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ABSTRACT

The hydrodenitrogenation of quinoline dissolved in n-heptane was studied over sulfided Ni-
Mo/y-Al,0 , catalyst at the range of the temperature between 553 K and 673 K and the total pres-
sure between 20X10° Pa and 60X10° Pa in a fixed bed flow reactor.

Quinoline conversion was very high at relatively low temperature and total pressure, and decre-
ased with quinoline partial pressure.

The thermodynamic equilibrium between quinoline and Py-THQ existed in wide ranges of
experimental conditions and shifted in favor of quinoline at higher temperature.

At the range of the temperature between 553 K and 673 K and at the total pressure 60x10°
Pa, the quinoline reaction rate was 1st order with respect to the concentration of quinoline and its
apparant activation energy was 7.15 Kcal/mole.

LM = ol ARE Eoho} AYENE 7S5 HE
A2 AA ARARFY Daol Gk Av, ol T olHa A4S T s SEAEEHol Lo

shale, tar sand, AHFFFEE AAAILFE A A ). 2o

B A7HE A7 AR L Aot ARG 2o TR VANVEE A2 Y2
2eu 47) 2UENE 259 YYARE o A AL 254 TITR AL

Fo| WANYES TRAID Ao} A4 DAL HFEE AL DasgTol Y wrSHe]

Qo Aol BE ohet oy ARFGFTH £ mrpe e w

* Ao 3tx 383 &3} (Department of Chemical Engineering, Yonsei Univ.)

- 52 — J. of the Korea Air Pollution Research Association. 1989



Yubd o g HElEE FAIFEY FHLEAE
¥}-$ (hydrodenitrogenation) 2 WA Ex3l e
9] E3}7} oy oloj 4 FA Rl 23}
of C-N Agtol sy s]o] Btst449 T otr}
S = g AXA Aot olw C-N H o]
st H & olfE C-N 2#e AYHe CC, C
-H AR R} F3l7] o Folc}.20

SRS FRL A SELINS FH
3 e FHPAA o] FoA L Yo LA BA
7 At

wetA PPN A7 HIyYsty 43
2AuES-9) A7l 83T olel wet & 7ol
Ae AAM7HA vlas JL AT7F o]FoiA
quinolineg IS EE A5l 4¥ & P33
Z0) 2= MIEY Nig =& Z. VIBE4 Mo
FEo 2 3t y-AL O, FHA| 7 Fo 3
2l ot ALgdlon B AQeAe Wiy &
, @8, A& Ao E AR A ukg 2

B
o urE &4, MR E, WEAs ® 243 o

2 2 e

2. OI2X 3

2.1 AR A A

quinoline®] ¥ rh-gol sl Metd wHg
BEE @M7A Q7" AR eek 2 13

2t}

Q=00

QUINOLINE PY-TETRANYOROQUNAL INE
(1] I#Y-THE}

Il Ui
CO=CD-0" - =

BI-TETRAHYORQQUIMOLINE OECAHTDROCUINOL INc PROPYLCYCLCHEXANE
181-THa} [onak (PCHI

o o o0 -

PY-TETRRHYORCQUINOLIRE O-PRCPYLANILINE PROPYLAENZENE
ry-ina) torR) raz)

Fig. 1 Mechanism of hydrodenitrogenation of
quinoline

BREXRERSSHE B4 £ 1% 1989

C.N. Satterfield, et al.?®*{ %3} Ni-Mo/y
—alumina £ 4ol 4] quinolined} 2 ¥Y-8-F 7t
20 g ) o
(dehydrogenation), 3 £3)4t-2 (hydrogenoly-
sis) &, 7 Hb-gwiAlel Ft SxAFF B4 3ol
WA gtg A4kl WAtk £F 2+ quinolinedt
Py-THQ& Q& vt2x=A Helo A 449&H
BYPE olF 2 Yo 27} U3 fFEel 7
A% uel YL quinoline FoE FAA
ok et

J.F. Cocchetto, et al.?d] £]8}1 quinoline?)
aromatic ring® heterocyclic ringol & F4
FurSe x99 g g Edhe Aol
zHe BEP A3t (Ink<0) & 7Rl ek %ot

