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Abstract—Selenium Dioxide (SeO) was experimentally observed to be an excellent selective catalyst which helps
to remove oxygen from coal matrix and increase atomic H/C ratio at below 600 K (323°C). The evolved gas consisted
mainly of carbon dioxide at a lower temperature range and the level of deoxygenation was highly enhanced at a higher
pressure. The evolved oxygen-containing gases like CO and CO; from thermal decomposition of coal in the presence of
Se0, were resulted from carboxylic and hydroxyl functional groups, whereas carbonyl and etheric functional groups
were relatively inert to the catalyst.
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Table 1. Chemical analysis of coal sample.

Moisture(%) 21.93 C (%) 65.02
Volatile(%) 34.33 H (%) 4.49
Ash(%) 1.05 N (%) 0.96
Fixed Carbon(%) 42.68 S (%) 0.21
Heating value (cal/g) 5570.6 0O (%) 29.32
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Fig. 1. Thermogravimetric curve of coal in the
presence of catalyst under nitrogen at-
mosphere at a heating rate of 10 K/min.

HWAHAK KONGHAK Vol. 26, No. 4, August 1988



422 ookgd_/r: *

Ratio of Evolved Gas

0 | I | i
400 500 600 700 800

Temperature, K
Fig. 2. Effect of catalyst on the total volume of
gas normalized by those released from
coal alone.

1
900 1000

SeQ, Eoht vlzdh 1Al PAHE vekdn o
TROKe A8) uhgake o) gt 492k wlalel ¥
@ 7t o 2.5deh 2ol ZbE agch @

Co-Mo-Ni¥3& &% 43t Fellv
W Ehe dehith 7 £Re B0 GEs 542
o7 slsfe] ZlAlel ZH 7 A% 24 EHY
c},

100 T T T T T

80} _
1S3 B coal
g 60 OFCC -
% ® Co-Mo-Ni
é O Se02

A Se

S 0r  Acqa 7
N
os}

201+ -

0 A% |

| i
400 500 600 700 800 900 1000

Temperature, K

Fig. 3. Effect of catalyst on the H; composition
evolved from thermal analysis under nit-
rogen atmosphere.

slstmsr K26 M4 19883 8E

RO R LR
o-]]&% &b bl 7| A B 23 E] GC B AL 3led
o, % olFell e Ak J1AE H,y CO+CO, (24
CO,) 223 CH +C,H, 5 (b4 CH,) o2 723k
o, WA 44 Mg 7 Eojsl Lxol wet Fig. 3
o cpeiofel

4227} wrsled, 550 Kell 4] 44 @Laok—@ 95% 2. ©

o} oA 4
Zo = 600- GSOKMIH 2r2 YAE
_Q_C 7} /KL__.E‘Loﬂ u]-a} _’F_‘)-_ﬁl»eoko] %_

=, el
Ach, o
#stod CuCle
shchrb 750 Kol A ok 509% 8 743 i ohA| 7Rt
= 73S A }c‘& ubriol FCC, Se 22lil SeO,
L Zofr}l gl dRa|eh gto] 25 Fobel w2t T
7hele FAE 1014‘ gled, 53] Seit SeO,+ 650K
Bod 4zt A4S AEsled 800K Fel 4]
AAere] exol wpd Frlgo] vlwE Zok,

o glrtaol ofglvba (CH,) o] whalgke Fig, 40 o}
EF% olch, Zafr} gl 9EalE 750K o]27] 7t
= 7ol CH,7t sl ¢ 255 &1 800-900
K7F slofok CH,7} #Hlsic], 840Kol4| w4izke] 7}
A gro} dheko] 27%ol| ol Ert,

[e]

\J

=3
[
Al
}st

i r

FCC Zui& ARk #Fafolld: 550 Kol4l CH,o
100 T T T T T
80+ b B coal alone i
O FCC
® Co-Mo-Ni
=3 O SeO2
£ 60l ase -
= A CuCl
&
a,
g
L?l 40
o
&
20

0 L 1 {
400 500 600 700 800
Temperature, K
Fig. 4. Effect of catalyst on the CH, + C,H; com-
position evolved from thermal analysis
under nitrogen atmosphere.

