283

, \ HWAHAK KONGHAK Vol. 21, No. 6, December 1983, pp.283—292
R (Journal of the Korean Institute of Chemical Engineers)

JLE 0|2%# mordenite ol &3t 0-Xylene M E (L RKE

B B B @
WEPHER BT (LB AR

(19831 34 169 #H)

O-Xylene isomerization Using Cobalt lon Exchanged Mordenite

Kook-Heon Char and Young-Gul Kim
Department of Chemical Engineering,
Korea Advanced Institute of Science & Technology,
P.O. Box 150, Chongyangni, Seoul 131, Korea

(Received; March 16, 1983)

L

Cobalt o] 2% #i5]l mordenite 5 {3} o] O-Xylene o] BWE(LEHES Wy, MBSl MiREER o
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of Hsbel wh & FEFEMALIE Yeolxkon 1,3,5-TMB o &t A7t Qohvdel o wat 1,2,3-
TMB & Zo] 59t}

ABSTRACT

The isomerization of o-xylene on cobalt-exchanged catalyst was studied by varying the press-
ure, pretreatment conditions and the reaction atmosphere.

Compared with the low-pressure(l atm) operation, high pressure operation (180.7 psia) gave
lower isomerization selectivity, but no deactivation. '

Steamtreatment of the catalyst resulted in higher activity and lower selectivity than the dry
air treatment.

Reacticn atmosphere had an effect on coke formation. Regardless of pressure, nitrogen and
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helium atmocsphere speeded up the deactivation process, and resulted in rapid decrease in 1,3,
5-TMB formation and also decreased the amount of 1,2,3-TMB formed.

1. & @

b2 PRI = A 9] xylene, #3] p-xylene 3}
o-xylene & 87t st NEEyez 7}
2 o} A3 m-xylene & p-xylene 3} o-xylene
o2 vt REAML REC RUHEEY HE
9} 7rol TBESHA F i}, ulebA] Isolene Proc-
essV, Octafining Process? 50| 7|-E|gla #
—#f Friedel-Craft # o)A JEH —4F Sili-
ca-Alumina 2 7 1970 el ol A&
Zeolite 7} d 8] Al&E 3 glth, Zeolite &= Fol
T fERE S TUAREEEY, W BRSNSl
g BN AR vl ASAAE B HEE
7b A FPFel Slch

carbonium o]-gof ojgt EMEHIL KEREE
oje] 7}A7L Aot Hglew, v HEEEE ¥ out
obe} EIfRE]] disproportionation, k34 &
KRSl $HY RE 78S Mozt B2
Fe7t f73ked Ach® =3, 3?%%&«] FEHN
1 coke B FEF IFUES FHsHT @
< Fgert ez, on o)zl M el
OH &2} el Mk oo HRAIA HP

stgich e, A ZE wEEel WE KE
< Fo ZE @l o mEE Jen dx

BEE KFES g #Ev e He deld, o
2kl A Higeol A cobalt o] ZE#asl morde-
nite & % 7}A REEES AX WE ¥nb ol
e}, 180.7 psia o Aol RiEHE(L KES A7 v
& f#RE EE LS KA @A 3
t}, o]A-& zeolite fEA = ohE tiwlg n o
F ol

2. B

2.1. MG BLE

Norton jitol]| 44 793 Zeolon 900 Sodium

stsrzst HM212 H 6 5 19831 12¥

mordenite & {#FH3ldcr, 94 sodium FS-
ammonium chloride WS #HRIsl] A =
g wbE-ste] WEE vhro]l st 27 24
Ml &aF ol Zs#A]7 ammonium # o2 =%
Sirh ZKEKE HiFR olke] AE: HA && o
A PedEdl oF 2, cobalt nitrate W o 2 ERE
Sf o] ¥ RefllE whHrol shdA o]l ZE
% A]y]ix alkali fusion €& A]7] atomic absor-
ption spectrometer 8 o]2 ZF#ix] B2 AIESH
oAk, oA ol WS Thee) FrA ¥
e HpgEsslth,

2.1 1. %k R P B

Molecular sieve 2 A A5 #H 22E3 500°C
2 A o] vycor tube ol S35 fELE
JB-& 100//hr o fiige 2 15 B S9F j*’-Efl H
Wt =R WEEA BEE A E dE gk
£E 2 2w B A

2.2.2. K¥K ®2

iR SRR ERE MEE obA 5k S
500°C 2 A5l ol A 90% HEHRE (37
9 = 0.4133 psia) & A+l B =L 100//hr
o] e g Ee wllth, vl E BlEeR
BEES &% o mf S5 TeidA d7A
7t

