J. of Korean Ind. & Eng. Chemustry,
Vol.4, No.4, December 1993, 701-708

O
(@]

<
(@]

~
R

>
o
Jp
=2
0>

| M VO-TPPE| 2 HTt

SIEAUIS0) a7

>
e

x
=
§|=-
o
Kl
mjo
I

L

SPEEEEEEL LT
(19934 39 129 4, 19939 79 199 Ad)
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Q ek CoMo/y-ALO; &wjAtell 2] 300~400TC 2 &%} 15—30x10° Pag} ¢+ zelm HZA7F 0.008—0.020
geat. hr. /ml feed M ¢Joll4] VO-TPP(VO-tetraphenylporphyrin) &] =4 %7} &g&ub-go #ate] a3}, VO-TPP
o] $4 H7} &F4-3olAM pyridine $X 4mole% 7t A= 7t F7Hgkel whel AsHge] 7kt velden g pyridine
& Fa Wt 2EE5uE dAZ 350T o)A Lol M VO-TPPY ##@4 ub$-al+7} 121929, Arrhenius plot
ojx] o1 A5 oA = ok 23kcal/molec]gir}. Fresh 2|9} aged Zwje] pore size distribution®} %%, =z
1sotherm 2 2 %€} pore mouth-plugging 342~ &<lg 4 qleich.

Abstract: Hydrodemetallation(HDM) of VO-tetraphenylporphyrin(VO-TPP) was studied over CoMo/y-ALQ; catalyst
at emperatures between 300°C and 400°C, the total pressure between 15X 10° and 30x10° Pa and the contact times
between 0.008 and 0.020gcat. hr. /ml feed. HDM of VO-TPP was inhibited by pyridine because the increase of pyridine
concentrétion( up to 4mole% ) caused the decrease of HDM conversion. The reaction rate of VO-TPP was found to be -
apparently 1st order-over 350°C and its activation energy was determined ic be about 23kcal/mole by Arrhenius plot.

Pore mouth—plugging phenomena were shown by ad/desorption isotherm and pore size distribution of fresh and aged

catalysts.
1. M 2 (cracking process)o] AA|A Ao g o] AF7LE
2 glE AAod. 23 AU AHHE Sole
2 AAAA oz a5 o5 U 4533 715 &S] g el olF #UFE3
824 AARY Avle FriEe b, s A FE52 E&v)(cracking catalyst) ol #E&Zw)
Zo] 29l FAFE FH9d 2 MY 33 £ FAFAA EA dheolwen w3 §7343
B3t FAHAA dAH o2 A=A 1 20} FEE T A5 dasHY FEA3E0] YAlH
A2k 2453 e AAo It 1-4]. oo HA -9} of gojulz} 7+ J|ARR Y RAlE zefstA Hot
FTARY FAG pFF2AY AV} 2= F [5-6]. 2ej3le e¥d AFFo 23 47135
A AR AAFE ARATE EH5H S A AT T 4 W7 2FEake-(HDM ¢
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hydrodemetallation) o] #& 77} AAAH 2 &
W) 4797 9l Aol

HDM #4 &<t A7l Zvje] F2 w43 (de-
activation) 8] ¥l F&of 2§ 53} cokedl] ¢
g foulinge|th. 2#d) coked] E|ZL $49 ¢tH S
9oz H 2 ¢ r =3 AAHA Zo Y ¢

oz A AAZ = A7) dEed F52] HA o]
3o)s] 942 Welmely s U] UTHT-9L
azng sjA 2 B3 ZA (reforming and crac-
king process) o]l W49 F/1EE53EEE A

Ll

Ashe HDM 4] wer Besld. o 408
Aste] A4 Fule) BYL $A 442 4 2o,
Fole] AGAZE 59 5 o ATS Fohe] IS
o2 Qg wge ulE $AE 4 e 10-12]

Ao g BFE Fug AMSEE e dF ol
24 g3 gALE = o8] EE& hydro-
treating v & AM8-ghct.

