm
m

o

a m
(±®m)

m # m * @ fa

Jtm 15/4° C - - 0.948 -

mmm cst @ 100 ° - - 18 -
@ 300 ° - - - -

%fkA ° c
7lM#%T

ms 92.9 91.5 84.8 77.9
7kS 2.1 3.6 12.0 4.5
8G# 2.5 2.7 3.0 0.7
ss 2.2 1.6 0.22 0.9
mm 0 0 0 7.0

b@ms wt% - — 11.7 -

m#:
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2-2 7(2) . cm& •

5;fi=i 
771/- K

-7X
7" •< U- K

cm#
(±mm)

%me# wt%
7k5> (:£*#) 0.3 (6.6) 0.6(7.6) 2.9

0.5 0.2 < 0.1 8.9
mm# 3.9 9.7 - 28.2

95.6 90.1 - 60.0
/’i'tvO A wt ppm 1,000 - 77 -
t h'JOA wt ppm 200 - 27 -

kcal /kg 8,000 8,680 10,350 7,450
wwt 24.5 9.3 - 2.1
/x- h Va-y^m 17 63 - 52
emA ■ @#)T3cA: £ ± — Ja Bl

2. 3

ctit-e©SSiiiS*©i - ? xo^M^giJicBWSo

2. 3. 1 EM=i-^x/!!4

(1)

1983 2-28 Amm.

t ^ ^ $b 6 A # 80%j^± 6 Uo

2-2 sen vommtm (#{&:t)

ASIMS m Ml# It 3811111^-7t 1 1 I ft

1983 til 191,387 6,685 39,710 237,782 79,122 316,904

m 970 - 23,717 24,687 51,628 76,315

Ml 191,618 7,030 17,112 215,760 21,537 237,297

1984 til 207,467 7,031 52,616 267,114 82,392 349,506

m 965 - 23,340 24,305 54,673 78,978

Ml 207,216 7,092 27,210 241,518 23,679 265,197

1985 til 214,061 6,281 43,439 263,781 71,595 335,376

m 1,342 - 17,264 18,606 46,439 65,045

Ml 207,933 6,033 28,051 242,017 20,583 262,600

1986 til 187,338 6,372 28,515 222,225 49,580 271,805

m 1,161 - 9,104 10,265 29,492 39,757

Ml 186,665 6,497 19,979 213,141 16,077 229,218

1987 til 160,448 7,192 27,351 194,991 34,344 229,335

m 553 - 1,442 1,975 20,209 22,184

Ml 170,989 7,327 28,020 206,335 12,624 218,959

1988 til 163,329 6,483 29,295 199,107 38,529 237,636

m 245 - 6 251 22,394 22,645

Ml 165,812 6,551 28,331 200,694 12,624 213,318
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2-3 0 ■ ±5MS.X*(C & 3-/7 X<Z);1#hS^

±m%•±5 

m a

(i)

iM $ m

m # m 

(2) (2)/(l)
€ <D fife 

(3)
b" 0+

(2) + (3)

1982 889,533 187,408 21.1% 413 187,821
1983 2,069,504 120,806 5.8 4,509 125,315
1984 1,594,448 152,562 9.6 2,369 154,931
1985 1,332,981 155,149 11.6 1,091 156,240
1986 1,444,285 126,646 8.8 676 127,322
1987 1,332,941 101,664 7.7 595 102,259
1988 1,200,274 102,230 8.5 195 102,425
1989 1,192,221 91,934 7.7 708 92,642
1990 1,307,918 98,450 7.5 1,735 100,185
1991 1,287,043 97,543 7.6 495 98,038
1992 1,435,777 94,365 6.6 2,541 96,906
1993 1,819,121 89,495 4.9 3,421 92,916
1994 1,787,059 80,985 4.5 3,168 84,153

tun:

(4) 7;^Iiffl3-i7XO-M

2 — 31 TJU

^3-/7% rw%j =1

wt %
### PPm max

12 0.5 —0.6

'> U =1 - y 200 ~ 300 200 — 300
300 300

wt ppm 200 — 250 200 — 250
BS55- wt % max 2.5 ~ 4.0 2.5 —3.0

g/cc min — 0.8

ttiS: Oil & Gas J.7>

(5) Ammmmmm3-/7

#2-32 Ammmmmm r^j □ - 0 x®-w

r/)#j 3-/7%

SABS### CTE 10 -7/ 
wt % 
g/cc

MitWL g/cc

1.0 — 4.0
0.3 — 0.5
0.85 — 0.91
2.12 — 2.14



2. 3. 2 /Uy#-.

<Lf6o m 2-33 j:9C, WbAA<i#<, mb#A#l'6u

2-33 /W y&- t°y

a m m 5 ;ti $

Q 1 AW' o
o

C/HifcAW' o 
iSES o
%mt$RAW' x

^4bAA<i#(,' x
Q 1 AW' O
SWfil' x
#A%#KA<^^L' O 
CTEAW' O

5#mt: y 5^. v * ^y f wk&m.

%#(:. K^A<^l'C6. l/- #%

—'StK5?tiSi t° y 7©ffl:iSsttT"nB© t>©;^3b -60

- %;i/;

SA<x ^A#^7(i7S>7. 0^7. C&s America %2'A<i#W-&A<, 7/ V^7. 3-Oy 
/<©#:WW!>U m^A#:6 6 6?m!l$ttTU6o

2-34 /<-f y?~ k= e, «kCf?% (TO:103t)

£ m m t) wS m
1989 % 1995 ^ 2000 % 1989 £}E 1995 ^ 2000 ^

USA 520 400 370 441 425 435
Canada 70 100 100 173 255 310
C&S America 121 120 150 203 274 364
West Europe 984 850 850 381 390 380
Australia 110 150 150 150 165 222
Japan 410 400 350 4 4 4
Asia 254 300 300 115 130 142
Middle East 0 0 0 45 80 125
Africa 100 100 100 78 104 105
CIS 600 610 650 450 670 600
China 100 100 100 60 60 60

Total 3,419 3,430 3,370 2,190 2,747 3,107

&#: MRC Utf- h

-12 3



2. 3. 3
— 7 x ck oTTlB©i: 9

L/S (W : 0. 5- 1. 5)
M/S cm#%9t% : 1. 5 ~ 2. 5)
H/S (M1%%#% : 3. 5 W±)

m#6-#diV7|SlW±gB%6)6Tl'6o 

#1^0 ^(D$jm^&6LT7y ®Sm^5V41S#6(Dm#,

-?x&mW-C#fB, C:(D2^)&^#T&5o 

am®^g#m##6LTS%3-^x^mmL-cu6m^ #^0# 2-2 tc^u
/:j:9(C:. 1994 1,681^ t, l,5O7=Pt0^#f 3,188=Pt

s#3-?x#%m##Am^mmf-am#. # 2-35 s^t/y mm-?.

*©EWi*i'etiTE(DflgiSicTO$tiT^5o

Steam generation specially designed utility boiler
fluidized bed boiler

Gasification

2-35 5;ti =1-^7 X(Dggm#M
(#&: t)

&mm (i) me (2) 
(m#)

(2)/(l)
XlOO

1985 283,677 11,203 3.9%
1986 282,708 30,635 10.8
1987 268,946 33,145 12.3
1988 343,860 25,453 7.4
1989 307,212 29,145 9.5
1990 314,496 27,040 8.6
1991 310,880 28,869 9.3
1992 299,891 33,874 11.3
1993 603,107 30,023 5.0
1994 669,063 32,096 4.8

titiS : 35)

2. 3. 4 -try X h+A'XMffl

25%##6^-3iru6o

12 4-



2-36
(S&:103t)

3 A m m £S

#4 =?
m

/|?-f
g # 1 SSIIffl

Sffl Ufc
to#

*>©
If

ir H-

1982 964 11 294 582 1 878 890 9 214
1983 2,136 42 235 1,787 6 2,028 2,070 6 279
1984 1,555 163 241 1,174 20 1,434 1,597 5 266
1985 1,423 239 251 842 8 1,101 1,340 31 309
1986 1,381 303 245 899 14 1,157 1,460 0 230
1987 1,299 314 198 825 12 1,035 1,350 2 177
1988 1,205 320 199 690 8 897 1,217 4 161
1989 1,275 262 195 739 5 938 1,200 8 229
1990 1,350 317 260 743 4 1,008 1,324 74 216
1991 1,411 313 300 687 3 990 1,303 64 260
1992 1,557 382 288 779 4 1,070 1,452 49 314
1993 1,845 435 324 1,086 1 1,411 1,846 41 274
1994 1,868 437 316 1,069 2 1,387 1,824 23 293

m#=

# 2-37

# 2-38

# 2-39

- 3 - ^ 7 0##^%

-%/ > hmmt,

-12 5
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(—-^%A%^;i/#-)

2-38 ty >

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

kl 7,344,018 6,777,865 6,027,913 5,612,621 5,399,093 5,617,923 6,850,007 6,117,671 6,545,097 6,608,760 6,655,459 6,823,467

kl 1,829,718 1,138,676 786,292 880,307 767,122 543,331 603,583 611,884 596,057 659,490 949,053 984,033

kl 9 - - - 7 10 12

A-?* kl X X - - 52 4 2 6 44 134 113

kl 351 73 7 - 7 153 71

last kl 73,858 71,819 65,363 79,491 54,738 58,824 85,767 98,634 95,538 79,354 95,542 83,617

A kl 3,239 X X X X X X X 7.325 8,588 6,096 5,294

B kl - X X X X X X X 6,187 6,280 6,908 7,492

C kl 70,619 69,454 63,147 74,980 50,723 52,609 77,051 84,387 82,026 64,486 82,538 70,833

kl _ X X X 24,094 52,550 7,984 X X 43,096 10,701 12,078 46,739

E?*3-^X t 1,706,355 1,033,039 692,422 771,525 654,108 514,154 545,501 541,962 489,384 614,119 908,919 920,844

kl 5,514,298 5,639,191 5,241,621 4,732,315 4,631,970 5,074,592 5,246,422 5,505,787 5,947,041 5,949,569 5,706,405 5,839,437

5AK t 7,826,742 8,266,707 7,682,534 6,950,831 6,791,284 7,682,846 7,961,867 8,370,837 9,042,297 9,037,029 8,684,499 8,889,329

5A%3-^% t 106,732 51,389 49,028 30,431 41,181 38,106 23,476 11,674 12,113 19,805 4,806 2,916

£ -J <f 3 — v 7s t X X X



2-3 9

(-MAx^JI/^'-)

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

kl 1,073,874 1,027,602 986,765 963,796 1,011,079 1,055,478 1,153,329 1,231,669 1,234,400 1,299,778 1,283,223 1.297.312
amm#) ki 292,293 304,903 318,454 355,466 392,466 423,078 443,541 - 456,824 451,274 474,798 534,720 550,762

*%% kl 189 X 190 181 193 170 181 168 163 152 138 143

«■» kl X X 1,398 1,420 1,431 1,925 1,522 945 1,176 1,649 2,171 2,071

B# kl 9,456 X X 7,932 7,139 8,394 6,435 6,390 7,486 7,013 7,059 7,318

asitt kl 228,857 157,587 110,960 130,839 156,181 193,586 221,471 223,416 222,682 235,477 289,778 315,374

A kl X X X X - X X 16,360 19,632 19,668 19,501

B kl X X X X - X X 1,367 1,555 1,510 587

c kl 227,267 165,266 108,962 128,215 150,866 182,000 202,646 204,801 202,955 214,290 268,600 295,286

kl - - - 4.462 4,520 4,276 X X 5,034 4,783 3,990 4,045

t 46 48 34 29 X 42 22 31 577 373 1,178 1,183

5%3-^x t 38,496 125,174 180,029 203,818 215,495 223,769 214,546 227,458 219,351 230,884 232,684 220,348

72,484 73,888 98,336 92,858 132,430 113,713 175,877 211,590 189,318 243,623 248,089 241,078

5# t 100,743 104,018 139,719 132,302 138,458 164.915 255,263 308,991 288.718 360,988 359,128 347,416

t 113 3 116 22 351 - 833 1,286 101 115 - -
^—vxptfx 1000m3 X X 6,946 X 8,703 10,400 X X 11,502 14,549 13,290 15,818

MPifx 1000m3 - - X 704 841 917 940

imPJfz 1000m3 " - X 18,194 25,138 24,477 21,641
SEfptfx (A) 1000m3 X X X X X X X 5 -

ssm^fx (b) 1000m3 X X X X
%A lOOOkwh 7,732,718 7,075,961 6,214,914 5,820,299 5,304,979 5,564,616 5,727,454 6,042,360 6,275,177 6,251,606 5,381,824 5,436,340

t X _x 20,240 18,730 18,867 19,252 20,461 21,407 20,040 1,816 726 584

urn (maim)



2 — 40 3 - 0 X^§7|t’-r =7

m m 6 tt I % aamiR No. mm
(Vh)

mzm #Bsa wsmm
(f-ty)

it * #rH*i# mm i 57 am* 1984 - 10 40
mv- smsam-r Luam 2 410 am* 1974 - 12 150

3 410 am* siimerm 1982 - 10
4 600 am* siwwaamia 1989 - 6

0Br)J ess 1 430 am* suaaaai# 1992 - 10 300
2 430 am* SH6fS$SJ3! 1985 - 8

IS 4 320 am* ;hmsis 1985 - 7 80
fmmz 3 305 am* Eiflf 1986 - 4 80

mmi ;iw mm 1 150 am* Ayr?-/? Hi 1986 - 4 40
tmim-m) 2 380 am* ;<7a~,-7 Hi 1983 - 10 10
Emmm gas 2 110 am* snsimmg 1986 - 9 40
'Em m. issim 1 250 am* ESSES 1968 - 7 25

2 350 am* Emrm 1970 - 1
(tfcfA gam 1 40 am* Hi!®® 1985 - 6 10

jws 1 67 am* 1985 - 3 40
% tijam 2 100 am* ESSES 1986 - 9 45

—f-rt— m* 1 34 am* =##TS 1985 - 7 20
itZ'l'it 17 4,443 880

/N23%* «± sum 1 65 am* i 1985 - 4 30
BA ®sm 10 90 am* EE6ES 1984 - 9 40
MlU isiiiim 6 70 am* 3ESII 1985 - 12 140

isiiijm 7 70 am* Emazs 1985 - 12
ms 10 100 am* ElgSZS 1985 - 1

3--7-A |SM gam 7 70 am* A73Hi 1984 - 6 30
B^X^X7> BAfr ms 4 50 am* 1985 - 12 60

5 70 am* 1984 - 3
E$way ±tT asm 5 95 am* emsxs 1984 - 4 2

SOi m 7 75 am* z^sxs 1985 - 11 50
%A Aft m*m 5 46 am* itSSSS 1983 - 2 30

8# Attm 3 47 am* E1ESES 1985 - 12 20
mt?y-sy ES ess 1 45 am* -^»TS 1985 - 12 30

^E8 sms 3 50 am* hhh 1984 - 10 30
v—3y

14 943 462
K/i/l/7" ^Wvuttm zm ms 1 110 am* JiMSZS 1984 - 10 50

2 100 am* ^3 7 2 Hi 1988 - 4 70
Aamg ' mia: «&m 3 80 am* EFSTS 1985 - 11 50
mET$m IS asm 4 80 am* E3ESXS 1986 - 6 50

4 370 220
t^y t Wfflt^yt EE ess 5 97 am* EJMSBgSZS 1984 - 4 50

&A& **m 5 115 am* SJHSJS&SIS 1984 - 4 200
6 115 am* sns)$smis 1984 - 4

sfs 4 90 am* EWSTSEffiXS 1984 - 4 40
B*t> y H *is 4 63 meow ESSES 1989 - 1 10
tyy M\it 5 480 300

miitm mm mom 9 85 am* HMJJ 1964 - 9 40
^ it 41 6. 321 1.902

it: ¥m$S:(i. x&£infc£jmx'bi>cw6m<r)i$mzjir)$z<t-tz>.

tB-fSl : Coal Market Survey31
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2-4 3

1983 ■ 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

# cm***) kl 49,453,706 53,693,333 53,688,029 50,092,441 49,668,026 56,465,732 57,881,540 58,347,448 58,283,458 54,551,200 55,011,936 55,230,202

5%**^ kl 3,071,950 3,222,012 2,947,099 2,813,441 2,897,901 3,313,435 3,633,435 3,716,003 3,464,117 3,279,216 3,135,591 3,385,373

*%% kl 259 263 236 238 204 224 234 247 234 243 242 239

fT# kl 427,602 408,277 323,914 307,538 321,770 360,407 384,407 385,979 380,002 353,915 371,077 347,255

e% kl 55,899 52,680 41,941 34,740 30,618 29,298 28,750 29,757 30,103 28,114 27,192 27,184

SMilt kl 1,898,846 2,034,223 1.886,088 1,802,865 1,772,802 2,057,621 2,156,696 2,295,706 2,074,203 1,927,655 1,764,602 1,810,772

A kl 335,832 355,562 403,348 367,433 402,756 507,613 630,668 659,840 637,714 579,373 570,184 583,320

B kl 78,054 78,048 71,989 63,327 55,206 33,229 15,983 10,857 8,280 6,309 8,207 7,150

C kl 1,484,960 1,600,615 1,410,751 1,372,105 1,314,840 1,516,779 1,510,045 1,625,009 1,428,209 1,341,973 1,188,211 1,220,302

KtK*SS* kl X 162 - - -

t 385,820 . 394,852 414,748 466,194 504,125 557,350 712,217 673,259 642,865 616,867 587,685 578,441

EM^WlTkStfA 1000m3 X 144,431 98,662 3,387 116 127 130 126 121 120 147 283

576 a — i> X t 17,318 13,845 12,577 19,975 66,061 68,282 65,491 48,922 77,642 108,072 163,419 418,810

(«#»*) kl 41,911,850 45,829,406 46,128,709 43,098,721 42,713,683 48,699,503 49,664,877 49,964,923 50,051,732 46,777,232 47,442,351 47,480,449

a-famsfim t 35 20,736 201,324 598,332 583.769 377,356 584,517 1,006,242 1,542,736 1,277,453 1,580,824 1,860,263

5K t 688,047 1,054,404 1,498,725 2,028,602 2,561,872 2,921,368 4,133,257 5,471,183 6,607,651 7,032,947 7,099,730 7,962,570

5^3-^x t 40,910,304 44,705,803 44,592,319 40,908,848 39,925,430 43,197,625 42,792,386 41,273,189 39,788,575 36,649,920 36,462,545 35,339,077

f—;i/ t 309,315 273,822 214,539 188,027 143,897 180,272 200,960 138,631 152,424 142,876 157,935 162,209

3 — txfpifx 1000m3 8,334,217 8,865,860 8,556,007 7,793,580 7,710,479 8,501,169 8,470,690 8,653,067 8,584,660 8,032,659 8,085,953 8,032,659

nap it x 1000m3 57,843,061 63,075,497 64,564,132 59,607,279 59,804,058 63,759,129 64,842,139 65,293,304 64,923,164 61,280,503 63,168,953 63,081,597

1000m3 4,060,324 4,279,149 4,080.889 3,786,056 3,836,669 4,314,424 4,573,706 4,473,595 4,467,683 4,082,500 4,193,237 4,161,643

1000m3 108,111 137,668 93,541 55,484 52,315 55,882 66,176 45,578 53,889 15,512 9,395 6,298

^AS/f% 1000m3 X 3,699 4,316 2,066 2,978 3,163 3,337 9,143 13,553 10,523 10,412 10,641

t 363,684 375,040 382,752 362,744 361,034 376,683 403,868 471,690 498,437 504,930 463,753 474,172

(A) 1000m3 98,381 108,438 129,634 116,386 123,089 116,799 156,434 188,839 222,383 237,470 422,927 489,321

#m#A (B) 1000m3 76,370 93,605 122,453 110,143 108,805 109,878 157,878 193,656 223,869 238,888 424,292 498,446

&* 1000m3 4,869,724 5,689,875 5,852,223 5,306,193 5,511,815 6,265,431 5,637,706 7,011,630 7,203,112 6,469,722 6,825,898 7,174,224

%.ti lOOOkwh 48,857,130 60,737,206 50,412,651 45,691,455 44,534,611 47,888,108 49,296,324 50,192,273 51,279,498 48,344,714 47,681,246 46,867,148

mm cmms) ai$®g*ewM$EatsM



2-44
( —)

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

ff kl 30,174,900 33,060,965 33,264,878 31,136,405 30,737,112 35,334,193 35,781,604 35,825,517 35,765,097 33.264,806 33,537,328 33,575,009

cm#**) ki 41,626 105,962 50,499 51,214 71,738 247,290 266,767 356,869 169,993 135,307 158,504 428,605

kl 7 - ” 6 -
«% kl 413 295 - ~ -
SMlSt kl 3,519 62,729 26,308 33,906 16,148 182,316 206,132 301,810 99,285 35,509 15,091 41,143

A kl 3 157 1,217 698 748 912 23 957 1,129 1,039 1,301 2,104

B kl 19 1 3 - -
C kl 3,497 62,571 25,088 33,208 15,400 181,404 205,209 300,853 98,156 34,470 13,790 39,039

t 10.526 5,100 5,008 7,527 7,398 11,656 8,307 12,490 13,459 18,570 12,809 14,347

5#BK4M(**x 1000m3 X 31,384 15,658 351 *•
5#3-x x t - 66 5,572 45,342 42,507 40,973 22,813 51,587 80,152 137,084 397,005

(##&#) kl 29,873,954 32,689,247 32,957,887 30,859,313 30,457,275 34,828.884 35,259,601 35,209,699 35,323,580 32,865,421 33,119,413 32,882,171

3-XX$2@lM t - 20,346 194,933 551,096 571,198 368,179 569,623 997,669 1,486,666 1,277,439 1,577,542 1,860,187

5* t 278,299 586,926 929,841 1,261,272 1.827,511 2,003,449 2,765,413 3,726,779 4,705,945 5,190,411 5,187,800 5,707,785

5*3-?% t 35,921,941 39,066,620 39,028,866 35,975,788 35,031,342 37,712,098 37,137,981 35,782,852 34,494,636 31,613,375 31,529,719 30,416,703

9 — iV t 300,000 263.114 202,680 159,726 121,771 155,450 179,773 115,730 130,704 119,233 134,446 136,592

3-XX^^X 1000m3 1,651,672 1,834,755 1,637,606 1,243,353 1,127,186 1,414,115 1,562,921 1,745,895 1,690,089 1,419,774 1,449,423 1,433,881

gjpxfx 1000m3 27,399,054 29,588,899 30,157,363 28,588,406 27,918,193 29,613,729 29,598,473 29,379,448 30,110,205 28,393,988 28,392,793 28,517,466

*ap#x 1000m3 1,018,880 1,104,252 1,094,170 1,071,569 1,175,119 1,212,242 1.556,187 1,398,306 1,307,804 1,170,887 1,190,163 1,149,332

mmipxrx 1000m3 - - - -
«<b^#x t 3,722 - " " - - 1,929 2,966 - -
smyfx (a) 1000m3 1,581 - " - - - 38 418 820 2,142 13,169 12,260

SETfltfx (B) 1000m3 759 - " - 36 396 778 2,036 12,534 12,801

K* 1000m3 68,558 413,155 591,287 373,602 509,842 815,429 1,007,650 1,224,380 1,417,584 1,294,328 1,451,094 1,773,160

mu lOOOkwh 2.834,434 2,904,758 2,803,489 2,468,907 2,274,609 2,775,222 2,745,276 2,785,193 2,920,486 2,840,355 2,790,207 2,842,053

mm m&xm) aBa&*BmB*a8#Hm@



2-45 sJplc&CJ

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

it kl 30,125,028 33,027,284 33,183,028 31,112,138 30,719,600 35,313,425 35,758,286 35,798,703 35,733,688 33,236,242 33,509,164 33,535,439

5#**m (K**#) kl 41,300 105,670 50,261 50,983 71,142 246,834 266,276 356,309 169,259 134,635 157,614 426,925

tf* kl 7 " - 6

g* kl 413 295 " -

mmf kl 3,208 62,441 26,063 33,669 15,815 181,865 205,644 301,252 99,558 34,840 14,207 39,478

A kl 3 41 975 461 415 461 435 399 402 370 417 439

c kl 3,205 62,400 25,088 33,208 15,400 181,404 205,209 300,853 98,156 34,470 13,790 39,039

t 10,526 5,100 5,008 7,527 7,398 11,656 8,307 12,490 13,459 18,570 12,809 14,347

5**Kfb**#% 1000b3 X 31,384 15,658 361 -

5*3-?% t - 56 - 5,572 45,342 42,507 40,973 22,813 61,587 80,152 137,084 397,005

(a#**) ki 29,829,665 32,661,197 32,881,883 30,839,147 30,442,592 34,810,744 35,239,168 35,185,844 35,294,817 32,839,314 33,093,567 32,845,814

t - 20,346 194,933 551,096 571,198 368,179 569,623 997,669 1,487,666 1,277,439 1,577,542 1,860,187

5* t 278,299 586,926 858,947 1,281,272 1,827,511 2,003,449 2,765,413 3,726,779 4,705,945 5,190,411 5,186,398 5,684,376

t 36,860,781 39,027,914 38,990,265 35,948,169 35,011,815 37,689,78$ 37,113,107 35,753,606 34,460,033 31,682,427 31,500,889 30,396,806

?-;u t 300,000 263,114 202,680 159,726 121,771 155,450 179,773 115,730 130,704 119,223 134,446 136,592

%-?xtp;tfx 1000m3 1,651,672 1,834,755 1,637,606 1,243,353 1,127,186 1,414,115 1,562,921 1,745,895 1,690,089 1,419,774 1,449,245 1,433,428

Rjp/fx 1000m3 27,399,054 29,588,899 30,157,363 28,584,743 27,911,890 29,604,832 29,586,082 29,366,893 30,089,082 28,370,673 28,367,933 28,491,859

etptf% 1000m3 1,018,880 1,104,252 - 1,094,170 1,071,569 1,715,199 1,212,242 1,556,187 1,398,306 1,307,804 1,170,887 1,190,062 1,149,023

1000m3 - - - -
E-ffc^/Vx t 3,722 - - - - - 1,929 2,966 - -
SrptfX (A) 1000m3 1,581 - - - - - 38 418 820 2,142 13,131 12,140

Stptfx (B) 1000m3 759 " - - - 36 396 778 2,036 12,499 12,673

m* 1000m3 68,308 412,882 591,076 373,364 509,735 815,429 1,007,650 1,224,380 1,477,584 1,294,320 1,451,111 1,757,692

s* lOOOkwh 2,776,970 2,846,442 2,742,222 2,426,594 2,247,214 2,751,825 2,719,520 2,769,398 2,899,862 2,821,158 2,774,803 2,825,516

a# 5*##R«BM+4:* (EiSZS)



(## : t)

2. 3. 6 <\&JM
(1) tfc^xSic3b'ttm#h

2 — 46 {k^XHfC 3b' a & E-fto H - £ x;1 M

(l)+(2}+(3)
+(4)+(5)+{6)

msh
(1)

771:7
115
(2)

'J-9 If
Man
(3)

aaa

(4)

lEfix

(5)

-E-m#

(6)

1982 357,656 X X - - - X

1983 484,079 X X - - - X

1984 417,688 X X - - “ X

1985 418,233 X X - - - X

1986 669,867 118,288 47,342 61,928 - - 429,041
1987 881,146 134,973 124,300 81,414 - - 527,624
1988 913,080 131,192 163,200 81,550 - - 520,629
1989 888,849 135,272 182,556 57,463 - X 473,815
1990 940,200 153,526 203,628 78,329 - X 486,559
1991 1,074,481 166,159 X 113,078 - 488 540,686
1992 1,111,915 164,591 230,617 140,311 597 597 559,402
1993 1,343,769 191,670 287,716 165,889 977 463 683,256
1994 1,329,341 208,703 250,256 168,269 929 606 688,078

tti* :

2-47 4b^XS(C3b'5x;gjeAS (]£&: 103t)

a a m # t/xtti

/K-f 5
Hfl

5
m*m

mm u/t
* 0 ft

& (D
n-

a" at

1982 499 - 342 15 - 358 358 117 117
1983 669 - 373 110 1 454 484 187 115
1984 526 - 325 90 3 418 418 151 73
1985 786 134 330 33 4 367 501 126 233
1986 977 442 408 32 4 444 885 61 263
1987 1,199 500 524 68 4 596 1,096 73 294
1988 1,210 508 569 59 2 530 1,138 101 264
1989 1,181 486 564 48 - 612 1,098 118 229
1990 1,246 522 618 28 - 646 1,168 121 187
1991 1,378 550 635 53 - 688 1,238 70 259
1992 1,328 600 580 92 2 673 1,274 56 255
1993 1,615 707 652 167 4 824 1,531 55 286
1994 1,593 757 627 154 5 786 1,543 43 294

m#:

13 4-
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1)

2) I EA Statistics: Oil and Gas Information 1992, 1993, 1994

3) Coal Market Survey (#) 1996 ###
4) vol.23, No.5, 16 (1992)
5)

6) m#-######

7) Oil & Gas J. Vol.80, No.43, 145 (1982)
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3. ^ >e±3 =1—d7 do F^i ^ (c: (zt r&i

3. 1 s^icgb'y^Elptoip]

3. 1. 1 #$a
(1) SAM

gA-e(m#5#, ^

ha3-^X(D2%^*;l/-^< >3-f x/&^#LTl'6o 

m 3-1 1993

-c©^ 307j t 67 JJ t MflnLTVSo

3-1 7B-^zi-{7x<D^.m, inm, \moym ($m=t)

til S
mn

A
6 A

m *
(mem)

S 5 *#BSEiS am s $

1983 166,211 - - - 168,908 - - - 6,569
1984 216,494 - - - 217,614 - - - 5,419
1985 283,677 272 - 11,203 264,662 - 28 3 59,722
1986 282,708 - - 30,635 248,810 - 1 - 16,361
1987 268,946 - - 33,145 237,452 - 4 - 14,706
1988 343,860 - - 25,453 308,640 - 919 - 24,468
1989 307,212 475 - 29,145 281,180 - - - 21,829
1990 314,496 380 - 27,040 293,725 - - - 15,941
1991 310,880 - - 28,869 280,654 - - - 17,286
1992 299,891 - - 33,874 265,640 - - - 17,668
1993 603,107 987 - 30,023 557,875 - - 33,860
1994 669,063 970 - 32,096 637,668 - - - 34,130

m# : - it*£Etf¥E

(2) #Am6#A$k

Aase^A3-^xT*6A<. >3-^%?^^,

-e0#A^wa. -r>K4;i>Tx nxv. ^7>y.

