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(PoW
si) m

i 
(at/si) o

t

0.82

0.78
0.77 •

475
?MS(°C)

0.82
0.81

0.78

0.76

1/LHSV (hr)

47 5°C
Wl : 1 0 kg/cm2

0.83 t

0.77

iOO 1000 2000
He ZO i 1 (Nm3/kj2)

LHSV : 3. 0 1/hr
He ZO i 1 4000 NmVkjB

▲ A-ll, • A-12, BA-13 
▼ A-ll
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RON

Exxon

to h------------------- 1------------------- 1-------------------- 1------------------- 1--------------------1------------------- 1

0.75 0.77 0.79 0.81 0.83 0.85 0.87
(15/4°C)



am^c 7)- 37 o -fas

jSft^-7-y-
igoiljo

S JE& ;£ Jt
( “«

E ±>
(Kg/cm2)

am z (%)
707

RON

M-trS
@f%m

#0$
(100%)

Rx 1 4 9 5
Rx 2 5 0 5

1 0 2 2 3 7 5 9 7

2 0
(vol%)

Rx 1 4 9 5
Rx 2 5 0 0

1 0 3 1 1 6 8 9 5

EXXON Base Base 1 5 2 5 6 0 9 1
Base+ 2 2 Base 1 7 1 7 6 6 9 5

U7?-5 Base+ 4 6 Base 1 5 9 7 6 9 8
77 8ase + 8 0 Base 1 5 6 7 9 1 0 1



a ^ ^ m 6 1/ 1 6 1/1 1 6 2/5
36 ® 1# M 6 1/ 3 6 1/12 6 2/6

2 4. 0 1 8. 4 9. 8
6 m # ^ at 7 y FT y 4 V / 4 -wi'- y

* aj*-9-yr vuSflfr mm &7k#
It * 15/4'c 0. 7 9 10 0. 8 0 8 5 0. 8 14 9

mg/100ral 7 4. 0 — 3 6/3 6
fe ffl (ASTM) - 7 1. 5 -

F I A S 
(vol%) 0

A
7 8. 0
1 0. 4
1 1. 6

7 1. 5
H: i

46. 6
27: 6

C wt%
H wt%
N ppm
S ppm
0 wt%

8 3. 7
1 3. 1
18 0 0
10 0 0

3. 4

8 4. 8
1 2. 7
2 2 6 4
3 10 0

2. 6

8 3.3
1 2. 0
17 0 0
14 4 0

4. 2
*« IBP
GCD 5

1
,ii

him
y

III
1 7 0
111

ii

ill

III

A ¥ B# M 6 1/ 1 6 1/1 1 6 2/ 5

36 S S# SB 6 1/ 3 6 1/1 2 6 2/ 6
m#c##a8$voi% 4 5. 0 4 2. 6 2 6. 2

6 m # # at 7 y K7 y -f V / -f -Wu — y

* Untidy 7-^M rn mm
It 1 15/4'c 0. 9 0 9 3 0. 9 3 6 1 0. 9 8 7 0

mg/100ml 7 6. 0 2 0. 0 3 1/3 1

^ A mm 9. 8 8. 5 6. 5
HPLC S 

(wt%) 1 A
2 AN
2 AB

PP

4 5.0
4 2. 9

8: i
1 8. 6

if! Hi 1
< 0. 1

C wt%
H wt%
N ppm
S ppm
0 wt%

if. i

2. 6

8 5. 6

HA
1 2.° 8

8 6. 4
8. 3

7 3 0 0
10 6 0

4. 1

36S IBP
GCD 5

T
EP

Hi

1
1 7 3
1 8 4

III
2 6 9
2 9 4

Hi

III
atm
2 7 4
3 4 6

ttl- ?Sfc?^r?7^’?il):^!S«
ftlttPpfll'Tl 0 QK±LX&*

y 'i 7



A $ % m 6 1/ 1 6 1/1 1 6 2/ 5

S ® •$ H 6 1/3 6 1/1 2 6 2/ 6

2 4.0 3 0.4 4 7. 3

6 m n £ & v y K7 y -f V / 4 ■V ju — y
$ mm mt& -fcmm

it S 15/4" c 0. 9 4 2 1 0. 9 8 7 2 1. 0 4 4 3

% » A t -12.5 <-3 5. 0 -15.0
ft tt *(30T) cSt 5.307 7.569 8.253

2 4. 8 1 2. 0
HPLC S 

(wt%) 1 A
2 AN
2 AB

3 A

3 7.4
ill

2: 1 if!
7. 5

7. 3
12: §
1?: i

C wtX
H wt%
N ppm
S ppm
0 wtX

!i:|
138 0 

i.5!

