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Gas Phase Chlorination of Aromatics over Zeolite Catalysts

Masao NAKANO
Kazuhiko SEKIZAWA
Toshio HIRONAKA
Yukihiro TSUTSUMI

Gas phase chlorination of aromatics, mainly monochlorobenzene, has been investigated using various zeolite

catalysts. Alkali metal ion-exchanged zeolites proved to be 'highly para selective. Offretite/Erionite (O/E)

zeolites were preeminent para selective catalysts. In O/E zeolites, para selectivity was dependent on the kind

of exchanged cations; potassium, rubidium, cesium, calcium, strontium, and barium ion-exchanged O/E

zeolites exhibited enhanced pare selectivity. Deposit of addition products on the surface of catalysts led to

the decrease in catalytic activity, which could be avoided appreciably by feeding separately chlorine gas and

aromatics to the catalyst bed.
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BETHEIZOVTER LT,
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AEEBRTHEMLICEATA & Table 1 2577,
ZSM-5 (3HFBAMB59-54620 5 1 DX A Lic, 7 U /
TFe S MIRAEORKRBEA T, Tofio¥S
A MERY ~BEOEDTH D, A FA MTFOE
EHDETROLSCHFA LI HE, A1
A= L LT0ERE%DL ) h 2EE LTHERE 6
mmeéX3mm) L, 540°C T 3 M2 &b Ak & L
TH I,

EAZA b OHFA LT, RO KEE IZT
90°C THMEBHF Tl » 1o T, 2¥rhiciE
FAF o SR b ETKEL, #E, 540°C
T 3 R ZE SBER L 72,

(2) THEERERES LUHIE

WHFRACBIGE Fig. 1 1233 X 5 20 0% EBER
TR UE R E 2 F T oo, BN 2T A v~

LEEREm L, FEERIKFRA 70T —5—
Ik EEANCOME Lic, B, RS 5g &/
WO 200°C 12T, RS A L FEHRRILKE
BRENO.5TERNT AL Y HIR LS L TiT4 - 1o,

ARG Lic b o b Ty FliCiiESh, KR
IEF I bL® o ERIL LIBIEEEMICIELR O &
7B,

LR O TP, FFAP ¥+ 5 ) — % 5 2 (0.24
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D177 1 RMIEEMIZIEROELER Xg,) TEL, =
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kb T HOEE (p-Sel) TE L1z,

X = [Feed Cly)—(Unreact Cly]
Cle (Feed Cl;)

S (DCB)
DCB™ 'DCBI+ (TCB)+(TECB]

o (para)
SEE = [paral+ Lortho]+ [meta)

(TCB): Y7 muax ¥
[TECBl:F h5 7/ mu_rty
(3) NHs-TPD Rl%E
NH3-TPD i X ) €454 b OREHEE &8I Ui,
B ¥ L ORI &ML OIS 2B i
Vo L, SROBIEIRFCT, 7Y EZTRERD
Bi54E 50°C TfT# 720

Table 1 Zeolite Sample

- N e+ x Nomee .. i -
Zeolite Si0y/AL03 Ll Dlrrjen51ons* Ef.fectwe Pof ¢ Abbreviation
(A) Diameter? (A)
A type Zeolite 2.0 4.1 3.9 A
X type Zeolite 2.5 7.4 8.1 X
Y type Zeolite 5.3 7.4 8.1 Y
Offretite/Erionite 7.4 6.4, 3.6X5.2 6.0/4.3 O/E
L type Zeolite 7.1 7.1 8.1 L
Mordenite-1 9.8 6.7X7.0, 2.9X%X5.7 6.2 Mord-1
-2 15.0 T T Mord-2
=3 20.1 T T Mord-3
Ferrierite 17.0 | 4.3X5.5, 3.4%4.8 3.9 Ferr
ZSM-5-1 23.3 5.4%5.6, 5.1X5.5 5.5 ZSM-5-1
-2 40.4 T T ZSM-5-2
Clinoptilolite 10.0 == 3.5 | Clino

* From Ref. (4)

2 Kinetic Diameter of Largest Molecule Adsorbed in Ref. (5)
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7 HIEFRIEL XS B, p-Sel. (KL