1 3 6



(#&: 1031)
3 — 2 0 ^<7)5/6 n — 0

Imports by Country of Origin

$1 A 5fc 1989 1990 1991 1992 1993 1994

OECD 3,781 3,321 3,935 3,863 4,081 3,748
Australia - - - - - -
Belgium - - - - - -
Canada 8 63 87 95 198 220
Denmark - - - - - -
Fin!and - - - - - -
France - - - - - -
Germany 1 1 1 1 - -
Greece - - - - - -
Ireland - - - - - -
Italy - - - - - -
Japan - - - - - -
Nether!ands - - - - - -
Norway - - - - - -
Spai n - - - - - -
Sweden - - - - - -
Turkey - - - - - -
United Kingdom - - - - - -
United States 3,772 3,257 3,847 3,767 3,882 3,528
Other OECD - - - - - -

Latin America - 42 - - 1 -
Non-OECD Europe - - - - - -
Former USSR 66 - - - 6 -
Kuwait 332 329 - 22 40 39
Indonesia 36 95 63 50 72 69
Singapore - - - -
South Korea - - 141 116 178 207
Other Asia 83* 144* 26 23 36 24
China 115 146 180 134 188 188
Africa - - - - - -

Non-Specified/Other ~ - - - - -

Total Imports 4,413 4,077 4,345 4,208 4,598 4,275

Total OPEC 368 424 63 72 112 108

* South Korea# #^3 t; (ftffl : IEA Statistics

3. 1.2
(1) m###

fc^LfCo

(2)

OECD6#OECD*#4T&6o

1 3 7



3-3 0
Exports by Country of Destination (^.{3; : 1031)

Su tti 5fe 1973 1980 1991 1992 1993 1994

OECD 48 36 24 32 37 48
Australia - - - - - -
Austria - - - - - -
Belgium - - - - - -
Canada - - - - - -
Denmark - - - - - -
Finland - - - - - -
France - - - - - -
Germany - - - - - -
Greece - - - - - -
Ire!and - - - - - -
Italy 10 15 10 19 15 24
Luxembourg - - - - - -
Netherlands 13 6 10 8 16 15
New Zealand - - - - - -
Norway - - - - - -
Portgal - - - - - -
Spain - - - - - -
Sweden - - - - - -
Switzerland - - - - - -
Turkey - . - - - - -
United States 25 15 4 5 6 9
Other OECD - " - - - -

Latin America - - - 1 22 20
Non-OECD Europe - - - - “ -
Former USSR 36 31 19 45 51 47
Middle East - - - - - -
Asia 5 17 27 18 22 20
Chi na - 2 1 - 1 3
Africa - - - - - -
Non-Specified/Other ~ - - - 1 -

Total Expor 89 86 71 96 112 118

Total Non-OECD 41 50 47 64 75 70

ttiffl : IEA Statistics

3.1.3

1993 amme® 9o%##^#Ac(&#L-c^^,

OECD^#mLTU6m 3-4(1) 3-4(2)

1993 ^g(D#Ao^j;t)am^A6$mA(D

1 3 8



3 — 4(1) (^:103t)

1990 1991 1992 1993 1994

Refinery Output(l) 314 311 300 603 670
Imports (2) 4,077 4,345 4,208 4,798 4,275
Exports (3) 86 71 96 112 118
(l)+[(2)-(3)] 4,305 4,585 4,412 5,289 4,827

Total Consumption 4,311 4,584 4,341 5,073 4,826

yjffi: IEA Statistics

3-4(2) (Stii:103t)

1990 1991 1992 1993 1994

£ m m 314 311 300 603 669
# A m 4,030 4,300 4,160 4,567 4,244
O ft 4,344 4,611 4,460 5,170 4,913

# 1 3,650 3,830 3,820 4,380 4,690
m iti 86 71 96 111 118
£ ft" 3,736 3,901 3,916 4,491 4,808

A^its^cfc

3.1.4 m@m 3-^
% ;i/ ^ ^ -c (i t: v f 3 - ^ a ft-c u /=*<. m 2

y V Jrvit r^j S#3-y BABrtAti;h> 7 n - ^

(C^ S#3-fx®3Rg#%<H%<%^TU6o (X7V-K7ay^m0^)
^fcN A?aMSSMSfl9Ktf rAi%j 5763 — y x • y — A — Alti!5L T" 1'A A\ BAB

#-r(a#f/UCt:y?-3-?X . y-*-*#ALT#T^

^7(c#LTU6o 15^t-e&aoT, -eom#?
(5#^-?%^>,Ammmm 

is^t-e&ao c0##3-?x<D#s##mG& 
ACfB"yf-3-^% • y-ii-4|i©aB4it#f&LTlA0

*<##LT 2000

V^o ^a^AAT^T## (#KX>H\ #B^ 7l/-y%) O###0
itW#Abft3fD^Bi-£-^TMSoMiiSD^A-BSgffl3-yxS$
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3. 2

S#3-^x • y -ts-t LT(is -?x©F57cB*££B©SI£mMf;:>tfLT 

IM6A©£S0T£>5 T y U ii©5’Mfi^-fti:%<D5'/63 - ? x®#^0#A6B#(iA

3. 2. 1 «%iJ5;6n-^x<d£Shs m#rn
m^8'Kcs#3-^x(D^#@, m 3-5 7^

0 E C D 6 jk7 y V * (iT ^ 7 6 3 - a y / & 6# l \
!) 60

jb7y V*#OECD
A#(D^ 85%^^$bTU6o

' 7^76ay/<(i^(C7y V*^30#A(Cj;D##(C^CTL^o 

- db7y V J; >x^i±Tu&o

3-5 OECDift (¥-& : 103t)

1973 1980 1991 1992 1993 1994

OECD total
Refinery Output (1) 25,694 29,226 46,870 48,897 51,137 51,427
Imports (2) 6,082 9,188 13,581 12,927 12,920 13,747
Exports (3) 6,842 9,551 16,245 15,213 18,059 18,224
d)+ 1(2)- (3)] 24,934 28,863 44,206 46,611 45,998 46,950

Total Consumption 24,489 28,536 43,055 46,475 46,252 46,121

North America
Refinery Output (1) 24,283 25,905 39,615 41,689 43,391 43,449
Imports (2) 457 1,022 1,152 1,238 1,265 1,431
Exports (3) 6,353 8,987 15,588 14,427 17,212 17,435

(1)+ [(2)- (3)] 18,387 17,940 25,179 28,500 27,373 27,445
Total Consumption 17,958 18,198 24,618 28,532 27,734 27,086

Pacific
Refinery Output (1) 215 254 771 746 1,109 1,276
Imports (2) 1,963 2,649 5,160 4,887 5,468 5,177
Exports (3) 16 27 71 96 112 118

(1)+ t(2)- (3)] 2,162 2,876 2,860 5,537 6,465 6,335
Total Consumption 2,162 2,877 5,702 5,392 6,205 6,122

OECD Europe
Refinery Output (1) 1,196 3,067 6,484 6,462 6,637 6,702
Imports (2) 3,662 5,517 7,269 6,802 6,187 7,139
Exports (3) 473 537 586 690 735 671

(1)+ [(2)- (3)] 4,385 8,047 13,167 12,574 12,089 13,170
Total Consumption 4,369 7,461 12,735 12,551 12,313 12,913

titi |8l: IEA Statistics
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3. 2. 2 BSiJ<D6;6n-?7.<9£Bm^ S»i 
(1) @3iJ<D5i6 □ -0 X04S1,

B9J©5’/6 3 ^ xcd^EBn E 3-6 (:#-#-E ? Zti^'tiWtik
o ♦ ##g-e&6T/ u *«i!li(;ckoTl^<7 yx&t

&„ -f f V -oTU6o a*tigBft©£S^4
^^©cy^bf/8iitt7y 'j^^<"i2ti:<iitti'§o

3 - 6 mmo^m □ - :mmow& (#& = io3t)

1973 1980 1991 1992 1993 1994

yy y *
Refinery Output(l) 24,009 24,749 37,686 39,598 41,048 41,088
Imports (2) - - 146 145 125 125
Exports (3) 6,353 8,987 15,578 14,341 17,121 17,313
(l)+[(2)-(3)] 17,656 15,762 22,254 25,402 24,255 23,768

Total Consumption 17,264 16 058 21,786 25,427 24,255 23,768

< f u %
Refinery Output(l) - 948 1,598 1,582 1,691 1,626
Imports (2) - - - - - -
Exports (3) - - - - - -
(l)+[(2)-(3)] 948 1,598 1,582 1,691 1,626

Total Consumption ~ 567 1,197 1,308 1,848 1,826

y 7 > X
Refinery Output(l) - - 899 907 875 900
Imports (2) 426 1,722 1,312 1,027 979 1,174
Exports (3) 3 - - - 14 3

(1) + [(2)-(3) ] 423 1,722 2,211 1,934 1,840 2,071
Total Consumption 395 1,507 2,248 2,329 1,854 1,771

K-f "J
Refinery Output(l) 779 1,085 1,574 1,561 1,626 1,735
Imports (2) 1,820 1,207 1,168 1,178 1,214 1,071
Exports (3) 446 348 469 522 479 486
(l)+[(2)-(3)] 2,153 1,944 2,273 2,217 2,361 2,320

Total Consumption 2,180 1,940 2,256 2,226 2,357 2,236

-f * y t
Refinery Output(l) 417 542 1,273 1,217 1,227 1,343
Imports (2) 331 821 1,956 1,776 1,593 1,622
Exports (3) 23 24 - - 14 26
{!)+[(2)-{3)] 725 1,339 3,229 2,993 2,806 2,939

Total Consumption 727 1,339 3,232 2,997 2,802 2,891

t>i-y
Refinery Output(l) 274 1,156 1,929 2,091 2,264 2,261
Imports (2) 457 1,022 1,006 1,093 1,140 1,306
Exports (3) - - 10 86 91 122
(l)+[(2)-(3)] 731 2,178 2,925 3,098 3,313 3,445

Total Consumption 694 2,140 2,832 3,105 3,400 3,218

tfjfii: IEA Statistics



(2) yy va<D£S®j|0i

T/ V 1994 28577 t (Face Consaltans Inc g| 3-6

-e&D, c©Ml£](i4

60%o 1755tA<#A$tiTU6o

y > h m®#####* cfT i \ a £ i vc #>$i til* titm l r ^
6o B$(iTy U^^#3-y%®#±(D#Aa-e, 1994 #T#4S7J tT&&o

io#^(c^(f(4^,7y v 1.57573eso (13%
1#) T^6(D(C^LT, 51%i#%LTU6o |g 3-1 O 1984
07y V*OAggmO##&^6J;9K:. 1986 #-1990 m

o 65

1992 19931990 19911986 1987 1988 1989

jJjJSl: Oil & Gas J.

m 3 — i yy

5zA3-^xo^##^PADD8ij(C^66. # 3-7 (C^fj:3K\ 1993 #(C$)L\T

(iPADD - 3^<7y 44%6*b^<. %CPADD-5. PADD-2
6##PADD- 1 6PADD-4(±5#fL-C$)5%(C#/c^^o

3-7 PAD Dsmmaom# (W : tons/cd)

P ADD 1989 1990 1991 1992 1993

1 2,350 2,560 3,330 3,525 3,665 ( 4.7%)
2 13,910 14,135 14,785 15,340 15,335 ( 19.5%)
3 29,320 29,080 30,570 32,545 34,500 ( 44.0%)
4 965 940 1,000 1,440 1,660 ( 2.1%)
5 19,460 20,710 21,525 22,080 23,270 ( 29.7%)

-£ It 66,005 67,425 71,210 74,930 78,430 (100.0%)

tijfil: U.S. Bureau of Mines

gi 3-2 m#
A' 6 /c A (C. 3 arc l' & 3 - # -

5#3-^XO^mti 90,000t/cd(29,700=pt/y) (cm-#-a6#

— 14 2 —



aE $

Calculated Actual32.8 -

32.6 -

Actual32.4 *

o. 32.2

Calculated5 1.05-

31.8- 1.00 -

0-90 -

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

tijft: Oil & Gas J. Oil & Gas J.

HI3 - 2 yy ms-3 yy v

I P©## ettwi©®

0 3-3 J;-5

4# io^©##/i/-K©y-^

4.5%^>,

2.26^2.60%?##-#-atx mm#^© 
n-^xtiy U 7 *;l/—TliitJl-l yyyjtk y x 41 © Witl © M x y&FpifelE© E?6

C©3##K:T^$tl6##3-^X©m#^(i 4.30—4.95%
<f fflTE $ ft <5 o

(3) ##©amn-yx^mm 2000

The Pace Consultants *±(4 2000 ^(c4p(f a#W©ff#3 - TIBi-y:

^n-^x^-Xt 49,000=ft/y (C#f- 5 6 ?#j L T U 5 o

1994^ MSfi (Xl03t:Green Coke Base) 1994 ^ 4=^# 37,000xl03t

• fiJl-y-J >3-7x18 10,600(33.0%) 1995 ^ ^#?#|41,000xl03t

7JH—7A (8,500) 2000 % ^SSM49,000X 103t

yy>, #^#^#^(2,100)
• Silicon Carbide 2,600 ( 8.1%)

If 13,200 41.1%

18,300 57.0%

0.600 1.9%

-4# 32,100 100.0%

-14 3



3. 3 3-/7

3. 3. 1 t##i©l{iiAi
(1)

m 3-8 i3w^t

wsm^-oTu&o

3 — 8 "tit-l^i§-lll©'Ei/6 ^ — d7 x<D$Eititifi.C)fB^
Imports by Country of Origin (#{4 : 103t)

Htfi IS 1989 1990 1991 1992 1993 1994

OECD 14,255 13,670 12,649 12,003 11,378 11,089
Australia - 15 6 76 - -
Belgiurn 203 178 160 143 182 222
Canada 42 142 181 139 230 248
Denmark 5 - - - 27 8
Finland - - - - - -
France - - 19 3 6 -
Germany 173 235 241 253 180 1.80
Greece - - - - - -
Ireland 5 - - - - -
Italy - 20 13 21 13 22
Japan 36 20 3 27 19 19
Luxembourg 5 4 - - - -
Nether!ands 260 244 294 210 98 197
Norway - - 3 7 25 20
Spain 303 6 4 2 22 11
Sweden - - - 1 4 33
Switzerland - - - - - -
Turkey - - - - - -
United Kingdom 256 301 270 309 178 209
United States 10,708 9,930 11,390 10,771 10,389 9,920
Other OECD 65 41 5 -

Latin America 1,508 160 252 323 128 129
Non-OECD Europe 9 - 1 2 5 83
Former USSR 143 1,684 184 176 178 31
Middle East 332 330 - 22 40 55
Asi a 145 249 315 253 353 375
Chi na 119 152 180 146 196 210
Africa 2 - - - 3 2

Non-Specified/Other 1 - - 2 639 1,773

Total Imports 14,255 13,670 13,581 12,927 12,920 13,747

Total OPEC 1,690 435 71 173 180 218

yj & : IEA Statistics
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(2) ######Am
# 3-6 ^ - ? %<&

%(C3-av/<^aT&5*<, mcX^>(D#Am^i# 

ALTl'&o ^f-y^jt^A^^Aac^Oo-ojb^o

3-9 ##^g0E# □ - * A<D#Am(D##
Exports by Country of Destination (¥■{£ : 103t)

UAH 1989 1990 1991 1992 1993 1994

OECD 14,651 13,721 14,576 13,651 16,286 16,137
Australia 768 561 681 727 698 695
Austria 28 28 32 11 12 2
Belgium 1,370 1,186 1,338 1,248 1,374 1,757
Canada 1,157 976 822 942 972 1,098
Denmark 92 72 114 93 333 297
Finland 67 61 58 11 95 91
France 482 471 453 462 427 730
Germany 192 168 203 155 273 197
Greece 235 252 213 184 301 133
Ireland 38 29 33 52 91 71
Italy 2,054 2,362 1,899 1,583 1,765 1,689
Japan 3,559 2,930 3,969 3,325 3,797 3,402
Netherlands 1,879 1,735 1,968 1,494 1,488 1,900
New Zealand 108 89 91 84 99 92
Norway 196 127 195 106 13 115
Portgal 44 - 1 56 43 86
Spain 1,583 1,565 1,135 1,017 1,530 1,776
Sweden 41 58 51 130 81 262
Switzerland 93 93 77 85 42 45
Turkey 171 539 813 1,318 1,973 880
United Kingdom 438 384 414 477 609 479
United States 56 36 16 91 110 131
Other OECD

Latin America 392 370 410 410 540 501
Non-OECD Europe 134 211 211 70 214 148
Former USSR 107 125 77 91 59 82
Middle East 257 438 411 379 341 443
As i a 278 229 274 298 396 399
China 90 2 1 - 1 3
Africa 189 191 228 261 209 489

Non-Specified/Other 12 - 57 53 13 22

Total Exports 16,110 15,287 16,245 15,213 18,059 18,224

Total NOn-OECD 1,459 1,566 1,669 1,562 1,773 2,087

Jftifii: IEA Statistics

3. 3. 2 TJVtKDIfeibA
yy ^ 3-10 cko*:^ #axi^ # 3-11 (c^-f

1993 17g^t ^cmLTL'5o C6U3-^
x©£M^@ASE®{Ej3U^_L|H-3TU6/ca6Tab6o LTti^F

-14 5



i6jT‘ LTiiBA, Turkey, Italy, Spain, Belgium,

Netherlands, Canada © 7 ^rH"TSj 75%££#>T:fo'tK ^ZnT t) BA©# A 

PAD DSiKc 1993 m<Z>$mtil£&6£, PADD-3fi< 26,705t/cd, P ADD
-5*< 22,545t/cd, ^©f6©PADD^#^ 2,445t/cd6%^TU%o

3-10 7> U*©5;1=i-/7x©#A^%ij#Am(D##
Imports by Country of Origin i^-^L : 103t)

6! A5fc 1973 1980 1991 1992 1993 1994

OECD 66 95 99 46 32 28
Australia - - - - - -
Belgium - - - - - -
Canada 34 79 93 44 32 32
Denmark - - - - - -
Finland - - - - - -
France - - - - - -
Germany - - - - - -
Greece - - - - - -
Ireland - - - - - -
Italy - - - - - -
Japan 28 14 3 - - -
Nether!ands 4 2 3 2 - -
Norway - - - - - -
Spain - - - - - -
Sweden - - - - - -
Turkey - - - - - -
United Kingdom - - - - - -
United States - - - - - -
Other OECD - - - - - -

Latin America - 33 47 75 83 76
Non-OECD Europe - - - - - -
Former USSR - - - - - -
Middle East - - - - - -
Asia 21 5 - 13 - 6
China - - - 11 10 15
Africa - - - - - -

Non-Specified/Other 1 - - - -

Total Imports 88 133 146 145 125 125

Total OPEC 21 5 - 13 - 6

tiH A : IEA Statistics



3-11 y y v *3-^7x(DStitiMEmKDBB
Exports by Country of Destination (#^:10^t)

® Hj % 1989 1990 1991 1992 1993 1994

OECD 14,090 13,084 14,014 12,909 15,540 15,425
Australia 768 661 681 727 698 695
Austria - - - - - -
Belgium 1,359 1,171 1,332 1,212 1,342 1,720
Canada 1,157 976 822 929 940 1,098
Denmark 92 72 114 93 332 297
Finland 55 61 58 11 95 42
France 411 351 315 315 292 616
Germany 187 165 198 146 246 192
Greece 235 252 213 184 301 133
Ireland - - 33 52 56 69
Italy 2,030 2,342 1,888 1,545 1,742 1,660
Japan 3,559 2,930 3,969 3,325 3,797 3,402
Nether!ands 1,640 1,455 1,713 1,228 1,248 1,669
New Zealand 108 89 91 84 99 92
Norway 196 125 195 97 6 101
Portgal 44 - - 50 32 81
Spain 1,583 1,565 1,132 1,013 1,506 1,766
Sweden 41 54 51 130 79 259
Switzerland 25 1 - - 10 -
Turkey 171 539 813 1,318 1,971 878
United Kingdom 429 375 396 450 586 446
Other OECD “ " " - “ -

Latin America 392 370 410 404 532 499
Non-OECD Europe 97 176 175 31 164 102
Former USSR 71 94 58 31 6 20
Middle East 257 438 411 379 327 418
Asia 273 212 247 280 362 379
China 90 - - - - -
Africa 189 183 225 250 190 470

Non-Specified/Other - - 38 42 -

Total Exports 15,459 14,557 15,578 14,341 17,121 17,313

Total Non-OECD 1,369 1,473 1,564 1,432 1,581 1,888

tfjJSi: IEA Statistics

T/ m 3-12 HSfi

y*y=,#K 58%-ey+c/3#m.

ftTU^o ^/:v 42%TB%^3#ai

$ft-n,'6o
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3-12 7*v *ms#3-/7%A@m. (1994%)

Hitting a mm

HS 57.9 % y + i/3##
ASStf M##

LS+MS 42.1 % HW5 WMm

3. 4

7/ 60%^l±^#aiLTl^®^ 7
/ 'J *(D#WjK(i#^mS#3 - ^
W#(C^UTt)7y V

S#3 - ^%orn%(ij^#oj:3, ^/:S^® j;
# t #% L ^ Uo —#% (c (ig# 6 %#m ^o#^3c#(c <k -o $ tiT u 6 o

3, 4. 1 7> V aic&ltSMffM
(1) #%##(%)*:#

^ tie 3 - ^ mc-if a 6 a-T %) 3 - * -#g<DA#%%Ama-r&

3 - ^ X0#MS#&_k(f & c 2: tiZKD^-C^ i I'oRSg&QW'-f
#^o##^i#%-3T#^66U3t^-e&-o/:o -em#^
^s# 3-^ %##<&##6oft#

Dai LT&gff (f^tl6J:v Izte-ofZo

2-1 (m2^-emcE#) (c^Lf:.t3

(Cx j[Al^g(cMmLTU6o
AS#3 - ^ %0#A-^(C LTeo#^ai0mNim^#m^69(:a.6 i. AS#

S&<

(a) (-1964 #)-----
As#3 - ?x®AA#^*^A% <, 7;i/< J;

A)6TWco
(b) $%:%&# (1965-1973 #)-----

1965 y r*#j mwttc&##-#-&#
#A<AUT&f:o AS#3-^X0@%oT^(:#^T#g%^^
-oX£tz(DX\ B*a 3-0 7^°®ii ; ttz^ fl-■'<'< K

- AS#3-^x®<SK^^#U
TAS#3-^x^#mL%a6/:o

(c) mHmPg (1974-1981 #)----

1 4 8



im#lcAS#
o-^%©@###6 Lt0Wi^@Ji9ooiofco AS#^-?%©@%(i-4&^6

±T L N-7k#-C%# L /Co
(d) (1982- )

AS#3-^%0&m*<#-Ff6#|S|^-eT#/:o ^©^#. Sm#%6

(2) IWlC«tSia<D%X.^

S#3 - ^ XtiS#HM©MlJEnn (Xfv V >StiS<DMlJiEgi) "e^)-B<D^ -£©®|§{CO

-e©^^©A#a6 LT(i, 0c/H©ty > C

S#3 - ^ xti—Mtctix^ >y h0%9 91*<A#-?*67/ U /7©AA'> ?/<-

smc v ; ^.?©#

AtS^T^-5o m%7^ - ; V y h
*izL--tf-#(caia j:9(:m$&#&^A<S6^Tl\6o

£©«fc-5fc^ mtlP-teJ > h©«t9^APs $ScL--tf-icyLrtiS^«^i-Jt$5L

if-A<2@^©j^#^#9/cAic^/):%m©3x|'^aig(: (3#^) |giR-C^6(:
"i'S'Zi ly-^JVi: $tl"d'i-Bo 7 / l) //HAiCjoi/-§>AS#3 — *7 XOv —/r "j h fct>, c? —

TE©##TM3frru6o TSBC^ac^-oT

< Hierarchy of Petroleum Coke Markets)
Domestic Calcining 
Japanese Carbide 
European Steel 
Japanese Gas/Foundry 
Japanese Fuel 
European Fuel 
Domestic Fuel

±:E©ffi?'tt©-7-/ry Ham 3-13

±#0-?-4-V h0#g#a*<MAA6#^(:(a^#l^(aT&0'7-Av He

3—13 Critical Growth Factors in Coke Markets

Market (1) Market Growth (2) Substitutes (3)

Domestic Calcining Aluminum Industry Pitch Coke
Japanese Carbide Economic Trends Anthracite Coal
European Steel Economic Trends Blast Furnace Coal
Japanese Gas/Foundry Economic Trends Foundry Coal
Japanese Fuel Energy Avaiability 

& Price
Steam Coal

European Fuel Coal Avaiability Steam Coal
Domestic Fuel Substitution for 

Natural Gas & Coal
Natural Gas & Coal

14 9-



C6(C%6o

3. 4. 2 a*lc3s(t5M;6=i tt-XA

Jtl5LT*nu SMtc^ry

VX7^g,0#AmW^-%6^-oT^6o a#. Ov KDA#$.