8 §- g
3 3 4 5 
x?.°8

*!: 1 
nn

3. 0

mv ibp
GCD 5

II i
m

in
II

in
2 7 6ill

i

51!

&1. HPLC ^77^-) £<k*E$
2 AN : f 7f L% y ;M 7* , 2AB : t*7x-;i/ f -f 7" 
PP:

—5ESE

A ^ 5 XH 6 1/1 6 1/11 6 2/5

# » ^ R 6 1/3 6 1/1 2 6 2/6
*«ciftfsm<svoi: 7. 0 8. 6 1 6. 6

6 m # s % 7 y K7 y 4 IJ 7 4 j^jv- y

& W&'tryTLH/Safr
it S 15/4" c 1. 0 4 16 1. 0 9 6 1 1. 0 8 4 1

*c 2 7. 5 1 2. 5 3 0.0

wt% 2.0 8 2. 6 5 1. 3 2
E W TLC-FID 

S a t
A r o
Res
Asp

if: ! 
N: i

71: o 
zo: t 0. 2

C wtX
H wtX
N ppm
S ppm
0 wtX diff

8 9. 7
8. 5

4y°o
1. 2

8 8. 9
7. 0

7 2 2 0
2 2 0 0

3. 0

8 8. 4
7. 0

7 5 5 0
2 8 9 0

3. 2

*« IBP
GCD 5

T
m
3 5 0III

illm
tn

Hi
ill

ill
3 2 7III



38 38

lZLHSV(hr)

8 ?-~—— y ------------ ,

80 100 120 
f±jh (kg/cm2)

38 I

28 ▲ ▲

Hi

750 1000 1250
H2 /O i 1 (NmVki)

3 6 0°C LHSV : 1.4 1/hr
EA : 1 00 kg/cm2 Hs ZO i 1 4000 NmVkjg

A = •4'j//® ■ •■mmm
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lZLHSV(hr)
emm

3 6 0°C
f±jj • 1 0 0 kg/cmz

A = #

'50 1000 12£
Hs/Oi 1 (NmVkjS)

LHSV : 1.4 1/hr 
Hs ZO i 1 4000 NmVkl

ZVV4SS6 ■
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Eb * ffi&TkSs** 1 0 Ki&&m 2 0 m*7k m# 75 ?6 ^ ^ ~ x

St nr

X b - "/ No
&±TKXb-y
S# 7 yy b-^ -

1
6

2 3 4 5
7

$t

m

it # 15/4‘c 0 . 8 0 7 1 0 . 7 9 6 2 0 . 8 0 3 7 0 . 8 5 10 0 . 7 8 9 8
9I^A *C 6 2.0 4 4.0 4 5.5 4 7.0 4 6 4 0 2l±
R J5 * tt * tt * tt
m A 2 3.0 2 4 . 5 2 5.0 2 3.0 2 5.0 2 3 jy±
m#* A «g/ioo«i < 1 < 1
#E*A (50*C 3b) 1 1 1 BIT
fe ffi (-t 4 # ^ b ) + 30 + 3 0 + 2 5 Bl±
ttfiit te fo #
(wtX) 1