900 1000



o] Herozte A4LAAE AF SeC, o

>
=

3
rlo ol

& grol oF 90%¢°) WEh, =) Folxlw W
2l = 5 9ol oixhE
A4 Co-Mo-Ni ol 25
Helell 4 Abebs] d4dk CH, 2445
5 Aol uie} CH, 242 ok 37t
E ol27] 7tAl= CHXQI
HA 2 8e7 & } 5
ek Ao, Se0, %

o
ofl o w4 whe zAe] CH, &
: | g

™
ook
M

2

=

fook iy o
20 rlo k

o

2

ol
-

b
wd ok R

>0

45

AU

w2

@

N

o

=

- Yo fr
o O
Z
o «@
o
&

OE
= @
2 mlo il

2 2k 30% 2 7

N
-

i

Se0, %o4e) m—t— 2o} #7b} sl Aval A%
shooh kg AEEE AU U gol Solg wie

t}. CuCl Zrfs whe 2xolla] Abuhd] & COo, & 4
4abehrh 750K A3olAl 00,8 248 oF 40%2 3

=

27t slwl o]% Zvlsla ¢lew, FCCEHolw of
800K M el ok 60%9 =4S YAk
Se %»UH.L_ b 2 oA wlad 2 ehiba HHe] gl
o}, SeQ, Zuioll v|sle] COx %*301 ztom, 25
o] Zrfoll i wlzksiAl et g 72 SeQ, &

Hell 4 ek

af #H7ke 550-750K F # -3—
4

elzhol] = AbLE AAlSHEE

100

80

60—

40+

CO, Composition, %

20+

0 !
400 500 600 700 80 0 900 1000

Temperature, K
Fig. 5. Effect of catalyst on the CO + CO; com-
position evolved from thermal analysis
under nitrogen atmosphere.

Zoll 53 ol F 423

100 T< A T S T T T
LA
coal alone ~ N
8ol ACO: ) *3\ _
W CH: N
e H2 \\.
13 \‘
o . ' N _
:,% 60 Se02 + coal \ \
& O COx \
£ 0 CHx
S 40} oHz
3
&)
20
0 L

1
400 500 600 700 800
Temperature, K
Fig. 6. Comparison of composition of gas evolved
from thermal analysis of coal alone and
in the presence of SeQ,.

900 1000

.,_
Li %
K

2[4 7]= B
o] =}
Z 5] o"
Se J—“Hoilxi + er SeO, Fofol] v

CH, weko) 5
Fig. 6& Se0,9 Zof a5 o] Hste] Felf &
Arlela) obe o Heal A2} wlmste] L AIGE Aot
SeQ, Zuj= Heluiel Addafe} v)wd o L &
Sol4] B AbiAA FHE ¥Molw Qom, B 2
SolA] 4] uwhao] A]zksled, CH,o Wl
wo g of 4 olch, ze{v} Fig, 2004 ®al 7149 &
whAd 2] ED}EJr 7 A 7)Y Akl ZFe| £
By

exold el F AbLAlA 5

o ek t%7] CH,
o]0l 4E} el
ek, oloe AL
Joted 44

tu
oS;‘_ M

el

£l
2

=i

rlo r

o
22

—D' 1o ofk
rlr f“f
}—m

rlr
;T
03-}.

o] Lo ,Q_co“‘{
o] CO,¢] ELE’%EO

NI iml—frch

— U)

58

S 3

9,

B
o

rw—' mim

[

* %
Of

o ol

g

Bt

i

XL

2

L

3-3. 43 ¥l W2E se0, Hof 2t
Se0, % #7Fe af gt wishrt 71 z=4el sl
sk &7 Slsted el Alztel 27| s 14.7

psiast 51.0 psia(208Kell 4 Aagted) o2 fr=lshi

HWAHAK KONGHAK Vol. 26, No. 4, August 1983



424 ka4 -

a0F T T T T T N

® SeOz +coal E

3.0 A coal alone B

g B I
©
[+4

= 2.0+ ~
<

&L —
O

1.0 -

0.0 | | | | L
460 500 600 700 800 900 1000

Temperature, K

Fig. 7. CO,/CH, volume ratio of gases as a func-
tion of temperature.