G) im^a-e &«

3. 4. 3 4£j!l>n®lAW
1993 1995 mintr©^5?6n-^x(DW-m^KWfa^nswcc i F«t&<t

3-14 (C^mo-c&ao C I F#%6*oV-^/:*)

tipg^<- x-etifiT©M[5ilru -e.o nsijtcimmomw b&^ t±t©e«i£
LTl\6o

*3-14 &Eft3-t?Z<DtilA.mfe<Dm&

^fiv-1- 
¥/$

cif

¥ / t
$/MMBTU ¥/MKcal

1993% 3fl 117.95 4,849 1.22 0.571
4 115.05 4,982 1.28 0.584
5 110.81 5,046 1.35 0.594
6 107.97 4,384 1.20 0.514
7 108.16 5,742 1.57 0.674
8 105.38 4,947 1.39 0.581
9 104.37 4,940 1.40 0.580

10 105.79 5,235 1.47 0.617
11 107.80 4,978 1.37 0.586
12 108.35 5,838 1.60 0.688

1994 1 111.79 5,044 1.34 0.594
2 109.23 5,177 1.41 0.611
3 105.04 5,272 1.49 0.621
4 104.47 4,716 1.34 0.555
5 103.07 4,230 1.22 0.499
6 104.29 4,681 1.33 0.550
7 99.55 4,319 1.29 0.510
8 99.57 4,638 1.38 0.545
9 99.25 4,540 1.36 0.536

10 98.97 4,561 1.37 0.538
11 97.41 4,132 1.26 0.487
12 99.22 4,682 1.40 0.551

1995 1 100.25 4,610 1.36 0.541
2 99.19 4,423 1.32 0.520
3 94.49 5,081 1.59 0.596
4 86.99 4,667 1.59 0.549
5 83.75 4,585 1.62 0.538
6 84.96 4,383 1.53 0.516
7 85.46 4,833 1.68 0.570

5-;* 3 -9 X^mm- 8,500 kcal/kg titift: TEX Is# - h



mAmbn-fxKSB'iCtL & 3-15
EorBBl|tot§tiME©$ 3-14 (^LfcW^i^AoTl'So 1993 #61994 #

3-16 ;c^L#o

3-15 #AS* 3-/7 !//<;!/

wt%

yy u * 1.0—5.0
3.0—4.5
0.5—1.5

-f > K^v7 0.5
5. f >7- 0.5

7.0
^0 x-f h 3.0
IIS 5.5—6.0

3 - 1 6 (1) 1993#, 1994 # (##)

1993 # 1994 #

m m S » m to

MT ¥ US$ MT ¥ us$

* m 160,815 9,234 82.68 161,626 7,668 74.70
* 7 > V - - - 72 65,486 637.89
0^v7 72,402 9,665 86.53 67,297 8,678 84.54

5 +• V 7 - 16,639 11,076 99.17 11,214 9,298 90.57
t 1 S 5,839 7,181 64.29 11,742 3,803 37.05
m h 192,332 4,059 36.34 202,813 3,921 38.19
77i - 1 39,601 4,823 43.18 38,811 5,802 56.51

* ± y 198,399 3,775 33.80 221,045 4,145 40.37
K < V 358 67,573 605.00 273 64,857 631.77
X -f X 2 468,500 4,194.65 - - -
y y y * 3,880,450 4,885 43.74 3,528,690 4,439 43.24

"a ft 4,566,837 5,061 45.31 4,243,583 4,617 44.98

i#m+

-15 1-



3 -1 6 (2) 1994 3 - ^7 Xfl 5M&W-
( : (D ; ^/t US$/t)

1 2 ft 3 ft 4 ft 5 ft 6 ft

ft ffl
© 4,254 4,371 4,006 4,170 3,902 -
© 38.05 40.01 38.14 39.91 37.86 -

© - 9,533 6,311 9,445 8,156 8,747
©

■m*y7
87.27 60.08 90.40 79.13 83.87

© 11,328 - 9,483 8,963 - 8,721
© 101.34 - 90.28 85.79 - 83.63

it>7-
© - 10,912 - - - -
© - 99.90 - - - -

59i- h
© 5,802 - - - - -
©

K-f "J
51.90 “

© 64,500 - 64,224 65,000 65,000 65,000
©

n i/t

576.97 611.43 622.19 630.64 623.26

© - - - - - -
©

ti-ry
" ' "

© 4,693 - - 4,236 - -
©

7X'JA
41.98 40.55

© 5,008 4,992 5,045 4,697 4,164 4,092
© 44.80 45.71 48.03 44.96 40.40 39.24

© - - - - 62,500 -
©

X
606.38

© - - - - - -
© - - - - - -

-/A .*wa /%
© - - - - - -
©

itmm
' " “

© - - - - - -
© - ~ - - - -

n" It
© 5,044 5,177 5,272 4,716 4,230 4,681
© 45.12 47.39 50.19 45.14 41.04 44.88

itiS: TEX - h
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3 - 1 6 (3) 1994 4E(D#A&a3 -xaSUMS##
( #& : (D; ^/t us$/t)

7 8 ft 9 ft 10fl nft 12ft ¥ $

$t a
© - 3,645 - 3,595 3,677 4,215 3,921
© - 36.60 - 36.33 37.75 42.48 38.19

vp a
© 7,396 7,476 7,715 7,156 6,998 8,362 7,668
©

m*y 7
74.30 75.08 77.74 72.31 71.84 84.27 74.70

© - - 8,191 8,198 - - 8,678
© - - 82.53 82.83 - - 84.54

5t'/7-
© - - - - 7,767 - 9,298
© - - - - 79.73 - 90.57

Ml-1
0 - - - - - - 5,802
© - - - - - - 51.51

K -4 "J
© 65,000 - - - 65,457 - 64,857
©

a i/7
652.94 671.98 631.77

© - - - - - -
©

til-?
'

© 3,529 4,278 3,900 - 3,981 - 4,145
©

7 7 U *
35.45 42.96 39.29 40.87 40.37

© 4,223 4,793 4,221 4,325 3,878 4,343 4,439
© 42.42 48.13 42.53 43.70 39.81 43.77 43.24

© 65,000 - 67,353 67,353 - - 65,486
©

x -r x
652.94 678.62 680.54 637.89

© - - - - - -
© - - - - - -

© - - - - - -
©

dbUtSI
'

© - - 3,803 - - - 3,803
© " 38.32 - - 37.05

b" It"
© 4,319 4,638 4,540 4,561 4,132 4,682 4,617
© 43.38 46.58 45.74 46.08 42.42 47.19 44.98

© : ¥/t (g): US$/t ttiS= TEX U ,K - h
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ftfAa@% 6 og0m-c^m ^ 6 o

3. 4. 4 XQS.HSiJEfS

Hierarchy of Petroleum Coke markets £1 tl PO

Domestic Calcining Pitch Coke
Japanese Carbide Anthracite Coal
European Steel Blast Furnace Coal
Japanese Gas/Foundry Foundry Coal
Japanese Fuel Steam Coal
European Fuel Steam Coal
Domestic Fuel Natural Gas/Steam Coal

£@6 3 - ? x © £,E£glSf" -5TO tiffi Z © ft T^T'ft & SEft^B £ ft <5

d)

a. 4,ooopg/t cD%m^*6o

3-17 S#Wmlc=taW&#fk

m m IE
$/Mt

(C&F)
* ¥/Mt

0.2 - 0.6 Foudry Coke 85 - 95 8,500 - 9,500
0.8 - 1.5 Foudry/ B.F. Coke 

Carbon Raiser 
Calcine Coke

70 - 75 7,000 - 7,500

1.5 - 2.0 B.F. Coke
Limestone Calcine 
Boiler

60 - 65 6,000 - 6,500

2.0 - 2.5 B.F. Coke
Boiler

55 - 60 5,500 - 6,000

2.5 - 3.0 P.C.I.
Boiler
Cement

45 - 50 4,500 - 5,000

* 100 ¥/$

b^Btciiitti LTVSS-BSiJ©^?*^ - y x<9$ftSI5> H 3-18 (c#f-j; 9 (c^

yy [#B. -OK^vy,

60 %-^-Cs ^ 3-16 -r^L/z#a^^®#Amf&t)m#^i/<7i/^K%L/=t)0(cft^ 

TU'Bo

1 5 4



3-18 5;6 =i - ^ xiS&SMSItf 1/^(1994 ##^)

LS ( 2% max ) LS+MS
MS ( 3% max )
HS ( 3% min )

0.5—1.5

* S Max 7.8 wt%

&IC, HS, LS,
a.66. m 3-19 ns^Lsom^mti 1990-1993

&-3%&(D;K 1993 #-1994 #%=# LS^R/t 6 f <&#&###&-3TU&o

3-1 9(1) HSiLSOlW (7^ U *)

& w

¥/$
FOB
$/t

H
fraight 
$/t

S
C&F
$/t

C&F
¥/t

FOB
$/t

L S
freight C&F 
$/t $/t

C&F
¥/t

1990 2Q 156.30 28.50 23.63 52.13 8,148 51.50 23.63 75.13 11,743
3Q 146.25 28.00 18.13 46.13 6,747 51.50 18.13 69.63 10,183
4Q 131.87 30.50 23.75 54.25 7,154 50.50 23.75 74.25 9,791
IQ 134.76 29.00 25.81 54.81 7,396 51.00 25.81 76.81 10,351

¥ i$ 142.30 29.00 22.83 51.83 7,375 51.10 22.83 73.93 10,520
1991 2Q 139.31 21.50 24.94 46.44 6,470 48.50 24.94 73.44 10,231

3Q 137.47 17.00 27.88 44.88 6,170 48.50 27.88 76.38 10,500
4Q 130.53 16.50 27.25 43.75 5,711 47.00 27.25 74.25 9,692
IQ 129.43 13.00 22.50 35.50 4,595 37.00 22.50 59.50 7,701

¥ £) 134.19 17.00 25.64 42.64 5,722 45.25 25.64 70.89 9,513
1992 2Q 131.37 10.50 21.10 31.60 4,151 34.00 21.10 55.10 7,238

3Q 125.92 6.00 19.20 25.20 3,173 32.00 19.20 51.20 6,447
4Q 123.97 6.50 22.30 28.80 3,570 31.00 22.30 53.30 6,608
IQ 122.09 8.00 24.50 32.50 3,968 31.00 24.50 55.50 6,776

¥ £j 125.84 7.75 21.78 29.53 3,716 32.00 21.78 53.78 6,768
1993 2Q 111.02 13.50 26.10 39.60 4,396 33.00 26.10 59.10 6,561

3Q 106.59 19.50 23.50 43.00 4,583 35.00 23.50 58.50 6,236
4Q 109.14 19.00 22.80 41.80 4,562 33.00 22.80 55.80 6,090
IQ 108.85 19.00 20.70 39.70 4,321 32.00 20.70 52.70 5,736

¥ i£) 108.65 17.75 23.28 41.03 4,458 33.25 23.28 56.53 6,142
1994 2Q 103.94 16.50 22.20 38.70 4,022 29.00 22.20 51.20 5,322

3Q 99.46 16.50 24.30 40.80 4,058 29.00 24.30 53.30 5,301
4Q 98.53 16.50 26.00 42.50 4,188 31.50 26.00 57.50 5,665
IQ 97.98 15.50 29.00 44.50 4,360 34.50 29.00 63.50 6,222

¥ 99.98 16.25 25.38 41.63 4,162 31.00 25.38 56.38 5,637

FOB: y * 3 M itiA: Face j; UM
freight : /itvs JXl-1 ^ - 7, (
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3-19(2) M S (DttMS

% H M S
FOB f rai ght C&F C&F

¥/$ $/t $/t $/t ¥/t

1990 2Q 156. 30 43. 00 23. 63 66 .63 10,414
3Q 146. 25 42. 00 18. 13 60 .13 8,794
4Q 131. 87 41. 00 23. 75 64 .75 8,539
IQ 134. 76 41. 00 25. 81 66 .81 9,003

¥ 142. 30 41. 75 22. 83 64 .58 9,190
1991 2Q 139. 31 40. 50 24. 94 65 .44 9,116

3Q 137. 47 40. 50 27. 88 68 .38 9,400
4Q 130. 53 36. 50 27. 25 63 .75 8,321
IQ 129. 43 29. 00 22. 50 51 .50 6,666

¥ tig 134. 19 36. 60 25. 64 62 .24 8,352
1992 2Q 131. 37 27. 00 21. 10 48 .10 6,319

3Q 125. 92 24. 00 19. 20 43 .20 5,440
4Q 123. 97 24. 00 22. 30 46 .30 5,740
IQ 122. 09 23. 50 24. 50 48 .00 5,860

¥ tig 125. 84 24. 60 21. 78 46 .38 5,836
1993 2Q 111. 02 25. 50 26. 10 51 .60 5,729

3Q 106. 59 27. 00 23. 50 50 .50 5,383
4Q 109. 14 26. 00 22. 80 48 .80 5,326
IQ 108. 85 25. 50 20. 70 46 .20 5,029

¥ $ 108. 65 26. 00 23. 28 49 .28 5,354
1994 2Q 103. 94 24. 00 22. 20 46 .20 4,802

3Q 99. 46 24. 00 24. 30 48 .30 4,804
4Q 98. 53 26. 50 26. 00 52 .50 5,173
IQ 97. 98 29. 50 29. 00 58 .50 5,732

¥ £) 99. 98 26. 00 25. 38 51 .38 5,137

FOB : + tfj ft: Face % 14 <fc UfF tic
freight: /if?, JxH < - X (#71/ X ~ H A)

(2) E#3-/7%(D#*§

3-20 ic^Lfio

3 - 2 0 (1) 1993^,1994 ^ (#5) r*x^J

1993 % 1994 %

a a
MT

S
¥

m
us$

a a
MT

¥
¥ US$

¥S 24,666 11,642 104.23 24,251 12,237 119.20
-f 'V K % v T 29 27,966 250.39 - - -
if 7?- 5,442 10,191 91.24 5,700 8,888 86.58
K-f "J 305 59,134 528.45 331 46,698 454,88

40 72,500 649.12 - - -
y y y * 261 62,138 556.34 180 77,339 753.35
X-i X - - 8 175,375 1 ,708.31

•n It 30,743 12,379 110.83 30,470 12,412 120.91

£bft = TEX ly ^ - Erf)

1 5 6



^5#3-^%##x2.5 = r^j

f^j g#3 - ^ #(C 75~80%T&t)> ctuc

at. 2.5 6%6o mAfastcj;-?

Tffi^(tASti:^^)6o h©M<b@bn^»o

3 - 2 0 ( 2) 19944E(0#A r^#J 5# 3-^7%^ %!####

1 n 2 n 3 ft 4 ft 5 ft 6 ft 7 ft

■f
r B © 22,848 7,331 10,238 25,774 - 29,300 -

© 204.39 67.11 97.47 246.71 - 280.95 -
it 77- © - - - 8,888 - - -

© - - - 85.08 - - -
*57? © - - - - 62,500 - -

© - - - - 606.38 - -
My © 42,947 42,282 - 55,056 46,253 - 40,053

© 384.18 387.09 - 527.00 448.76 - 402.34
?m © - - - - 193,762 - -

© - - - - 1,879.91 - -
x-fx © - - - - - - 171,333

© “ “ “ “ - - 1,721.08

o’St © 38,077 7,593 10,238 11,264 78,521 29,300 57,955
© 340.61 69.51 97.47 107.82 761.82 280.95 582.17

8 ft 9 ft 10fl Uft 128 ¥ tig

4>B © - 28,362 26,269 22,726 - 12,237
© - 285.76 265.42 233.31 - 119.20

it77- © - - - - - 8,888
© - - - - - 86.58

*57? © - - - - - -
© - - - - - -

My © - 43,056 43,167 - 58,774 46,698
© - 433.81 436.16 - 592.36 454.88

7X9* © 61,448 49.550 58.843 62,169 - 77,339
© 617.14 499.24 594.56 638.22 - 753.35

XTX © - 177,800 - - - 175,375
© - 1,791.44 “ - - 1,708.31

•Bit © 61,448 39,038 28,663 23,671 58,774 12,412
© 617.14 393.33 289.62 243.00 592.36 120.91

© : ¥/t @: US$/t Hi A : TEX Ly,1?- h

3. 4. 5 4-E<Dtt&jliiL

n s 6 L s#m#m(mA]r&6%6ftao
LTkL T
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3. 4. 6 #(D##6(Z)W&J±#

(iscx (Hso, LPG,
3-21 , g; 3-4 (C&FW&) 6

m 3-22 „ g| 3-5 (C&F^oV-#*) T*5o 
m 3-21 , g| 3-4

# 3-22 , ^ 3-5 (:
c & F * o v - (i c & F Ag, ^

w mm<#46LTATV6o
#(:-3VT^-66, K#&6 L/c##(D%^T#(c@#%(c&D, #^(c*LT

Ld'U 1993 0.33f/Mkcal T&1995 ^
Kli 0.1¥/Mkcal {C|g/J\$;flTV&0

Ett=r-^X> S’tts S#C0#%(i**% (C (i#^0$ ;l/f' - ##(%##C j:. ^ T#

LTV < iSt^tl-So

3 - 21 (i) &mmt(D$m (c&p#w

% £] m *& (C & Fffi&)

a@vi
*/$

5;6 3-7X 
¥/t

LSC
¥/kl

H S C 
¥/k1

13 ;ti 
¥/kl

L P G 
¥/t

—
¥/t ¥/t

1993%
3 117.95 4,849 23,920 19,150 13,366 21,917 5,576 6,781
4 115.05 4,982 23,920 19,150 13,376 21,600 5,355 6,382
5 110.81 5,046 23,860 18,800 13,166 20,518 4,944 6,144
6 107.97 4,384 22,930 17,550 12,693 19,744 4,921 6,011

7 108.16 5,742 22,930 17,550 12,354 19,825 4,766 5,853

8 105.38 4,947 22,930 15,950 11,336 19,036 4,774 5,748

9 104.37 4,940 21,130 14,950 11,044 18,817 4,750 5,681
10 105.79 5,235 20,300 14,950 11,016 18,660 4,750 5,727
11 107.80 4,978 20,300 14,950 11,356 18,776 4,864 5,757
12 108.35 5,838 19,510 14,450 11,056 17,310 4,847 5,863

1994%
1 111.79 5,044 19,510 14,450 10,245 17,082 5,077 5,861

2 109.23 5,177 19,510 14,450 10,187 15,826 5,077 6,087

3 105.04 5,272 19,260 14,450 9,853 16,246 4,633 5,664

4 104.47 4,716 19,260 14,450 9,571 18,069 4,571 5,655

5 103.07 4,230 19,260 14,550 9,980 17,979 4,410 5,271

6 104.29 4,681 20,480 16,250 10,708 17,582 4,564 5,310

7 99.55 4,319 20,480 16,250 10,736 16,136 4,342 5,082
8 99.57 4,638 20,480 15,650 11,442 16,542 4,312 5,163

9 99.25 4,540 20,480 16,250 11,420 16,831 4,246 5,026

-15 8



3-2H2) &mmt<D5£m (c&fe&)

W- £) ffl *8 (C&FM)

&SI/-1
¥/$ ¥/t

LSC
¥/kl

HSC
¥/kl

E
¥/kl

LPG
¥/t ¥/t ¥/t

1994%
10 98.97 4,561 20,700 15,800 10,976 16,722 4,280 4,870
11 97.41 4,132 21,140 15,450 10,630 17,233 4,306 4,979
12 99.22 4,682 21,140 15,450 11,128 18,575 4,270 4,936

1995%

1 100.25 4,610 20,050 15,700 11,130 21,026 4,348 5,317
2 99.19 4,423 20,050 15,700 11,224 23,904 4,357 5,018
3 94.49 5,081 19,800 15,500 11,033 24,949 4,134 4,952
4 86.99 4,667 20,530 15,950 10,237 22,628 3,866 4,575
5 83.75 4,585 20,530 15,950 10,185 19,653 3,775 4,544

6 84.96 4,383 20,530 15,950 10,417 18,603 4,221 4,789

7 85.46 4,833 19,740 15,100 9,919 17,895 4,188 4,902

TEX Utf - h

it @ it m
(kcal/kg) (kcal/kg)

- 8,500 

L S C 0.954 9,800 
H S C 0.954 9,800 

L P G 0.550 12,000

m # 0.870 9,250
~ 6,074

### - 7,600

25000

20000

15000

10000

69 12 369 12 36

-----------¥/t

--------LSC Y/kl
-------- HSC ¥/k i
------¥/t
-------E'ti ¥/k I
......... LPG ¥/t
----- ¥/t

1993 1994 1995

A#: TEX
m3-4 (c&Fmw
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2 2 IMiOJ

□-RLLc3o

¥/MKcal)

%@*/$ L S C H S C LPG — ftj* Mi*

1993%

3 117.95 0.571 2.559 2.048 1.661 1.647 0.918 0.892
4 115.05 0.584 2.559 2.048 1.662 1.652 0.882 0.840
5 110.81 0.594 2.552 2.011 1.636 1.670 0.814 0.808
6 107.97 0.514 2.453 1.877 1.577 1.654 0.810 0.790
7 108.16 0.674 2.453 1.877 1.535 1.570 0.785 0.770
8 105.38 0.581 2.453 1.706 1.409 1.492 0.786 0.756
9 104.37 0.580 2.260 1.599 1.372 1.387 0.782 0.748

10 105.79 0.617 2.171 1.599 1.369 1.413 0.782 0.754
11 107.80 0.586 2.171 1.599 1.422 1.410 0.801 0.758
12 108.35 0.688 2.087 1.546 1.374 1.443 0.798 0.771

1994%
1 111.79 0.594 2.087 1.546 1.273 1.424 0.836 0.771
2 109.23 0.611 2.087 1.546 1.266 1.319 0.836 0.801
3 105.04 0.621 2.060 1.546 1.224 1.354 0.763 0.745
4 104.47 0.555 2.060 1.546 1.189 1.506 0.753 0.744
5 103.07 0.499 2.060 1.546 1.240 1.498 0.726 0.694
6 104.29 0.550 2.191 1.738 1.331 1.465 0.751 0.699
7 99.55 0.510 2.191 1.738 1.334 1.345 0.715 0.669
8 99.57 0.545 2.191 1.674 1.422 1.379 0. 710 0.679
9 99.25 0.536 2.191 1.738 1.419 1.403 0.699 0.661

10 98.97 0.538 2.214 1.690 1.364 1.394 0.705 0.641
11 97.41 0.487 2.261 1.653 1.320 1.436 0. 709 0.655
12 99.22 0.551 2.261 1.653 1.383 1.548 0.703 0.649

1995%
1 100.25 0.541 2.144 1.679 1.383 1.752 0.716 0.700
2 99.19 0.520 2.144 1.679 1.374 1.992 0.717 0.660
3 94.49 0.596 2.118 1.658 1.371 2.079 0.681 0.652
4 86.99 0.549 2.196 1.706 1.272 1.886 0.636 0.602
5 83.75 0.538 2.196 1.706 1.266 1.638 0.622 0.598
6 84.96 0.516 2.196 1.706 1.294 1.550 0.695 0.630
7 85.46 0.570 2.004 1.615 1.233 1.491 0.689 0.645

ihft: TEX h

3.000

2.500

- 2.000 
03 
o
^ 1.500 
S 
\
> 1.000

0.500

0.000

L S C
HS C

LPG

369 12 369 12 36
1993 1994 1995

TEx i/#-

13-5 (C&FaoU-##)

16 0-
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3. 5. 2 #2%

T/ V l/- h
ThV'yfX-tMXoMT^flTUao X/

1 6o

^/j#, mi, a«, mm, mm, #«, mmmm, &am, Earn, np\ as,
#sg, T$& mm, Aft

3-7 7Hr>^-
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v - I' #^<gr L

T##3ti&o r(iL(j-j ^<D3%h

•@rt7 U-h

Wfc

jcm

(*&: 499 199 M)
800 ¥/t 

1,100 

1,200 

2,000 

1,400

1,200—1,400 ¥/t
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4. * fd -S =1 —^ 60[o]

4. 1 ^

*), 1994 fEC# 35g^t^(C^-ol:^6o g|3P9gU(C(i, 85%, #A<

4-1(1) - 0 XO;l««£B (-MA) ($&:t)

tll«D«
-□ tt-

^ U "j h # ip f ©# 
©F

7 x □ 7 
a -f

1982 42,881,934 4,570,996 16,237 37,208,203 60,152 649,963
1983 41,127,179 4,213,590 42,421 35,860,781 61,160 510,653
1984 44,871,877 4,708,373 39,068 39,027,914 38,706 567,193
1985 44,667,776 4,581,385 38,261 38,990,265 38,601 598,993
1986 40,960,146 4,034,655 27,890 35,948,169 27,619 500,253
1987 39,981,860 4,019,418 35,831 35,011,815 19,527 422,535
1988 43,236,944 4,586,967 34,192 37,689,782 22,316 473,297
1989 42,836,276 4,706,879 27,115 37,137,981 24,874 500,934
1990 41,337,035 4,555,537 22,525 35,782,852 29,246 491,331
1991 39,854,156 4,373,005 18,176 34,494,636 34,603 479,302
1992 36,604,031 3,953,959 24,556 31,613,375 30,948 436,776
1993 36,534,770 3,964,290 32,677 31,529,719 28,830 402,723
1994 35,428,384 4,016,722 40,097 30,396,806 19,897 383,931

&M:

4-1(2) (-m) (#m=t)

i©H HP E @
mmm

□ - <7 7, "E©#
fflSfp

1982 11,271 109,078 - 2,407 930 42,784 3,544 206,548
1983 33,671 128,870 - 2,315 237 56,606 3,597 213,278
1984 96,171 162,687 - 2,164 830 62,697 15,057 151,017
1985 88,890 184,473 - 1,075 506 69,870 5,517 69,940
1986 94,999 187,558 2 375 299 87,029 9,223 42,075
1987 136,523 191,118 - 273 12 88,378 22,940 33,490
1988 121,206 171,010 - 225 9 98,621 7,693 31,626
1989 144,872 183,374 - 180 11 91,040 12,388 31,502
1990 146,915 185,735 - 190 8 88,096 26,025 37,821
1991 127,476 198,489 - 129 122 97,240 25,113 40,468
1992 141,501 205,413 - 50 99 174,191 16,357 37,754
1993 218,918 192,389 - 46 62 121,721 37,678 34,547
1994 153,557 170,716 - 78 43 157,180 59,266 30,041

itiB : 5;W;£#MEft¥l8

1 6 4
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aynaSA^-^-^'VfYAS'e v?^S*Q>W^<l5¥2ji0S*W^$ll$l*#.Wa>BS^ET

889 ‘ Z 9Z2 821?‘98 0 889 981*61 828*98 *661
629*Z 80S 989‘98 0 TT9 869*91 6ZZ‘82 696‘ZS 8661
899 ‘Z 9*8 t?09‘98 0 989 00Z‘9T OTT‘88 2661
128*8 828 1?98‘68 0 88Z Z98‘ZT 80**1* 1661
*1**8 218 Z88*1* 0 Z69 6t?9‘81 Z08‘217 0661
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8Z9*1 098*1 ** 81*‘0* 66* 096*0* - 096*0* 818*02 9861
ZS9 * 1 1*Z‘1 29 Z96‘S* 6*9 899'** - 899*** 99**12 9861
1Z9 * 1 210*2 9* ZZO'** 6*Z 2Z8 ‘** - 2Z8‘fr* 092*82 *861
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iW^tcWMst^ - 9

^<i/v

2-43 #m 
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4—4

1983- 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

ft (a#**) kl 3,406,218 3,760,496 3,659,360 3,363,466 3,322,129 4,114,454 4,330,152 4,351,577 4,290,724 3,893,029 3,822,375 3,911,204
sto«*ft (atom*) ki 11,686 10,344 6,320 4,508 3,383 2,977 3,641 4,109 4,118 5,023 6,059 5,360

«% kl " " -
Stott kl 6,649 8,002 3,147 2,483 1,695 1,165 1,852 2,161 2,475 3,630 4,647 3,392

A kl 3 209 471 474 495 493 480 517 824 2,095 2,943 1,801

B kl 222 333 323 203 97 113 134 182 185 139 93 44

C ■ kl 6,424 5,460 2,353 1.806 1,103 559 1,234 1,462 1,466 1,396 1,611 1,547

«fb5to#a t 316 38 98 1,544 1,282 1,366 1,316 1,427 1,191 997 999 1,438

5to%*(b**xfa lOOOn3 X 3.798 2,779 53 -
0t5to**m (atom*) ti 3,163,481 3,521,461 3,436,170 3,176,370 3,146,787 3,194,337 4,127,144 4,152,589 4,085,964 3,697,198 3,626,172 3,715.979

t - 6,079 48,885 10,053 4,771 4,009 7,155 56,007 -
set t . 2,618 1,139 18,429 202,287 234,353 379,368 554,135 768,547 824,815 812,593 685,046 756,986

St%3-?X t ,4,213,590 4,708,373 4,681,385 4,034,655 4,019,418 4,586.967 4,706,879 4,555,537 4,373,005 3,953,959 3,964,290 4,016,722

9 — )V t / 1,550 1.409 1,137 1,402 1,003 1,484 1,560 1,696 1,789 1,525 1,735 1,788

lOOOm3 / 198,773 199,966 178,241 142,065 122,528 148,863 158,875 160,594 158,160 144,650 148,525 148,262

mpn* 1000m3 45,746 61,039 55,196 35,563 27,910 34,829 35,363 38,771 43,124 40,272 48,878 67,643
IBP*a 1000m3 24,219 23,453 29,783 19.537 22,559 35,167 34,259 27,493 26,183 22,309 19,584 20,082

*&#* a 1000m3 4,509 4,707 5,168 3,968 3,306 4,221 3,833 - 3,091 2,655 181 -
t ~ - 199 451 480 503 660 777 485 “

#fp#a (A) 1000m3 1,228 - " - - 4 96 250 1,006 3,926 3,137

asm#* (B) 1000m3 588 - ' “ 4 92 238 979 3,195 3,269

s* lOOOkwh 2,526,429 2,499,657 2,370,429 1,994,711 1,879,584 2,120,359 2,144,376 2,095,986 2,185,074 2.052,313 2,045,147 2,042,146

m# sto#%**!imMtm*i (mmi#) aaa#^B*aaa*#t*m



4-5

(—:A®A ^zji^f-)

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

M- (@%%m kl 91,051 89,931 98,154 85,684 90,996 107.177 102,795 96,441 96,642 95.312 108,818 108,949

5%%*# kl 822 776 1,013 829 1,109 3,607 2,732 1,628 .3,578 2,887 2,085 2,524
S’ttH" kl 781 736 960 787 1,053 3,405 2,578 1,536 3,378 2,725 1,968 2,382

A kl

C kl 781 736 960 787 1,053 3,405 2,578 1,536 3.378 2.725 1,968 2,382
(*%&#) kl 83,425 82,391 90,383 80,819 85,426 98.445 95,148 89,824 88,199 87,694 99,860 102,182

SK t 62,384 65,764 72,112 73,875 72,176 62,143 61,228 60,314 70.149 61,077 72.128 70,5 32
t 42,421 39,068 38,261 27,890 35,831 34,192 27,115 22,525 18,176 24,556 32,677 40,097

? —;v t

=> — ?7~ptf7* 1000a3. 18,408 18,729 27,096 20.772 20,743 59,797 65,205 62,986 53.935 54,873 52,150 47,517
&■»% 1000m3

m,t> lOOOkwh 74,390 73,946 73,905 44,125 48,754 54,972 52,885 53,671 52,335 50,850 52,416 45,630
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7c. Ete3- ^ura 
#ic&So /<-3.>yyo77-r/i/6(i. —%#©##y>y/i/^%(). c^—
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m % 49, OOOM/kl (%##) 2.5CS;6 : 49,000fi/k1
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• X7 7^>y?'l'7’/ 71/

#5-3 ;tU=? AFE#tE#9 <DM ®-#j

a#3-<>xmm

Si02 41.67 -

KI2O2 18.37 -
Ti 02 1.21 -
Fe203 10.76 1.86
CaO 5.14 0.11
MgO 1.22 3.81
Na20 1.81 3.69
K20 0.88 -
V2O3 12.37 62.86
NiO 0.95 4.69

77l/ = A<^<,

vmgmmK

O0#&gAc^$)6o

. O/CT^/l/ha&VU h^yvl/

5# 3 - ^ j: 6 /<;!/ h ##c#f *9 T#m^#o

i.5%j^Tos#3-^x&#mo

3-^x/<^yoL^#SP0M$*)o
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Bf-'g, t,OX)<±@P^7r&6o S#3 - ? X6D-/65>4b'cka'S^5>l<ZX(D^WSZ/^S1 Vi #) (C 
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(##:%#)

1) /Jnjii—mm in. mm no. 107, ui (i9sn

2) cwnmm, No.104, 9 (i98i)

1) ^TFb. No.249, p.39(1991)
2) ##b, voi.36, p.101 (1992)
3) mi6, xvoi.42,(11), p.1,503 (i986>
4) mmg,. voi.25,d), p.35 (i985)

5) V0l.26,(3), p.200 (1986)
6) vol.20,(6), P-51 (1983)
7) ^6#, vol.74,(9), p.1,742 (1988)
8) AD 6. vol.73,(15), p.1,972 (1987)
9) voi.36, No. 107, p.71 (1988)

10) °7t/yvoi.ios?, p.39 (igs?)