£ AFNM= o948 A {7194 33E b
#HA7t2 AR data} 719 ¢l= VO-tetraphenyl-
porphyrin(VO-TPP) & = d 3352 A3, Co
Mo/7-AlLOsE Zvl2 A}83le] whe-2x, ubgehd,
A& A7k w2 HDM ub2-of Zajj4] ato}rgic).

& =
2 M U 24

2.1. oo} H=

Zu]&= excess solution Impregnation method &
rotary vacuum evaporator® AR&-3le ) Z3}9t).
A2 y-ALO(1/16in. pellet type) & Ab23lglo
v, A|ko R cobalt nitrate [Co(NOs),-6H,0,
Hayshipure Chem. Ind,, 179 Ammonium Moly-
bdate [ (NH,)sMo;0,-4H,0, Junsei Chem. Co., 1]
£ Atk el AxTAL Fig 15} 2ov
ZZuj9t FZvfe] atomic ratio R=[Co/(Co+
Mo)] 0.352 s}sirh.

2.2. Zofo| Y £3

Zofe] 294 FA4e FAHEA7)(Surface area
analyzer, Micromeritics) & o]43}9]x Zmje] AZ
¥-3]%= porosimeter(Poresizer 9305, Micromeritics)
£ AH8-3}od 2’733}93.-9-"4 =& 7138 A71RE, F
e 5& ¢ 4 Asdeh o] 7 Table 1o

wx AU
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Drying y—Al,0; at 110°C for 24hrs

Impregnation A. M*. & C. N**, solution in
7-ALQO; at 50°C
for lhr. with rotary vacuum evaporator

rDrying at 110°C for 12hrs. [

1 Calcination at 500°C for 5hrs 1n air stream |
*A. M. . Ammonium: Molybdate
**C. N. : Cobalt Nitrate

Fig. 1. Preparation procedure of catalyst.

Table 1. Physical Properties of Catalyst

}"Aleg COMO/)"AIQOg
CoO(wt% ) - 5.7
MoOs(wt% ) — 12.3
Surface Area
229 189
(m?/g)
Pore Volume
1.251 1.080
(em*/g)
Porosity 0.605 0.580
Bulk Density 0.70 0.75
2.3. A o

2d f7134383 52 Aldrich Chem Co.o) &
@A} VO-tetraphenyl porphyring A}&-38k9d5r 1
Z5& Fig. 20 el gl o, carrier oilg A3 n-
heptane& Yakuri Pure Chemical Co. /£ 2 %
7} 99% o]Aolgitt. ze|1 pyridined- Tedia Co.
AFoB 9% £E52 HoFth $£41s U3ss
A28 5 99.9% A AFE ARt o).

2.4, NETH|
APFAE Zx 45974 (LF.P, Institute of
French Petroleum)ell A 53 & Bf3lz gle 9%
3E4 3132 ukg7]ql CATATEST UNIT Model
CE AHgstddet

2.5, Mg

£ d7dAe va A7) 2FEuksed dg 4y
3 YA SR ZolE ukgol] ALEE Fol
Hh3-71o) A el 34 2 Eefo) wkgo] WA
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VO-TPP VO-chlorin

Fig. 2. Structure of VO-TPP and VO-chlorin.

Batadck Ax% Zoj= A
5 AE EAs7] dEel Fele] F4H coke
7b gAEH B4 A 9 $H dES opy|ARh
[10]. whebr £ A A o]eigt —E‘ AL A7)
fte] Agel So)7h7] Aol WA Y HHE 8)F
stk & A 25%10° Pa, &5+ 350C e A0
2 425 031/hr.2 927} 5ol EgF o2 H 35}
Act. et AA HhEE-L back pressure regulator
9} metering pumpE Ap&aA UAF SLoF W
HFEn Sefzd ukgo] dofr}r] Aol od7)e)4
71X AA 714 B Euf ubo] HEE 3§49t
RS- 2w = 300~400°C Z28m ¢tEe 15%x105—30
X10° Pa W ¢lollAl Agsloc). £ A7 4 Agz

A8 2% 24278 Table 29} 7t}

e Yohut A9

& AYelA ugE3 A4 ES 4L sample U]
o] whdgekihe 2Astgde=d L C. P. (Inductively
coupled plasma, Labtest 3000)2 A}&3}gch. uke-
=34 AAE WY vhtE ke $AF Foe e
3 e o EF4ES Atetdn.

