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Abstract—Modified H-Mordenites, ZSM-5, and heteropoly acids were prepared and subjected to reaction
studies to gain an insight into their acid roles on the reactions. Modification steps for mordenites include steam
-treatment and ion-exchange with transition metals.

Acid properties of the catalysts were investigated by the temperature programmed desorption of ammonia and
pyridine and infrared spectra of pyridine adsorbed on the catalysts. TPD experiments showed that there were two
kinds of active sites-weak and strong- on mordenite and ZSM-5 surfaces. IR experiments revealed that there
were Lewis and Bronsted acids on mordenites and ZSM-5, while there was only Brdnsted acid on heteropoly
acids.

It was found that strong acids were responsible for the carbon deposits on the catalyst surface. It was also
observed that strong acid played an imporatant role on the product selectivity for the xylene isomerization and
toluene disproportionation, while weak acids were active for isomerization of n-butene and methanol conver-
sion to dimethyl ether.
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Fig. 1. Thermal analysis for Na-ZSM- 5.



R % TPD7Y S ol &4 794 %ol S4AT 13

S & 4 ded ol F71Fd 3" TPAH7E
Az Prle Ao gt
4. XRD ¥ SEM

Fig. 2= AdAo4 A= ZSM-5&0f9 X-

RD Pattern®} SEM A}&lo|c}, XRD Pattern
Hu] 7~ 8° %l 22° Zuloll EAAE el 3
> YolFw 9t

32 o

o] Alzx Zelj7} ZSM-54&

|”||;l RRLIEAT I', ||1|‘

5 10 20 30 40
26

Fig. 2. Scanning electron micrograph and XRD
pattern of ZSM-5 prepared at SNU la-

boratoery.

«+-HM
:
5
-
b= Pyridine =3
o
;é
<G
1 L ! ! ! '
0 100 200 300 400 500 600 700

Temperature (C)
Fig.3. TPD chromatogram for HM and HMs.

5. TPD A& (25)

AR (14) ol 4 o} 72
102 torr 6}‘9“ A 2 Al 7+%-o}
o714 21

TPD A A ol 4

550C 2 7k 8= A
+ 100 & Y2472 gt olE 100
torre}ea ol oF 247 B4 Sehol F244

2ol B4l AP e FAA7 AT 10
torr 3 & 3foll A ZFHefoll FaA]ZHon] glEAlz
of Fztuld o] 307 ALEY 4] 147 F<b

2ol 3

Wi 7jA 72 AAE k7| R she] ¥k 10~15
T2 s S AE =739

TCDZ
o

Fig. 3 (14]¢ ¥4 HM9| 7§ A2 zey

o el Actak o9 yu|zrt ZEafshut HMs
(Steam-treated H-Mordenite) & 74 $-oll= y 92
E
o
s
=z
15
<
L A, 1 1 1 1
0 200 400 600

Temperature (C)
Fig. 4. TPD chromatogram of NH; on ZSM-5.

HWAHAK KONGHAK Vol. 25, No. 1, February 1987



74 olmlal « WA S . o]z} -

334

190C

(a)
(b)

_

Fig.5. TPD chromatogram of pyridine on
(a) H,PW,,0,, and (b) H,PMo,,0,,

7 Al Fol S o 4 Urk AdgAddA Al
23 ZSM-5ZulE Fig 494 2y ule} o)
150 T2k 600C THolM FRuobe] ) =HE
Jag BejFozH oAb kel EAs)
+ 3e & 5 U dezEeate] A4 Figs
ol By AAF AbHe] shiql EAlde] 12-%

Augalde] -HasEqus Ao ZEs
g sl
>
s
=
:é
<
! | ) ] 1 L
200 400 600

Temperature (C)
Fig. 6. TPD chromatogram of Na-ZSM-5.