INHIFNLT, 454 M, 7e b RTY
T ) ERATY, mCERILEE S XU p-Sel. &
WL, REEA T4 b CHBT 5 &, BRsiEom-7
ua ke Mry, LT YREOESSEG p-Sel. &
LT,

EHEEA A N EEET DL, 5A LT/ 2840
LasEifcews Na-A 2 Na-7 = )54 b, o€
VEROMIL~DORAD R, R ARE TEL
LTlDEEZ LR, HHEAIELS pSel. thHE @<
Bl — 7, 89 10A oKX/l > NaX <
Na-Y i3, 1SS p-Sel. iZhF vE<fev, Ml
floREsnzhooFicdsEA T4 by, HEWN
BV p-Sel. Z/RTHHEICH D,

CHhBEDEASA L DO, KkdT7va A4 M2y A

Furnace

\Catalysl

Bath
Scheme of Apparatus.
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Table 2 Chlorination of MCB over Various Catalysts

Catalyst

H-Y
H-Mord-2
H-ZSM5-1

Na-A

Na-X

Na-Y

K-O/E

K-L
Na-Mord-1
Na-Mord-2
Na-Mord-3
Na-Ferr
Na-ZSM-5-1
Na-ZSM-5-2
Clino

Si0,/ALOs

AlLO;
Si0,
MgO

Xoy,
L (%)
99.9
90.
93.

16.
97.
99.
96.
87.
73.
75.
17.
61.
74.
26.
64.
92.
95.

3.
82.

SO DN

T h N~ = DD D D W O W

-~ s 00 =3

Spes p—SEI.
(%) (%)
92.2 64.5
87.2 77.3
90.6 72.5
96.3 68.8
93.8 78.3
92.7 70.2
99.3 93.1
94.5 77.4
96.8 80.4
95.9 85.4
98.8 71.7
96.8 71.5
95.0 78.3
97.6 71.6
94.5 67.8
91.0 62.5
93.2 65.0
91.3 68.5
92.0 54.9

React. Temp.: 200°C
Cly/MCB: 0.5 (mol/mol)

W/F: 124 (g-cat. hr/MCB-mol)
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Table 3 Chlorination of Various Aromatics over Table 4 Effect of Exchanged Cation in O/E on
K-O/E Chlorination of MCB

- o X.f’lmm. p‘sc!' N 1 XCIZ SDCB p_Sel
3 3 Cat %)

Arom Clz/Arom (%) %) ation (%) %) %) )
Benzene 1.0 73.8 90.3 H (76) 94.5 95.0 64.4
Bromobenzene 0.5 47.1 90.1 Li (44) 99.8 97.8 78.6
Toluene 0.5 35.9 62. 4 Na (64) 99.2 96. 4 78.4
React. Temp.: 200°C K (98) 96. 3 99.3 93.1

Rb (76) 93.0 98.9 93.0
Cs (74) 78.2 99.5 92.2
4 + (K-O/E) »#rizEy s p-Sel. #5= L1, K-O/E Mg (74) 95.8 93.3 70.4
. . . Ca (70) 93.1 97.6 82.4
-Sel. (T Y T B XS TE:<,
1T p-Sel. 120 T < &R L U Speg D TE < S (65) %. 1 98. 5 89.3
B SRERE CH 27, Ba 73) | 95.8 98.0 85.2
(2) BEFBFHRRIECAFZEOTARER(L La (61) 82.0 97.0 77.3
K-0O/E fidt & FL T Ry, TanERy+Fok Ce (59) 88.8 97.1 79.2
FOAT L OTMETIL & 200°C T/ » 1o k5 & Tl @ | 517 %81 6.0
Table 3 127", NP ELRIUT B ERL L OBEE React. Temp.: 200°C
_ Cl;/MCB: 0.5 (mol/mol)
DOEEL, 909 2 -Sel. L, LT D
m %D%A R~ W/F: 124 (g-cat.hr/MCB-mol)
BHRILOBHE S, WHIEREL Y #920%# - p-Sel. & 1) the degree of cation exchange
LTS,