11) aagm*. voi.42, N0.1, p.66 (1988)
12) ;tgb. vol.25, No.l, p.14 (1988)
13) voi.36, No. 12, p.43 (1984)
14) HESZL&fg, VOI.22, No.3, p.425 (1985)
15) tTA#b. 0##^. No. 441, p.13 (1987)
16) £Ss voi.21, No.3, p.169 (1986)
17) voi.22, No.8, p.526 (1987)
18) Jlifflb. #6#^ voi.73, No.4, p.84 (1987)
19) xxmn^m, voi.37, no. 10, p.1,059 (1986)
20) iBWbs XXW^Xmm, voi.37, No. 10, p.1,117 (1986)
21) i@gb, No.287, p.33 (1988)
22) SSb, voi.39, No.6, p.57 (1987)
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(b)
('f ) Foster Wheeler %

Foster Wheeler H^1983
(loo.oooib/h). (i2%^T), (8%)
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♦ 77^X7 v a (i#0 A® / < f- 'J x. *y (V2O3, V3O4 )®4^
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• j- b 'J 7AOi^fiOn-^X^fflt§{i6i^OSodium Vanadyl Vanadate 00

SSTti^ Circulating Fluidized Bed Boiler (NOx> CO control) (C 

TU60

(□) Stone & Webster

Stone & Webster %t(i Babcok Power Limited jo Foster Wheeler Boiler Corp. £ 
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(/\) Nelson Industrial Corp. (Nisco)

Nisco Citgo Petroleum Corp., Conoco Inc., Gulf States Utilities & 

Vista Chemical Co. © a 4 X hOf** — X'foho
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Heat-recovery area

Oil and Gas J.6)
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Side view of 
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70-100 % MCR 

D 40 % MCR

(a#) 1,600'F
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(e) NOx <om£.
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Bloom burner 
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5-7

Industry Application Process Temp. Primary 
Benefits

Stage

Steel Reheating 1,2501C 1,2 F
Reheating 980 1 C
Reheating 1,200 — 1,290 1,2
Scrap melting 1,600 — 2,500 1,2,6
Elec.furnaces 1,650 2 C
Elec.furnaces 2,800 2
Forging 1,000 1

Cast iron Cupola 1,500 — 1,520 1,2 F
Cupola
Melting furnace 1,350

1,2
R

Nonferrous Smelter 1,540 2,3
Smelter 1,2 C
Copper melting 1,400 1
Copper Smelter 1,2 C
Ni-Cu Smelter 1,2 C
Lead Smelter 1 R
Scrap melting 700 — 1,200 2

G1 ass Glass melting 1,480 1,5 R
Glass melting 1,550 R
Glass 2,200 2 C
Glass melting 1,200 3,5 R
Melting tank 1,000 — 1,200 2,4 C
Lamp making 700 — 900 2,3 C
Display systems 700 — 1,000 2,3 C
Optical fibres 800 — 2,400 7 C
Glass polishing 3

Chemical Incinerator 2,760 2,3 C

Ceramics Ceramics 1,650 2 C
Ceramic kiln 800 — 1,000 2,3 C
Enamel frit kiln 1,2 C
Enamel Fritting 2,3 C
Rorary lime kirn 2 R
Lime kirn 1,090 1,2,3,5
Lime sludge 
reburn kiln

1,100 5 R

Benefits; 1:
5:

Stage ; R:

Fuel saving, 2: Productivity, 3: Quality, 4* Flexibility, 
Environment, 6: Maintenance, 7: Non-alternatives 
R&D, F: Field trial, C: Commercial

: CN:92A0436325(JICST)
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coz <-x#mmb&a;TkL ##%©##mit%mac6(cj;9##x©coz 
90-95%o#m<m^T^. &©J:9%;( V y h^#6C6A<T^6o 

-#^^^©COz ^#yotx^#g)g^C02 diR

• 9 MSto©(£M

• NO, SFtil8©{S;M
-
- gFm±mmm#©ww

#^%^3COz 5-8

(2) COz /<-%####©#%
#%#mcNLT. %#m^Mm%<!:C02
(a) (?)

0#itA& 1.2 —^<!:Ll:#M^X*©Nz ©COz ^©g#$(cZ6###©^ 
{b&#-6 6x El 5-33 COz ^©gm#C.t-3T&f)^l:LTU%l\,

1} = (1-Ao/A 

A0 :

A = 1.2 
0, 21% 

(900mm)

Substitution of N? .to CO2 (%)

&#:B$####"

as - 3 3 ##m#x*©co2 m#$icj:^##$?©^k

(b) NOx m^.m
1.2 -^6LT##m//%4:©Nz ©coz ^©g##(:J:aMfG#ma 

?©NO% ^)j;[fCOz ©^b&4-66. a 5-34 COz ^©#%#©i#

620ppm<100%O#A(i 420ppm tcO&Tf&o Nz &COz (:A#g#fac6-e 32%® 
NOx m&0#&fiSC2:K:%6o 2^##(:j:(Dm(:@M*<RT#BT2b6o
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(COa /<-%####) (n2

l mr*

itift :
^5-36 COa ^-XtHz ^-xlflloifx^COa S@©E<b

M#E6m^t,-drac6-Cx em^E®COa #m@!yx/A^M"#-ac6A<Rl#-e 
*60 Mom^(:ckogm#m<Dco2 #dmm%^x^A0mh5<gm-e&6o ^

COa <-%0#E(D#^(c(iN2 <-xjm#(:#&2W:N0x

(i60kg/h)^#mc. /^nm##,
d: a#E##% ^ 9 6 j: a#E##Ki##f- a f -

mm^mmticoa
L&u #m(c(i3%ha

(##/#)

1) mmMAdggs)

2) #, Vol. 29, No. 6, 70 (1992)
3) M. Pourkashanian, et al.,Applied Energy Research Conference (1989)

4) 8JH #. #d#^, C02/02S^#%(Cj;5C02 @eK#CN: 92A0740707
5) B*###6#69%Am±6##^#vol.B 1991-10.16.17
6) #3 1(simEy>d!^^OA, Vol.31st (1993)
7) mmmmcckacoa^m'igiR^xh m^^#^T9oo67H.3^6^

8) am### W90023 H. 3#4^
(##%#)

coa /Oa 3mmTT#%e#®ME##

COa /Oa #E(C=k&C02
c^Lljb X.*jl¥'~ • Vol. 11, p.259-264 (1992)
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5. 2

&Eia&<z)?&ao Ei 5-37 ^a%wk#m#6L

&

it X{b —

L n#mt%

r- M*)X 
- TkSMiS

,— Shelia —
- Texaco! -
- Prenflo!

— y £/-;!/•£•/$
— 7>i-7^

— tjumn (igcc)
L ®1«1 (IGFC)

IGCC :Integrated Gasification Combined cycle
IGFC :Integrated Gasification Fuel Cell
Prenflo ! : Pressurized Entrained Flow Gasification Process

05-37 iSMtfnirxo&m.

5. 2. 1 Tfni

0c#T#5#0#xfbRW<#&*<# 200fpm#&a<&5o
-o/ctK S^&TtiT/xjawtcn -yxN (f-^-) U

60 S^^x{bK#(iK
1922 1926 #(:%#%*w=<Dd#%

1927 1936 #|:Z#<b$flTU6o ib^m#L
hf JLV?#:# 1941 1952 #(C%:#{b

3freuao
mETtL fb#^

mR# <b 6 0 v x 7 A < b*# 1 \ & o
#x{bo^&(c j:(D#6

& 6 ms#mfw&0 2 -3 0 y a t x f b $ ftT u 6« E# 3 - ? X i>s*%% ^B###

^7x x 7 ;i/ Me^o%#^b7k#. $ 3 - x x%3 ? -

vf7l/7x> hT@m3#,TV'ao X7'y>\ #G7l]3';^(!:'6Dmm#^T^

#x<bl^#6 LT#M&ivru&o
^x^bKmfigBm^x^/c^b^m^cmt^y y > v v -//x<b6m

L/z@*n V -y/x{b® 2 3)(z^^5o ^)^B0Em^xfbK#(D^m 
(t 1974 4£izV > is-v 4 >ttB©—Mt LTSP^tU i®*n U-#'x{b£SW£ Ltzm 

%(i 1986 #c^TL. #&(m*oV-#x<b(cMf6^^<mA<3^T^6o
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5-38Jfx{fr7a-t?xt##8%^=>'y h©X*7 □ - iiN

5-39

t-f /'d>

/i^y-D "/ 9 rt ■■/'<

m# :

@5-38 iS;S^j‘X{b7°a -b: x©S*M

£BH :

@5-39 SMt^ 7 h ©S*7 n -
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#X^ ###x6LT-etlffl<Dy7>Hc^^th^fl6o

*!9$Zti, %(c^#{b$ti-CU55^yatx®9^S#3- ^xfcfc'UTHE©*

h Shell Texaco j$fc'J:TT' Prenflo :&<D 3 0©:/pT?X{Cfij5£:fcH''Ti|S;&;fT 9

C6W&0

5. 2. 2 tfximmmM

# (#%4L) O2r3(:^ij$^6o

Cn Hm + (n/2) O2 = n C0 + (m/2) H2 

CO + H2 0 = CO2 4-H2

i - 3 -#'>6

60 LTKa.

immczam

hn-;^ac6A<T#5o
#^#xommME-l50atrn

v\, c<m^^##®cos^af6o costi

vxhK^?H2S(cf6o m#0<l#t)A6%L%Uo 

%#0T>ez:7^^f6o

5^3 - ^ %^^oKmogR^<bRfG^T(DK^T^-#-o 

C + 02 = CO2

C + CO2 = 2 CO

C + 2 H2O = CO2 + 2H2
0 5-40

1600 -

2 1500

^ 1300

ng 1200

40 60 80100 2004 6 8 100.6 1
K&E:?] (atm)

itift :

05-40 5^(DM^X<tJ^SSg
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fomim^E^Cck-oT. gi 5-40 «k9(c, ammicmibf

(mm<k) 6^x/%4:oco(Dit#A<A#<^^, a##

5. 2. 3

mm, mmm ##*)

-

g^m<k(c j;

%v v %7 v m#%v v -#K(j:
60-65wt% o *0#^/:C^ 6z)<, AoE^xib#^ 

®#$&A<g#T&6o

• iiMWP

##% # §@m^# (i/j\M(cvz a *<, 6 ^ «

##5^7

#5 izu^v h^/:«9<. ^xmKmc&A-fa#

f^SoEE'f' ^nt5S^^>‘E)o

tOE ±:E®AAA#^.6o #ia®^(iATA0EMT&6o

A^##

miaiR m#A< ? -

(1) fiMbJj3Z(DMW 

(a) i&m (^tzimfem xxittt

#x{b, 6o

TgtO^fC^'Bo 1,230'K@^T
&6o #x<b2W#W\, L^L. #
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X#%E|S|#T. /f /<>'/-;l/(DiRWi^Uo

(b) aft

< -rastA, mm^B^^(c#-o/:A6(c0(^(DmA(i38o'K

mm)

caLT&o,
A%$ti-cu6o mc> iGccisi#6f6/:6(:^E<L

(c)

y/x<L6l)#6fi6o 0c^®mAm±(Dm& (1,770'K #jg)
m<m#T&6o gi 5-41 #g

±#mm,

^ 7 ^
(a) maJza-Dsm

aim: ^j^-w^m2'

E15 - 4 1 - >

u®-c#X7ov -#%®^igm(zmLTu6o A

#K %E4k^m^(DT. X7V

<b#KfGmcALTl\6o

(d) ^S&j*Ax{tA5£

Wmmr:#m%<A #%4b^#t)A#<. $/z#x4b6immcl%
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7>"X

r

tfX A'X *"X
Cl/K~\

If??.-y?.°.=.«

aim
7kSs5\ 
-a is:

Kji7"(wet)

SifHdry) 5c5"(dry)

(a) @gS (b) 6£|i)E
E*r(wet)

(c) s^mlE (d) @Sfc$

lBH :

05-42

5-43 (c^mt)T&6o

@$E

intttE

*5itE

SEE

1900^64 1930 —1950^ 1970 %l^p$

ffl 1 T/D jtp

7AXtA^A6T/0 F 
150T/0 jp

t >E^O 15T/0 itP

*-/\'-/\9t?l/ 150T/D ip 
/l/1) ^ 907T/D Jp
500T/D <p tes$fc

KBW jp

- >yvu;i/fip

il*—**01/^7 • E ^ h—ip

a#: ^^-emw21
05-43
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El 5-44 t'M #X

xv ,v
Pucrlollano

tit®
KOBRA Project 

(1800^2^^1.1990)

^0
Combustion Encineerinc

Repswtrjnj Project

(GOO t/d, 1996)

iVi®
Buggenum j 

(20001M. 199-1) f

Project 
(20001/d, 1996) *@

Tampa Electric
Combmcd-CreU Project Wobash River

nztiim mates

ifjdfc : NED03)

®5-44 MRoJSMmnmmvmmm

® (C A L T u 6
(n)A^4b^ 6

%6"(cJ;6o

#*&A<%?r L /:o #-/<- 6 /C)6(:X/x t

4k0%#/ < - f - ^ - 6 ^±SR-e0

6 LTU&o

6#B<h LT(i. WT®C6A#(ft,fiao

7 & fc#<Dz§#m%Qa

X(be ck 4% 6 y/% <D#5%j; ^ T C 6 5 Texaco
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5-9

Natural
Gas

Fuel Oil Vacuum
Residue

Delayed
Coke

m c 73.40 87.20 83.80 88.50
# H 22.78 9.90 9.65 3.90
$i N 3.08 0.70 0.31 1.50
tit S - 1.40 6.20 5.50
wt% 0 0.76 0.80 - 0.10

Ash - - 0.04 0.50

£ CO 35.0 47.5 48.3 52.7
tit H 2 61.1 45.8 44.2 32.7
flX COa 2.6 5.7 5.2 12.2
m CH4 0.3 0.5 0.6 0.2
tit N2 + A 1.0 0.2 0.2 0.6
u% H2S+COS — 0.3 1.5 1.5

(2)
EtiKDust Removal Process)> #j^(Ash Treatment Process) ^ gt 

g&zS (C t, ^<L$ l'% L 'o

ma: #m*<&%mmi:3fiTV'5o

(3)

mmm

CO Conversion Process (/kSMiaCDlSn)

Acid Gas Removal Process 

Sulfur Removal Process



5.2.4 ±Wx(byn-tzx

(1) Shell 'itfxftya-feX 

(a) yotx©##

1956 €©%#^<

-X(:LTS^#X{bR#©M#(C##Lf:o #%© Shell Coal Gasification Process 

(SCGP- 1 ) ttSEEM© Koppers-Totzek Process tv x. /I/#:© flOES Oil Gasification 

Process 6^g#(cLT#mN#xYb^^afbLy:6©-eab6o C©yotx©^(i 

#%7AX^;l/yA#^(:^U-C/Wa v Ey^^h 6t/d

1976 ^ 12 (/\>y;l/y)

Cfti/x H/-^3>y7>h l50t/d 1978 # li 40 MEE.

MS 2000°Ct^©SE^ft^ tz.o 1987 1991 Electric Power

Research Institute t^IslT-> j./14±© Deer Park t^irl^lfC-rX >X h \v~v a 'Vfv

>KscGP-D imy7>E©#7Mi zsot/d (mmmm##)

*\& 4oot/d (mm. H is.ooo
vx.Jl4±te#J#)H2 6 CO©MA-#'X©##^g%6 llTitl

#m©^#(: $ "efijffl ^SF^E* $ tbT USo
#mg©mE#m'C&'6o

m& (1400-1700°C) . i%E (20-60atm) T#X4bU

(93-98vol%) Sf&mi##LTAT©W#####

Tl'-So x©ffiEXfS(t*^(c=k <oXbK# x^©*Efi>p<Stilte U -ScSx^ U

-t LTS&^&^OTSftrvSo

STEAM •
BFW

FLAG SLAG 
RECYCLESLAG

#}{& : Australian Chemical Engineering Confrence4> 

05-4 5(1) Shell^^jx<byn-LX©xn-'>- h
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SEE* f* —^

JRStKS CO; me

titift : PEC5)

HI 5 — 4 5(2) Shell;£;tf x<h7°n irXtDX a - ->- h

UT#'x{k^c#A^^ao 1400-

1700°c, g^T 20-60kg/cm2G T#X{k$ft6o A^#X(mmmm&W;L%#x 8%

$E65E> C03>^'-^-n xl^ASdlu ^9^—9— (^fc(iPSA) <£riSo ~T

m#B(C^6X7y^ V^mr)T?6o COXv^d*#*:^^, Oy??hy/< 

(b) yatX(D#Rg##

^x{k#^

^xik^ij
fiMUp\H)±

AWc#x%#

Hz/CO

Dry Feed, Entrained-Flow, High Pressure,
High Temperature Slagging Gasification, ^(nJfrltM 
%#K(90%^100 # 1 ),$%# h^X(:j;6)

20~60 kg/cm2

99% f
10,800-11,200 MJ/Nm3 
83% ( E Syngas <-% )
80% f (Coal to Clean Gas Efficiency)
16.5% (mmmw#-)
99% t (scGP-i m&am#)
0.9-1.0 t/t MAF coal 
0.08 t/t MAF coal
0.55-0.45
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###*# 99% t (SCGP-1)

(c)

g-C&6o 7

x?y&@B<w-&&g3:-e#*a::h,6o

BK^w^mAmiwwfbxv v -^g#ggcmG)ft-c. /<-<
{bumm^fiao ^@g^x(i^7^x^7> Hc#A$^t-cm

WASH WATER

SOLIDS-FREE 
RAW SYNGAS

TREATED SYNGAS

WATER RECYCLE | SULFINOL 

REGENERATOR
TO SOLIDS 
REMOVAL SYSTEM SULPHUR

SCOT
ABSORBER

SLURRY FROM
WET SOLIDS REMOVAL FLUE GAS

(CONTAINING MOST 
OF THE NH3) AMMONIA FOR pH CONTROL 

IN SOLIDS REMOVAL SYSTEM

SLURRY(TO WATER TREATMENT)

CLAUS

INCINERATOR

SULFINOL

ABSORBER

AMMONIA
STRIPPER

HCN
COMNVERTER

SCOT
REGENERATOR -

SOLIDS WATER 
STRIPPER

HCN/NHa
WASH

SCOT : Shell Claus Off-gas Treating Process 

& til : Australian Chemical Engineering Confrence*’ 

@35 — 46 *"XH$U:f!<OFlow Diagram

("f) amemima

^#x4:om#^6LTH2S6COS^&'5o Sulfinol

fr)lteU Sulfinol S^feEETHa S ^ C 0 S Claus Plant (CTSmifti LT@iR

"#"6o

(□) #*#<%#&

^##m@LT^6HCH6NH3

6-ec#HCHx H2S6CO2

WLTU60

2®gT'NH3
|1T Claus Plant fC^^U ZmBTBUR^WcNHs {*—Sti'B&E^EBT-CD P H

2^:B(-4o^T

2 2 0



(/\) ^'677^ X5 tT(D|sl#

■tM ^ o yt?^8ISti/-c5>l?^7Xch©@S5>(d:#x<^p(c U 1M

$^/c0c^#^m(ctiX7y6LTx/x{i:^m^g,&^m$iT,6o

^o^mx^ v

(B v^;i/^D-xK^miae&

ioo%v-f< ?;!/-?# a xxTA%cr?

(-) #?Kmm

Slurry (from Ammonia

Recycle to 
Removal System To Sludge Clean water 

Discharge to 
Environment

Disposal

to Sol i ds Work-up

Fi1tration

Activated After
Sludge Unit — Aeration

FIocculation 
- Sedimentation

Shell &lcj:0^&#X&6l'###,yx&^m-^6#&(D Block Scheme (j\ g 5-47

s/xh^coz

GAS QUENCH

SYNTHESISCOAL

FUEL GASFLY SLAG

WASTE
HEAT H SOLIDS — HZS 

REMOVA REMOBOILER
COz-

REMOVA
CO

SHIFT

SHELL 
COAL — 

STEAM^-| GASIFIER —

SLAG

tfjifii: Shell Development Co.61

g] 5 — 4 7 Block Scheme for Fuel Gas or Synthesis Gas Production

(d) yatxo##

m imm

®#x{b#l6LTg&#&@f#fa<DT\ C02
^ V - XT y a

(Dx4--;t/T'yTW!g#

(□) mmi
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Ti^trAk (g Al#^^#Tdb5
^ >^^WLTL^l\(D-eSNG(D#^lcALTL^l\

(/\) [##]

® @#m# 6 y/ % ^ ^ 6
®m#7 -f - Hi 4- 7 < - KT&6

h6LT^#^flTU&m<^<, g^lgiRCj:

5o%a-c00o&&#wm\

(-> mmm

©#//%. #*6

Shell Coal Gasification Process # 5-10 tC^-f'J: o iz^ fefulB<DMM<£)I¥M:&

5 — 10 Shell Coal Gasification Process -/t-?>X#|##

Acland Wake- Yallourn 
field

Illinois 
(No.6)

West
Vi rginia 
tVAW 
seam)

Augutte Goettel 
Victoria born

- Fluid 
Coke

(9-nr/f
£:fi*y)

PROXIMATE ANALYSIS
“S5P irE% 25 5 1 9 12 5 8 5

MOISTURE 4 52 65 16 6 6 4 0
VOLATILE MATTER 36 24 19 34 36 31 34 4
FIXED CARBON 35 19 15 41 46 58 54 91

ULTIMATE ANALYSIS
C (a.m.f.wt%) 80 66 68 77 83 84 83 88
H 6 6 5 6 6 6 6 2
0 12 22 26 11 6 7 9 2
N 1.2 0.5 0.6 1.4 1.6 1.6 15 1.6
S 0.6 5.3 0.3 4.3 3.4 1.1 0.9 6.9
LHV MJ/kg 32.1 26.8 26.2 31.0 33.4 34.3 32.4 32.3

GASIFIER INTAKE 
(mt/MM Nm3Hz+C0) 

m.a.f.COAL 477 573 568 496 456 439 465 492
a.r.COAL33 672 1334 1671 661 556 493 528 518
OXYGEN(99%pure) 482 391 373 444 428 431 433 474

STEAM - — - 25 81 105 62 175

GASIFIER OUTPUT

COLD GAS EFFICIENCY 79% 81% 81% 81% 81% 80% 81% 80%
HPsuperheated STEAM 33 815 695 641 710 716 726 714 781

DRY GAS COMPOSITION 

H 2 %v 30.2 30.7 30.5 30.5 31.7 32.6 31.2 22.3

CO %v 67.0 64.3 64.4 65.1 64.3 63.2 65.6 70.9

C 0 2 %v 1.8 2.1 3.4 2.0 2.0 3.0 2.0 3.7

C H 4 %v - 0.1 0.3 — — - — —

Hz S + C O S %v 0.2 2.0 0.1 1.5 1.1 0.3 0.3 2.2

N z + Ar %v 0.8 0.7 0.7 0.9 1.0 0.9 0.9 0.9

1) Intake of the comp!ex,corresponding to gasifier intake.
2) Defined as LHV of the product gas/LHV of MAP coal to the gasifier.
3) Metric tons/MM Nm3 H2 + CO; 100 at 520%.

#f#i : Australian Chemical Engineering Confrence113
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Coal Gasification Process (SCGP) dtf'XiM© 9 C < s CO2 &<k

CfCH*

5-11 IfkORMftliMtfptOtiM

SCGP

Entrained

Koppers

Totzek

Entrained

Winkler

Fluid bed

Lurgi

Moving bed

Pressure (bar) 30 1 1 20

Carbon Conversion % 98+ 90-96 55-90 99

Thermal Efficuency % 82 f 75-80 82 t 68-70

Liqid Hydrocarbon kg/t - - - 20
Dry Gas Composition v.% 

Hz 31 30 35 38

C 0 64 56 48 24

C Oz 3 12 14 28
C H 4 0.1 0.1 2 10

N 2 1 1 1 -

Hz S 0.5 0.5 0.5 0.5

ttijfe: Rohstoffwirtschaft71

(e) tfXik

xibMfGod) -(3)

Gasification Reactions :

C + O2

C + CO2

C + H2O
C + 2 Hz

Side Reactions :

C + 2 S
CO + S
H2 + S

2 CO2 4- S
3 H2 + N2

C + NHs
O2 + N2

CO2 (1)
2 CO (2)
CO + H 2 (3)
CH4 (4)

CS2 (5)
COS (6)
H2 S (7)
SO2 + 2 CO (8)

2 NHs (9)
HCN + H2 (10)

2 NO (11)
(f)
Electric Power Research Institute (EPR I ) Texas © Deer Park (C#S#L/z 

Shell Gasification Process© -f't h ly- y 3 > • 7P7> h LT 1991 £f©

5-12 (c^f-ao-r&ao
Pocahontas No.3 Bituminous t Delayed Coker T^GSeiBStt/'c^Ett

3-^x©2
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5-12

Feedstock Gasified POCA .3 P.COKE

Oxygen/MAFCoal Ratio lb/lb 1.021 1.023 1.048 1.071 1.016 1.038 1.040 1.045
Burner Steam/Oxygen lb/lb 0.217 0.219 0.219 0.218 0.217 0.231 0.259 0.258
Gasifier Offgas Composition(Dry)

C 0 %v 62.80 64.38 64.46 63.74 65.16 65.23 63.90 64.23
Hz %v 28.39 27.90 28.02 27.10 26.27 25.90 25.83 25.73

N 2 %v 6.60 5.25 5.06 6.36 5.00 5.05 5.50 5.27

C Oz Xv 1.86 2.17 2.16 2.51 1.91 2.17 3.10 3.12
HzS + COS %v 0.230 0.219 0.228 0.242 1.58 1.58 1.59 1.58
C H ♦ Xv 0.020 0.015 0.014 0.012 0.014 0.017 0.014 0.013

Sweet Gas Flow Rate 1 b/hr 28598 28030 28074 27879 29319 29375 26163 26261
Total Steam Make Mlb/hr 26.9 29.8 29.3 29.2 32.7 31.2 29.7 28.9
Sulfur Removal % 99.6 99.8 99.7 99.6 99.9 99.8 99.8 99.8
Flyslag Recycleed Yes/No Yes No Yes Yes No Yes No Yes
Carbon Conversion % 99.3 96.9 99.8 99.9 96.4 99.5 93.3 99.9
Cold Gas Efficiency

Sweet Gas Basis(HHV) 82.4 79.1 81.6 80.6 77.0 78.9 77.1 78.3

MASS BALANCE
Input Streams
Coal to Burners 1 b/hr 13488 13511 13236 13083 13879 13588 11966 11967
Oxygen to Burners 1 b/hr 12542 12583 12603 12706 13327 13391 11959 12016
Steam to Burners 1 b/hr 2720 2761 2761 2772 2890 3098 3100 3100
Nitogen to System 1 b/hr 2563 2594 2554 2573 2622 2516 2602 2702
Total In lb/hr 31313 31449 31154 31134 32718 32593 29627 29785

Output Streams
Sour Syngas,Dry 1 b/hr 30099 29880 29819 29858 31529 31817 23812 28912
Water in Sour Syngas lb/hr 51 50 50 51 53 54 48 49
Water Removed in WSR lb/hr 470 517 515 592 424 482 649 646
Flyslag&Clarif.Solids 1 b/hr 237 823 71 88 697 56 255 48
Slag Removed 1 b/hr 558 741 867 767 372 732 278 348
Total Out 1 b/hr 31415 32011 31322 31356 33075 33141 30042 30003
MASS BALANCE(Out/In) % 100.3 101.8 100.5 100.7 101.1 101.7 101.4 100.7

HEAT BALANCE
Heat in (HHV Basis)
HHV Coal to Burners MMBtu/hr 194.1 194.3 190.0 187.4 203.4 200.1 178.3" 178.3
Sensible Heat in Blast MMBtu/hr 4.1 4.3 4.2 4.3 4.5 4.7 4.7 4.7
(Coal+Oz+Steam+Nz)
Total Heat In MMBtu/hr 198.2 198.6 194.2 191.7 207.8 204.7 183.0 183.0

Heat Out(HHV Basis)
HHV of Sour Syngas MMBtu/hr 160.7 154.4 155.8 151.8 162.0 163. 4 142.5 144.5
HHV of Unconvert.Carbon MMBtu/hr 1.1 5.0 0.3 0.2 6.2 0.8 2.6 0.1
Heat Rev in Steam SystemMMBtu/hr 29.9 32.3 31.9 32.0 35.4 32.4 30.7 30.0
Low-level Heat by Diff. MMBtu/hr 6.5 7.0 6.2 7.6 4.2 8.2 7.3 8.3
Total Heat Out MMBtu/hr 198.2 198.6 194.2 191.7 207.8 204.7 183.0 183.0

