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Carbon tetrachloride (Solvent)

Toluene

Xylenes

Various isomers of trimethyl benzene

Indene

A mixture of C, alkyl derivatives of benzene with tetramethyl
benzenes as the most likely candidates. Also evidence for small
amounts of methyl indane.

Naphthalene

Various isomers of trimethyl ethyl benzene

The two isomers of methyl naphthalene

Isomers of dimethyl naphthalene

Trimethyl naphthalenes are the most likely candidates although
there is some evidence for other Cj alkyl side chain derivatives
as well

Diphenyl methanone

Tetramethyl naphthalenes are the most likely candidates
although small amounts of methy! derivatives of fluorene are
suspected.

Anthracene or phenanthrene (on the basis of the mass spectral
information alone these species were indistinguishable).

A mixture of dimethyl Cg alkyl derivatives of naphthalene.
Methyl phenanthrene

Pyrene or fluoranthene (on the basis of mass spectral
information alone the species were indistinguishable).
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MgO—B,0, /HZSM-5(I) 300 19 42 11 15 1 7 5 13
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MgO—P,0,/HZSM-5(I) 300 14 14 22 27 4 12 8 24
MgQ—P,0,/HZSM-5(D) 310 16 13 19 29 3 13 7 23
Zn0—B,0, /HZSM-5 204 19 21 37 11 1 8 3 12

* T, toluene; X, xylene; A, total aromatics
a,b’; olefine + paraffin
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FL&IC

A 74 MIRRICERT EBHEDRNT &
ERTREICHENEBONE T LD, LFEITET
BERERBEELTHWLNTED, FEBSA
O b ARMICDONWTTERTH 5, LA
FAPDEAIREEL LIRBROBRRELTTA b
FFShThY, AR ETTRRBEY, BY, WH
FUBAD Sic k- TEA IO XS ICESEH, -
B, SRS, BRAE s v —, KU,
HARERB LML SIKCERIN TN S, 20
PTRFICEG 1l 5 2 O3 BEHEHE & U To R
FZEEEA 54 M S_THBIRIKDIRL, 72
MET—42 b &bHTZ LI,

AR RREA 74 bOAFIRAL, BERn
XY B VR A RE L BB A BT B K
REF 74 t OSEFREREROSEERO—>
EHINETTENTH 5,

1. REEASA bomiEE LTORE

L1 U 7F054 bPofHE

AFBTIIRREZ 7 4 MEIRE LT clinoptilolite
& mordenite DHEEE N L1, EUKEDOFERER
S TH B clinoptilolite @ EA LR iT NagAl
SiggOry * 24 H;,0 TH O, KIREE TR 1 A
vELTNa, K, Ca, Mgtsathd, Si/Alt
BEDEY Y AEE T4 FThHhBH 5 LENICHA
5 EICEFE UOHE — Sttt s X OanzEd
2B LT 5,

clinoptilotite O S (3 EAN I BERRIC
B9 % heulandite L RBEL L 5, MERICEEL
XANIFEL LTI DS, (LEHER D Si/AlZ 400
bOEMB LT EEELSS Y, BT c BFIC
10 BEEERR (043%0.71 nm)BLU 8 BEEHER (040
X046nm), IS aFMB LT alilis 50° %
19 8 BMER (0.39%X054nm, 0.39%0.52
mm) KOS F » ¥ 2 vTHIAREEL2 LD, TOC
& 5 clinoptilolite 08535 5 WMERA D BEE 13 A A%