pog & FoF-AAE b oF
g-3E 49 l‘g ;}4 fM ﬂi;l 5 1)
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FN71F GFAA Soh o B WE
A Agol ol mlAE 3k eopur] slahol,

Table 2. Operating Condition

Variables Range

Catalyst weight 1.0, 1.5g

Particle size 140/170, 170/200+ 200/mesh
Temparature 300~400C

Total pressure 15X10°~30X 10° Pa
Contact time 0.008—0.020gcat. hr. /mé feed
Pyridine in n-heptane 3—10mole %

At standard condition

Temperature 350C

Total pressure 25X 10° Pa

Contact time 0.015gcat. hr. /mé feed
Pyridine concentration 5mole %

E22A%04 209 2712 140-170, 170-
200, 200mesh o]ro 2 WZtA|7|AA A FA|7}kel] w}
g %T—a"k%" 48] & A3 uR EdALIA G

gk 9 EAAG G o] ukgol
Corrigan[13]o] <Js§A] Algt= wle}
k& WsiAA tdA HE2 AL w2
EAd B An 94 dAslmR 93 B
R FAF § ook 2Ejm Eeie 9B
b ST Woll A e dAagHge Hg
SAE oF@A B whsdd) 93 =
S doglA Hof waba oled
AlE 3 e 24 selA AFe Py
Anderson[ 1417} Mears[15]¢] <& A
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3.2. Zof gA9| otH3|

Weig} Agrawal[11]& A Zwfzke] wjsia &
dEe 359 ko] ofF Ago]r] wyFo Zujr}
Z7l 4ol £& AE FA% F A}ty
H3lod, AA Zofzke] 10% Hx9 ofo] =A™
W72 = A APAHRE 9 ¢ U B
Adct.

£ A7 dquAFAAE 27]de B HdE
vebletrl 254)7ke] A Foll= Aol okAlgh
& vebd s o 5 slsddh ¢)Ro] Fig. 34 vet
vooleh abAs A whg 7)o 2o AL
e kot whgAlze] Aol wle} Ashgo] F
&84 "ojAL 204]7ke] A FolE v]4gh W)
aho] yelibizd], o] A uh-gx7]9) coking RAAto.

2, o
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Fig. 3. Stabilization of catalyst.
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350°C, 25x 10° Pa, 0.015 gcat. hr. /ml
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Fig. 4. Effect of pyridine concentration on HDM of
VO-TPP.

2 9l deactivationo] doiyt7] wjFo|c}.
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aging 11 FAZ 143l Aehaich.

3.3. 8120 o|x|= pyridineq] Y&

Fig. 4= FFZAdA pyridined] F:& 3-
10mole% 742 W3tA1ZE W] Astgo] et S
t}. Pyridine®] ¥& 3~4mole% 73 ¥ & Z7}ol
wat Adhgo] Fastd oy dmole% olAdlAME &
57b kst Ashgo] A qE FA ded
¢ 4 ek @& pyridine FE9dgel4 5 F7}
o we} dahgo] Fasts AL Warest Weil4]7}
Ni-T3MPPE H¥l-g-E2 A3t Ads dA3t=
data@ 4] W22l VO-TPPo| 447} #7bele} VO
~Chlorinec]zt= $7A1E AH Zwjo| ol g3
E=n), 9714 83E9) pyridinee] $47F 7pd A
ER= trF‘HE]‘— hydrogenation siteo)] &2}o] Zuj
o a7} gFgubsol gt #4& A A2
e} Alg =k =8 Ni-TPPZ &%52.4%%
AY[16]8x dxsh= e o F sk