Heat Balance(Out/In) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

^ #: Coal Conference8’

- 2 2 4 -



^ 5-12 #x#2M5j;[f@##3s:/x
7"A^#/yT^6o mmwwf 94-97%^^^/

LT#-m^%.4;7l/^-(:^$^T^6C6A<W^o 

^^'XCDllEti Pocahontas No. 3 Bituminous tJEtf&zi - ? x£^VlZlZ£^(±:l^j\S~C 

*&*<. 5%3-^XO#^(iH2S6COS<&^<^X/Tl^o Cold Gas Efficiency 
(CGE) l? -2> <?: n 5*3 — 9 X©iS'ati5K(^i:bZN;"C'ffiViiS^:7iN LtTV'<5;6''> Ctlti 
5*3-7

CGE 7 x Y % x V 7 7l/jt(: =k -3

&$#&%±(f&6CGE#(mTu m#(cj:^-c(^
CGEm#6tl6o
(*) Cold Gas Efficiency (C G E )= chemical energy in the syngas after removal 

of HzS and COS divided chemical energy in the coal (or coke)

5-48 (c^fmoT&ao

SLAG

3.75 **- S-OLHOS

RAW SYNTHESIS GAS

tti&i : Australian Chemical Engineering Confrence4>

^5-48

(g) MWl^X h

T^®##(c<k$Shen &#x4by7>h<D###km 5-13
GO [##]

^#^X(Dry) 250 MMM Btu/d
E#3# #x{|# 626—630t/hr, #^3 57-25 t/hr
mm Pittstburg Seam (Bituminous)

1979#
7" —X Shift : With conventional shift conversion unit

HCM : With BGC combined shift / methanation unit

- 2 2 5 -



(## : $ MM)

Shift Case HCM Case

Coal Handling & Preparation

Gasification, Shift and Gas Cooling

Oxygen Plant

Acid Gas Removal and Sulfur Recovery 
Methanation (or HCM) Compressur & Drying

Ash and Sludge Handling

Process Condensate Treating

Steam and Power

Cooling Water System

Balance of Plant

76 77

384 286

236 238

295 329

75 105

20 20

51 2

142 124

26 24

179 165

Total Facility Constraction Investment 

Project Contengency

1,484 1,370

223 205

Total 1,707 1,575

Initial Charge of Catalysts and Chemicals 

Paid- Up Royalties
Startup Cost

10 6

43 39
22 21

Total Plant Investment 1,782 1,641

tijifi: National Technical Information Service9*

(h) X h

Shell 5-14

#-x'

Dry) 250 MMM Btu/d
HMW 626~630 t/hr, 7 57~25 t/hr
Pittstburg Seam (Bituminous)
1979#
Shift : With conventional shift conversion unit 
HCM : With BGC combined shift / methanation unit

5-14 Itiinx h (mid-1979) $MM/y)

Shift Case HCM Case

Coal $26.15/st 146.67 140.56

Purchased Water $0.76/103USgal 3.23 3.30

Catalysts and Chemicals 10.45 9.14

Operating Labor 6.08 6.08

Maintenance 63.15 58.26

Insurance and Local Taxes 51.20 47.24

Gross Operating Costs 280.78 264.58

Export Power $0.04/KWH 0.00 5.34

Net Annual Operating Costs 280.78 259.24

Net Operation Cost (US$/ MM Btu) 3.40 3.14

National Technical Information Service9*
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T@7jKL/C £>©7^0 5-49 ~CS6o

[##]
> h

#.&ffi.f1 36 X 106 Nm3/d
am usa i98o$
m# 10% 10% *# hard Coal
»m@ Kv $m. mmm.

g 5-49 ctL

1ROOUCTS COSTS
fc /MM8TU)

INDIRECT SYNTHESIS 
OF HYDROCARBONS

METHANOL

DIRECT SYNTHESIS - 
OF HYDROCARBONS 
(RANGE)

MEDIUM 8TU GAS

ILLINOIS, USA

$ , MID 1980

COALCOSTS(5/MM8TU)

: International Conference10’

05-49 y <D^^j‘XfcJ:t>^nan(DEiir] x h
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g 5-49 (Sl/MMBTU) *'&©##=] X Hi$

3/MMBTU 3 - n y / N © J: -9 (C gEg© <£> %> tfijg fc £> SE7 S (S2.5/MMBTU)

A^6©#a3X HI $5/MMBTU T*6o 

( i ) ###pp

- 4,000#^
^#^1# 8,000-12,000#^

'J77^h K-AS53- —16,000##

20,000-40,000#^

(j) MtfXCDflJffltfl?

L /: #x ©mcTK©^: i $ fiT u 6 o

(DWc^tia^Xti 93-98%(D*#2:CO^^WL-CUa©-Cx 

X©#^(C#LT^6o

Ci 7>e^T, y^y-;K /f >.

©W-nth-Y ^

3 >/<V > K 'J ■yrj'n5-50 (C^t"o

STEAM TURBINE

FLUE GAS 

TO
STACKCOAL

EXHAUST
BOILER

SHELL
COAL

GASIFIER

WASTE
HEAT

BOILER

COMBUS
TOR

SOLIDS 
AND H2S 
REMOVAL

COMPRESSOR GAS TURBINE

{flU : International Conference101

m 5 — 5 o 3 > k u -+m £ jmnofcRim
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(k) 1/ X > h
23 ir a so iso

6L%^72o ^/d ©^©

^imHXv-e##LTu6o

#, . SAD7X77;l/KD/<<Ov l'7-XhM#^^^^TU6(D^'C&'5o

>y

(T) Demkolec B.V.a wholly owned subsidary of SEP
(The Dutch Electricity ]%% Buggenum (%) Generation Board)

1993-1995 A demonstration priod
1996 maasem#

##: 2,000t Coal/d -^3FiJ 284(^m%) -31( - 253 MW(mm%)
©Demkolec B.V.

1999 # Start up, ###§? Borssele
307jkWx2 g 2660MW

(2) Texaco;^yj‘X<b7°□ "feX 

(a) "/□ EXCDEE

Texsco Coal Gasification Process (TCGP) 6#%{bLT

1950 #m:im#<bL%7ntx&g,;&m3Efc&

1953 #(C#%<D77> f®m##5~10MM scfd

10MM scfd 1956 #—1958#

Pe0© Morgantown (West Virginia) (Cjo#5Mx#"C(i lOt/d COlM%4%kl9j&<%- 

TrE^lti 20atm 'V^-otzt^ 1974 #^£> Montebello (California)

□ y b~fy > b(DMtl^: 20t/d (DWMWt*9 (;:$a A$-tix EA& 20atm j)\Z> SOatmtc

_p#$ETV-E>0 1978 #^G K-T'y© Ruhrchemie Chemical Plant Complex (c

&UT 165t/d ©7t >X bU~ i/3 >77 > b ©HEiH^HM L fz.o 1979

#(C(i Dow Chemical Rtf 400t/d ®^7> 1981 #(c

TennesseeVal ley Authority (TV A) f)^T >7-—y-^T&T/Xffi© 190t/d ©77 > h£r 

@^LTU6c 1984 #C(iB$t#mLA#^%©^#m#©#x{l:^%m77>H5^ 

Ml

l,000t/d) ^itssn, f®IIEIg^ 1989 #tC^7SETU3o Montebello ©/<T 

o "j h77 > hT1i> K*4A LT5^©($^{Cn (Fluid, Delayed,

Calcined) (Cd^TTexsco Development Co. ^'g.

Texsco #mm©mE#gT*x7VTm&m

i#5'S (1,300-1,700°C) . mE (20-90kg/cnf) T/fXibL.

6 -f 6 ^ L \ 3 E 6 o

- m%, A(7%7 V -<b%m

-

2 2 9 -



Texsco g| 5-51 J:9ic, Process
Quench Mode t Process Waste Heat Recovery Mode (##WY ©

2 o^ab-Bo

Process Quench Mode (SSES»>pM)

OXIDANT

MAKEUP WATER

GASIFIER WITH 
QUENCH CHAMBER

PARTICULATE-FREE

COKE MILL SYNTHESIS GAS

SCRUBBER

SLURRY
TANK

MAKEUP
'WATER

LOCK
HOPPER

SLAG TO 
DISPOSAL

TO DISPOSAL
SOLID
separation RECYCLE SOLIDS 

TO MILL OR TANK

Process Waste Heat Recovery Mode 1?S=!)

OXIOANT

MAKEUP WATER GASIFIER
HIGH-PRESSURE STEAM

PARTICULATE-FREE
MILL CONVECTION

COOLER
COKE

SYNTHESIS GAS

'MAKEUP

water
SLURRY
PUMP

LOCK
HOPPER BOILER FEED 

WATER
BLOWDOWN

water

SLAG TO 

DISPOSAL

SETTLER

TO DISPOSALSOLID
SEPARATION RECYCLE SOLIDS 

TO MILL OR TANK

#3# : Energy Progress115

H5 - 5 1 Texaco jfclSxikZfn IzXtDy □ - h

v -s$ (#60%) kwses

nmmtv<-$ n & 0 a

RisfijKtt

Process Quench Mode (ESolK?£32) L /cilfScD ^/X <b S®[X 5 ^(i

TS<7) Water Spray Chamber izA*K C #X(i###%

"230



©$tl^o Lockhopper eSS tlTSSS

#X(i Scrabber btlT7|c£fce J;£tl&0 K6%- h

Settler — i57"P-^">$tlS^'U 1M 7 Jl^tlZx,

Process Waste Heat Recovery Mode (fgg&tf'f =>M) htifXit'Jp'V^f^LtzMM.^'X&

$^e Water

ScrubberTTk^Cj;^ ft6o f W2#©Z@(1##^?#^:61^

ck-oT(i^ Process Quench Mode t Process Waste Heat Recovery Mode £%§.%-&

< CDT Process Quench Mode

(b) -fnirx©|^g

iJM

m mm

Water Slurry Feed, Entrained-Flow, High Pressure, 
High Temperature Slagging Gasification,
Water Slurry Feed ( 60% )
##
1,300°C~1,700°C 
20—90 kg/cm2 f

99% f
Dry 2,627 Kcal/Nm3 

72 —76%

V -'r#x{MPK:|8:A3fi'6o

®yat%^-yv3>©^#{b

-ct^o v^#A$^o
-S/3>^^©ma6%^/:a6T,

(□) [guff]

(/\) CESf]

v --c#A3fi&©-Cx
®H'MY3p(D Refractory ©##;#SU ( 1 0

(-) immm

®%6"©A^m#^^^©x7 v -me v-^-<
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y'U Leachabillty

(c)

RjG8#wm3im (##) c

fbLTH2S6COS(:^ao

(d) &JHK£

Montbel 1 o (D;<4 □ y h 1/7 > h (C^V'T^ Bituminous Coal, Sub-Bituminous Coal, 

Lignite isXXf Petroleum Cokes ts.£'M* OWMK-d^T^-T. h £-SIBLTI'>5o 

3§ 5-15 tcti Petroleum Cokes

1 5 Texaco Gasification Process (O&LTIt- — $

Delayed

Pet. Coke

Fluid

Pet. Coke

Fluid Pet. Coke

from Tar Sand

Bitumen

Feed Rate, Dry
short t/d 1000 1000 1000

Dry Analysis wt%

C 88. 50 85.98 78.89

H 3.90 2.00 1.65

N 1.50 0.98 1.35

S 5.50 8.31 7.88

0 0.10 2.27 2.08
Ash 0.50 0.46 8.15

High Heating Value
Btu/lb 15400 13800 12600

Pure Oxygen short t/d 1080 1030 920
Water lb/hr 53500 54400 48900

Product Composition 

mol %

C O 46.20 47.14 48.12

Hz 28.69 24.33 24.13

C 0 2 10.68 13.16 12.79

H 2 0 12.37 12.67 11.97

CHi 0.17 0.09 0.09

N 2 + Ar 0.55 0.42 0.59

H 2 S + C 0 S 1.34 2.19 2.31

ititi. ; International Coal Convension Conference12’

(e) EWHe91

Louisiana Municipal Power Commission Project (Dif7,{tW.a^M I GCC (f&Htts
115MW ) Texaco l,080.5t/d,

184MM SCFD)

GO E&A^#]

TE0 4"3(Dy-x(c^(j-T##
Case I Vacuum Residue Feed
Case H Petroleum Coke/Vacuum Residue Feed
Case H Petroleum Coke/Water Slurry Feed
Case IV Coal Water Slurry Feed

2 3 2



(□) [EfflT-6 Petroleum Coke

t-X Delayed Coke Plant &<DT\ ^0##

(i# 5-16

5-16 EfflT5Petroleum Coke 6D-|y*

Proximate Analysis wt%

Free Moisture (as received)

Inherent Moisture (as received)

Volatile Combustible Matter(dry basis) 

Ash (dry basis)

Tatal Sulfur (dry basis)

4-10

0-0.3

10.0

0.2

6.0

Ultimate Analysis wt% dry basis
Carbon 88.60
Hydrogen 3.80
Nitrogen 1.40
Sul fur 6.00
Oxygen 0.00
Ash 0.20

Gross Heating Value Btu/lb dry basis
100.00

15,000

W g:##"

5-17 CaseId#&^@T. fO#GXr-X(l±:

#5-17 #>!r-X<7)ES# (##:10' US$ ;1980% base)

Case | Case || Case HI Case IV

Process

Feedstock Storage, Handling 4,244 10,623 7,942 7,942
Grinding and Slurry Prep. - 14,274 24,743 24,743

Air Separation Plant 50,400 50,400 50,400 50,400

Gasifier Section 34,889 36,600 36,600 50,702

Texaco Carbon Recovery 7,792 10,200 2,544 2,544

Wastewater Treatment 3,420 4,235 4,630 6,000

Heat Recovery 6,489 8,772 8,226 8,159
Acid Gas Recovery 11,383 11,383 11,383 9,698

Sulfur Recovery 4,757 5,653 5,653 4,813

Tail Gas Treatment 4,908 4,9078 4,908 4,189

Steam Superheating 4,392 5,113 5,113 5,113

Sub-Total 132,674 162,161 162,142 174,303

Offsite 31,014 31,014 31,014 31,014

Catalysts and Chemicals 750 750 750 750

Royalties 5,600 5,600 5,600 5,600
Spare Parts 6,900 8,200 8,100 8,700
Contengency 13,069 16,018 16,016 17,232

Total 190,007 233,743 223,622 237,599

- 2 3 3 -
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TU

(-) Sl3Xh9’

SW#3X Case 5-18 (c^o

5-18 Case||0M^3X h (^fe:106US $/y)

Operating and Admin. Personnel 1.716
Maintenance ( Material and Labor) 6.644

Feedstock 28,603

Water 0.045

Power 3.564

Ash disposal 0.608

Chemicals 1.000
Byproducts

Gas -

Steam - 1.012
Sul fur - 2.536

Local Taxes and Insurance 3.864

Total 41.896
( $ 5.12 /MM Btu )

(*) %o^ii^fc y CDMit 3 X h

S 5.12/MM BTU

4.80

S 28.603 MM/YR-

4 1.23/MM aru

FEEDSTOCK COST - $MM/TR

0.88

0.90

FEEDSTOCK C0S7-S/MM 5TU

5.20

<5.12/MM BTU

5.00

$ 22 3.744 M M

INVESTMENT COST-$10°

mm : DOES)

05-52 ii3X b£(DM& 05-53 m#3X

5:E13> Hydrogen Energy (C$ tiTl' -B3 - ? x fc J;TOKfc£ TOitt 
3 - ^ X:^wK#&##i'3#W^i3Texaco}%(D|gi^#;&^ 5-19
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(O [mu#]

50MM SCFD
### 90 %
WM S'/ti3 - ^ x $ 30/t Bituminous Coal $ 40/t

5-19 (Base mid-1984 % Price)

Bituminous Coal Petroleum Coke

Capital Cost MM$

Total Plant Investment (TPI) 174.4 178.9

Royalities,Preproduction

Inventory, AFDC 47.5 48.7

Total Capital Requirement 221.9 227.9

0 & M Cost MM$ /y

Feedstock 15.3 8.5
Uti1ities 2.9 1.8

Operating Labor 3.6 2.3
Supervision/Administrati on

30% of labor cost 1.1 0.7
Maintenance 2% of TPI 3.5 3.6
Waste Disposal $6/t 0.5 0.1

Sulfur Credit $110/t (1.4) (1.5)
Total 25.5 15.5

Indirect costs : engineering, constraction services, contingencies. 
Preproduction costs : feedstock, operator training, equipent checkout and

modifications during plant start up

Inventory capital : one month inventory of coke or coal and chemicals plus
one month operating costs and 2% of TPI 

Utility cost : electricity $0.05/kwh, water $0.10/103gal, labor $14/man-hr
yti : Hydrogen Energy131

m 5-19 Eis-54

5.00 - -

4.50 --

4.00

Pl*nl Operational In 1990 
Hf and Coke Cost In 1984 Dollars 
Base Capital 
DCF flOA 20%
SF " 0.9

3.50 - -

Coat of Coke Cost. S/Ton

## : Hydrogen Energy131

@5-54 7K##m=]xh
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5 - 2 o sgm 5 > h

(t/a)

# z m JiMtfP
i
(t/a)

7j'x(k
E t> 
(ata)

||J ffl S M ( m °n )
H/

# m
SlteMSS

VM'J # %

900—
1,800

2-1 1 -0 900 60 Sfi/f*9 S~)\> 600st/d
(kWR&%ea),9i/ioa sme*

Tennessee Eastman
Kingsport.TN.USA

1983 - $wtp. Sfh1SSioo%pj

1,500 3 1 500 40 7'Vi-7 l,000t/d ^T>=E-T
a* 410])%

1984 -

800 1 0 800 35 **V(fcfi8qq + 7KS
2075Ty/y)

SAR
Oberhaussen.Germany

1986 -

1,000 1
(*%)-,)

1 1,000 42 loom*
/-;i/@%@(150t/d)

Cool Water
Dagget.CA.USA ,+T*xi,5

1994 ■ M-y/imjpg. 1 SW

400 1 0 400 ry^-7 2oot/d Lunan Fertilizer Plant
Lunan.China

1992

1,000 1 0 1,000 Shougang steel Coal 
Gasification.Beijing, China

1994 -

1,100 4-
1707JNm3/d 20 7]t/y

Shanghi Coking and
Chemical Plant. Shanghi China

1994

1,500 so?, t/y yy^-rfrh 
527] t/y ESMSM

Weihe chemical
Fertilizer Plant.Xian.China

1996 -#3Z h $350mill ion

1,900 260MW Tampa Electric Co.
Polk County.FI.USA

■Mwm
(mm)

1996 •n»-5P *CCT#PJ(120/500)



( f ) Texaco^JiMt? 7 > h ©Hffl3l»£f+@

Texaco 23 80 j^±©77> #%
LT^ iso #ao#um77 >

#5 6, # 5-20 5-21 (C^m^ T?<&&„

5-21 moi nmm

-fu 7x 7 h zrxfkm# mmm X9~

Texaco El Dorado (USA) a# ]-)%/## 4omw 1996
AGIP (Sannazzaro.Itly) 25omw 1997
API (Ancona, Itly) WMBim 220MW 1997
ISAB (Syracuse, Itly) e«E;l>6 msmn soomw 1997
SARAS (Sardinia, Itly) mmmmm soomw 1998

4>SKt>1<'t1t $ 5-20(C^f" j; 9 (C^ 2->©77 > h ^'Blx43©ti^iC> ####

m. Tzk^mm. ^^rm-e%Af-6X7'y^mt)##$^TU6o wm#©^#

jk6LT^V-7;l/^3> 0^Sf-%l'^##LTU6o

$ 5-21 (C^f-j; 9 (C^ < ©5j^^'x<i:E^%<©®^^|fg$tL> i6.^ot>K

gsm0±mc%ac6m^3tiao ^/=. 2010

#m%m^^m^2:micm;3%#{i:$fi/z77 > h©#m<bA<mtr6#^^^-c^6o

Texaco &(c=k6^X<b^#gm (I GCC) ^©fGfW. 1984 #

Cool Water Coal Gasification Program 
as### 120 KW

i,ooot/d
###^T Southern California Edison (SCE)

1984 ^j;k)5^
B* (mm. m*#. m^. 5#)

(SCE, Texaco, G.E. Bechtel, EPRI)

(3) Prenflo ;£©" X{fc7n "feT.

(a) 7”ntX®SI

1983 ££■£)'£? The Federal Ministry for Research and Technology and the Commis- 

sionof the European Communities L/c7po-bXTS^>^B@'Tr#tl.

jr>T^7V>7# Krupp Koppers ^
Wilcox Espanola L. 1987 ^6 48t/d ©7^6>X K/-y 3 >77 > b&M

(b) 7nt?x©ftS

7%{bM

Fine Dry Feed, Entrained-Flow, High Pressure, 
High Temperature Slagging Gasification

85% 0# + (*mm
1,300 °C ~ 1,600 °C 
30 kg/cm2
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SteamBoiler
feedwater

Oxygen

Raw gas

"1

Waste water
15 j Filter

e cake

Slag

itijSL ; Technische Mitte11 ungen Krupp14) 

i5-5 5 Prenflo ^rtiX-fbAn -fe x<D"7 n - ?• * - h

m mm

G / T -CEE# 6 0##. E^m^O G )

• £E O'x it M D E A T n -fe xTIME^X— v HcMLAQ##G/T^A 

- AE#XO^WamT0U-tE^^;l///X(cj:6 Hot Quench (1,450°C-»1,000°C) 
tz-hK Radient Boiler Cold Quench

TU6o
(□)

m# Ga%, s%3-^x)
A'x(hE

S56SE (MDEA Scrubber )

BSttsUK (Claus Unit)

(/\)
ft>X H/-va >"/?> 1992 # (C##LA:AX
# 5-20(1) &j;cm 5-20(2)
(c) mmm

3-D V (EL COGAS) The Europian Community COMSb^r

SOT, X^d- ><D Puerto llano T5 0</5ite x - ^ X ^WM t~t?> Prenfio &{c<fc5

i GccoooMW) 1997 ^x^-

&6TU6o m##EU 5.5%^#^0S#D-^XO 50/50 T&6o
2,600t/d T*6o
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5-2 2(1) 5"X

Puerto!1ano

row coal

Petroleum

coke

Ultimate Analysis

C %by wt. 41.1 89.3

H %by wt. 3.3 3.3

S -combustible %by wt. 0.7 5.4

N %by wt. 0.8 1.7

0 %by wt. 6.9 —

Cl %by wt. 0.1 —

Ash %by wt. 47.1 0.3

Total %by wt. 100.0 100.0

Volati1es %by wt. 20.7 13.5
Calorific value(HHV) MJ/kg 16.27 35.82

Ash melting behaviour

Softening point t) 1,365 1.750

Hemisphere point V 1,545 >1.750
Flow point tD 1,575 >1.750

£t}& : Technische Mitte 11 ungen Krupp14’

5-2 2(2) HE5FX KDS£m

Raw gas analysis at 85% 

oxygen purity

Hz % by vol. 20.49

C O % by vol. 59.77

C O 2 % by vol. 5.09

N z + A r % by vol. 13.49

Hz S + C O S % by vol. 1.14

C H* % by vol. 0.02

Carbon conversion rate % 99.3
Cold gas efficiency % 74.5

Thermal efficiency % 94.7

; Technische Mitte11 ungen Krupp14’

(4)

* SFt5-e|l^^c(3©7po-{?X

y h#x<byotx cmm^/NEDO)
(####, MHi, #)

2 ntx E o o)

%E^#W#X{b:/ntX (British Coal)
Et8yftJ^^/X'fb7Pn-trX (Krupp Koppers)
i^gi^a^O^x-ya-lzX [HTW] ( Rheinbraun &j;[f Uhde )

2 3 9



5.2.5 tyatx (msfcfcifxiktt) omm

(1) ±m^xiffnizx (mjkW-OliMktt) (Dit#

5-21 c^fmo-c&So
c * ao ^(co i 'T 6 % 7 y® a o

7/6LT^mj;lD^#(C#aj^-Wr^^(h^-e#6A<x ^ao^mx^/^tix

(2) ^&<DmM&&:xx<up&.mzMt&m&

6^® =k 9 c^6o
(a) ^miklz.faVtzX'r-JlsT ■> t°M

(b)

mm
(B^ < o^@0X7 /(:#
(Bi^mA# ^x<b(:^ 6 mK##®#]):

(c) iigcS^ste©/t#>0it$ij$ijmm

®#x>fbm&$S+SJEE©$i3£
(BO / C
(BAA###. a^ih%#(c#^/cA#-y7>

6 ^ o y ^ ^ h V y 7

(d)

(Bi#iM#x^mK# (%^) o{

(e) S*IcM-otzffitzteTZfn-
ItL

Tn'TD
WJOim. C. EK*©i® n^I©^^#t^

®^#X ^X 7 yoz: > ^ 71/ (:-###%#% <!:'(Z)K##/\<Z)$E| 
®Xl/-;l/Tyy#^(DWuA6%#XA^O#k[EilR

®Xy

®K##X{k#^ Xf--AKfG#0|6l±
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(f) SW|5]±<DE3M:5"SS
w#%PBo@a-e^%<kK^&m^a

< -erne 3 #%. % 5 /omT&af 3 

®^0±^T6 L T##KA5^mfT ^ i±T^E#x ^#zST#A 3 # a 
A#Am^%7 y^om^^jgTc^^amm^-em^a 

©mg. 77v^%^mL. %7/0mT&m^T(fa
u. d7m®#xT#mf a

(3) ^'&<omm+@

##(c#%<b^6%#^«h"3TEi^'fa6. ^5-56 c^fz-ic/zao
*; #%<(#% o&ewmmcm

^f-a) 0 3##r.
J;t) &AA^0T2fgf a.

9.3 • k -ry>(aoo.i)4/<-^a 

7.4«k -Ty(4co.i)2/<-?-a;

St

•b
K

7 7

0 2%%^
CE

i

/
/

s,
X*1
xl

• cBc^^A. e

(5&toa*.
I/D ata

/
/

/
rf xut^(i-i)
y (2000.25)

ci
5r/
? . a 4. w
•if |(3x«S)
,n / (90.1)

n 0 4 f • 0£

•>xa-r< 7”-?(

(3000.40) /

/
t

'"' i

I (3:

/ a 4 w tra.r.>)

7 (32.6.1)

.1)
~77~

• '•/

/

^T'o*

(360.35)

/ (X)
/7# (907.42) /

//#_# 9=5*3 ,P'

A< / (500.35) /

X?/ /

;-f = -/ M/.
200.23)

• (5.4.1) ^.Yy^y
• 8i-zrx /A a?/1 /

(109.100) „ // ^/j /

3 4 w
#
(10.9.21)

--------- 11+7-viA.7■ L2.Tfi.fUH *>J *
,5<o1 , ^ Z (,3.;

TT3 y^

>5L,<0/ri,$tR--s
3) / U (2.4.20)
H •

(MO)
r*tf a^Oli**)

50/nt /V a
// (6.40)

««i»in]
(3800.23)

■m 1 ,-x ss 2 -x
;t--f7V->3 7? :f-f 7V-> 3 -y 7

mm = ^*ju^-w£.m2)

5-56

mLTuao ia 5-57 #)oA

%. (#0 2oot/d m#@mmE#m^mm4]-c*ao
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3)
4) 10th Australian Chemical Engineering Confrence(1982)

5) r#hAi/%V77<fV-o/=a6o#@yatx
, PEC-87T20(1989)

6) Me.Cull ouch G R et al., Proc 8th Annu Int Conf Coal Gasification

Liquefraction Convers Electr(1981)

7) H.D.Schilling et al.,Rohstoffwirtschaft,Band 4. Kohlenvergasung,(1976)
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9) National Technical Information Service, Advanced Coal Gasification
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10) Proc. 7th Annu. Int. Conf. Coal Gasification, Liquefation & Coversion

to Electricity Pittsburgh, August 5-7(1980)
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13) Y. K. Fischer, et al., Hydrogen Energy, Vol.11,No.12 , 783 (1986)
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6 . =3 — — ~Z7 -r ■— H <7Z>

e. 1 3 - /? x4x$6m#^m@T(D-5r#%

6-1 &UWM ;£icj;3=i-£x«

Crude oil sources of redidues

Items
Brega Orinoco

A1askan
North
Slope Maya

Light
Arabian

Heavy
Arabian

Feeds:
TBP cut point,1Ft 1050 + 950 + 1050 + 1050 + 1050 + 1050 +
Gravity,1 API 12.3 2.6 8.9 2.6 7.4 4.5
Con.carbon,wt% 14.6 23.3 16.1 25.5 15.4 24.2
Sul fur,wt% 1.06 4.4 2.16 4.91 4.1 5.25
Products:
Dry gas & C4,wt% 7.0 16.3 11.3 13.2 11.1 13.2
Cs-3801F Naphtha,wt% 18.6 16.2 14.6 19.3 16.1 13.5
Gravity,1API 60.7 50.0 57.6 54.9 58.8 55.6
Sulfur,wt% 0.11 1.25 0.7 0.9 1.0 1.1

3801F+ Gas oi1,wt% 52.4 29.6 47.6 29.2 45.8 40.4
Gravity,1API 35.7 18.8 25.1 20.9 28.1 26.5
Sulfur,wt% 0.83 4.1 1.4 3.6 2.3 2.4

Coke,wt% 22.0 37.9 26.5 38.3 27.0 33.0
Sulfur,wt% 1.9 4.3 3.0 5.6 6.4 7.1
Ni + V,ppmw 182 3700 607 1854 366 676

Note:Yield estimated for constant recycle ratio and pressure.
ftjife : Hydrocarbon Processing11

m 6-i

3 >7 Kv 3 -

A<,
f ^ l/- K3-X7-&j;[f;ul/- K3-*-6T1i3-^xiR#^j:^(D#i(X$(i# 

L/- H'3-#-@:5A<3-?x##<i#Uo

f^l/-K3-^-@#^:3-^XlR$wt%= 2.0 + 1.66 K

###'%## wt%= 3.5 + 0.1K
wt%= 94.5 - 1.76 K

- 2 4 4 -



yjl- : 3 - ^wt%= 1.15 K

5.0 + 0.15K
wt%= 95 - 1.3 K 

K : 3>7 KV>*-^Xwt%)
±EOC6A\g,t)^6j;3(c, 3>7Kv>^
emiwmay-^-iz^f^m^wM^wMmz.k-oxyyy

fflA : SaS^S*:'
06-1

<^icA 3 - * -JEf4'tt©SES5><h^.E$ ti-E> 3 - ^ ©M^ti0 6-2 (c
j: 9 K, 3 - ^ >5 KV >^7 -d<

6 3-?x#oa#&##:<%&0 m#4KDm#W5%^±(c%66 3>7 Kv>^7-
#ycD^&izf£#£*i&oT\ LT3-^
^<AC6o

co«e ofluw rewc**n«*€, *r.