2%^#&(2AN)
2 3»3?S8H2AB)
3 m%=#&

7 2.7
2 5.9

0 . 9
0 . 5 

<0.1

7 5.8
2 2.6

1 . 3 
0-.. 3 

< 0 . 1

7 9.8 
19.4 

0. 8 
< 0 . 1 
< 0 . 1

9 3.5
6 . 2
0 . 3 

< 0 . 1 
< 0 . 1

7 4.2
2 4.7

1 . 1 
< 0 . 1 
< 0 . 1

N ppm < 1 < 1 < 1 1 < 1
S ppm 2 4 3 3 9 3 8 0 1 5 0 BIT

## IBP/5 175/190 150/165 150/168 172/192 158/170
iy/5-10/20 194/201 170/179 173/181 198/204 174/180

3 0/40 207/212 186/193 189/196 211/217 186/192
5 0/60 219/226 200/208 204/212 222/228 200/208
7 0/80 234/242 217/228 221/231 236/244 216/226 95%»&&&
9 0/95 253/262 240/248 243/252 254/263 239/2 49 2 7 0 BIT
9 7/EP 266/272 254/260 258/262 268/277 256/263
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87 #;60/40vol.)

(1) MJ&BE#

(2)
(3) LHSV
(4) H2/ Oil

■fb ^ <5D 36T

TR^HtH

■ft ^ &

40,80,120 kg/cm^G 
340,360,380,400 °c 
0.25~ 6.0 hr'1 

1,000 Nl/1



30

Jismt

m 20

J&

R fc B fi U0,80,120k*/cd-G 
RfciSIg: 340.360.380.400 x:
L H S V : 0.5,1.0,2.0,3.0.4.0.6.0 hr'1 
H2/Oiltfc: l.OOONM __________

Com]

ifitetb-zti

#

4
mm
*

°M(_80 90 
juj m % m ("tan

L
100

d$y6S5>D

RfcBfi: 40,80,120k?/crf-G 
RfcSR: 340 tc, 360x:, 380r 
L H S V .'0.5,1.0, 2.0,3.0,4.0,6.0 hr1
Hj/oilH:: i.ooom/e

K 20$

—-°— 6^/ft<b?6/5?6S5>-25/75vol^ 
—3—» -50/50
--- •— " -100/0

a* a * * (wt^)

El oBfl.0* ICo nr

/

RfcBfi : 120ikf/ci‘ G 
S fi? a $ : 380 /c 
Hz/Oilib : l,000fll/l

—4r..- 5%%(bA/5x6@4-25/75(voian

(0.8 hr-') (0.5 hr-')

£ 20

RfcBfi: 120k?/al-G 
RfciSR: 380 r

•A— EWtbtb/Eati S#-25/75 voi#
---- # -50/50

-■» - » —100/0

1Z LHSY (hr)

Ei enbaa<D»n#micttt6
■fe f yf^oi^fc
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(Untie#)

JlSEtet

iTOntio-fe* WS8

ElSE?J 120 kg/cd-G
ElSS $ 380 r
H2/Oil it 1,000 NM

bnti/5*@#-25/75 (vol«D
/, - 50/50

/<■ = 100/0
J.—I—------------------------ 1—

l(k) 200 300

7kS^gS (Nl/kg-Feed)

SICE * : 120 kg/ci-G 
E 16 zg ® : 380 t:
H2/Oi lit : 1.000NM

(vol99

—o—x&tmmj/snfes#-25/75

—-0~ m ■ 50/60
—#  • // -100/0

tiMttftntiirra®#® sa fbzpcvoi

0 a
ffiaWfcttilTiiiiStf i

30

2 25
HI

O5tn
20Lo

Feed C/P; 25/75
120 kg/cmJ-g 

LHSV ; 0.60 hr' 

Ha/OIK 1,000 1/1
O ° ° Q O Temfj;340*c

O _
O ° O O © O 

J IS__ ;_____ , . ____

100 200 300

( hr )

C ; Coalderlved liquid 
P; Petroleum fraction-L-------- ~ ........... i

400 500 600

n&toxco h- (nmntta ■ 2 ammaj;)

a idHbfimtSntiS# <!: Entit$ni]C0rS£itii ©
*9
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1 7°;L/

(1) (a»)
(2) " ( ###)

O)

(4) - ####

(N 2200ppm) 
(N O.Sppm ) 
(N lSOppm) 
(N 50ppm)

2 h (300o<?X5y

3 MI^0f>7°;H:oi>tESRl:t



II g h

( 7. y y '3 mg/100 mL )