10K /mingl 42 ms& R
< g A s:c & 735 Fig, 8ol Jehiel

1=
glzdo] Z4-F e 2x W (600K olsholxe
CO L =2 =45 vo|v, &7} FrideF 7has)
100 Ay A‘\Al\ T T T
A
SN
.\\'
80 - h\ n
14.7 psia k\ '\.
® A COx : \%
g 60"' D CHI \ . .
=) O Hz AR
{g_ 51.0 psia K /-
:E A COx k ;
S 40 W CH /N
3 e H2
] A\
~
20+ =
// ‘
Pt
oL m =

400 500 600 700 800
Temperature, K
Fig. 8. Effect of pressure on the volume composi-
tion of gases evolved from thermal de-
composition of coal in the presence of

Se0,.

900 1000

X262 X4z 19884 83

seEst

og &
100 T
80+ n
14.7 psia

IS4 601 < CO2 —
s a0 CO
3
k= 51.0 psia
& * (O
g 2
g 40— 4 CO n
S

20 T

0 WAy Y
400 500 600 700 800 900 1000

Temperature, K
Fig. 9. Effect of pressure on the volume composi-
tion of CO and CO, in the presence of
Se0,.

i, CH,+ HIE S Li
gho] glolont
331, 5],,14 H HLA tﬂ—j\
ol 4] Zhaslodrt,

Fig, 9= 919
CO,Foll x3xl
(Y& v]g = 7T
o glalglef 43 CO, 24e W& x5 &4
5 2rbslolor], COol W 2 gkidsl whell uls}

2% ol 4] ual-xgg}-] 2] 2+5H9 1:}- afir) 4]

ou “ol] 72| of

s Zoh

| %)}6 2 i L%

—6 L .
wl

L=

z7]

shedaloll 4 ek

58]
COst CO,#l

14 1” nL;\u ao}:

w N

\ HE
He A L i
Ol 9
i

Bt il
[
2
P s
L
ok
o
ol
o

2717} o
A5HE A 47

A

1

3-4. SeOz/CoaI s3tg0 o2& TGA/DTA
Eibol upe g 24s5h7] Hol SeO,9k Roto
elel TGA, DTG =232 DTAE Fig. 100 vjeld



Aol Aglo s e At drE

S1% SeO, el vl w3t AT £25

TGA

coal/Se02 wt. ratio
(1/1.5, 1.0, 0.7)

i

i 1
200 300 400 500 600 700 800
Temperature, K

Fig. 10. TGA, DTG and DTA curves of individual
coal and SeO,.

itk SeO,+v 493K Hol4 FA| zhgko] ulAidlo]
618 KollA #tak £=71 ozt =l 633K FZollA
7reko] Azlsta gick, wal Alak d34E 2w 628
Kol 4l 73t &9 peak?} 2ol gt

gke] AEhe 378 K7hx el FA zteks}t §9 peakw

4ol o3l oo g B 4 glon] 628KolA 7gt
Fo ubgog ol dialr) AzEogy o ohiE
A 7hekol wAlEtkw & 4 9loh,

Fig. 11> Rotoet# SeO, &3h|E 1/0.7, 1/1.0
22)T 1/158 el (o] A% SeO,v Awddr =3
Aelo g ZR4E A7lsle] SeOz—Ea— coalel impreg-
nationA17] % o]% 378Koll4] A% FF wilez 7
zA17) 7ol AlaE TGA, DTG a2 DTA A
32 543 Aol Fig, 11614 E7|3 ubst AL
o 2ot

(1) DTGeA & uff Se0, #7H= 473-573K Aol
ol A 5 o] Abeldt AlapE T 78k peak (splited
peak)E & 4 glony, o] AL SeO, H7e]

R S . | ! N
200 300 400 500 600 700 800
Temperature, K

Fig. 11. TGA, DTG and DTA curves of thermal
decomposition of coal-SeQ, mixture.