SULFUR IN FEED, Wt %

tfjjfe ; Hydrocarbon Processing

06-2 3-^
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j^#4y6^-iltR"f*'E)*x £> 6 V ti p - # - tc>N;f >5 MteWMi&coM.M'ft<b p > 7 Kv >*- 

^>^#M(cj;-3T<ST$-Wr6C6^v^eT&ao 
p - * -SWgdEM t LT> OT^/c{i^ft$tiT^§yp-texi LTTEt^f*

WM1 ]
(a) Vaccum Flasher + Delayed Coker

ME? 7 v S/ $445^0
(b) £S'/&7j<JSsfI&5it(Residue HDS) + Delayed Coker

>7 mc/H6fa^:o
(c) W4#0 (Residue HDS) + Vaccum Flash

(b) 0*W#ME##6(a) 0 Vaccum Flasher £Jj^a

Delayed Coker
# 6-2

(JEf4’/6©fti;K) Crude Souce Kuwait
IBP cut point, 0 F 650+
Gravity, 0 API 16.6
Con.carbon, wt% 9.0
Sulfur, wt% 3.8

6 — 2 Delayed Coker 0iR^

Overall yields, wt%
Vaccum Flasher Residue HDS Residue HD

Vaccum Flasher

C* & Lighter 5.8 9.6 7.6
Cs + Distillate 78.1 84.6 87.7
Coke 16.1 6.7 5.6
Total 100.0 100.9 100.9

Coke, wt% S 6.1 1.3 1.5

ttijgi : Hydrocarbon Processing35

[$#j 2 ]
miA7K^b#m(VRDS) + Delayed Coker 

mb*#<k#m(VRDS)aMm6LT#8#f-6C<!:(CJ;fK Delayed Coker

% ^001^2# ^ /c ^ 0T& 6 o
B#7K#^m(VRDS) + Delayed Coker 070-7- 6-3

Delayed Coker ##0#^6^ RDS + Delayed Coker 0lR#j±#^-|2| 6-4

i/^-^-0 co-op

- 2 4 6 -



Arabian
Heavy Naphtha

and
Sour No.2 Oil Isomax and 
Gas f FCC Feed

Naphtha No.2 Oil and
t Sour Gas FCC Feed

294.5
MBPCD

Vacuum Resid 
93.4 MBPCD 59.1

MBPCD81.4
MBPCD

Coker

Gas Oil
MBPCD

3140 ST/CD

31.3 MBPCD

COKER HDN

DELAYED
COKER

95 MSCFD

EXISTING
CRUDE
UNITS

Asphalt and Fuel Oil

IH6 — 3 VRDS + Delayed Coker® "7 □ — i/ — h

Yield %
Fresh Feed 
100

90 

80 

70 

60 

SO 
40 

30 

20 
10 

0
C, + Liquid

£23 Coker 

S3 RDSZ Coker

CT777k\N V//A. K vj
C,-h Liquid Coke H,S 0,-Efo

Basis : Arabian Heauy 1000 F +Vacuum Residuum 
Chemical H, Consumpilon : 1100 SCF/Bbl

H16 — 4 Delayed Coker RDS + Delayed Coker®4%%jt#

[W34)]
3 -+> y 6

Syncrude Canada

LC-Fininig + Delayed Coker +

Husky Oil Bi-Provincial

H-Oil + Delayed Coker +

3 - ^ LT. 100%a< ^

mm 4]
+ Delayed Coker

ms voi% &UJ (3wt% J21T)
6 LT® VEBA COMBI Cracking, ® LC-Fininig,

2 4 7



© H-on

^xx Hi^< ti^^o
Hm55)3

ESfl^E(RDS) + Delayed Coker

Chevron Pascagoula £ tlTfc <0 . ^##&lR#©|Sl±6 3 - ^ X©&#

%# ^m^-cu'Bo
OTJ66’]

?S^lJEtl^(SDA) + Delayed Coker

±I2©2o©Xn-t?x£—o®yotxt;|M^tfc|)0^ ASCOT ProcessT&&„ 

Ef4'W©r XX y A/ h U ^©TXX y Delayed

Coker T6& 6. COT^Tti. Delayed Coker 6 x -

? Xi0?S(iiitJn-i"'E>^\ LT(i. # 6-3 j; 3 (c. x - ^ xiR#UM

6-3 : Orinoco Crude)

Mp°p *SYDEC <Oi#-£ ASCOT CDd#^-

IBP-680 0 F vol % 12.5 12.5
C4- wt % 6.0 3.2
C5- 380 0 F vol % 12.7 5.0
VG0+CG0 vol% 56.0 67.8
Coke wt % 22.1 17.0

±#26-3©$#]#. 3-^xe$^mT$-Wr6(bg9C6j;(), gR@^©iR#^l=l± 
$-Wr5o x - ? xiR#©mT6 ai$l:3

- f x^} j;CT'#K@^-©a%[S]±(CVaccum Flasher x-^XJR

6.2 3-/7 X^Rg##

macmK c6^-e#a/:^
##<&%xyXT;i/x-x^(cj;(9#@ef#5^-(i-m@.
u. mm. @sis]©gm^±#<^66. t:y^4:(c/j^#A<aim-#-6o c©/w#w&#
6a#©^#T*ec6^^y xx
TR%m. c©###. la 6-5 g2i%a<=k

^ v x ^ - %©mmk)#i^m^##©B#x (c y f-*© y v x ^ -xm^©

h V V XX©%5@C. x h V y XX©^}f#i&/j:2:'(cj:k)@/r^:0t,*<#^fi

-248



&o V7 Ji-X
El 6-6 (c^iN^c.

mm: /mtm^n
06-5 >V7i-

mm:
6 - 6 Ei!N

u-'fy-oa-'r K-7Ap^-eESE©<k -5 ^S'fkKJEG^S^-, / V7z-L>

-So 1 2 3 4 5 6 7

1) R. DeBiase, et al., Hydrocarbon Processing, Vol.61, No.5, 99(1982)
2) Stf-IE, Vol.20, No.3, 72(1977)
3) R. DeBiase, 0. D.Elliott, Hydrocarbon Processing, May p.99(1992)
4) Proceedings of International Symposium on Heavy Oil and Residue Upgrading 

and Utilization, May 5-8(1992),Fushun, Liaoning, China P. 281-289
5) Chem. Eng. Progr., Vol.79, No.5, 93 (1983)
6) SYDEC Selective Yield Delayed Coking - Foster Wheeler)

Noncatalytic Heavy Crude Upgrading chapter 108 p.1148
7) /J\#Wc, (1984)
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mi =3 ---- -----60 fez ^ =3 ---- XX
i\5i ^ 60 im im cof*fe

T .

7. 1 aWW4:C#Mlc <k

3-^KxA&S, 3-7KxAE^],

6 LT#(f
i/-K3-+>/(cowT, ?-i ^

jfrLtZo

mi -1 5^ u-

Mid-
Continent Arkansas Illinois Oklahoma Venezuela :alifornia Gilsonite

Coal Tar 
Pitch

m #4
it B 15/4°C 0.929 0.978 0.982 0.972 1.018 0.985
r-^mSfgiMS wt% - 15.1 14.8 11.6 19.6 9.6 26.0 47.9
mme wt% 2.48 3.0 0.6 1.15 2.76 1.6 0.3 0.75

315*1+
fiaSMFtBnsg °c 488 490 496 490 493 496 488 506
fi'M- E+3 kg/cm3 2.5 2.1 2.5 2.3 1.8 4.2 2.1 2.8
■WW it 0.30 0.34 0.25 . 0.3 0.2 1.30 _

JR $

- C: wtSS 5.8 8.1 6.4 7.1 5.6 12.0 - 3.8
tv u V 21.8 17.1 21.6 20.5 17.8 15.7 _
EHEiiti 56.1 43.3 46.0 49.5 20.0 35.2 _

) 25.8

mmma - - - - 23.7 15.5 -
i

3-5X 16.3 31.5 26.0 22.9 32.6 21.6 45.0 70.4

m* ■.
(1) 3-0 K^Aj&g 
3-7KxAE^i,

0X!R#(i@< 4'So 3-0ESKJEG7j:(D"e‘£$^{g;l'tZxJEUtilff L l
^66#l\3-ox^%RL^ 3-0 F3A&&(D3-0xo#0mLa##i;:%ao
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RECENT ADVANCES IN THE HYDROPURIFICATION OF PETROLEUM 
PRODUCTS (THE REMOTE CONTROL)

Bernard Delmon
Universite Catholique de Louvain
Unite de Catalyse et Chimie des Materiaux Divises,
Place Croix du Sud, 2/17, 1348 Louvain-la-Neuve, Belgium

Introduction

Twenty-five years ago, the hydrotreating processes (HDS, HDN, HDM, 
hydrocracking) were considered as relatively crude. The catalysts they used were 
not very elaborate. This was wrong in the sense that, although the formulation was 
still essentially unchanged, much progress had already been made with respect to 
control of active phase dispersion and catalyst porosity. But, as a whole, 
hydrotreating, although absolutely necessary for removing sulphur or nitrogen, did 
not seem to deserve much attention. In the last years, however, it has become clear 
that this group of processes actually are the key to the production of the clean fuels 
that we shall need for buses, trucks and cars in the near future. New regulations 
have been adopted in Europe and various states of the USA. The corresponding 
specifications cannot be met economically yet, and it is not clear how it will be 
possible to comply with the most stringent of these regulations.

We shall take as a backcloth the progress in hydrotreating in the last years in 
the world (1,2). In this context, we shall summarise our present line of work. In 
conformity with the topic of this workshop, we shall insist on the hydrotreating 
reactions which are aimed at producing cleaner fuels, namely fuels with lower 
contents in sulphur, nitrogen and aromatics. We shall first mention a few 
contributions concerning catalyst formulation and the nature of the acid sites. The 
modification of the active sites through spillover hydrogen under the reaction 
conditions (remote control) will be discussed hereafter. Finally, some perspectives 
opened by the corresponding investigations will be mentioned.

Catalyst formulation

Some interesting results have been obtained with modifiers. Although 
fluorine, a modifier of acidity, has a conspicuous effect (3-5), it does not seem that 
the laboratory results have been followed by much industrial development. 
Conversely, titanium and zirconium, as additives, seem very promising (6-9).

The use of new carriers offers very interesting perspectives (6,7,10,11). 
Titanium or zirconium, as pure oxides, or mixed oxides containing these elements, 
have been particularly studied. But other supports deserve attention. Recently, we 
investigated in detail carbon as a catalyst support for a special hydropurification, 
namely the elimination of oxygen (HDO). Dramatic changes of selectivity and 
resistance to ageing were observed (12-14). This is due to the very strong 
differences in (i) the interactions between active metal sulphides and carbon, 
compared to other supports, (ii) the lack of strong acidity of carbon and, possibly, (iii) 
its hydrophobicity.

Other interesting results were obtained when active elements other than just 
Co, Ni, Fe, Mo or W were used. Presently, the most spectacular data concern the 
use of noble metals (1,6,15): Ru, Rh, Pd, Pt, Nb or associations of such metals. The
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corresponding results of our laboratory will be shortly presented in the section 
dealing with the modification of active sites as a function of reaction conditions 
through a remote control.

Understanding of the nature of the sites active in hydrotreating

Much advance has been made in the last year concerning the various 
catalytic functions that hydrotreating catalysts exhibit. This has been reviewed 
recently (1). Essentially, four kinds of functions can be clearly distinguished on 
CoMo or NiMo or NiW catalysts supported on alumina or silica-alumina:
♦ hydrogenation sites
♦ sites for direct hydrogenolysis of heteroatom (S,N,0)-carbon bonds
♦ —SH sites on the sulphided phases (most probably MoS2 or WS2)
♦ acidic sites of the support.

This distinction became particularly clear on the basis of data obtained in 
HDN (see, for example: 1,16) and were often confirmed by our work on HDO (17- 
19). The genesis of —SH sites seems to be linked to the action of H2S present in the 
reaction mixture (see discussion in ref. 1 and ref. 20). These sites seem to have a 
different effect, compared to the acidic sites of the support: they facilitate 13- 
eliminations (or nucleophilic substitutions) and therefore permit the removal of 
heteroatoms. In what concerns the acid sites of the support, they can isomerize 
molecules and thus facilitate their hydrogenation (often giving more stable products, 
e.g. those containing 5-membered rings compared to 6-membered rings). This 
isomerization may also make easier the direct breaking of the heteroatom-carbon 
bonds.

Thanks to the fact that the existence of these functions is now well 
established, it has been possible to advance in the understanding of the 
interactions between the hydrogenation function and the functions leading to the 
removal of the heteroatom. On the other hand, these advances have made possible 
very reasonable hypotheses on the atomic-scale structure of the various active sites 
(Fig. 1).

Modification of the 
number and nature of 
active sites as a function 
of experimental
conditions

There are many
indications that the nature 
and number of the sites 
active in hydrotreating can 
change with the reaction 
conditions. The most
spectacular ones are 
indirect: they are deduced 
from the crucial influence of 
the activation or

regeneration procedure on activity and selectivity (21). The atomic-scale

Figure 1 - Hydrogenation (top) and hydrodesulphurization sites 
(bottom)
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morphology of the catalyst changes in the course of the reaction: the MoS2 
crystallites grow in diameter and thickness by a factor of 2 to 3 during the life of 
industrial catalysts. However, selectivity may be little modified provided the 
experimental conditions are kept constant. This suggests that active sites result from 
continuous reconstruction processes. Conversely, selectivity changes considerably 
if the conditions, especially the H2S/H2 ratio, are modified (2,17,22,23). This shows 
that the atom-scale surface structure of hydrotreating catalysts is easily modified 
(again: easily reconstructed). Another proof of this easy reconstruction of the 
sulphide surface is that elaborate structures created by special preparation 
techniques (e.g. those obtained by grafting, or the so-called CoMoS decoration), 
although they may exhibit initially interesting properties, very rapidly rearrange 
during catalysis giving catalysts with properties similar to conventional ones.

We have shown that spillover hydrogen exerts a strong action on these 
phenomena. Spillover hydrogen reacts with the edges of MoS2 (or WS2) to modify 
the coordination of surface Mo (or W) atoms. Spillover hydrogen controls the 
otherwise spontaneous reconstruction processes. Consequently, the catalytic 
activity and selectivity of these surface atoms in hydrogenation (HYD) and in the 
breaking of heteroatom-carbon bonds (HDHa) (1,2,21) are modified. This is further 
proven by a careful kinetic study of R. Pille and G.F. Froment (22,23). They 
demonstrated that a model involving the creation of HYD sites and an 
interconversion (reconstructions in opposite directions) of HYD and HDHa sites 
through the action of spillover emitted by Co9S8 represents the data in a much more 
satisfactory way than models with fixed number of sites and conventional adsorption 
competition.

<o 100

HDS

-HYD

0 0.5 1.0
MoS2j At203 CoSjc

CoS/c/ .CoS/cj

Figure 2 - corresponding to mixtures of particles 
of cobalt sulfide (deposited on carbon) and 
MoS2 (deposited on alumina)

We had shown since many years 
that separate CogS8 and MoS2 phases, 
supported or pure, acted synergetically 
(Fig. 2). We explained this synergy by this 
role of spillover (remote control). Later, we 
obtained further proofs by using other 
donors of spillover hydrogen (supported 
Pd, Pt, Rh) (1,2,24). The corresponding 
synergies are not only obtained in HYD 
and HDS, but also in hydrodenitrogenation 
(2,25). We also demonstrated recently that 
spillover hydrogen coming from sulphide 
phases strongly modifies the acidity of 
supports (2,26).

These results give a completely new 
picture of the hydrotreating reactions. The 
interconversion of sites and the 
modification of acid sites offer new tools for 
an improved control of the reaction. The 
hydrotreating catalyst is a hybrid catalyst 
containing a donor of spillover hydrogen

and the basically active phase (MoS2 or WS2) in mutual interaction via spillover 
hydrogen.
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Perspectives

We are beginning to explore the consequences of these new data and this 
new picture of the reaction. New catalyst formulations are investigated, new types of 
catalysts (with independently varying distribution of cobalt and molybdenum inside 
the pellets) are prepared and tested. We "use elaborate kinetic models (as the one 
mentioned above) for a more accurate description of the process. This will lead to 
the design of modified reactors and new strategies for controlling the reaction 
(23,27).
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Up-grading of Petroleum Products 

Problems and Approaches
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Institute of Advanced Material Study 
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Introduction
Demand for clean transportation fuel of high 

performance is expected to increase rapidly due to rapid 
motorization in developing countries. Extensive up-grading 
the bottom of barrel is now requested in economical as well 
as thermally efficient manners. Crude is fractionated into 
gasoline, gas oil (GO), vacuum gas oil (VGO), and vacuum 
residue (VR). Although their up-grading carries respective 
problems which require respective solutions, basic 
approaches to clarify the molecular species and their 
assembles, define the objective reactions, assume the 
possible reaction routes, and design the catalytic reactions as 
well as catalysts based on the surface characterization of the 
catalysts are common regardless of the problems. Such a 
broad scope of research will be only achieved by a 
systematic program of interdisciplinary cooperation.

GO
Extensive hydrodesulfurization of GO has been studied. 

Further low sulfur level will be regulated. The refractory 
sulfur species which have been identified are targets to be 
desulfurized efficiently. Migration of sterically hindering 
methyl groups and hydrogenation are effective before the 
direct desulfurization. Aromatic species and H?S were found 
to inhibit the hydrodesulfurization of refractory sulfur 
species.

Multi-stage reaction appears effective. Acidity of the 
catalyst is carefully controlled. The catalysts are explored 
for the selective hydrogenation of refractory sulfur species in 
the major aromatic components. Increase of aromatic content
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ascribed to light cycle oil (LCO) is another problem to be 
solved.

The reduced lubricant properties of deeply desulfurized 
GO are now suspected to bring about problems in the oil 
transportation. Compositional control will be requested after 
the definite structure and property correlation is established.

VGO
Hydrocracking of VGO selectively into GO of low 

sulfur content is wanted. Their molecular species are now 
almost clarified by HPLC and MASS. Selective cracking of 
long paraffin into the GO fraction and hydrogenative opening 
of polyaromatic rings are to be designed.

Balance of hydrogenation and acid-cracking should be 
designed. Selective cracking of hydroaromatic hydrocarbons 
is an interesting objective from academic and industrial 
views.

The refractory sulfur species in VGO are found basically 
much the common to those of GO. Steric hindrance of alkyl 
groups in the neighboring positions of S atom is the major 
difficulty of desulfurization. More sulfur content increased 
the stationary concentration of H?S, hindering the catalytic 
performance. More contents of 3 - 4 ring aromatic species 
retards the hydrogenation of refractory sulfur species.

Reaction design appears attractive to detour the 
difficulty.

VR
Since the maltene is now fully analyzed, asphaltene in 

VR is the largest problem to be up-graded. Their molecular 
species and their assemble have been the long-run target for 
detail analysis. HPLC and Laser-Flash Mass-spectroscopy of 
recent development are expected useful for analysis the 
molecular species. Molecular assembles should be analyzed 
under the interaction of added as well as intrinsic solvent 
fractions.

Metals in asphaltene are known to cause the catalyst
deactivation and coke deposition. Their efficient and
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extensive removal is expected to be performed on the metal 
trap of the large capacity. Filling of carbon deposited onto 
the trapping site must be minimized.

Polyaromatic-polynuclear species are cracked effectively 
through extensive hydrogenation of polyaromatic ring, 
hydrogenative depolymerization and ring opening.

Multi-stage scheme appears most effective to 
hydrocrack the asphaltene at the minimum carbon deposition.

Carbon deposition or coking usually restricts the life of 
the catalyst, or causes the rapid shut down because of 
plugging the catalyst bed. Basically strongly adsorbed 
species on the catalyst surface which are often caused by the 
acidity (polarity) of the catalyst and poor dissolving ability of 
the liquid phase matrix result in the coke on the surface.

The design of optimum catalysts, catalytic conditions 
and feed composition including additive solvents and 
hydrogen donors in the respective steps are objective for 
research.

Catalyst
Hydrotreating catalyst basically carries activity for 

hydrogenation, acidic and hydrogenative fission of C-C, C- 
S, and C-N bonds. The acidic or polar properties capture 
often the polar substrates and accelerate their condensation, 
leading to the coke formation. Metal ions such as iron, 
vanadium and nickel deposited to be sulfided after the metal 
ions are isolated or ion-exchanged onto the catalyst surface. 
This is the base for demetallation. Such metals deposited 
cause the deactiration of hydrogenation, acidic cracking and 
desulfurization.

Such functions of the catalyst originate from the metallic 
species (sulfides, nitride) and supports (oxides and carbon). 
Hence selection and combination of the active species and 
the support are key to optimize the performances of the 
catalyst. The interaction of catalyst and support is 
considered to influence not only dispersion but also 
electronic .enhancement. Bi or tri-functional activity is
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expected to originate from the combination of the catalyst 
and support.

Monofunctional catalyst for .-the respective reaction in 
the multi-stage reaction can be optimized to emphasize its 
selectivity and life.

The other important factors for the catalyst are surface 
areas and pore size, which define the active site. Pore size 
fitted to free-diffusion of the objective molecular size is 
carefully designed. Shape selectivity is another function to 
be considered. Very fine particle without porosity can be a 
candidate for VR up-grading in the moving bed by designing 
its recycle. The combination of active species and support is 
again looked for.

Cooperation Scheme
1) Information Exchange, progress report of own project
2) Mutual assistance by respective tools
3) A program participated by an international team
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SLURRY PROCESSES FOR HEAVY RESIDUES HYDROGENATION

Domenico Sanfilippo, Mario Marchionna, Alberto Del Bianco* and Nicoletta Panariti* 
SNAMPROGETTI S.p.A., Via Maritano 26,1-20097 SAN DONATO MILANESE, ITALY 
* ENIRICERCHE S.p.A., Via Maritano 26,1-20097 SAN DONATO MILANESE, ITALY

The future changes in the refinery structure will be strongly determined by three important 
factors: the market trends of the refined products - the new directions in product quality of 
reformulated fuels - the environmental issues of the refinery operations. If the worldwide 
demand for petroleum products is considered, from 1991 to the year 2000, the main difference 
lies in the marked increase in middle distillates (33.9 % to 35.8 %) and the significant decrease 
in heavy fuel oil (20.3 % to 18.3 %). At the same time, the worldwide average crude quality 
will get worse due to a progressive decrease in API gravity and a rise in sulfur and metals 
content. As a consequence, there is a growing interest for processes capable to convert heavy 
feedstocks (petroleum residues and heavy oils) into lower boiling products of higher quality. 
The operational problems of upgrading heavy feeds depend on the presence of sulphur, 
nitrogen, metals and considerable amounts of cokable materials (directly related to Conradson 
Carbon Residue, CCR).
Therefore, an efficient residue conversion process must be able to:
- reduce the molecular weight of the feedstocks, i.e. convert non-distillable materials to

distillates, typically boiling below 550°C, which can undergo further conversion by 
established processes;

- increase the H/C atomic ratio of the refined product;
- remove heteroatoms and metals.
Whereas the molecular weight reduction is normally obtained via C-C bond cracking reactions 
at temperatures higher than 400°C, often in the presence of acidic catalysts, a higher H/C ratio 
of the desired products can be obtained either by the rejection of carbon (as in coking) or by 
the addition of hydrogen (as in hydrogenation processes).
The choice between the two routes depends on different aspects, such as environmental 
constraints, feedstock flexibility and product targets. Carbon rejection processes are relatively 
inexpensive and proven technologies, and have a high feedstock flexibility. However, they 
produce huge amounts of high sulfur fuel grade coke, the market of which is shrinking.
On the other side, the more expensive hydrogen addition route has distinct advantages over 
carbon rejection one, in terms of high quality distillate production. Two main operation modes 
can be devised in this field: hydrotreating, which is mainly used to upgrade the feed at low- 
medium conversions, and hydrocracking, which operates at higher severity, thus maximizing 
conversion to lighter products.
Among the most common hydroconversion processes, the conventional fixed-bed technologies 
are limited by the choice of feedstocks and the severity of operation as the catalyst deactivates 
due to carbon and metal deposition. As a result, in order to maintain a sufficient catalyst life, 
these technologies can process only resids with relatively low content of catalyst-fouling 
materials.
However, an appropriate design of the catalyst can allow to achieve very interesting 
performances, also on heavy residues, as recently shown by a joined study carried out by 
SNAMPROGETTI, HURON (both of the ENI Group) and HALDOR TOPSOE A/S [1],
Wider possibilities are offered by other technologies, able to process heavy feeds at high 
severity, such as the Shell HYCON, the HRI H-Oil and the Lummus LC-Fining.
The advantage of these technologies utilizing bunker or ebullating bed reactors is that the 
catalyst can be added and withdrawn without shutdown of the reactor. Despite these
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advantages, they are mechanically complex and use large amounts of expensive catalysts, 
whose disposal may represent an environmental and economic problem.

From the conceptual point of view, the slurry processes offer an interesting solution to convert 
heavy feedstocks, because they can combine the advantages of the carbon rejection 
technologies in terms of flexibility with the high performances peculiar of the hydrogen 
addition processes.
The origin of these processes can be found in the Bergius-Pier technology (1920-1930) for the 
conversion of heavy oils and coal into distillates. The purpose of this process was to crack the 
heavy hydrocarbon molecules of the feedstocks at relatively high temperature, promoting 
hydrogenation at high hydrogen partial pressure. The reactor effluent, a partially upgraded 
hydrocarbon mixture, usually contained more than 90% of distillate (Ci-550°C), a reduced 
amount of unconverted residual oil and coke (1-2 %). After separation, the converted material 
could be further fractionated and/or upgraded by conventional hydrotreating units. The 
remaining hydrogenation residue could be burned, coked or gasified.
Whereas the original Bergius-Pier technology did not employ any catalyst, small amounts of 
inexpensive "additives" or finely dispersed hydrogenation catalysts can be used to increase the 
rates of the desirable reactions. A main role of such compounds is to inhibit coke formation 
physically interfering with the coalescence of mesophase, which is the precursor of solid coke. 
Furthermore, the use of high active catalysts can also contribute to reduce the severity of the 
process and to improve the quality of the products. For this reason, most of the research 
activity carried out in the last decade in the field of slurry processes dealt with the identification 
of more effective/less expensive catalysts, as well as the technological problems connected with 
their use [2).
The hydroconversion processes for the upgrading of heavy oils and petroleum residues which 
employ dispersed catalysts, generally require very high temperatures, well above 430°C. In 
fact, the catalysts or/and the additives used in these processes, do not have any catalytic 
activity towards the cracking reactions; therefore the conversion to lighter products is almost 
entirely a thermal process. The high temperature favors the condensation reactions between 
aromatic clusters which lead to the formation of mesophase, and consequently coke. 
Furthermore, under these reaction conditions, the C-C and C-heteroatoms bonds cracking 
reactions are not very selective bringing about the formation of huge amounts of low molecular 
weight compounds, such as Ci-Ci hydrocarbon gases.
An active dispersed catalyst/additive must be able to restrain the above mentioned undesirable 
reactions favoring instead the hydrogenation reactions and interfering with the coalescence of 
the mesophase as well. The chemical nature, the catalytic activity and the cost of these 
catalysts are the key ingredients for the optimization and development of efficient 
hydro conversion processes.
When the characteristics of commercial (or near to commercialization) thermocatalytic 
processes are taken into account it can be observed that thermal effects are the only effects 
operating in the hydrovisbreaking, whereas they always play a major role in the Exxon M- 
COKE Process (with Mo present in trace concentrations) or in iron-catalyzed processes 
(VeBA Combi Cracking, INTEVEP HDH, CANMET). In the latter case the main role of the 
catalyst (when present) is to avoid coke formation and to demetallize the residue; it is worth 
noting that the higher catalytic activity of molybdenum (present in trace concentration in the 
M-COKE process) is counter-balanced by higher concentrations of the low active iron, catalyst 
and by higher hydrogen pressures.
The powdered catalysts may not need to be recycled and can be used at high concentrations, as 
long as their cost is very low (iron-based). However, when considering the high price of 
molybdenum, a "once-through" scheme can be considered only for processes employing very 
low molybdenum concentrations (< 100-200 ppm).
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In both cases, when the once-through scheme is preferred, the section of catalyst regeneration 
is reduced to a spent disposal problem. The catalyst can be separated by vacuum distillation 
when the conversion into distillable products reaches values higher than 90-95%.
However, operating with minimum amount jof catalyst, the effectiveness of the typical 
upgrading reactions is low and the product has to be severely reprocessed. On this subject, the 
following drawbacks are to be considered.
- cracked products are of poor quality and they have to be further hydrogenated at high 
severity. Vacuum residues are pitches very close to coke; they contain the catalyst, most of the 
nickel and vanadium present in the feedstock, and they have limited use as a poor quality solid 
fuel;
- the production of C4" gases is generally high, ranging from 6 to 10%, while the 
consumption may reach 3-3.5% xvt on loaded feed.
Hydrocracking can also be carried out at higher molybdenum concentrations, so that operating 
pressure in the reactor could be lower than in the "once-through" case; in fact, concentrations 
of the catalyst in the range 0.05-0.3% wt help to control coke formation. In this case, of 
course, the catalyst must be recovered and recycled.
Nevertheless, working at high temperatures, coke production cannot be completely avoided so 
that the catalyst recycle might involve the expensive stage of catalyst regeneration.
The following figure shows a simplified block-scheme for a slurry hydroprocess, emphasizing 
the catalyst cycle. In fact, whereas the slurry reactors are not too dissimilar from those 
employed in typical hydrothermal processes, what distinguishes the slurry technologies is just 
the catalyst cycle.