E S Ril/t ( ^ t’yE)

(tu) (#)

ttfbtoUtoC fil to) 10. 1 43.0 x 1014 29.0 x 1014

(flUto) 0/55 4.9 x 1014 1.5 x 10u

_/5 to E S E to 1. 23 0.21 x 1014 0.51 x 1014

@ to. 0. 017 0.041 x 1014 0.54 x 1014
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^SiEnijoT v y /1/ - % /f > ftkowft

200 ~ 500 °C©att©?0Hl:nlJ© c £-?$> 0 . 6 «li a t BiK & nil 

&/)'$>w*-ci-cis*mmii©7 ? 

y y 1/- T%f y yicUBEBkmEmiMS^Ml^muTTKRYkMB! L /=%#@ LTUntifccfcCXIB 
nti^$yiSt-7k-^Mb5)A? Lry/V u bl ^SniJaToJfiB

(1) 7 y K7 yy^Mnh£mt.'Tf!TE<D 8 M©ME£MLT, *@SA©-K*iRftM
mcau/:&&&%&a;EL/:.

(2) 7 y K 7 y&cpmfflk’i: HU' T ii m L tz M m CN i - Mo / 7 * i * & ) © t± fig £ ffi L fc .

(3) E14 nil id cfc O' W 32 Zihico VTtttk & J; CfWiS&M L/:.

(4) 7K%Hb^A9%B:©EMMi©3m£l^%L^.

&

l!$9
B
53
©
#
P

it m : 0. 9 7
#%% : 3 9 %

5 2 %
uyy: 9 %
H/C : 1 . 3 8

( SOLV-2 1 )
it M : 1 . 0 3
M*% : 2 4 %
%3%% 5 7 %
pyy: 1 9 %
H/C : 1 . 1 9

ig v / /f )
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( 5 0 LV-1 1 )

iO 300 350 400 450

i 1 . 1 w t %
0 . 2 5
0. 0 2

1^1 Q$)K. ( 9:/ K7>^;%fl:;iji)

15!

<Ki

10

1

0.1

0.01

S 0 L v-2 1 )

--■Q Wi
,4—0" t "tErtJ"'->-tf

6-0-8-^
>***. n -P--

g-B-Bfi-e-etl'6'
47'44—tbtitT

150 300 350 400 450

MB# 1 . 8 w t %
0. 4 9
0 . 1 2

13 SS*, ( 4 ') .' A KJSftSili)

\ Co-Mo

s e fl * t

□ tilti C - 1 (N i - Mo)
C-2(
C-3(
C - 4 (
C - 5 (
C-6 (Co-Mo)
C- 7 (
C-8 (

utrfjj loo kjf/cj
LHS V 1.0 
H, /Oil 1000 H(/(

isinirtua*'/) o.25wt%

N i - Mo

at ”c
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WifiifflUkrk t'l'jt" rAj-WitMUk

TjY'TMW.itWi

sm##

# m 0.9362 0.9872 0.9104 0.9575

51 ‘K & ( C) 63 106 59 116

M (wt%) 0.41 0.36 0.13 0.22

ffiSfiSjg (wt« 0.20 0.15 0.10 0.16

flu # (wtjl>) 0.10 0.087 0.039 0.032

^ A (mm) 8.5 — 9.0 —

— 11 20

s m & (c) — -32.5 -7.5

I B P ( C) 159.0 217.0 166.0 249.0

10 % 195.0 259.0 195.0 269.0

50 212.5 285.5 218.0 295.0

90 239.5 329.0 240.0 343.0

95 247.5 346.0 246.0 371.0

97 254.0 — 250.0 —

E P 254.5 350.5 253.0 373.0

C (wtS6) 86.4 89.4 86.2 88.6

H (wt« 10.3 9.8 11.2 10.7

S (wt%) 0.1 0.09 0.039 0.032

N (wt*) 0.41 0.36 0.13 0.22

O (wt%) 3.9 2.7 2.4 1.6

Ha 18.6 21.3 18.2 19.9

H a 20.0 24.9 20.6 22.1

HP 35.1 38.7 36.4 49.6

Hr 15.6 15.1 22.5 17.6

f a 0.51 0.60 0.49 0.51
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E = 2 4 kcal/aol