3.4. 25 - g2l - HEAIZO| TiE ¥

HA wh3ol w]A= Lo FFo tiste] sy
W 255} 27kl wjet Mgl A 7t o
a Aok 53 EAT27F H5g Ni-TPPel HDM
[16]54 wlzs] & o), &x7} v|Xe JFE VO-
TPP9 757} & Ao vepdrh. o712 Hungsh
Wei[2]7} uF2-E 2 Ni-etio, VO-etioZ 7}A]3 A3
g Azs} dAsh= slolo}. =& Fig. SellA £ o
257} 325ColA 350CE wakgtel uhe} H3lg o]
FAT 271} Qolds &+ i, ol Chen
3} Massoth[17]7} Ni-T3MPP& uleE2 3fof A
2 23hg APk o]Z L 30T el &
2R F0A Sl A9l Loluba] 7] BE
o o] 71219 H31go] 350T olafell o] s}
$u0 ot acky AT £ ATAHE VO
-TPP& 7% Ni-T3MPP&} 7bo] ul-2-E&o
S H&dta F2HAR chlorined AZche
Chen} Massoth7} w3k Aol dXsle oz
Abg e}

ool e Waeel WaE 4onw HY 3
bl wet Ashgo] AA Frlete AE B 5 ok
©]71& HDM uk-g-of kol oa) 4] “]7&3}7*] Age
9rcle 2424, & 4920 § Juend g
Q) 400°C, 30X 10° Pao] A= 20% u]uko] W3hee

g
'x—_:
B



CoMo/y—AlLO; &=l Atell 4] VO-TPPO] $4 7l &3 &ubgd #A35 A7 705

20
~ 15X10° Pa 0.015 geat. hr. /ml
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O 25X10° Pa
® 30X10°Pa
151
=
E 10F s
w
3
>
=l
Q
&)
Sk
0 ” i 1 {
300 350 400 450

Temperature( C)

Fig. 5. Effect of temperature and total pressure on
HDM of VO-TPP.

% sleb.

Fig. 6oll= A& A7bel w& Ashgo] Yeht 9le
dl, & 2827 AEA7te] F7hgte| wje} A
shgo] 37 & T 9o
3.5. VO-TPPY| 4 &y} ElZ&uigo 202 &

VO-TPPe] 44 #7} 234uwsd tja w37
55 97] 95} pseudo first order kineticsZ 3}
o

)

r.‘.’L’ 1

VO-TPP¢
2 71

_ dPyr_ dPy
Ru=="g = d(W/F) =k'[Pa]{P, J{Pvr] (2)

2E FHekoz "F—'%T‘ii“i ik
719 %M_ﬂ 7 sieh [P J@ 94 whg-E VO-
TPPe] o}l HIEHH pyridine?] o] JQ’{ gong
A3t ok & 5 ook wmebd [Pyle} [Py 17}
AEA2bel #AGe] dAsehn s st

dPyr  _ 1 . s
'_d(—wi‘{;wﬁ)—k[Pvrl k=k [PH] [PPy] (3)

20

~ 15x10° PA 350C
o 15x10° PA
0 15X10° PA
e 15x10° PA
15
S
5
@
g 10
>
<]
5]
O
5 |-
0 H | | !
0.010 .015 .020 .025

Contact Time(gcat. hr. /ml feed)
Fig. 6 Effect of contact time on HDM of VO-TPP.

Pir=Piro(1-Xm)¢] 22 <} g vty dPyr=
—Pyro dX,

"y =k T awm @

Agstel el

—In(1—Xm)=k(W/F)

VO-TPP¢] HDMel| g} whgaba7t 12bebd (W/
F)ell thate] —In(1-Xm)& T AJ8F 7o) AAle]o]
of gt}

Fig. 7o (W/F)d —In(1-Xm)& EA|3k%c).
3 73} 350C oA Adeg vehlrR o
=gl E R 1xbEolgtn & 4 gl
o)A uheE2 2 Ni-TPPE 43 AgAn[16]
ob gt el 300t 325°CelAE Ao
572 Gzl 14 olshe] 24ed o2 Yz},

12hgkg-o] alofubz 29l 350C olAtellA Fig.
79 71%712 4 £EALE T8k o] AS A
henius plot 7Z¢] Fig. 80|t} Fig. 8¢ 7]¢ 7|2 %
B 243} oluAghs Aol 2 ghe of 23keal/
molo]t}.
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4 300°C
o 325
o 3507C

25X 10° Pa

-In (1-Xg)

0 L H 1

t
0 .005 .010 .015 .020
Contact Time (gcat. hr. /ml feed)

.025

Fig. 7. Test of pseudo first order kinetics of VO-

TPP.

slope=—11.11

In k(ml/gcat. hr.)