£55E e gr&og o|Fstn U, o/« DTA
_E;—xi% oA o]T‘;:—% u‘_goul.% oEL A olouq

H 9
SeO, ‘% Eok‘)] Ediise 703} 9 peak7} JeRd
4 A%o] SeO, At
]ZPH peakh 618 K°*W dojtort coalte]
peakt 378 Kels{ &9 ulgolc},

(2) 323K Aol dojrf= DTAE At SeO,
o] Z-ztel &4 ukg-(Fig. 109 Se0.,ql 7% 349K,
coald]l 7% 385K)e A3 agel olste] LAHE o]
g B 4 glor}, 373-423Kolld Jojut 7gk £
uS2 Fig, 1004 #Ho} & 4 gt coald} Se0,
B olale] LAsE EAolel & 4 gom, 2 &
= SeQ, H7beko]l F4F ] ZAsHAl vehda 9l

o]xlg] BAe xqgo“,q “ELi—rEi 5602«] Ab4
A7 &E REHog Aud 4 e FLg Aol
sl oiAXT}, & 373Ke} 423K Aolol 4] g
738k ard € ARe Unger2t Suuberg(9]7h &0 ARg-el
glo] "M e} o Hut Al 2gE AAF o A

[e] —“-0 2

HWAHAK KONGHAK Vol. 26, No. 4, August 1988



426 FHs -

43 Metaplast, & A&t 225 |5z = 7|& o
o] 7l A Apelr} Ed=lo 2 G|z} A|zts]

7} A2 ‘57F AAdEal A
HE Se0,9} Auke FA I sl A Alelol] d4
B F2F A EolEl £ 4 ok, weld A" F

b 2] AY F4el @E} 5o A% g Ald
A JE3 452 gelsla 9gor], theo] 2= Fo
peake Hals]ol LA 7)Aol ofstod Yeplciy A

9% % 9eh,

aef 2o} AR A9e o] SleldE SeO, &
2] S43) Ak B5oloel A W B4
2 d7does spsalchn 2ok,

35, Al29j #its EST(e] 55

Ael Alg 52 w3 ol A5 (298 KollA 14, 7 psia
9} 51, Opsia®l A4 kS FA% & 10K/mingl &
X As82 7pdsle] 503Keld 58 §xE &
autoclaveoll A & 4] A|8)% & =F9 A (2
-9)oll A Aeddl ubslol] ofFled Hhala BETIY FEE
AAsiglond, o|ZHe Aulol| Z3hd 7brte] sl
¥z SeQ, Fu A5 WAL,

A g Z7] YA -200~+230meshE °| &3,
AAe -OH group2 acetylation ®#-S, -COOH
group2 ion exchange®i-S, -O-group acetyla-
tion 83} Hl-acetylation #-%, =C=0 group<
oxime]& A3l ¥ 54 2L Aol glo
A BAd A F ool Arl Lol Sl 414
A3 oka segregatione] dojuin] EFVIQ] Fehrea
Wrujo g olFdle] L3l A-gol| Adsfct, 2t #
A17ke] mbzt Awl gizte] 2718 oS AAgezH
aAstedct, 4 Alge wkg 2213 A8 FEe
Table 20| vebder] ol 525 veplz Qe 2
F3E A8 UE Se0, T FF Auksle] & <t
moisture} ash®] g ¥l A 84 Ag A

71F0 8 sl Algol 2ikE a4 Hsr1

AAEE FA W Bgolrt, Alge] v Se0.9
XRF (XA 334) whlo g Se(,9 FFFE
o] &3lo] T3hsict,

Table 2014 & & %ol Se0.® &} a3+ &
L HU4E waks FIpo dA 3 vebgoend =3
hydroxyl, -OH, group® carboxylic, -COOH,
groupel4] Adeidog EAlL Exrt Qlgol vl
carbonyl, =C=0, group® etheric, -O-, group

—E'

fru

bt

4 od off
W
o ?Y; du o

r)-

3Sas H26H K4z 198811 83

Table 2. Compositions of oxygen-containing func-
tional groups in coal samples before and
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(wt %, moisture-ash-free and SeQy-free basis)
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hydroxyl
4 +02 101 3.2+02
(-OH) 54 + 5 +
carboxylic
6.8 +0.1 58+0.2 35+0.1
(-COOH)
carbonyl
1.5+ 0. 4401 3+0.1
( -C=0) 5+0.1 1420 1.3+
e(thf’g_c , | 11z02 11x02 090
Total 148+06 13.4+0.6 8.9+0.5
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