2.2. KE & X &R

200 psia 712 ¢] EEHol A KIES A1Z 4 3
& = wlala} o 243 1= stainless steel 2 fif
mskaich ERol ASE A X0 MEREE Fig.
1o Vel et KEE BEHS =As7] 98
back pressure regulator (Fisher Controls Co-
mpany; Type 98 H) & f#if3l9 2 o-xylene &
= BhdAE KERIHE s T2 A
teflon diaphram type ¢] ZBEA metering pu-
mp (Pulsafeeder Interpace Corporation)-2 fii fi
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Fig. 1. Schematic Diagram of CATATEST System
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kol uh-SEql K o-xylene ¢ Jie feed & F B4 (Teledyne Energy Systems; Model
tank of ¥-2t5l Falez FA3gct. HG 1001) & {#RIstd ke 259 7%=

carrier gas 2+ KFE, €Rs L5 FHS ¥ ESHtE Asd st As st} carrier
odch, KFEe 7%, S aS-9 4= cylinder  gas o] WS REstz P Y8 digital
AEE A FHYoH, FE KE 9 Eit thermal mass flowmeter (Brooks Instrument;
B B¢ BASMES KFEE L& F e Model 5815)% {# Azict.
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RIERE WRel
9] stainless steel pipe & A}-&319] &=, stain-
less steel gauze 5 {FHN st {CEo] Bk
5 AL F . K EE < thermow-
ell o} 3] thermecouple(Chromel-Alumel #)
< =& JEstgloer], controller & fif Figled
W3l KE BEAA £ 1°CY 245 7hAx
3 Peb AR WS hE R
< m#Es)) B}ah:} 13

BE il AFAe A TelE K
KIS A7

KHE & it-S Table 1 2} Table

2.1cm o]l ZAeojr} 73.5cm

L

Y= 4

0‘4

o] in situ B &

Skl Rt
2 o vebylict,

Table 1. Catalyst Activation Conditions.

H: flow rate ' 7500cc/gcat/hr
Temperature . 450°C(14)
Duration : over 15 hous(15)

Table 2. Reaction Conditions for C-Xylene

Isomerization. -
Temperature I 400°C -
LWHSV | 5.8 gfeed/hr/gcat
H./HC molar ratio ‘ 5.5
Catalyst Loading ‘ 1 2.804 g
Particle Size : 20—25mesh

QAZ AZzEA Abololl wHIger HEEEE A
H dolA AEH-S liquid auto sampler (Hewl-
ett-Packard; Model 7671 A) 2 #{#% gas ch-
romatograph (Hewlett-Packard; Model 5840A)

oty S¥rol {# AR packing mater-
jal & chromosorb W (80~100 mesh)ol} 5% Be-
nton 34 9} 5%
olch,

FHEH 2= Wakoijit A%< Extra pure o-
xylene & {#H3AE o sodium ol el E Hol
fad 5 BEsty oAAR 7435

dinonyl phthalate & ]3] 7o)

e

o gimsteeh olRAl delal REEHE shaz
Ertroetze APy MECE 99.9% b
o2l

T EE o) X-ray powder diffraction,
By R
ature programmed desorption(TPD)& dle]¥
e 98 Ahg3les TPD o A9 BERE
(readsorption), HERHLEZE (time lag), Witk HE
(diffusion effect) 5o} BrEE + v HHT
o A1 JliEsksd ok,

# 7} ammonia gas & {# g temper-

3. R Y EE

3.1. Data B

—ige 2 B4 KERAAE B 2Ry
o] dejxlung odo|zl FERE TSI SlEA
#E WHelok gk

A Ewge EHE vehle HEer 2 #
;Ao KIE HE HHE FH=H #ES
REFNANE & BHiRES EEE(Activity) 2
#Adt &,

Activity =1 — Xo

o 7] A Xo &= Al A2 o-xylene mole 5
Zoleh,

Adle Kol BINEA »¥s odvht HEfT s
' IhE 47l deiAe B (Selectivity) ¢
ER7Y LEI, K BRAME o3
FEEES EFEdch

Isomerization Selectivity = (Xn + X3)/
Total Conversion

el m-, p-xylene

t A2 @

7El-o]

047]’}"1 X"b XP{"
mole 7} & o]},

3.2. BED KE Ml

Fig. 2+ KF FHER T4 CoHM(. 5 *
gk W = 180.7 psia o) A o] K} CoHMs"
(6.5l ohgt WEE KFE #RE el i Aol
BE KA FEELE KE el wtet
dojupa] g3 {FHiko]l Al R = gleond,

* CoHM (6. 5) = cobalt ion exchange percentage 7} 6.5 91 hydrogen cobalt mordenite & 2jm|3lc},

+ small “s”+= steam 2] ¥ AL fv|c},
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Fig. 2. Comparison of Low and High Pressure Reaction Behavior
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Fig. 3. Normalized Distributions of Trimethy!l
benzene Isomers ;(a) Co(HM) (6.5),
180.7 psia (b) Co HM(6.5), 14.7 psia
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dealumination o] 2}t Ro =z zF3lz oheat
22 wIlF e KR EHE 93 dealum-
ination & A w3t}