Q) b FALEBEOHE

O/E ¥4 54 bOZHhF AL 2 &BHF A 2%
#L, MCB noSHERIL 1T/ -7k E % Table 4 90}
RS, RS XCERERT BRI FA itk h kxl

100

B Lice SO X 510 h F 4 LA EMAE £ B (L S 1 s W

HENE LTE, MEEOTLRSI U FA L OAE X 3 a0l

DHEIEZ LN D, &
=Y, BMUEOELE NHs-TPD iz X v fIE L, 60

1
1.0 2.0 3.0

BHEZWH F4 2 O/E » NH3-TPD z2~7 fLfsk &
i e R ) : Polarizability of Cation (Z/r)

NH; O TS (To) L ORIk, BUcHE LTy Fig. 2 Relation of p-Sel. to Polarizability of Ca-
B% b, NFAOFENNIEE Tr A tion in Chlorination of MCB over O/E.
K<, MABENBES R ENREINDG, 1,

p-Sel. ¥&, Fig. 2 iZ/RT X5, HF4 L OHBEEH

NEEEEL, Thbb M OREME 258 g L Table 5 Effect of Exchanged Cation on
p-Sel. AE T EATE S D, __ brdelectivity AN

ZIT, BOEFTA MeowT b RIS 74+ H Na K Cs
OB R L1, Table 5 iz DCB oo & tHtE={rK O/E 64. 4 78.4 93.1 92.2
ILORER %, Fig. 3 1& NHs-TPD 2% kL %734, X ans 78.3 - 71.9
NHy-TPD BIE0&EEN S, Y, L, TAF44 b B0 E G e gjz g;

_ 5| 7N > BB AN ) '
ZSM 5 {) O/E &IE.I*%R_, xiﬁ%ﬁ ‘7‘71—/0)/7}@5[:75 J MOI‘d‘Z 77.3 85. 4 81.9 79.5
SR ETERE T 2 - T D 2 EMRER S T, L ZSM-5-1 72.5 78.3 75.3 77.0
722U, Table 5 (Z779 X 51z, O/E Ao+ 54 React. Temp.: 200°C
TIAHED F4 2O p-Sel. KRIFTEET/NIEL, fit Cla/MCB: 0.5 (mol/mol)
BOBEE - p-Sel. KHEBRIIAVL S Tho, W/F: 124 (g-cat.hr/MCB-mol)
(98)
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Fig. 3 NH;3-TPD Spectrums of Various Zeolites.

7T, K, Rb, Cs #1Z%0n O/E 2EEICE p-Sel.
BT 0D, BMUEEHOREDOR LIE L B,
FITRIZ, HFA L OREIRFERTEE, BH0D
FA I YEFTA FOFEVBAROE L IFI
%, Fig. 4 i O/E 1t k} %, #FA4 L HED LIEFK
{LRF XL p-Sel. LDBARETRT, ZORDG, T
NFFHKECIEEFDMILEI DI LA D, TRE
Rt BT 270, p-Sel. El kB EEZBND,
7%, Rb, Cs TRIFA L EENKETETC, KIEW
DIMFL~DRADEEE & A2 v, EHELMET Lic LHEE S
N5,
WFALDOREIOFELEDELT T b CHEET
Do EATA ML T, HAEERY FA OB
R 20T, #FAH L ORKEIOHTHR—MNICHET 5
TERTERGA, T2 TRHLT, 4754 b Ef-
fective Pore Diameter m b4 F4 vER T F-{EX
R oFaMILEE LT, p-Sel. L oBIfR &% L
72 (Fig. ) ., WG EA 1 FofEEIcEk ST, R
FORMMILELNE L 2B EET LT3, K&/
HBIOEREET LY EAL T4 ML, K&V FA
R L THEREREARIECE 23 LR 0FE

100

90

Xcl (%)

80

(%)

p-Sel.

| 1 1
0 0.5 1.0 1.5 2.0
Radius of Cation (A)

Fig. 4 Effect of Exchanged Cation on Chlorina-
tion of MCB over O/E.
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Xo, Spcs p-Sel.
(%) (%) (%)