SLURRY HYDROPROCESSING SCHEME

When hydrotreating is performed at low temperature (ca. 3S0-400°C), the hydrogenation of 
the heavy molecules prevails over hydrogenolysis and condensation reactions. The final 
product remains "heavy" but clean from poisons and may represent an interesting feed for 
conventional catalytic cracking processes, such as FCC (Fluid Catalytic Cracking) or RCC 
(Residue Catalytic Cracking). The main advantage of this process configuration lies in the 
possibility of performing the upgrading and the conversion in two separated and optimized 
stages.
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The key points for the success of this configuration are the achievement of a product which 
complies with the FCCZRCC specifications (in terms of S, N, CCR, ... contents) and the 
overturning of all the problems associated with the catalyst cycle.
On the basis of these observations, we are considering the potential of a hydrotreating 
technology based on the recycle (without regeneration) of substantial amounts of Mo-based 
dispersed catalysts.
It has been observed [3-7] that at low temperature (T < 400°C) the micro-crystalline MoS2 

generated by the in-situ decomposition of Mo-containing precursors favors the typical 
hydrogenation reactions necessary to upgrade heavy oils and petroleum residue. More 
importantly, we. observed that under these conditions the coke formation is completely avoided 
and the catalytic activity of MoS2 does not decrease significantly after repeated uses. 
Therefore, a process scheme based on the catalyst recycle can be proposed. Most of the 
product deriving from this treatment remains "heavy" but clean from poisons and may 
represent an interesting feed for conventional catalytic cracking processes such as FCC or 
RCC. The main advantage of this process configuration lies in the possibility of performing the 
upgrading and the conversion in two separated and optimized stages. The simultaneous use of 
H-adding and C-rejecting technologies could result particularly balanced from an economical 
point of view.
This configuration requires that the product complies with FCC/RCC specifications (in terms 
of S, N, CCR, ... contents) and all the problems associated with the catalyst cycle are solved. 
Current work is focusing on catalyst recycling options (filtration, centrifugation, etc...) that 
may substantially improve this process.
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CATALYTIC UPGRADING OF FUELS 
(TECHNOLOGIES DEVELOPED BY NOC/NPRC)
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1. Introduction
In Japan the demand for fuel oil is shifting to lighter oils, and the fuel oil quality 

regulations, especially for transportation fuels, are becoming stricter with a view to coping 
with environmental problems. Facing this situation, Nippon Oil Company(NOC) and Nippon 
Petroleum Refining Company(NPRC) have jointly made efforts in their research and 
development of refining technologies. Among them technologies related catalytic upgrading 
are followings;
(1) resid hydrotreating catalyst, (2) magnetic Siting system for resid hydrotreater (3) resid 
FCC catalyst, (4) magnetic catalyst separation process for resid FCC, (5) VGO 
hydrocracking catalyst and (6) gas oil deep hydrodesulfurization process.

2. Resid Hydrotreating Catalyst
NOC/NPRC have developed a residue hydrotreating catalyst system which effectively 

reduces dry sludge formation at high conversions. It was confirmed that the high molecular 
weight resin(HMR) in residue is the key component for sludge formation, and that as shown 
in Figure 1 the pore structure of catalyst has a strong effect on the HMR selective 
hydrocracking. The catalyst system, designed with consideration of sludge formation 
mechanism, are composed of a hydrodemetallization catalyst with the suitable pore structure 
and a high performance desulfurization catalyst. The catalyst system was used in a vacuum 
residue hydrotreater at a NPRC’s refinery. Good product stability at high conversions was 
confirmed during one year operation.

NOC/NPRC are naw developing another high performance desulfurization catalyst.

3. Magnetic Filling System for Resid Hydrotreater Feedstock
Atmos and vacuum residue, feedstocks for resid hydrotreaters that manufacture 

low— sulfur fuel oil, contain iron rust. It is very common crude oil contains iron rust, the 
rust is accumulated into crude oil during transportation by tankers and tank storage. Based 
on the detail analysis of the spent catalysts from resid hydrotreaters, we concluded that 
reactor pressure drop increase, which refiners often experience, could be caused by the
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deposition of iron contaminants, especially iron sulfides, on the catalyst particles. Though 
conventional feed filters for the resid hydrotreater remove a large portion of the iron rust, 
fine iron particles make their way into the reactor.

NOC/NPRC developed a magnetic fitting system FEROSEP to remove iron contaminants 
from the feedstocks of resid hydrotreaters. It works by the use of a high gradient magnetic 
separator(HGMS). FEROSEP systems, installed in NPRC's two refineries, are working 
effectively with higher feed rate, higher vacuum residue ratio, no pressure problem, etc.

4. Resid FCC Catalyst
NOC/NPRC have developed the high metal tolerance ZAM resid FCC catalysts. It 

include a certain magnesium compound. In a resid FCC regenerator nickel on the ZAM 
catalysts react with magnesium oxide and form a solid solution of nickel oxide, and 
vanadium forms magnesium vanadate. Once nickel oxide forms a solid solution with 
magnesium oxide, it is hard for nickel to be reduced, so the dehydrogenation activity of 
nickel can be depressed. On conventional catalyst, nickel oxide is easily reduced to nickel 
under the cracking conditions. Vanadium pentaoxide has a relatively low melting point, so it 
moves around the conventional catalyst surface and attacks the zeolite. Magnesium vanadate 
on ZAM catalyst, having a higher melting point. Vanadium is immobilized once vanadium 
reacts with magnesium oxide. Figure 2 shows the micro activity test results of ZAM and 
commercial catalysts. Due to the superior metal trap technology, the activity retention of 
ZAM is better than that of commercial catalysts, the ZAM catalysts have been used at 
NPRC's refineries.

5. Magnetic Separation of Equilibrium FCC Catalyst
NOC/NPRC have developed the way to separate the deactivated highly metal 

contaminated FCC catalyst particles from the equilibrium catalyst inventory. The separation 
is carried out with HGMS, which is an effective and economical device to remove fine, 
magnetically weak particles which" are hard to remove with conventional magnetic separators.
The deactivated highly metal contaminated particles are discarded, while fresh lower metal 

particles are recycled back to the FCC unit together with makeup catalyst. A commercial 
plant test was completed using the 3, 700 BPSD FCC unit.

6. VGO Hydrocracking Catalyst
NOC/NPRC developed VGO-HDC catalysts. NHC—10 and NHC— 20, for middle 

distillate production. NHC— 10 is prepared by incorporating a hydrogenation component onto 
a special amorphous silica-alumina carrier. It was used at NPRC's refinery for two year.
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The catalyst deactivation rate of NHC-10 is smaller than that of a conventional catalyst due 
to the suppression of coke of formation. NHC-10 is relatively low price and high 
performance.

NHC— 20, a novel amorphous type catalyst, has a higher initial activity than NHC—10. 
The catalyst deactivation rate of NHC— 20 is at the same level as that of NHC—10. 
NOC/NPRC have also developed a zeolite type catalyst, almost the same catalytic activity 
and selectivity as those of a commercial zeolite type HDC catalyst with relatively low price.

7. Two Stage Gas Oil Hydrodesulfurization Process
In Japan diesel fuel sulfur level, 0. 2 wt% since October 1992, is required to be not 

more than 0. 05 wt% from 1997. To meet such stringent specifications of diesel fuel oil, 
NOC/NPRC have developed a new two stage gas oil hydrodesulfurization process. It can 
produce the diesel oil which not only meets sulfur specification but also has good color and 
color stability. The process has two series of reactors as shown in Figure 3. The feedstock 
is desulfurized to less than 0. 05 wt% in the first reactor under relatively high LHSV and 
reaction temperature. The effluent oil from the first reactor is heavily colored because of its 
severe operating conditions. The colored oil is then hydrotreated in the second reactor at 
lower temperatures in order to clarify the color of the oil to meet the color specification of 
the product oil. The advantages of this process are following: (1) larger LHSV, resulting in 
lower catalyst inventory and smaller reactor size, (2) lower hydrogen partial pressure, 
resulting in lower investment, (3) lower hydrogen consumption, (4) wider range of 1st 
reaction temperature, resulting in more flexible operation, (5) easy processing of cracked 
feedstocks such as FCC LCO. This process was introduced to NPRC refinery.
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London SW7 2BY, UK

Introduction

The desire for a cleaner environment has lead to increasingly stringent emission 
regulations and fuel quality requirements. European and US legislation will require the 
sulphur content in diesel fuel to fall from the current levels to 0.05wt%. At the same 
time petroleum sources are increasing in density and sulphur content. The refining 
industry thus faces a requirement for deeper hydrotreating of heavier oils. It seems 
likely that concern for the environment will continue to exert pressure to decrease 
sulphur levels still further. To achieve these standards of clean fuel, alternative catalyst 
systems and reactor configurations will be required which can desulphurise efficiently 
to very low levels.

The requirement for deep HDS and aromatic reduction creates interest in catalysts 
where the acidity of the carrier is tailored to the application. Pt supported on silica- 
alumina and zeolites possesses S tolerance and may be used as catalysts in dedicated 
deep HDS processes. Titania itself is not suitable for direct application as a carrier for 
hydrotreating catalysts, leading to interest in the development of mixed oxide carriers 
based on alumina-titania. Catalysts based on silica-alumina, alumina-titania and zeolite 
carrier materials are being researched under a European R&D contract, JOU2- 
CT930409. The project aims to define the important factors in the catalysis of deep 
HDS of diesel fractions and aid the development of catalysts for deep HDS. In 
addition, titania-silica as a carrier is being studied in collaboration with Brunei 
University (UK).

Sulphidation/reduction of Pt model catalysts studied by quasi in situ XPS

While the precise H2S/H2 ratios to which catalysts are exposed during the final 
stages of hydrotreating will be dependent on the reactor configuration, it will have a 
strong influence on the state of the catalyst surface and will affect catalyst activity. To 
study this problem, a quasi in situ gas-cell-type reactor has been built to allow 
measurement of surface sulphur/metal ratios of transition metals after 
sulphidation/reduction treatments of the same catalyst sample without air exposure. 
Initial work has concentrated on model catalysts of Pt supported on hyper-pure silicon 
wafers made by spin evaporation of solutions of precursor compounds in methanol. 
These model catalysts were treated by cyclic sulphidation with 10% and
reduction with lOOppm H2S/H7.

Temperature ^programmed sulphiding from room temperature to the sulphiding 
temperature of 400°C produces a SZPt ratio of 0.99 and a sulphur BE of 161.8 eV
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which is indicative of s\ consistent with formation of the most stable platinum 
sulphide, PtS. The same results were obtained with both chloride and nitrate 
precursors. The S/Pt stoichiometiy was independent of the sulphiding time at 400°C. 
Reduction of the sulphided samples with lOOppm H^S/TT, at 400°C caused a decrease 
in BE and the S/Pt ratios to 0.22-0.30. An increased period of reduction was observed 
to reduce only very slightly the S/Pt ratio. The reduced state is interpreted as a sulphur 
layer on a metallic core. These S/Pt ratios are consistent with Pt particle size of about 
2nm. Resulphidation at 400°C with 10% EL^S/EL, caused a slight increase in the S/Pt 
ratio, showing that PtS was not reformed. The results show that the conversion 
between a sulphur covered Pt metallic particle and PtS and is not easily reversed for 
these model catalysts.

PtS is more stable at lower temperatures and can survive to lower E^S/EL, ratios. 
Sulphiding with lOOOppm H^S/E^ from room temperature to a series of temperatures 
from 250°C to 400°C, showed that PtS was stable up to about 340°C for the model 
catalysts. This phase boundary will also be a function of the strength of interaction 
with the support and reflect the degree of S tolerance. To investigate this aspect, 
studies of Pt supported on SiCE, silica-alumina, and titania-alumina are in progress.

Preparation and characterisation of alumina-titania support

Binary oxide alumina-titania has been prepared at room temperature by the sol-gel 
technique using titanium isopropoxide (Ti(i-OC3E[7)4) and aluminium isopropoxide 
(Al(i-OC3E[7)3) dissolved in isopropanol. The molar ratio alkoxide to propanol was 60. 
The molar hydrolytic ratio, water to alkoxide was 30. Nitric acid was added as acid 
catalyst with El /alkoxide=0.2. The solid material formed was dried under air flow 
overnight and then at 80 °C for 16 h. Subsequently, the solid was calcined at 500 °C 
for 4 h with a heating rate of 2°C/min.

Ti/(Ti+A!)bulk

Figure l.Surface areas of alumina-titania

The surface areas of alumina-titania, shown in Figure 1, increased with alumina content 
increased up to maximum 278 m7g for Ti/(Ti+Al) % 0.1-0.33. XPS has been used to 
characterise the surface composition of the carriers. At high and low titania content the 
surface compositions, Figure 2, are similar to the bulk, while at intermediate
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compositions there is evidence of strong surface enrichment of titania and possibly 
phase segregation. Carriers prepared without the addition of acid did not show this 
enrichment.

Currently, the preparation of catalysts by impregnation of Mo, Ni, Ni-Mo, Pt and Ir is 
being studied. Mo impregnation of the alumina-titania carriers with low titania 
contents, Ti/(Ti+Al) « 0.1, causes a surface enrichment of titania.
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Figure 2 Surface compositions of alumina-titania

Work of the European Partners

The present research is undertaken in collaboration with EU partners under R&D 
contract JOU2-CT930409. Catalytic testing for deep HDS activity is carried out using 
the model compounds methyl-DBT, ethyl-DBT and methyl-,ethyl-DBT. Alumina, 
silica-alumina and zeolite supported catalysts are being studied at Eindhoven 
University of Technology (Dr.V.H.J. de Beer); Pt and Pd on USY zeolite are studied 
at University of Bilbao (Professor J.A.Legarreta) and at TCP, Madrid 
(Dr.J.L.G.Fierro); TPS, electron microscopy and reaction kinetics are studied at 
Technical University of Delft (Professor J.A.Moulijn); studies of the kinetics of HDS 
for a range of S-bearing oils at the Engler-Bunte Institute, University of Karlsruhe 
(Professor H.Schulz) have highlighted the importance of matrix effects in deep HDS. 
Aspects of this research will be presented in the poster.

Areas for future research

Important topics regarding the catalysis of deep HDS are: the interplay of H2S/H2 

ratio, reactor configuration and catalyst design; the sulphur tolerance of precious metal 
catalysts in relation to the carrier properties; the HDS mechanism of sterically hindered 
sulphur compounds; the influence of nitrogen containing compounds and matrix effects 
generally on catalyst activity; the contribution of mass transport.
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RUTHENIUM SULFIDE DISPERSED IN Y ZEOLITES 
EFFECT OF THE SULFIDATION METHOD AND CATALYTIC PROPERTIES 

FOR THE CONVERSION OF NITROGEN CONTAINING MOLECULES

Michele Breysse
Institut de Recherche sur la Catalyse CNRS, 2 avenue Albert Einstein, 69626

Villeurbanne France

Guy Perot
Laboratoire de Catalyse en Chimie Organique, Universite de Poitiers, 40 avenue du 

Recteur Pineau, 86022, Poitiers Cedex, France

The large number of research efforts devoted to the hydrotreating processes carried 
out in industrial or academic laboratories have led to the present CoMo, NiMo or NiW 
supported on alumina catalysts. New ecological and economic constraints require the 
development of a new generation of catalysts much more efficient than the present 
ones. This represents a real challenge since it was thought that hydrotreating catalysts 
were already optimized taking into account their versatility (they can be utilized for 
various reactions such as hydrodesulfurization, hydrodenitrogenation, the 
hydrogenation of aromatics, etc.), their low price and the textural and mechanical 
properties of the alumina support. Several approaches can be considered to enhance 
the properties of these catalysts, from a rather simple modification of the amount of the 
active components (i.e. molybdenum and cobalt or nickel) to a complete change of the 
active phase or the support. It could be also envisaged to improve the activation 
procedure, replacing the in situ sulfiding step by a more flexible ex situ process.

Replacing the active phases or the support of the hydrotreating catalysts implies 
numerous studies dealing with the catalytic materials and the processes. Systematic 
studies performed on unsupported catalysts revealed that ruthenium or niobium 
sulfides may be interesting substitutants for the molybdenum or tungsten sulfides 
phases. In the framework of a collaboration programme between French industrial and 
academic laboratories several studies have been devoted to the development of new 
catalysts concerning either ruthenium or niobium sulfides. The results concerning 
niobium sulfide catalysts were summarized at the 2nd International symposium on 
Niobium compounds organized by Professor Kozo TAN ABE (Tokyo,July 1995). The 
objective of this presentation is to give some insight in the work carried out concerning 
ruthenium sulfide based catalysts.

Although, due to economic problems, it does not appear sensible to utilize ruthenium 
as the main active phase of future hydrotreating catalysts, this can be done in some 
applications in combination with other metals or possibly in small amounts dispersed in 
zeolites. As a matter of fact the utilization of zeolites as supports for the active sulfide 
phase could have several advantages. Firstly, it could be possible to achieve high 
dispersion of the active phase as it was done for metal catalysts. Being inside the pores 
of the zeolite the active phase, for aromatic hydrogenation for instance, could be to a 
certain extent protected from poisoning by bulky sulfur or nitrogen containing 
molecules. Moreover, the monitoring of the acidic properties can modify the properties
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of the catalyst in several ways, i.e. modification of the electronic properties of the 
active phase, existence of dual sites (acid and hydrogenating).

The properties of ruthenium sulfide dispersed on dealuminated zeolites KYd and HYd 
and non-dealuminated KY and HY were tested for different types of hydrotreating 
reactions, especially the hydrogenation of aromatics and the conversion of nitrogen 
containing molecules. Our first objective was to check whether the hydrogenation 
activity of the ruthenium in zeolite catalyst depended on the sulfidation method. This 
study was carried out on the RuKYd sample .

Effect of the sulfidation method
Hydrogenation of tetralin was used to modelize the hydrogenation of aromatic 
compounds in gasoils, this reaction was carried out under a 5 Mpa hydrogen pressure, 
at 300°C, in the presence of hydrogen sulfide. Before reaction, the Ru on zeolite 
catalyst was presulfided in situ at 400°C either by a H2S/H2 mixture or by 
dimethyldisulfide in n-heptane. HREM examination indicated that the ruthenium sulfide 
particles consisted of spherical particles homogeneously dispersed within the grains of 
the zeolite. Fot both sulfidation methods, the particle size appear very small circa 1 ran 
or even smaller. EXAFS measurement indicated that for both catalysts there are Ru-S 
bonds whose length 0.233 nm is close to the values of that for bulk RuS2" There was 
also Ru-Ru bonds whose length is comparable to that found in metallic ruthenium. This 
could correspond to a catalyst consisting of a mixture of particles of the RuS2-x type in 
proximity to atomically dispersed Ru metal. Although, these characterization methods 
indicated that there is no difference between RuKYd sulfided in the H2/H2S mixture or 
by DMDS in heptane, this last catalyst is 3 times less active than that sulfided by H2S. 
This difference in activity has been ascribed to heavy molecules (coke) formation 
during the sulfidation of the catalyst by dimethyldisulfide in n-heptane which block the 
access to the active sites. Some of these molecules can be eliminated during the first 
hours of the reaction. Nevertheless, it appears that conventional methods of sulfidation 
are not well adapted to this particular kind of catalyst.

Conversion of nitrogen containing molecules
The ruthenium sulfide catalyst presents much higher an activity than an industrial 
NiMo for diethylaniline conversion. This good activity was also found for the quinoline 
conversion although it appears that the ruthenium sulfide catalyst is more active for the 
hydrogenation steps than for the carbon-nitrogen bond cleavage reactions. The study 
of the conversion of mixture of these molecules is interesting since it was shown by 
one of us that such mixtures can simulate on the laboratory scale the conversion of 
heavy feedstocks.

Table 1. Specific activates of Ru/KY, NiMo/AROj and their mechanical mixture for the 
diethylaniline conversion, pure or in the presence of quinoline.

Quinoline/aniline Ru/KY mixture Ru/KY + 
NiMo/AbCh

NiMo/AFO;

0 5510 4560 202

0.1 122 109 28
0.3 31 34 15
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Table I results show that the addition of 10% of quinoline leads to a very important 
decrease in the activates of both catalysts. Moreover, it appears that the inhibiting 
effect is more important on the Ru/KY catalyst by comparison to the the NiiMo. 
Nevertheless, even in presence of a higher proportion of quinoline, Ru/KY is twice 
more active than the NiMo.
Since the conversion of these nitrogen containing molecules includes both 
hydrogenation and carbon-nitrogen bond cleavage steps, it could be interesting to 
combine the properties of Ru/Y catalysts and conventional NiMo. Various bed 
organizations were examined. For the diethylaniline conversion an enhancement of the 
catalytic properties was observed even in the presence of quinoline, for the ini mate 
mixture of catalysts (Table I).This phenomenon has been ascribed to a migration of 
dissociated hydrogen from the ruthenium catalyst to the conventional one. Whatever 
the first catalyst, the properties of the superimposed beds are equivalent to the simple 
addition of the properties of each component.
For quinoline conversion, the best results are obtained when Ru/Y is placed first. In 
this position, the ruthenium catalyst is able to perform the hydrogenation restions and 
the NiMo in the second position the Csp3-N bond cleavage reaction.
This shows that the results obtained with the combination of several catalysts can vary 
with the type of reaction. For hydrogenation reaction, the introduction of a catalyst 
acting as a hydrogen donor can improve the properties of a conventional NiMo. When 
successive reactions occur involving different types of mechanism, superimposed beds 
can give better results. These conclusions are important from the fundamental and 
applied point of views for the design of hydrotreating catalysts able to reach the future 
environmental regulations.
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Extended Characterization of VPO Catalysts 

I. Acid Sites and the Mechanism of the Ammoxidation Reaction

H. Berndt, Y. Zhang, A.-Martin, and B. Lucke

Institul fur Angewandte Chemie Berl'm-Adiershof e. V.,
Rudower Chaussee 5,D-12489 Berlin, Germany

Vanadium phosphates (VPO) of different structure are suitable precursors of very active 

and selective catalysts for the oxidation of Ca-hydrocarbons to maleic anhydride as well as for 

the ammoxidation of methylaromatics and -heteroaromatics to the corresponding nitriles. 

Among a wide variety of VPO materials oxovanadium(IV)diphosphate (VO^PzO? plays an 

outstanding role. The interaction of the feed components of the ammoxidation of reation was 

studied in more detail using temperature-programmed reaction spectroscopy (TPRS), ESR as 

well as FTIR spectroscopy and temporal analysis of products (TAP) to get information on the 

reaction mechanism.

Ammonia interacts with (VO^PzO? not only chemisorptively but it also reduces this 

catalyst partially. Formation of nitrogen and water were observed during TPRS with ammonia 

and a formation of an equivalent amount of Vra species was indicated by ESR and 

potentiometric titration. The concentration of Bronsted acid sites was enhanced by interaction 

of the formed water and/or ammonia with P-O-P and/or V-O-P links as observed by FTIR. 

Furthermore, the concentration of Lewis acid sites is increased by reductive removal of oxygen 

from surface vanadyl groups. Therefore, ammonia has to be considered as another reducing 

component beside the hydrocarbon which controls the oxygen coverage of the surface and so 

the concentration of coordinatively unsatured surface vanadyl groups (adsorption sites for 

hydrocarbon activation) during the ammoxidation reaction.

The interaction of (V0)2P20? with toluene and possible intermediates of the ammoxidation 

reaction such as benzaldehyde and benzylamine were studied by FTIR. A scheme of the surface 

reactions processing during the ammoxidation is proposed, including the redox interaction of 

ammonia with (V0)2P202. Reaction pathways via benzoylamide or benzylamine could be 

excluded to a great extent and an ammoxidation mechanism via a benzaldehyde-like 

intermediate is favoured. This mechanism is supported by TAP results, demonstrating the 

formation of benzonitrile by a consecutive reaction of benzaldehyde.

A reaction of NFL via an Eley-Rideal mechanism could be excluded. NH/ and/or NH2-species 

generated by NH5 adsorption on P-OH groups or ammonolysis of P-O-P and/or V-O-P links 

should be the N-insertion species in the ammoxidation reaction over (VO)2P207.
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IL Formation and Function of an NH4-VPO Catalyst
A. Martin1, Y. Zhang1, B. Lucke1 and M, Meisel2
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Hessische Str. 1-2, D-10115 Berlin, Germany

Substituted aromatic nitriles are valuable intermediates for the production of dyestuffs, 

pesticides, pharmaceuticals and other chemical products accessible by the heterogeneous 

catalytic ammoxidation using V-containing oxides as catalysts.

Recently, we carried out the ammoxidation of several substituted methyl aromatics on 

VOHPO4 • V2 H20 applied normally as n-butane oxidation catalyst precursor. In general, 

catalytic activity and reaction selectivity depend strongly on the substrates fed, i.e. the position, 

the size and the electronic properties of the substituents influence the chemisporption step, the 

rate of intermediate formation and their electronic stabilization as well as the desorption of the 

final products.

Furthermore, we observed a precursor transformation of VOHPO4 • 14 H20 to a- 

(NH4)2[(V0).>(P207)2] as found by XRD, FTIR and Raman spectroscopy. The transformation 

of the layered hemihydrate proceeds via ammonia penetration/intercalation and a layered-like 

intermediate phase to the ammonium-containing vanadium phosphate. The probable 

stoichiometry of the precursor transformation during the catalytic reaction shows [VOHPO4 • 

14 H20 + NH; / 02 / (H20) => a-(NH4)2[(V0),(P202)2] + that an additional V-

containing compound must be generated because the V:P ratio of the parent VPO is 1:1 and 

that of the product is 3:4. Therefore, various VOHPO4 ' 14 H20 transformation products of 

different interaction states were studied by XRD and FTIR spectroscopy and compared with 

pure VPO compounds as well as different vanadium oxides.

Temporal analysis of products (TAP) followed ammoxidation of toluene using 

synthesized a-(NH4)2[(V0)3(P207)2] as catalyst and 15NH:,-containing feed reveals that i) no 

gas phase ammonia reacts, but ii) the NFLT ions of the catalyst participate in nitrile formation. 

It seems, that NFLf ions act as potential N-insertion species in the ammoxidation cycle on a- 

(NH4)2[(V0)5(P207)2] at least. The results show further, that not only surface NHf surface 

ions react but also l4NH4~ of deeper layers of the bulk move up. Otherwise, l5NH4+ ions should 

be incorporated into the catalyst.
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CATALYSTS AND CATALYTIC PROCESSES FOR THE PRODUCTION OF
TRANSPORTATION FUELS

Prof, lacovos Vasalos
Director CPERI and Department of Chemical Engineering 
University of Thessaloniki 
P.O. Box 361, 57001 Thermi 
Thessaloniki, Greece

Future trends in pollution regulations for transportation fuels (gasoline, diesel) will necessitate the 
modification of the gasoline composition and the deep desulfurisation of diesel fuel. In addition new 
fuels derived from natural gas and biomass will play an increasingly important role.

Modification of the gasoline composition will dictate significant changes in traditional refinery 
processes like fluid catalytic cracking (FCC), reforming and light ends processes like alkylation and 
isomerisation. In this workshop selective data will be presented showing the effect of catalysts and 
operating conditions on the naphtha composition originating from the FCC process. New solid 
alkylation processes will be reviewed based on solid acids.

New fuels derived from Biomass based on thermochemical conversion of biomass followed by 
upgrading of the liquid product will be presented. Special emphasis will be placed on recent results 
showing that mild hydrotreatment followed by catalytic cracking leads to the production of 
traditional fuels like gasoline and diesel.