0 1 | !

0 15 1.55
1000/T (1/K)

Fig. 8. Arrhenius plot.

3.6. VO-TPP2| HDM HI20|
Wb Alzke) Ashatel ujet

Sojol ofxl= et

Zvl 9] pore volume,

surface area7} o] 97 wWslsl=%& Fig 94 1}el

Sste, A4 A 43, 1993

volume and surface area.

Weded, gheo] Alg=EHE 5ot
face area7} 7tA3l= 7S o

w3 HD

TeH - AAE
1.1 200
2 Pore Volume(cm®/g)
o Surface Area(m?/g)
]
1.0
‘o
-~
£
(o]
K5t
g
=2
(=]
-
()
5.9
o
t 1 i 1 1 il
0 20 40 60 80 100
Reaction Time(hr.)
Fig. 9. Effect of reaction time on catalyst pore

pore volume, sur-
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S EZob Zuje] pore mouth-plu-
=

gging #Aro] deojwt=25 dolH 7] 4& poro-
]

simeter& A}&-3) 4
size distributiong Fa]H gttt )78 Fig. 104

fresh &2} aged Zvj2] pore

U

ehiglct. Fig. 10014 £ o micropore 99l 9%

o = A wsirb 9l9l.ev}, macropore el
24 2 Hi) AL

2

¢ 5 ek $A7e

2 & o 7139 A7Zo] 1.6~6.3um<e! macropore
o4 fresh Zwj2] pore volumed 0.47cm’/go]
93 aged Zuje] pore volumeZ 0.30cm®/go| it}

el e

& 3
13]1 'B‘ZvL» 2T U=

Fig. 113} Fig. 124 Jeh)

qlth. 1 A3} Zv) 9] hysteresis #Ato] fresh Zuj

2} aged © FolelA o A vehte A 7
g o glglen oo 2Ry W3S AYAIH

Zo) 71T 4Tl F49 HA"o]l A ink-bottled <
7]Z0] YA E T hysteresisE 7}5HA] do 7= $1q

o] Hre AL

k¢ Sk ol AsteiH

HDM ukg- ok Sofe} 71397l F40] HAH:

A

o
pore mouth-plugging dAHS &ad 4 )it}
g f715%533H o] HDM whg-& 53 Zv)9
activationdl] wl|-¢- & <338 ol AL ]

23
de-
g

Surface Area(m?/g)
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Fig. 10. Pore size distribution of catalysts.

Q1% 4 slgleh.
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Fig. 11. Ad/desorption isotherm of fresh catalyst.
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Fig. 12. Ad/desorption isotherm of aged catalyst.

gt F, CoMo/7-ALOs FvjadellA] ¢4 A7t 25
£k3-S Y% As g e A oo

1. 2 o9 Ay x4 pyridine? %% 4mole
%7 A w57t F7Hel wet Ago 7t ‘4
Elytoe m 2 pyridineo] VO-TPPE 44 Ay} &F
S AAgty & 5 o

2. 350C oJAe] x| x= VO-TPPY ©&
& ubgarrt 12494 & 7 stk 350C oj4te
2 %o of3dt Arrhenius plotol4] & A3 L]%]
= oF 23kcal/molec] it}

3. Fresh 3*—‘1}]9} aged Zv)| 9] pore size distribu-
tionz} &2, =3k £.2-419] hysteresis loop 0 2 HE &
)| €] pore mouth—p]ugging F3E & 5 sl

JlsMY
Ni-T3MPP  Ni-tetra(3-methylphenyl)porphyrin
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Ni-TPP Ni-tetraphenylporphyrin

Py, partial pressure of hydrogen, Pa

P,. partial pressure of pyridine, Pa

Pyr partial pressure of VO-TPP, Pa

Pyro initial partial pressure of VO-TPP, Pa
VO-TPP VO-tetraphenylporphyrin

W/F  contact time, gecat. hr. /m# feed
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