Press; 80kg/ca*.G

1/Tx 10"3

tt<bnliZ6 nil = 25/75

50/50

100/0o /

13- W^?ftfb7ill(DJM^ift£j£0/E;frft#tt

— 73 —



62-1

ug fii e 2 im as i im 

tiftfc ®M hfe Wf @p -s- 

-m M-

r 'h Hi W illi © * m ft» M © iff $ J <T>

mw 6 2

Ut'lft 6 2 -if- 1 0 fi 9 0

«?£«:&£

( El )



°t'Eii^s-^ma^ys*
°e

%?$ (8)1

(was#) °-na^aa

°<2&mi2

un£mMmm*w3\w®y r (s y®

&iW<2-/LKJ:MlflOT (Z )

IBO L
0<zmuzwsi'\(cy-b-(\

°milQ) (uudd
zmw) mQ>±Kd.ozvn 

(uudage^sE)

°*t£iS9£5ig2igo a ytirn* o oost?

° -z n r zmem^Y
oQLizm<2£%m<n

a xinmimyzwymyr n y®

(i >

% m K M ^ %K % 1@
e z L 21 LL 01 6 8 Z 9 5 V

B Mr3? £9 £ 29
m I !i 4! 39 M

Z 9



( 1 5/ 4C )
O CD

O
$

x!
V 
~r. 
N
V

Ft

CO to to o
r_n o C'i <—■

\
O
6v-

xl
V

N
V

%
Ft

■~o
00

W t %

H/C (atomic ratio) m

&
a

XI

V

V

%

O' o

H/C (atomic ratio)
w t %

Re;

&
a
±t

-X

X
-X

s
Ft

O'

o o
CD

CD

CD



Testifiesa

( ppm )

^ Ifi % n m m m m

7 Ji' i -

* jis y 7 a

•7 9' * ’> 9 A

0.53’ 0.73’

0.06" 0.58" 0.07’

* K ^ 9 A 0.02" 0.06’ 0.02’

0.10" 0.54’ o.i r

0.009" 0.009

0.007" 0.005"

f 5 9 9 A

*99 a
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wimmtm TA"

sme# 0*0#

i£ s 0.9362 0.9872 0.9104 0.9575

91 <K A ( 0 63 106 59 116

Ssl # (wt%) 0.41 0.36 0.13 0.22

SXtfeSS (wtw 0.20 0.15 0.10 0.16

SS # (wtti 0.10 0.087 0.039 0.032

M A (mm) 8.5 — 9.0 —
— 11 -.... . 20

% m A (c) — -32.5 -7.5

I B P ( C) 159.0 217.0 166.0 249.0

10 % 195.0 259.0 195.0 269.0

50 212.5 285.5 218.0 295.0

90 239.5 329.0 240.0 343.0

95 247.5 346.0 246.0 371.0

97 254.0 —-- 250.0 ———

E P 254.5 350.5 253.0 373.0

C (wt$) 86.4 89.4 86.2 88.6

H (wtS) 10.3 9.8 11.2 10.7

S (wt%) 0.1 0.09 0.039 0.032

N (wt%) 0.41 0.36 0.13 0.22

0 (wt%) 3.9 2.7 2.4 1.6

Ha 7 7 7 18.6 21.3 18.2 19.9

H a 20.0 24.9 20.6 22.1

HP 35.1 38.7 36.4 49.6

H Y 15.6 15.1 22.5 17.6
f a ^ 0.51 0.60 0.49 0.51

C
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FIG I

the stangeland chart for fuels
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Fig.10 Hydrocracking (jet fuel mode)
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| SAMPLE |1----- 1--—'
NEUTRAL ALUMINA

I

lloxano
_ Chloroform Tclrnhytlroluran:
Bonzoiio : Eihanol Eihanol

Aliphatic
Hydrocaibons

Sulfur Separation 
Method

I Silicic Acid

PAH
PAOH

| PASH

|Nculral PAc| |n-PAc| | HPAIT |

Hcxano:Benzene Benzene Benzene: Eihcr
|(l:l) j JO-l)

I r-PANh] [Enriched APAn|| 3" PANH |

El 1 HiHullOft&1&? 9*f}fX (D. W. Lotcr e>)".