=3 Si-O bond L2 silicon BEje) <3l
B EE ofvstch, 3500cm™! band o] A4k
hydroxyl ¥ #lell M= KER EEIL Azt A
%2 Ao T ER ebd R ER
= mordenite & 73$%, 3600 cm lband &
Aol 4| 8}t o] sharp peak gate] vieh}x, pyri-
dine & A17] %9 IR Z3}+ 1540 cm~'band &
2] 2] Bronsted FEE:rs} 1450 cm 'band ¢] Lewis
EERLS vpeEbdlch olAe KES5 Y EmELE)
main channel Joll F#EFtE AE =g}
ofv}sted, pyridine & mordenite 2] main cha-
nnel 5h-5- @AY + 7] wFolch, KER B
P2 5] mordenite ] 73-$3= 3500 o] A4} 3800 cm™!
off 4% ¥ hydroxyl band 7} ==t o]
712 hydroxyl group 3 AIOH*? == Al(OH),*
o] HEMER BET o2 A7E T pyridine
MES AAL BEEC 2 H3rt dohtA e
712 main channel W] @gBEe] K Hol Bk
e Bkt Ha 322 K #st —%
HA WE KEANA #R =R BRI Sl

-

SOl bt oo,

COpC TR

FIH

Fig. 5. Temperature Programmed Desorption
(TPD) on CoHM(6.5) and CoHMs(6.5)

KR ERE Bec o2 JEENRLEE do
Avhe A KER BEY B s EK
£ Holvte B4 KEE s 4] mordenite
2] side pocket ;3¢] proton ¢] main channel =
22 BETchs RS 53 3600 cm tband
Ao B BEE-S coke Bl A5 gk
o BEELE 2ol RIEC] Heddtelm Hogsialct.

Fig. 5% 2o} gas & (A3 temperat-
ure programmed desorption &] #tE 91 1] CoHM
(6.5)7F CoHMs(6.5) .o} HsELS o] 7lx
I ek, Takaya® 52 £ AyA4 mES 7
A g7l vl DB B mnstd 1 pe
#el A= WAty 250 BB KR 2y
disproportionation K& 3t AEZhe] 47]7}
AWHEL RES 23 fREe) A7) 8o} Jsickn
HPow Fo HEHS BmES 23 @he
(affinity) wi<Fol coke ] 3 K4l polyme-
thyldiphenylmethane 3} 72 FIKHE /Lol
BEE EmAZ= Aolebn ik, =3 Ge-
ndy*” 52} Takaya®® 52 mass spectrae = {3 F
el =& wlAE MA BEH AT e
%38l disproportionation XHEZ} coke HF 2 =
¥ A¥-4l polymethyldiphenylmethane i %
FEL 22 site ol A 2+ il BYREE A A LT
b RBEAch, web A WE RKpES A,
CoHM(6.5)7} CoHMs(6.5) ¥.ct #ifpELS 7} =)
I gle w2 disproportionation JKES &3t
of o wE FEEME Bk, JEEM () 9
a fEEkel HA B H whel BAHTFIREN R
HHEA e KMol 5 FKIESQ disproportionation
Bk HFISHA Hoy Fig. 24 B& A
KO BERO] Avhol whel RUEL RN
mekAl e, 2, @BE KEES] 3% CoHM
(6.5)3} CoHMs(6.5)+&= EoF FRiFH(IEE Ho]
A ¢k3 &L disproportionation KRE Hji#pol
A A dojAet, ol#d Hge Takaya?
T ®BES NS A wEe Fu o9, 2y
HolBdo 2w JE LY Aogmliol kiFH(
b vehdA gdeAgE B kESE TR
BAME KHE #1iid)E coke 7} RS Th, oA
- RHES A7l Fol S AW Tog Mo}
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Table 3.: Surface Area Measurements

Total Adsorbed

Material Surface Area
Volume at STP | (m%/g)
(co)
fresh CoHM(6.5)| 126 | 51039
coked CoHM(6. 5)| 89 372. 41
L, H) |
coked CoHMI(6.5)" 93 391. 76
(HP®, Ha) |

% Low pressure operation(14.7 psia)

° High pressure operation(180.7 psia)

* Atmosphere
T o 5 UX, Table 3 A# MY EEHE
= iOkE_ 4 F o BEE ALSA
“H coke BhEEol olet HE LRSS I
o}t Aol dHME AL T Atk 0133711 #
el HCE coke & WE REAT-+= o
ol 4} #A| A gf=rt. wekA Y coke Jf/BiHi%
7 AR kol 7hA CoHM(6. 5) o Ea¥Eho] ol
Bpslm 2w F iEtE CoHM(6.5)dct cha
Ho] Atiels RMEHEL EEET o a2A &
o}, webA & RE ER AR Bt dod
meehel B, MELS Al71el BECIA F ub ok
e, coke %EBZOH Zl9l%t FEiEMAEAL BHAAE
Zaaek B8 & 4 93, ol Gendy® 53}
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M 24RAEels] A%, Lewis BHEs 7
= FfeBhe]l =743l ﬁ} sko MEEGAl~] (acid st-
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wtd B R REETAANE &8 Skl
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EhubA] o= U KIEER BER S 2o
RAEL SREES Bolvke Bl A disproport-
ionation KHES $13} EeELel Al7)7 BEHE{L
FREE 93 mEie) A7)uch 7kehw dispropor-
tionation #} coke KL 722 site ol 4] &
PSS AA #Tdh= A3, coke = K
el Bel 47w KFEel FES coke RS
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