Utilisation of natural gas based on indirect route, i.e. production of synthesis gas, can potentially 
lead to the production of environmentally friendly fuels (methanol, dimethyl ether). Selective results 
from ongoing programs in Europe will be presented.
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TiOa-coated on AI2O3 support prepared by CVD method for HDS catalysts

K. Segawa* and F. Kameda

Department of Chemistry, Faculty of Science and Technology, Sophia University
7-1 Kioi-cho, Chiyoda-ku, Tokyo 102, Japan

The maximum allowed sulfur level of gas oil in Japan is currently to 0.5 wt%, but Japan will 
have to cut down the sulfur level to 0.05 wt% in 1997 to protect the environment from Diesel 
emissions. To meet this assignment, Japan has to develop a new catalyst for deep hydrodesul
furization (HDS) for gas oil that is available under mild conditions because of the cost 
requirements; a reaction temperature below 666 K would be preferable and the reaction pressure 
below 3.5 MPa would also be preferable.

Molybdenum oxide catalysts have been widely used in the petroleum industry for HDS and 
hydrocracking of heavy fractions of crude oil, and for partial oxidation of aliphatic alcohol, 
polymerization, methathesis, isomerization and hydrogenation of alkenes. TiO^-supported 
molybdena catalysts have become important due to their higher reducibility to a lower valence 
state of Mo, and because their HDS and hydrocracking were higher than those of AI2O3- 
supported molybdena catalysts [1). The HDS of thiophene over the surface Mo species on TiO^ 
possessed higher turnover numbers than the catalyst supported on AI2O3. The catalytic activity 
and selectivity were strongly dependent on the surface morphology [2],

However, T1O2 supports have small specific areas and hard to make pellet. If we can create 
TiC>2 over-layers coated on AI2O3 supports, the catalytic activity for HDS may overcome the 
drawbacks of TiOz supports. We studied how to prepare composite types of T1O2-AI2O3 
support by chemical vapor deposition (CVD) method of TiCLj on substrate. Then we have 
studied deep HDS of dibenzothiophene derivatives (dibenzothiophene: DBT, 4-methyIdibenzo- 
thiophene: 4-MDBT, 4,6-dimethyldibenzothiophene: 4,6-DMDBT) as a model reaction under 
the mild conditions. Since dibenzothiophene derivatives are key sulfur compounds in the gas 
oil fraction, those molecules were relatively less active for HDS reactions [3],

We found molybdena catalyst supported on TiC>2 showed much higher catalytic activity for 
HDS of DBT than that of catalysts supported on AI2O3. Ramires and co-workers found that the 
HDS activity for thiophene was much higher than that of AI2O3 [4j. However, DO2 supports 
have small specific areas [3]. If we can create TiCb over-layers coated on AI2O3 supports, the 
catalytic activity for HDS may overcome the drawbacks of DO2 support.

Although HDS of petroleum residua is widely practiced, the catalyst developments for HDS 
of gas oil fraction need for similar technology. There are only a few published materials 
reporting the HO2 support effect for HDS catalysts (1, 2, 7). Table 1 shows the catalytic 
activity for HDS of DBT over Mo catalyst supported on AI2O3, DO2, and Tip2-Al203- The 
major product was biphenyl (BP), and cyclohexylbenzene (CHB) followed. We found the Mo 
catalyst supported on TiC>2-Al203 prepared by CVD method showed much higher activity for 
HDS than that of the catalysts supported on AI2O3. When a composite type TiOz-AUCy support 
prepared by normal impregnation method, the catalytic activity for HDS was less active than that 
of the supports prepared by CVD method.

Table 2 shows the catalytic activity for HDS of dibebothiophene derivatives (DBT, 4MDBT, 
4,6-DMDBT) over Mo catalyst supported on AI2O3, TiC>2, and TiCDz-A^Oa. For these model 
reactions, the reactant solution was equal moles of DBT, 4-MDBT, and 4,6-DMDBT that were 
dissolved with n-dodecane (S: 0.15 wt%). The sequences of reactivities of sulfur compounds 
are DBT>4-MDBT>4,6-DMDBT. This results confirmed from the previous reports on Co- 
M0/AI2O3 system [3].* We found Mo catalyst supported on composite TiC>2-Al203 showed 
much higher activity for HDS especially for HDS of 4,6-DMDBT.
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Table 1 Catalytic activities for HDS*** of Dibenzothiophene (DBT)****

BP

Selectivity /%
Catalyst** Conversion /% BP CHB 6HDBT
M0/AI2O3 64.4 73.0 26.8 0.2
Mo/TiC>2 92.0 73.2 26.8 0.0

Mo/TiOz-AhCb (CVD)* 97.5 73.4 26.4 0.2
Mo/TiOz-AlzQs (IMPREG)* 66.8 71.0 28.4 0.6

* T1O2 loading of TiC>2-AI2O3 support is 10.8 wt% prepared by CVD method (CVD), 
and impregnation method (1MPREG).

** M0O3 loading is 6 wt% prepared by an equilibrium adsorption method;
*** Reaction conditions: reaction temperature; 573 K, Pressure; 3 MPa, LHSV=5-6 h'1 
**** DBT was dissolved with n-dodecane (S: 0.15 wt%)

Table 3 Catalytic activities for HDS*** of DBT, 4-MDBT, and 4,6-DMDBT****

Catalyst**
Conversion /%

DBT 4-MDBT 4,6-DMDBT

M0/AI2O3 65.9 38.6 18.3
Mo/TiOz 95.9 79.7 32.1

Mo/TiOz-AliO] (CVD)* 85.9 70.0 49.6
Mo/TiOz-AlzQ] (IMPREG)* 74.1 50.5 32.3

Ni-Mo/TiOz 96.0 91.0 57.6
* T1O2 loading ofTiC^-A^O] support is 10.8 wt% prepared by CVD method (CVD), 

and impregnation method (IMPREG).
** M0O3 loading is 6 wt% prepared by an equilibrium adsorption method;
*** Reaction conditions: reaction temperature; 573 K, Pressure; 3 MPa, LHSV=5-6 h'1
**** Equal moles of DBT, 4-MDBT, and 4,6-DMDBT were dissolved with n-dodecane (S: 0.15 wt%)

The catalytic activity and selectivity are strongly dependent on the surface morphology [2], 
Mo species supported on Ti02-Al203 were sulfided to create coordinatively unsaturated site of 
surface M0S2 at lower temperature region more easily than that of AI2O3 supports. Especially 
for Ni-Mo catalyst supported on TiC>2 showed much higher activities even for HDS of 4,6- 
DMDBT, that molecules rather hard to react on the active site of Ni-Mo/A^Os- The results give 
quite important information for the future development of HDS catalyst of gas oil.

REFERENCES: (1) K. Segawa, T. Soeya, and D. S. Kim, Chem. Intermediates, 15 (1991) 
129. (2) W. Zhaobin, X. Qin, G. Xiexian, E. L. Sham, P. Grange, B. Delmon, Appl. Catal., 
63 (1990) 305. (3) D. R. Kilanowski, H. Teeuwen, V. H. J. de Beer, B. C. Gates, G. C. A. 
Schuit, and H. Kwart, J. Catal., 55 (1978) 129. (4) J. Ramirez, M. Vrinat, M. Breysse, and 
M. Lacroix, Appl. Catal., 52 (1989) 211.
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Spillover Effect in Catalytic Upgrading
Kaoru Fujimoto
Department of Applied Chemistry, Faculty of Engineering, The University of Tokyo,
7-3-1 Bunkyo-ku, Hongo, Tokyo 113, Japan

Introduction
Reformulation of the gasoline pool has forced the refiners to reduce aromatic content with 

special emphasis on benzene and to upgrade the quality of low octane gasoline components. 
Skeletal isomerization of lower paraffins is an attractive way to increase the octane number of the 
Light Straight Run stream. The isomerization reaction is carried out using a noble metal 
supported acid catalyst under hydrogen atmosphere. The most predominant theory for the 
hydroisomerization of paraffins over noble metal-solid acid catalysts has been based on the 
bifunctional theory, which is composed of the dehydrogenation of n-paraffins to n-olefins on the 
noble metal and its isomerization on the solid acid to iso-olefins and again its hydrogenation on 
the noble metals to iso-paraffins [1], On the other hand, it has been claimed that acid catalyzed 
reactions over metal supported acid catalysts are promoted by spillover hydrogen (proton) [2, 3]. 
In the present work, hydroisomerization of n-pentane was studied using hybrid catalyst containing 
zeolite and a supported noble metal from the standpoint of hydrogen spillover.

Benzene content in the gasoline pool can be reduced easily by hydrogenation on noble metal 
catalyst, however it brings about considerably loss of research octane number (RON benzene; 98, 
cyclohexane; 83). If the noble metal-zeolite catalyst showed excellent catalytic performance for 
the isomerization of cyclohexane as well as normal paraffins, the hydrotreatment of benzene with 
the noble metal-zeolite catalyst should reduce the benzene content in gasoline pool with a little 
loss of its octane number, since RON of methylcyclopentane is 91. Hydroisomerization of 
cyclohexane was also studied in the present work.

Experimental
Metal-supported zeolites were prepared by ion exchanging an H-ZSM-5 (SiOz/AlzO] 

ratio=44.0) or a mordenite (SiOz/AIzOz ratio=18.4). Pt/SiOz was prepared by impregnating a 
silica support (Aerosil 380) with aqueous solutions of HzPtCI&. Hybrid catalyst was prepared by 
co-grinding the mixture of 4 weight parts of a zeolite with one weight part of a metal supported 
catalysts and pressure molding the mixture to granules to 20/40 mesh. Reactions were conducted 
in a fixed-bed flow reactor. Products were analyzed by gas chromatography.

Results and discussion
In Table 1 are shown results of the n-pentane conversion over a variety of catalysts. It has 

been generally accepted that the activity and selectivity of these bifunctional catalysts are depend 
on the balance between the metal and the acidic components and it has been reported that 
mordenite catalyst gave the best isomerization performance in the zeolite catalysts [4], However, 
Pt-ZSM-5 showed higher n-pentane conversion and iso-pentane selectivity than those of the Pt- 
mordenite. The most important point is that even the hybrid catalyst containing Pt/SiOz, which 
was finely powdered and pressed in to granules with H-ZSM-5, exhibited higher isomerization 
selectivity than that of Pt-ZSM-5 while the conversion level was a little lower than that of Pt-ZSM- 
5, whereas the Pt/SiOz or H-ZSM-5 exhibited little catalytic activity for the pentane conversion or 
isomerization. It should be also noted that the catalytic activity of the intimately mixed hybrid 
catalyst was extremely low and even lower than H-ZSM-5 under nitrogen atmosphere. This 
clearly shows that hydrogen gas is essential for the generation of the isomerization activity. The 
another important point is that the physical mixture of granular Pt/SiOz and granular H-ZSM-5 
showed catalytic performances much inferior to the powdery mixed hybrid catalyst with the same 
composition. If the promotional effect of Pt is attributed to its dehydrogenation and 
hydrogenation activity in the bifunctional mechanism [l|, the granular mixture of Pt/SiOz and H- 
ZSM-5 should exhibit comparable performances to that of the powdery mixed hybrid catalyst. 
On the other hand, inter-particle spillover is well known phenomenon (51, which needs intimate 
contact between particles. Role of Pt in the isomerization catalyst can be understood by hydrogen 
spillover effect.
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Tabic 1 Isomerization of n-pentane on ZSM-5 catalysts

Catalyst H-ZSM-5 Pt-ZSM-5 Pt-morde. Pt/SiO/' Pt/SiG2 + Pt/SiO, +
H-ZSM-5" H-ZSM-5d

Atmospher h2 h2 h2 -Hs H, n2 h2
Conversion (%) 7.1
Selectivity (C-mol%)

77.2 20.4 0.4 54.6 1.7 8.1

C,-C, 65.7 5.8 7.4 0.0 0.1 0.0 18.2
iso-C, 15.2 93.9 87.4 49.6 99.4 54.8 75.2
C6* Aliphatics
C6‘ Aromatics

10.1 0.3 5.7 50.4 0.5 23.3 6.6
9.0 0.0 0.0 0.0 0.0 21.8 0.0

Reaction temperature 250 °C, n-C, 10 kPa, H2 90 kPa, VV/F = 10 g-cat*h*moI \ a) Pt/Si02 0.20 g, 
b) Powdery mixtur, Pt/SiO, was 20 wt% , c) Garanular mixtur, Pt/SiO, was 20 wt%.

In Table 2 are shown results of the cyclohexane (CH) conversion over a variety of catalysts at 
290 °C under pressurized hydrogen atmospher. The powdery mixed hybrid catalyst exhibited 
higher conversion level and isomerization selectivity than those of Pt-ZSM-5, whereas the Pt/Si02 
or H-ZSM-5 exhibited a little catalytic activity for the CH isomerization. And the physical 
mixture of granular Pt/SiQz and granular H-ZSM-5 showed catalytic performances much inferior 
to the powdery mixed hybrid catalyst with the same composition.

Table 2 Isomerization of cyclohexane on ZSM-5 catalysts

Catalyst H-ZSM-5 Pt/Si02 Pt/H-ZSM-5 Pt/Si02+ ,
H-ZSM-53

Pt/Si02+
H-ZSM-5"

Conversion (%) 12.8 0.8 50.8 71.8 15.6
Selectivity (C-mol%)
CrQ 29.4 9.5 9.6 3.3 13.2
QHu 11.4 33.9 23.5 18.4 11.3
MCP 54.8 11.1 66.1 77.9 70.0
Benzene 0.8 42.6 0.6 0.2 3.9
others 3.7 2.7 0.3 0.1 1.6

290 °C, 0.6MPa, W/R5.0 g-h/mol; CH:10%, ^90%.
a) Powdery mixtur, Pt/SiO, was 20 wt% , b) Garanular mixtur, Pt/Si02 was 20 wt%.

To explain these results consistently, the present authors propose a new concept for the 
isomerization reaction on ZSM-5 catalyst, namely that spilt-over hydrogen from the gas phase 
onto zeolite plays an important role in generating hydroisomerization activity. Hydrogen gas is 
dissociated on the noble metal and spills over onto the zeolite either for the Pt-ZSM-5 or the 
Pt/Si02 + H-ZSM-5 hybrid catalyst. The spilt-over hydrogen presumably exists on the zeolite 
surface as proton and hydride, H2 <=> H++H-. The proton should act as the acid to promote 
isomerization or cracking. The n-C5Hu+ is isomerized to iso-CsHn+ and then iso-C^H,,+ is 
stabilized by hydride addition (iso-C5Hn+ + H- iso-C5HI2). If the supply of hydrogen from the 
gas phase is insufficient, as is the case of H-ZSM-5 or granular mixed hybrid catalyst, the 
deficiency of H+ and H- on the H-ZSM-5 surface causes low n-pentane conversion and low iso
pentane selectivity.
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Activation Mechanism of C0-M0/AI2O3 Hydrodesulfurization Catalyst
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Department of Applied Chemistry, Faculty of Engineering, Tohoku University 
Aoba, Aramaki, Aoba-ku, Sendai 980-77, Japan

1. Introduction
It is well known that C0-M0/AI2O3, which is widely used as hydrotreating catalyst, is activated 

by presulfiding. Optimization of activation process might be one way to cope with tasks such as 
deep hydrodesulfurization of gas oil and upgrading of heavy residual oils. For this purpose, it 
is necessary to understand the activation mechanism of C0-M0/AI2O3 by presulfiding more 
clearly.
Authors investigated the benzothiophene hydrodesulfurization(HDS) activity of C0-M0/AI2O3 

which was pretreated by not only sulfidation but also the combination of sulfidation and 
reduction, and reported that the order of HDS activity per coordinativeiy unsaturated sites 
which was determined by NO adsorption was as foliows:sulfided>sulfided-reduced»reduced- 
sulfidedT Namely, it was found that sulfidation was the most effective even in combination of 
sulfidation and reduction.

In the present work, in order to clarify the activation mechanism of C0-M0/AI2O3 by 
presulfiding, the differences of surface structure induced by these pretreatments were 
investigated by Mo K-edge EXAFS and FT-IR of NO adsorbed on C0-M0/AI2O3. And also the 
surface structure of C0-M0/AI2O3 which was sulfided at high pressurc(s4MPa) was 
investigated by FT-IR of NO adsorbed on catalyst.
2. Experimental
Catalysts Commercial Co-Mo/Al2O3(supplied by Nippon Ketjen Co., KF742) was used. For 
FT-IR measurement in which sulfidation pressure was varied, homemade C0-M0/AI2O3 was 
also used. Homemade catalysts were prepared by incipient wetness method, and Co/Mo molar 
ratio was fixed at that of commercial catalyst(0.56mol/mol).
EXAFS For EXAFS measurements, Laboratory system equipped with double crystal 

monochromator was used. Catalysts were pressed into pellets, and were pretreated by 
sulfidation or combination of sulfidation and reduction in in-situ cell. After cooling to room 
temperature, Mo K-cdgc EXAFS was measured.
FT-IR FT-IR spectra of NO adsorbed on catalyst were measured by means of diffuse 

reflectance method. Catalysts were pretreated by sulfidation or combination of sulfidation and 
reduction in in-situ cell. NO was introduced into in-situ cell at room temperature, and then FT- 
IR spectra were measured. While reduction pressure was kept constant(0.15MPa), sulfidation 
pressure was varied in the range from 0.15MPa to 4.1 MPa. In the following text, unless 
otherwise stated, sulfidation was carried out at 0.15MPa.
3. Results and Discussion
In order to investigate the fine structure around Mo of C0-M0/AI2O3 which is pretreated in 

some different ways, Mo K-cdgc EXAFS was measured. Fourier transforms of Mo K-cdgc
EXAFS showed the formation of MoS2-iikc structure for all of pretreatments. However, when 
Co-Mo/AHO3 was rcduccd-sulfidcd, the intensity of the peak corresponding to Mo-Mo shell 
was weaker. This indicates that the formation of MoS2-likc structure is suppressed when Co- 
M0/AI2O3 is rcduccd-sulfidcd. Mo K-cdgc EXAFS of M0/AI2O3 showed the same trend as Co- 
M0/AI2O3, on the other hand HDS activity of M0/AI2O3 hardly depended on pretreatments. 
Therefore it is suggested that the dependency of HDS activity of C0-M0/AI2O3 on pretreatments 
correlates well with the Co site structure rather than MoS2-likc structure.

In order to investigate the coordinativeiy unsaturated sites in C0-M0/AI2O3 which was 
pretreated in some different ways, FT-IR spectra of NO adsorbed on catalyst were measured. 
FT-IR spectrum of NO adsorbed on sulfided C0-M0/AI2O3 showed that NO adsorption on Co
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site was promoted by coexistence with Mo, and that on 
the contrary, NO adsorption on Mo site was 
suppressed by coexistence with Co, compared to when 
Co and Mo existed separately each other. -This 
indicates that Co site is selectively exposed compared 
to Mo site when C0-M0/AI2O3 is sulfided. This notion 
supports "Co-Mo-S” phase model 2>5).Fig.l shows 
FT-IR spectra of NO adsorbed on C0-M0/AI2O3 

pretreated variously. The intensity ratio of NO 
adsorbed on Co site to that on Mo site is affected by 
pretreatments. This indicates that the ratio of exposed 
Co site depends on pretreatments. Combining NO 
uptake on C0-M0/AI2O3 with this intensity ratio, the 

. ratio of exposed Co site is calculated. And its order is 
as follows:sulfided>suIfided-reduced>reduced- 
sulfided. This order is identical to that of HDS activity 
normalized by NO uptake. So it is suggested that the 
intrinsic HDS activity of C0-M0/AI2O3 correlates with 
exposed Co site.

Combining the EXAFS and FT-IR results, it is 
suggested that Co is dispersed on edge sites of M0S2- 
like structure efficiently when C0-M0/AI2O3 is 
sulfided, and that this is why sulfidation is the most 
effective pretreatment. On the other hand, when 
sulfided-reduced, a part of Co which is dispersed on 
edge sites of MoS2-like structure might migrate. When 
reduced-suifidcd, MoSo-like structure is not formed 
well. And therefore Co can't be dispersed well.
Based on above discussion, the effect of sulfidation 

pressure on this Co site dispersion was investigated. 
Fig.2 shows FT-IR spectra of NO adsorbed on 
sulfided C0-M0/AI2O3. FT-IR spectra of NO adsorbed 
on C0-M0/AI2O3 sulfided at above IMPa arc quite 
different from that on C0-M0/AI2O3 sulfided at 
0.15 MPa. It is remarkable that the intensity ratio of 
NO adsorbed on Co site to that on Mo site increases 
with increasing sulfidation pressure up to 4.1 MPa. 
This might indicate that Co site is dispersed more 
efficiently when C0-M0/AI2O3 is sulfided at higher
pressure. This interpretation may not be adequate and 
the mechanism is not solved yet, but these may be the 
key to clarify the activation mechanism of Co- 
M0/AI2O3 more clearly.
4. References
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Fig. 1 FT-IR spectra of NO adsorbed on 
variously pretreated Co-Mo/AI203
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Fig.2 FT-IR spectra of NO adsorbed on 
sulfided Co-Mo/Al203
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1. Introduction
Recently, the processing of heavy crude oil has been important, while the 

demand for middle distillates has been increasing steadily, declining the residual 
fuel oil in Japan. Therefore, oil refiners have been interested in converting 
residues to middle distillate products.

Cosmo Oil Co. has been developing the new residual hydroconversion 
technology since 1970's. This technology was aimed to convert residues to more 
middle distillates by utilizing the residual hydrodesulfurization unit (R-HDS). 
As a result, we have succeeded in developing the catalyst system with less 
degradation of the activity at a high temperature range and its simulation 
technology.

The developed catalyst system has been successfully used in commercial 
units through several demonstration runs.

2. Experimental apparatus and method
For experiments of this study, three types of reactor system were used. 

One had some separate micro scale reactors, and it was used to measure HDS and 
HDM activity at constant operation conditions.

The others were bench scale plants which had two or three reactors used 
series for performance tests of catalysts in a combination use and whose 
intermediates from each reactor could be sampled and analyzed. The two- 
reactor bench plant was used for the investigation on activity of catalyst in 
combination use, and the three-reactor bench plant was used for the investigation 
on deactivation behaviors of catalyst at a long term operation.

We used three types of catalysts (catalyst A, catalyst B and catalyst C) 
which had different pore diameters (A < B < C).

3. Results and consideration
There are many factors which control the catalyst performance. A pore 

structure, such as a pore diameter and a pore volume, is one of the important 
factors which give large influence on HDS activity and deactivation rates of the 
catalyst. Under developing the catalyst, several test catalysts were investigated 
on their performance. Activity and deactivation rate of each catalyst were shown 
to depend on each pore diameters strongly.

For the residual hydrodesulfurization units, several kinds of catalyst 
might be used in combination. This catalyst combination system should be 
optimized with catalyst selection and combination ratio corresponding to the
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operation and feed conditions. Performance of catalyst system would be 
estimated by performance of each catalyst on HDS activity and deactivation rate.

An estimation of HDS activity is complicated because HDS activity 
changes with the catalyst combination. Figure 1 shows the behaviors of HDS 
activity of HDS catalyst combined with pretreatment catalyst. First, feed was 
pretreated by catalyst A, B and C to obtain various sulfur levels of product. 
Using these products, HDS activity of catalyst A, expressed as the reaction rate 
constant Ks, increased with severity-up of pretreatment catalyst B and C, 
expressed as decrease of sulfur levels of product to catalyst A. The same catalyst 
as HDS catalyst used for the pretreatment caused no increase of HDS activity set 
in a latter part of reactor Different pretreatment catalysts caused some increases 
of HDS activity. This was called Combination Effect on HDS activity, said to be 
the Synergistic Effect.

£

1
O

£
%

£

o CAT-C/CAT-A 
o CAT-B/CAT-A 
* CAT-A/CAT-A

Sulfur level to catalyst A, wt%
Figure 1 Example of Synergistic Effect of catalyst B and C

against catalyst A
CAT-A:HDS catalyst A 
CAT-B:Pretreatment catalyst B 
CAT-C:Pretreatment catalyst C

We have cleared the relation of a catalyst combination ratio with its HDS 
activity and deactivation rate. The optimal catalyst combination could be 
estimated with the selection of catalysts and the ratio corresponding to the 
operating condition. And then, the performance and life of catalyst system in the 
commercial operation has been realized.

— 3 0 0 —



J-10

2nd EU-JAPAN WORKSHOP

FUNDAMENTAL ASPECTS OF CATALYSIS 
FOR CLEAN COMBUSTION

Kyoto, Japan,30 TO 31 October,1995

A ROLE OF ASPHALTENE CRACKING 
IN BOTTOM CONVERSION

Tom Takatsuka
Environmental Technology Center 
Chiyoda Corporation

A best mix of bottom conversion process depends upon a variety of 
products from every refinery,and there are many upgrading processes and 
refining technologies proposed for bottom conversion. The important role of 
asphaltene cracking in bottom conversion should be widely discussed for the 
best selection of processes to utilize a bottom of barrel with maximum profit.

A chemistry of asphaltene cracking gives a deep insight into bottom 
conversion. Asphaltene is very hard to crack over catalyst , because the 
molecule is so big with a multiply stacked porphyrin-like structure and 
contains high contents of heterogeneous atoms which easily deactivate catalyst 
activity. A careful reaction system should be employed in the first touch of 
asphaltene. If the huge molecule is allowed to diffuse into the catalyst pore, 
heteroatoms such as vanadium and nickel is easily removed and stacked 
molecules are cracked into the unit molecules acceptable to conventional 
hydrotreating catalyst.

Unconverted molecules on the catalyst are thermally decomposed and 
polycondensed into a coke precursor which is no more cracked on the catalyst 
even under hydrogen atmosphere of high pressure.

So far, the region of reaction has not been carefully taken into 
consideration. It is regarded simply as a reaction of metal guard zone against the 
catalyst fouling of hydrotreating. A catalyst with a sufficient pore size and 
mechanical strength is required there rather than high activity.

Pore mouth plugging by metal deposition on the catalyst is also serious 
problem to accelerate an inhibition of diffusion of asphaltene into catalyst . A 
temperature raising to compensate a loss of catalyst apparent activity accelerate 
hydrogenation of relatively small size molecule called as maltene and leaves 
more content of asphaltene thermally converted to polycondensed molecules 
with more aromatic characteristics. It results in a worse compatibility of product
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followed by a production of unstable residual oil by dry sludge formation.
A careful attention to the first touch of reaction of asphaltene molecule 

will results in a low coke make in the production of gasoline in RFCC process 
in the downstream of processing as well-as it suppresses dry sludge formation in 
mild hydrocracking of residual oil. OCR process with an onstream catalyst 
replacement system is one of a solution from a side of plant device 
development as well as future catalyst developments.
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Comparative evaluation of oil soluble metal compounds as catalysts 
for upgrading: of tarsand bitumen

. Teruo HONDO, Akimitsu MATSUMURA, Koji UKEGAffA and Ikuo SAITO 
National Institute for Resources and Environment,

Onogawa 16-3, Tsukuba, 305 Japan

1. Introduction
We have been studying the availability of oil soluble metal compounds as a 

catalyst for upgrading heavy oils^ and coal liquefaction^ . The objective of 
this research is to study the upgrading of tarsand bitumen(TSB) and catalytic 
activity of various oil soluble metal compounds.

2. Major results of our research work
Table 1 shows the catalysts used here and the catalytic activity for the 

upgrading of TSB. The order of the activity of oil soluble metal compounds is 
as follows;

Mo>> W> V> Ni> Co> Fe.
Molybdenum compounds show the higher catalytic activity than any other 

metal compounds. Catalytic activities of Mo-aliquat and Mo-alamine obtained 
from the solvent extraction method are the higher among the molybdenum 
compounds. Fig.1 shows the relationship between the catalyst concentration 
and the deasphaltene yield(DA) as well as desulfurization yield(DS) in case of 
Mo-aliquat catalyst. DA and DS increase with an increase in a Mo concentration 
and then DA and DS seem to reach the plateau around 1000 ppm of Mo 
concentration. 1000 ppm of Mo concentration is found to be enough for the 
upgrading of TSB. Fig.2 shows the effect of the reaction temperature on the 
product distributions. The more light fraction is produced at the higher 
reaction temperature(440 C), but at the same time coke are observed in the 
product in this case. DA increases with an increase in the reaction pressure 
and the effect of addition of elemental sulfur is also observed.

3. Conclusion
The catalytic activities of various oil soluble metal compounds for the 

upgrading of TSB are studied. Molybdenum compounds are more effective than any 
other metal compounds. 1000 ppm of Mo concentration is found to be enough for
the upgrading of TSB. The more light fraction is obtained at the higher 
reaction temperature, but coke formation is occured at that temperature.
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of JECAT'91, 252, Tokyo(1991)

3 0 3 -



Table 1 - Catalytic activity of oil soluble metal compounds

Fig.

catalyst DA(X) Dseo

non cat. 23-7 6.3
MoO;(C3HtO;)2 56. 1 42.0
Mo(CO), 60.3 45.2
T(CO), 50.5 38.0
iNiCCtoHirO:); 40.1 18.5
Co(CioHt7O2): 30.5 10.2

Fe(Ci0H17O2)2 23.2 6.5
Y0(C5H,0;)- 40.8 16.2
Mo-Aliquat 63.5 48.2

Mo-Alamine 62.7 47.9
V-Aliquat 43.6 17.6
T-Alamine 52.2 32.2
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The effect of reaction temperature on asphaltene and sulfur removal
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Fig. 2 The effect of reaction temperature on product distribution
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