CHROMATOGRAPHY 
DATA STATION

AUTOSAMILF.R
CONTROLLER

INJECTION VALVE *1 / INJECTION VALVE *i 

~>e P. WASTE

PUMP V

PUMP’B"
■SCC CUARO 

OOLUNN

COLUMN OVEN
FLUORESCENCE

DETECTOR

COLLECT FRACTIONS

Figure 2 Block diagram of Ihe arrangement of the pumps, columns, 
nnd valves used for Ihe couplod-column chromatography system.
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Charging unit A

Sintering glass frit

Empty column B

InjectorsTar acid column C detectors

restrictor
Tar base column D

analytical
column

FccL on clay colbrnh E

Fig. 4. Six-port valve configuration for heart-cutting.Sampling tube for u.v 
flourescence study

Receiver

Figure 3 Column assembly for 1SRC. Charging unit and 
receiver = 500ml; all columns arc 30 x 2 cm i.d.

TEMP. °C

4----------------------1-

HEART-CUT

Fig. 5. Multidimensional gns chromatography (MDGC) applied to the analysis of a coal derived 
gasoline fraction. GC conditions: pre-column (A) 121m polyethylene glycol CW 400. temperature 
programmed from 50-80°C at 3*C/min with 12.6 min initial hold. Heart-cut 12.G-17.4 min. ana­
lytical column (B) 64 m OV-1 temperature programmed from 30-50*C ol 20®C/min. 50-l50rC 
at 3eC/min, initial hold 17.4 min. H, carrier gas. Numbered peaks identified ns follows: 1 acetone, 
2 2-bulanone, 3 benzene, 4 isopropylmclhy Ik clone, 6 isopropnnol, G cllmnol, 7 toluene, 8 propion- 
ilrilc, 9 acetonitrile, 10 isobutanol, 11 1-propanol, 12 1 butanol. (Taken from Ref. 178 J.)
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Fig. 6 GC/FID profile of acid fraction in middle distillate derived from brown coal
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Table I GC analysis of acid fraction in middle distillate
derived from brown coal (wt. %)

1 Phenol 1. 32 19 C-9 Phenol 0. 25
2 o-Crcsol 0. 75 20 p-n - Propy Iphenol 1.34
3 m, p-Crcsol 2. 50 21 Trimcthy Iphenol 0. 13
4 2, 6-Dimethyl phenol 0. 11 22 Trimethylphenol 0. 17
5 o-Ethylphenol 0. 43 23 C-9- Phenol 0. 23
6 2, 4-Dim ethyl phenol 0. 73 24 C-10-Phenol 0. 07
7 2, 5- Dimethylphcnol 0. 36 25 4-1 lydroxyindan & 1.07
8 p- Ethylphenol 1.03 C-10-Phenols

9 m-EthyIphenol &
1. 13

26 C-10- Phenols 0.31
3, 5-Dimethylphcnol 27 5-Hydroxyindan & 1. 17

10 2, 3 -Dimethylphcnol 0. 20 C- 10-Phenol

11 C-9-Phenol 0. 10 28 C-10-Phenols 0. 53

12 3, 4-Dimclhylphenol 0. 33 29 C-10 & C-ll-Phcnols 4.01

13 o-iso-Propy Iphenol 0. 04 30 5, 6, 7, 8-Tetrahydro- 
1-naphthol 0. 18

14 2, 4, 6-TrimcthyIphenol 0. 06 31 5, 6, 7, 8 -Tetrnhydro 0. 5415 o-n-Propy Iphenol" 0. 18 2- nnphthol
16 p-iso-Propy Iphenol 0. 44 32 2 - Phenylphcnol 0. 50
17 C-9-Phcnol . 0.23
18 2, 3, 6-Trimcthy Iphenol 0. 41 Total 20. 85