BAITEY FHLIEE AdA a8y
E9 g ArE o8 ATFAED 93 wSE
FEo) Wl 1xketn e A vl dow FAg
o] Fr1gke] wet HieE E e ATt 4

9]  $43r-g (hydrogenation),

J.T.Miller, et al.'”& quinoline®] +H&%d
k2ol QojA quinolined 2 HF3-F 7t &9 &
2 FYPAFFe] A9 vk, dRYole] F
A FPAS, gEoe 48 avke (KoK 7
Bl A A F £2A1E ohS 3 2ol o ¥
2 N LEY 52 FAFEAAE WAL}
} v)arelebsr sHgAct.

_dN _ _#[N]
dt — 1+Kn[N]

[y
i

22%

FHLANG ol g5 Fule FH0,

=2E0, dA 2 TS FHHE = VIBES

Mo, W& =& 2+ WIS Co, Nig 24 =

t}. gA 2 ALO,;, SiO,FE& 2ud, ol&F
<

gl Feetn @A ot

Zu) & 4H3E YA E NiO-MoO;/y-ALO; &
BE e ¢4 2E 9} @Al 4T A-GoE
NiO7t y-AL O, AEd Ni[AlLO,]2 spinel
F-Z2E& o] %9 Ni** o] & Octahedral sited] &

- 53 -



AEHA =k, ek Nivta Mot 2 y-ALO, %
Ajsle ohEa 22 dbgel 9 NiALO&
Al,(Mo0Q,);& =435l Eol7zx=g JAHI
D}_IZO. 27)

NiO + MoO, -
3NiMoO, + 4ALO, -
(Mo0O,)s

NiMoO,
3NiALO, + Al

FZu] Mo 94 y—ALO, ol 4 MoO;7}
monolayer& HAstH 4 13 29 o] Mo+ §
BE EXgozA E489 7 x5 .

1

¥-Rl1;0; AIOH HO

] \/0 R%O\/
' /\ 7\

R1OH  HO
1 ’

Fig. 2 Monolayer formation of MoO, on the
surface of ¥-alumina

2 Zojo] 842 oj9} o] Mool 234
e +671 Mo F4o) 28 Mo
OH-& %‘éﬁ}c"i 2% 39 (A)FHE =HH (A)

= o] 24 A8E AM (B)FHE HH4 &
o] vacancyZt A APl A7A Aot

H H
4

\/ \// \/ \\/
VA NVANEANRVAN

(+6) (+6) (+8) (+6)

r
¢

4

H
EIEE |
0

\/ N/ \// o/
VANIANSGIANIVAN

{+5) (+5) (+81] (+4]}
{A} (8]

=4

Fig. 3 Active site formation of molybdenium
oxide
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Table 1. Physical properties of catalyst

y-alumim Ni-Mo/¥
~alumina
NiO (wt%) - 3.5
MoOg(wt%) - 16.5
Surface area(m?/g) 211 158
Pore volume(ml/g) 0.8917 0.6570
Bulk density(g /ml) 0.71 0.79
Apparent density(g/ml) 1.49 1.54
Porosity 0.57 0.50
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1. 11y gas tank 9. Supply pump
2. Pressure regulator 10. Feed tank 18. H.P. seperator

" 3. Deoxo unit 11. Feed tank level controller 19, H.P. sep. level contraller
4. Drying columa 12. Metering pump 20. Back pressure regulator
5. Gas mass {lowmeter 13, Prehester 2], |evel control electrovalve
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7. Capillary tube 15. Temparature regulator 23. Gas aampler
8. Supply tank 16. Temperature recorder 24, Wet gas meter

[-—-<>——-h quu{d
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Fig. 6 Schematic diagram of experimental apparatus
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Table 2. Ranges of operation conditions

Qperating variable Level~
Catalyst weight(g) 0.5,1.0
Particle size(mesh) 30/50,50/80,80/100
Temperature(K) 553-673
Total pressure x 107°(Pa) 20~- 60
1/LHSVx103(gcat.hr/ml 10-50
feed), .

Quinoline partial pressure 15,30,90
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