ist&st Mi25® H1F 1987 28

oI - 453

Na-ZSM-5 &m 2ol F2=lo] YA AH +
Z2Well EAsle F715S TPD A ol4 15T /min
2 25t =2aa] A Bekch Fig 604 »&
upo} zto} 250 Aol Fol &atsi Arted
peak 7} 8l 440 o} 550 ol 4 f-71E o] whats}
= 57 peak & & 4 Uk Fig. 19 TGA-
DTAZA# 9} ot 255 debl= 22 TPD %=
o Zuf ¢|x| 9} TCDA}ol +7¥~2: W R el
A A7k Ao 7|lske e lch, TGA-
DTA| 4 9} v}al7lz] 2 'rr7]""a"-4 etit peak 7t F
Mol AL ZSM-598 AA F2Hel A7t
% 7}A channel ©] 71 Wl F9l Aoz EHA"E-} -
ik, Na-ZSM-5% NH,Cl& o|&m33t of& T-
PD AR A &euar]A ¥ Fig. 73 ol
Na—ZSM-591r—‘= 28] E o] peak 7t 47431 A

£ 27|17} th& 57}A channel o4 NH, ¢ TPAH
7} 2atsie] o] £ EAY FrIgtel A7 2

T2l Aoz o=

Arbitrary unit

ol i 1 ! I |

200 400 600
Temperature (C)

Fig.7. TPD chromatogram of NH,-ZSM-5.




IR % TPD7IH&

Zojo] F2E golslun AMEA S =AFEE] Yot
o] 245 IR2 Canada Bomem A}2] Model DA3 -
022l FT-IR24] AZ%71Z+ DTGS (Deuterized
triglycin sulfate) 5 AF&389 3 A== 4em™
2 @A 2 EA kA

6 - 1. dEIZE2|L

2272 o] AF AT 2srd (XM, 0,) ™
o] Keggin +25 #+& sl 2Zel4to]
a2 glem, 7|4 XE F4AH
2, M& uﬁﬂziz}am goh, sel2E 2 AHe Ke-

Lol Fholeor TA =
str Mol atztoll whal =helx
3 A4ol2L 249z ANHFozd sHZE
2] 8}8%o] el Keggin +25 Z+& Fo|2 8l
Bz sgEy 1272 e AY4E 2
3 e zZe HYEY T2E
XRDZ 2434 sz s 2 744
4o wte} kx| Auk IRZ #4389 X-0, M=0
% M-O-M2 Band7} ¢k7be] zbel® veld  #
2 FAY L BB Hhrt Aol AzE EA o
delzZe FEUE Elstr] HepA so o
o}, AdAdA AZE3 HPMo,,0,, H.PW,,04
%) H,SiW,0, < IRE 243t Fig. 8 3 2o}
=g o|F AL ofgjrtA F4gier AF?IAS

x o
Zuj QA&

Ze Aoz

HJPMOI!OM

H.SiW,,0,,

TN A4
"’W\W

A

1500 1300 1 100 900 700
Wave number {cm™)
Fig. 8. IR spectra of H,PMo,,0,,, H,SiW,,0,
and H,PW,,0,,.

Transmittance

olgat 2 A

2 347 22bn Geh

Zofo] EAdT 75

Table 1. Characteristic vibrational frequencies
of various heteropoly acids and their
metal salts.

unit:cm ™!

vibrational frequency

Type

X~-0 | M=0| M-0-M
H,SiW,,0, 1019 977 925 774
H,PW,,0, 1079 981 889 787
H;PMo,,0,, 1065 961 868 778
Cu,. sH,FMo0,;,0,0 1065 961 868 778
CuHPMo,,0,, 1064 960 868 775
Cu, sPMo,,0, 1064 962 868 781
FePMo,,0,, 1064 960 868 778

Feo. ¢sHPMo,,0, 1064 960 868 778
Fey ;H,PMo0,,0,, | 1065 960 865 777

Cs;PMo,,0, 1062 964 866 784
Nio. s H,PMo0,,04 1065 961 867 779
NiHPMo,,0,, 1065 961 868 777
AlPMo,,0,, 1065 961 869 783
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Table 2. Activities of variously treated morde-
nites on toluene disproportionation.

Catalysts Corm, %) Come, (27| (D /(1)
at 5 at 60min

HY 50 50 1
HM 75 10 0.13
HM, 60 45 0.75
HNM 7.1 63 22 0.35
HNiMs 7.1 53 45 0.85
HFeM 8.3 65 10 0.15
HFeM 28.7 60 17 0.28
HFeM 46.6 53 43 0.81
HFeMs 28.7 53 45 0.85
HCoM 6.5 40 10 0.25
HCoM 15.5 35 14 0. 40
HCoM 25.1 28 22 0.79
HCoMs 15.5 25 11 0. 88
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