99.0 99.2 90.3
99.5 99.6 93.5
92.7 99.2 90.2

84.0 96.8 81.9
| 89.0 97.3 7.2
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100 Table 6 Modification of Zeolites
80 Zeolite Modification
AN
& 60f None
s K-O/E SicCl,
< Si(OCH3),
100 — - .
| —mme K-Mord-2 Si?;f
’ig 90 \\ Na X ;
‘Q'f 8ol Cs_m \ - React. Temp.: 200°C
0 é ANNY Clo/MCB: 0.5 (mol/mol)
& ool SOK (_3,-\‘\\\ H iy W/F: 124 (g-cat. hr/MCB-mol)
Cs K H

2 3 4 5 6 1 8
Apparent Pore Diameter (A)

Fig. 5 Effect of Exchanged Cation on Chlorina-
tion of MCB over Various Zeolites.

HILRIR N XA 6P, hF A itk B p-Sel. 0%
BT h&vy, FALFFA R ZSM-5 3371424 k&
i%Z[E U Effective Pore Diameter ##>»3%, p-Sel. @
AL NE L, LAWFA BB REL B L
p-Sel. ZE FFaHEAL1HZ, OFRRO—2L LT,
NEREEEADORIGA~DFENE 2 bhb, Thbb,
EFENTHA MR ZSM-5 @G RERODF A LI T S

L, RICHOMIA~ORASREEE Aoy, SFEREEMA
DIE~DEFENHEINL, TR EREIC L 5 p-Sel. 28
EF+5, chbikeL T, O/E AR RIE~D
FEHNS oD, ROCHEIERESRIESh, HE
FNCEL p-Sel. #mTEFE2 b5, ZOHEIIRD
TOORBRERMODTRIN S,

Table 6 i, SiCly £CTHEX T4 b DIER 2 RIEL
BLTRIGIKAWIEERETR TS, ELTHA M
SiCly iz kv p-Sel. k< mEL, NEROF
SR &<, O/E [ ZMEF#% T p-Sel. i1z & A EZ1L
B, AREOFGINI LRS00 bR B, T
Table 7 i3, "NV ABEBEL L D4-XAFLF /Y
(4-MQ) DWEEE &R+ 2, 4-MQ 13 Kinetic Diame-
ter 22 6.5A THY, ZHHDEFFA b TRAFREK
LB ETERVEEZ NS, TALTFHA D
ZSM-5 LIt~ O/E i3 4-MQ oWERI DL, 4
REDRIE~DFELEIVNZ G & R BT 5,

(4) #7LE4 b/ TUFFA bOWESE

ST, PlEdick o, SHIEFIERIGIC BT
B CEL p-Sel. #RTELFA b O/E ofEsico

(100)

Table 7 Adsorbed Amount of 4-Methylquinoline

_ noline)

Zeolite 4-Methylquinoline
(mmol/g)
K-O/E 0.004
K-ZSM-5-1 0.025
K-Mord-2 0.072
K-Mord-2/SiCly 0.004
1) at 100°C
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B, atHro 8 BROMILOHREET, Chen 5100
T TMA-# 7 v 2 A bOBEBRIT T, BRXHE
BT (XRD) 227 MAlck vz A+ MESRED
BEREOFEZRE LTV 5, - OB AROEIE T,
XRD A7 brizsi a4+ 4 bESCEED
E'— 2 (odd 1 line) oMEMHEIC LY kB LT
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A P OREERT TR, BB (754§,
V=FTAN) OFEEFEREL TS, 2OX5IT, &
o OO, —OORB&ENICFEIFIC G Eh0d
Ve ZOESR{DELT, €454 KT R ZSM-
MW BImbsENh T3, O/E d&h, #7041 Mgk
WHEOT Y 54 MEARRIE L NERE LTV 3
ol ETREITICX Y BB IN T 514,

F, AT7VLEA MRZ YT FA NODF A L OME
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Table 8 Chlorination of MCB over Various LEOFER S, MCB OSAMEFRISIC B TEL
1' Ly [OEEtCIEen i 0.7 ToBA, PDCB o4 BRI F O S
‘ ' y Rafoof Brio. | Xo,  p-Sel. RN WHIT 5% 2 T Fig. 9 (o4, ML V@)
: Structure ()t | (%) (%) Ly OEFBHEE Flg/Hr), F/V R EREE L LT,