mERETER ¥ H 8 5k

ABIEZX 54 F (BEBTF + YA V) H 503 ZSM
-5FEF T4 (10 BRF + ¥ 4 v) &R Al
A IRT C R RN B,

1.2 #EROBE

TR & 5 I & UC TENFIRRIZEA SR
IR THENRY, SETERS RS L 7o SR
HRETHREIN TS, THOHBELFFAI MC
£ B n-2r 2y OARRIGE O H,S OBALF I,
7 x YRBRIET, A4 — VvORALRIEY, 7
JFFRTA4 MCED P VT Y OREIREY, v
sankeyBLIOY I andt ) - vOBRBLK
BOW ) 1&) —nBXU2-F 0 — DK
BB, 2 &7 —vOBKRED, fi€t 54 bic
EBF VLY OBEAAKRYY, ~veyok#il
KR, TFL~v€yOMRIE 15 E55% 0,
Rk, V#Z L TEATRAERICHESLDDH
BEHicBbh B,
CNODOMEREREL ORRELT 74 b4 XU
DY IS IEE T 5 C STk O RBIEERIBIC
BEREA T4 b ERBFICHEESERESREL S
B MR EANID, KR, XoER®
NAWEEN B, —MICKREL T4 b SR %E
BETECLEZRETHZ05, FIEFADZ LD
(2% DIEMEE B X OB O R HE— D MR FIHE SR &
U Tl sen BHREA TFRIT 2o b RN
Vo Lichio TR EBEET & L 3RBROE
WEE GLHERR), (LMD TH O, chiER
EMFEDORRBIZEDIIN,

D EOEEAE 5E Z TUTICES SOWEEBN
Lz,

2. RMEIEEH
2.1 SiHERKE KTMEFEHER
EEOHFR LY/ TFa T4 RERE

By sTFa A EBRT) BREB I T

FET, CORERBELICLE XBRAITOME,
Table 1 ® &5 ICHEBEBHESLICENTHE ™,
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Table 1 Mineral composition of clinoptilolite-
tuff from Futatsui, Akita Prefecture,

Japan
Clinoptilolite 75.2 wt%
@-Quartz 19 wt%
a-Cristobalite 50 wt%
Feldspar 34wt%h
Mica 1.8 wt%
Amorphous materials 12.7 wt%

clinoptilolite B &3 752wt % & E O CDRE %,
16 —42meshiCHIR: UIKEBE - &1R1%, BEEE (NC)
& L7o NC DALZESRERAES7 ) ) TFua 54 b
DFENEHKIC Table 21TRT,

2.2 AFHpNE

fE{&E (Bronsted B i L ToO¥Z 74 Mg
H' A4V 248356008 HTHS. clinoptilo-
lite (3THERMELSE L, SEERCEREA 4 VY XEWAJEET
HY, 15M-HCl LETE BTV =9 ai34ET
BOEREEIRND L REShTE™, Ly
UNC#% 1M-HC] T 3 EIfLE (80C, 24hX3) L
725BH(NCH-3) 2 XRD it X0 (132) 8 X 5 (052)
HOFEL— /BMENRNCD 0% TR T BT &
P oERBEDRERLT USTLTEL, cli-
noptilolite ® # F 4 ¥ HWREILHEKPDOT Y £=T
BEZOBRECERLINTNE LI, NH;

Vol. 3 No. 2 (1986)

A % VA EEROICHBREE T 20TY, colE
ARALTEEBERED HY A1 4 v B lmEK 7 )
J7Fn 54 FAEMTE B, NCANH,ClKEK
he4F 3L, KRR, X51T500C, 3
hZeGh TR L, RT7T vE=T L TELEEH
NCH-4, 5 T® 5.

2.3 BEBUABELIUFEBKEZET vEZJLNE

Y454 FOBEAERT S C & ARMLEE
B2 TRARBR MR 2 M 55 LT HY
A F ¥ BEEA~DE S L ARIEE vk
BT 3, 2T H M4 5HEREICES
WMAZREEZ 2B TH,SO, % 520 @ NH,HSO, %
HOTREOHEAR & - 1.

clinoptilolite IFLIND LB & Y H 4 % Vi
FOBHBINNTEZDA T VY REDEDS, HHTOD
AR (BRI AL 32480 KF 5, HELEDH
KTHEBRHRREDET A S 12, BENDOHE
LA X 0 BHHMAROR/NE 3D 5 T2,
FrEBE D H,SO,hic NCE 4R L (FH, 24h),
B - EE%, 225 500C, 3hBERT 5 (NCH
-6~10), EEEDH,SO, ~® 43 clinoptilo-
lite DFERHEE% il 4 23 (FiRD XRDHEICT X D
NCO82% % TIET), NHHSO, ~O&BNET
(E A 959 LI ERE RN, HT A A 53R
&NH, 1 & ¥ D& (NCH-11~13),