Table 2, GC analysis of basic components in middle distillate 
derived from brown coal (ppm)

1 3-Methylpyridine 200 29 quinoline 1380
2 2, 6 Dimcthylpyridinc 100 30 2 - n - Propylaniline 340
3 2- Elhylpyridinc 40 31 lso-quinoline 590
4 2,4-Dimethyl pyridine 420 32 * Methyl - 1, 2,3,4 5402, 5- Dim ethyl pyridine tetrahydroquinolinc
5 2, 3 - Dimcthylpyridinc 100 33 ♦Methyl - 1. 2, 3, 4- 510
6 3-Ethylpyridine 90 tetrahydroquinolinc

7 Ethylmethyl pyridine 100 34 2-Mcthy (quinoline 1290

8 Aniline 120 35 8- Methylqui noline 180

9 2, 4, 6-Trimethyl - 
pyridine

140 36 1, 2, 3, 4 - Tetrahydro - 
quinoline 2780

10 Trimethylpyridine 130 37 - 240

11 Trimethylpyridine 130 38 6-Methylqui noline 490

12 Ethylmethylpyridine 100 39 Methyl- 1, 2,3,4- 
tetrahydroqui noline 1170

13 Ethylmethylpyridine 60
40 3-Methylqui noline 290
41 4 - Methylqui no line 230

14 Trimethylpyridine 60 42 Methyl - 1, 2,3,4- 390
15 _ 100 tetrahydroquinolinc

16 2-Methylaniline 880
43 Dimethylquinoline 140

4-Methylaniline 44 * Methyl 1,2, 3, 4- 130
17 3- Methylanilinc 190 tetrahydroquinolinc

18 110 45 * Ethylquinoline 140

19 Ethyldimethylaniline 120
46 ♦Methyl -1, 2, 3, 4-

tetrahydro quinoline 220

20 - 200 47 2, 6-Dimethyl - 
quinoline 630

21 - 130 48 Methyl -1, 2, 3, 4 - 21022 2- Ethylaniline 380 tetrahydroquinolinc
23 - 160 49 - 360
24 Diinelhylaniline 440 50 2 - Phenylpyridine 120
25 Dimethylaniline 140 51 Acridine 570
26 Dimethylaniline 170 52 1, 2, 3. 4-Tctrahydro- 120
27 160 carbazole

28 5, 6, 7. 8 Tetrahydro 1270
53 Carbazole 5990

quinoline Total 25290

* Presumed by GC/MS
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Fig. y GC/FID profile of base fraction in middle distillate derived from brown coal

# 3
OV-101 (150" C) PEC 2OH (150 "Cl

<b S tti n,obs nl=alc n* niobs RIcalc n*

pyridine 744.6 748.0 + 3.4 1241.5 1243.2 <1.7
2-me thylpyridine 014.0 811.9 -2.1 1268.3 1265.1 -3. 2
3-methylpyridine 059.1 059.9 ♦ 0.8 1354.3 1354.9 40.6
4-methylpyridine 062.7 061.1 -1.6 1363.5 1364.5 4 1.0
2,3-dimethylpyridine 940.3 949.5 + 9.2 1410.5 1424.3 + 13.8
2,4-dimethylpyridine 923.9 922.9 -1.0 1390.1 1307.2 -2.9
2,5-dimethylpyridine 925.9 921.9 -4.0 1377.6 1371.4 -6.2
2,6-dimethylpyridine 075.0 873.7 -2.1 1207.9 1200.1 ♦ 0.2
3,4-dimethylpyridine 999.9 990.7 -1.2 1520.3 1523.4 -4.9
3,S-dimethy 1pyridine 972.4 969.7 -2.7 1468.7 1467.1 -1.6
2,4,6-trimethylpyridine 902.4 902.6 +0.2 1409.1 1410.4 ♦ 1.3