Offretite _6 83.5 89.9 Xe, 3L PDCB @ STY LRz Rm LA, Zhh
| a3 34 U M CEAL 5, F/V 53500 £ CI ek n & T+ a0,
| - o ool g AU CHAT 30488 % L, 0o STY [

— 600 (g/8-cat. hr) TH %,
React. Temp.: 200°C

0y SN . - — R
SN . (6) NIHLHEY MCB DFHREFALORIFLIL
W/F: 124 (g-cat. hr/MCB-mol) K-O/E glick 2~ € (B) $Lvt MCB 0%
1) the value which is calculated on the basis of XRD HEFic BT 3 ERORELE(LE Fig. 10(a) LU
data.
! 100
, feled b #ELBbND, £z, 150°C LLF CliEM A S
| SICIET L, p-Sel. AhFmic BT+ 50, = itk 2 lgz "
I BIETOEINC X v ¥4 54 M AERBEORKIE~DOFEH
| Wt sich s HEINh 2, 95/ 1% 3
I| (2) EIHOZE S =
~— Q
Fig. 8 iz, %+ MCB O#H5E NV HEMSIEMES L = F 190 =
I BRI R ET B ETRT, TAN0.ThHA 5 & A g 5
l 5 ]
|i XqZ MNMETL, hYZeaxr¥ (TCB) o4pEhiE
H 9 27% Spep METT 5, 2o, TCB X7 fk 0%
q DHEDANMELLDIIESPERLH 12, p-Sel. Cl/MCB (mol/mol)
] Rk 5, TR S ERIE(LROE Lk Fig. 8 Effect of Molar Ratio on Catalytic Activi-
| RIS &5 ONBE L, A0 TUTFAFE L ty and Selectivity.
{ " Catalyst: K-O/E5 g
! ° Reaction Temperature: 200°C
ji (3) HEAMEFRIOE GHSV: 430 hr-1
i '
"‘ A: Clg const. (20.152 mmol/hr)
I o: MCB const. (40.304 mmol/hr)
:;! 100 O
.' Xon
Iﬁ 100
:I 7 _ p-Sel. 1000k
i 90+ ;‘ /;:
]'5 §§ ;'l L‘
i i w
J 5% / kS
' =y | B 190 8
801 : 5 @) ~
' b @ 5004 3
| 8 >
;j &
1 L 1 1 ] ”5
d 100 150 200 250 300 Bt
! Reaction Temperature (C) 5) {4
, Fig. 7 Effect of Reaction Temperature on i : : : : ;
| Catalytic Activity and Selectivity. 0 1}?0 dzlgo 30f0 Clmﬂ /1500 600
(K-O/E) eed Rate of Cl, (g/l-cat. hr)
j Catalyst: K-O/E 5 g Fig. 9 Effect of Feed Rate of Cl; on Catalytic
1 MCB/Cly/Ny=4/2/94 Activity (K-O/E).
A
. (102)
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Catalyst: K-O/E5g
React. Temp.: 200°C

{b) iZ7R"d, 7ok, p-Sel. ORERNALITIE & A SEIHI
e otc, MCB oSHERICE T, 3L A
CEMEE N ZB S g~ eoicx LT, B, D4,
KELEEETVERMI N, cORRELT, B, @
B, ORIEF, WHNSZANE N &, QRIGH
HERBRIERL, BARERICEIVEEIRSZ L, OF
BRI EUL TEBICERA IS ERT 5 &, ORIGR
W7 DANELEFTHBBFRLR LV E RRENT S
E, FEHET I AMEISAS 2L, ®MCB itk Ty,
WHRAMDEHRNT 5 EEHRERTRR LS B2 En
5, B, OKMERCIC CIREWRNIG & AT o8
WATIRBUEA R D 5 <, AR LcEF A ndp o it /8 ic
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Fig. 11 Scheme of Improved Reactor.
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