PlEofenBic L o RERESHI N )/ TF

Table 2 Chemical composition of modified clinoptilolites

Si0; AlO; NagO KO MgO CaO FegO5 SO Igloss®  H' Si/Al

Sample Treatment exchange
wt% % mol/mol

NC - 70.3 113 210 3.69 0.478 0.953 0.657 <0.024 105 7 5.5
NCH-1 0.1M HCI 71.0 9.58 0975 294 0.385 0.906 0.506 - 12.9 23 6.3
NCH-2 1.0M HCl1 748 658 0310 1.76 0.180 0.200 0.370 - 124 50 9.6
NCH-3 1.0M HC1? 76.0 577 0.294 129 0.155 0.140 0.320 - 135 56 11.2
NCH-4 0.05M NH,C1 71.7 115 1.06 3.88 0.463 0.914 0.579 - 9.88 24 5.3
NCH-5 2.0M NH,CI 72.3 11.0 0.272 0.591 0.167 0.231 0.524 - 12.9 82 5.6
NCH-6 0.06M HpSO4 71.8 104 148 314 0.435 0.933 0.500 0.052 103 16 5.8
NCH-7 0.1M HpSO4 727 105 123 311 0.405 0.780 0.577 0.17 9.77 19 5.9
NCH-8 0.5M HySOq4 72.8 104 0.780 343 0.404 0.628 0.592 0.33 8.89 31 6.0
NCH-9 1.0M H;SO, 73.7 103 0.510 2.70 0.411 0.663 0.591 1.30 9.11 42 6.1
NCH-10 2.0M HySO, 734 10.0 0.350 1.94 0.387 0.674 0.547 3.44 10.5 51 6.2
NCH-11 0.1M NHHSO, 714 11.0 0.680 3.29 0.409 0.600 0.579 0.28 10.7 48 5.5
NCH-12 0.5M NHHSO, 730 11.0 0.385 2.13 0.402 0.500 0.586 2.10 10.6 56 5.7
NCH-13 1.0M NHHSO, 729 11.0 0.340 1.50 0.374 0.464 0570 3.14 10.7 64 5.6

2 Repeated three times, P Ignition loss at 500°C.
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3. PERGG

3.1 X% J— BRI

AR )= BIERA VT 4 YIREBRRIK
TGN B AR ROENBERERDO—2TH
DIERICEFIN TS, ARISICHRIS I & L
TISM-542RFETEIEFVIAELT TA4 bOAT
oRY)EBBHSNTED, BICHEOEEB I UHE
k3 F Y (strong Bronsted acidity) 8 XU
HHFLEEE (F v Y VRER(EK R AR — #9 0.55nm) T
MRET A, o L3, Bronsted BB L
BRI BSFRICAREOMILEL b2 BRI
AGRME S UTHEETH D T EERRT B,

UIci- TEHSEDEXFEA LT 4 YOS TFREE
FRREOMFALERAE T3 clinoptilolite 3 2 DEHE S
BAA Y2 H 44y TRBL, IOICHALELES
Favbto—-vThdEEEL OEERELRET
At LTI INBEDTH 5,

3.2 RRICERE LRSS

* &7 — VGRS EE OF EEERREBER
BUREEE T -7, MiE005 g2 RIBE(SUS
-304, 8mm® X300 mm) O HFRIICDW, £ DH]
BICAEY - VEOSHTHEET %, He KA 400

74 +F

(15)

CTT 3h iEHA LB R, FrEOINREICHER T 5,
53kPad 4 4 / —nwaiHeklEHIC 10ml * min™? T
FUSE~ET, FGROEERTNTHRE(BIT)T
5o