quinoline 1227.5 1229.1 + 1.6 1910.1 1919.0 4 1.7
isoqulnpllne 1248.4 1248.4 0.0 1955.1 1955.1 0.0
2-methylquinoline 1293.3 1293.9 + 0.6 1942.1 1940.1 -2.0
4-me thylquincline 1356.7 1357.5 + 0.0 2061.0 2065.7 ♦ 3.9
6-methylquinoline 1334.6 1333.0 -1.6 2016.3 2015.7 -0.6
7-metliy lquinol ine 1334.2 1333.0 -1.2 2016.1 2015.7 -0.4
8-methylquinoline 1304.0 1304.0 0.0 1925.7 1925.7 0.0
2,4-dimethylquinoline 1417.7 1420.2 + 2.5 2084.9 2086.5 ♦ 1.6
2,G-dimethyIquinoline 1399.0 1397.8 -1.2 2039.1 2036.0 -3. 1
2,7-dimethylquinoline 1399.5 1397.8 -1.7 2037.3 2036.0 -1.3
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TIME (min)
Flguro‘5 HPLC chromatogram of seven amlno-PAH standards with 
chemiluminescence detection, 75% acetonitrile at 0.7 mL/mln with 
two Zorbax-ODS columns In series: (1) 1-amlnonaphlhalene, 250 pg; 
(3) 2-amlnolluorene, 3.0 ng; (4) 9-amlnophenanthrone, 150 pg: (5) 
1-aminoanthracene, 110 pg; (6) 3-amlnofluoranthone, 50 pg; (7) 1- 
aminopyrene, 80 pg: (8) 6-amlnochrysene, 140 pg.

1 5w 6

Peak
No.

1
2
3
4
5
6
7
8

Compound

Carbaiole 
Benzlglindole 
Benzlclindole 
1 -Methylcarbezole
3- Methylcarbazole 
2-Melhylcarbazole
4- Melhylcarbazole 
C,-Carbazoles

m/z

167
167
167
181
181
181
181
195

_>iA' i U

Figure (a) Capillary gas chromatogram of the pyrrolic-PAH isolate 
of SRC II HD. (b) High-performance liquid chromatogram of the 
pyrrolic-PAH isolate of the SRC II HD. Sec experimental section for g.c. 
and h.p.I.c. conditions

— 120 —



C
on

te
nt

; (v
/tj

! re
cy

cl
e s

ol
ve

nt
 baa

1.-3 . E E -fb E fi'J to V #i til 1$ 1C O Vt T

5 IS E -lb ® ft! to -V 81 ffi flUc o iot li . m !ft A* # * h h . @ tt J$ »
<0 ffi j£ tc o vt x !ft t i> to li 4' ^ Vt . * EB 9Ui . * - V ■? U - 7 & ®t
t u * s »<. eatoisiigusiBtiHTVt. ^fcik^#tomiiRggike 
aau^i. 81^01 0. 11- 12. 13. 1 4 IC 5t -t . £ 1*
M % » a k t T . 'x r □ lb £ to to tB flu k . 7 >V 4 iHi IS to * S *< Ml <

Ct^SSSdti'J. C h. (1 E S'l to * S -lb I a $r S /I ^ vt e 1$
E -lb Sr t t )V t L tz % @t T * h ti JO k tf i. f> ft & . 20) 21) 22) 23)

Fr-N

Fr-B

HAD 5-1 5-2 5-3 5-4 5-5 5-6
HocycX o solvent

Fig. |Q Tlie clmngc In content of nitrogen 
compound types, Fr-B and Fr-N 
with recycling

MAO 5-1 5-2 5-3 S-4 5-5 5-6

Fig. | f The change in content of oxygen
compound types nnd Fr-A with recycling

Carbon number of alkyl side chain

Fig.(2 The distribution of carbon number of
nlliyi side chain for Phenols, Cnrbazoles 
and Indoles
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5-1 5-2 5-3 5-4 S-5 S-B

Recycle solvent

Fig.13 The clinngc in nvernge carbon number 
of alkyl aide chain for Anilines, 
Indoles and Carbnzolcs with recycling

5-1 5-2 5-3 S-4 S-5 S-G 
Recycle solvent

Fig.| ^ 1 lie change in average carbon number 
of alkyl aide chain for Phenols,
Pheny Iphcnols and Indnnols with 
recycling
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