HEEHOSMTRREC 25O R 702 I 5T
TiT189, 18R FIDATHZ 4130V-101 (100
m) ZFEMA URKRE 4 DL o RIWVKERZDEEEL,
fd 1 B TCDATH 7 4103 Porapak S (1.5m)
ZERAL, RBEILUTORILKSE, #4/—w,
IxFnT—-Fn, COBIUCOZDBEET 5,

4 PRIEERES KOGBIRM
AR ORI U - ST 32,

~H;0 —H,0 _
2CH;OH=——= CH;OCHz— C,—C; olefins
TH,O

paraffins
aromatics
naphthenes
Cq+Olefins
U tes o TERERALRERC I EHRA L 7 4+ v B35k
HICHERL 4 %, Table 3IC/RT & ST, Al L,
NC & NCH-10%k &, I NTRE/LEEABGTNS
Ch b oI ERA V7 4 YERBRESE LS
Bl ZORRITFEEY, H 44 Y HICKD

Table 3 Conversion of methanol over modified clinoptilolites

NCH-
Catalysts NC
1 2 3 4 5 6 7 8 9 10 11 12 13
Cogxgjﬁona % 924 976 979 995 997 100 963 963 985 983 87.2 998 100 100
CH,OCH," 176 29 02 0 O 0 16 32 03 30 317 O 0 0
CO + CO,° 204 133 59 83 147 46 139 156 153 127 170 96 138 125
Hydrocarbons® 128 361 388 330 413 430 337 312 370 279 67 408 394 395
CH, 66 42 41 51 60 100 34 78 51 132 619 50 168 96
C,H, 85 48 58 80 91 139 65 63 99 194 114 92 135 162
CoHq 07 04 07 10 09 24 06 04 15 27 122 07 13 24
Cq4H, 545 218 118 168 451 295 477 481 516 378 91 412 343 355
CyH, 37 26 19 34 29 94 35 29 12 43 38 30 47 69
C,Hg 165 203 116 129 217 189 227 207 215 185 16 228 183 193
C,Hy 0 09 22 22 18 31 15 15 18 14 0 16 18 19
Cyst 95 445 594 477 127 126 140 123 75 27 0 165 93 82
Aromatics 0 05 24 28 0 0 0 0 0 0 0 0 0.5 0
Selectivity 9 795 469 292 377 759 623 769 751 830 757 221 733 661 710

3 Reaction temperature: 350°C, W/F: 336 g.h.mol”l. b wt%; H, O and H, were also produced and only
the former was determined quantitatively, © Cs, indicates hydrocarbons with=5 carbon atoms, except

aromatics.

4 C,—C4 olefins/total hydrocarbon: wt%
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70/ 7F o34 bREICHED Bronsted BB AR
B, #hEEHR LS se &B8XT2Y /
TFa 54+ ORMFUEEDSTRREREAREL
72 EER LTINS, REEHEEY - BRMELEO
BERERITLTAL D,

4.1 A FTHRUE

NC D &8 vERI3 H 4 # Y AMEBOEI HER
TH 5D, clinoptilolite DHIFALD D B, 8 BERD/N
ARG A2/ -V BRALAZT, 10 BIROKL
WNTUBRIGOET LIS 1eH Th e 3, NCH-
1E28BLT4E5DERLENCHOLEM 4~
DK 20% BH M & v TRB|T 5 LEWSE FRT
BDT, ZD 0% DEEA + ¥ IZNAOREICE
ELTBO/NORDLITDAEE * % /) — VT8
PITICHE N THhBC EDBHEEIN .

HCILE I3 C,—C, A L 7 4 ViERRE (KT X4
03 DJER & LT clinoptilolite B#& L O B 7 v 3
= v LZHE U Si/Al ORI & 2 BHMIALE DN
KB L UEESA (BRA)DBRBEDMANES S
%o FTIOBLMARDIEKRIZIASF (C,, ¢ REH
5P EDRIKEERODTN2-AFL-2-TF
BERS) OEFRATEER S LB L, wERAIZ/
57 4 Y OEE™ #{R#ET 2105 Th b,

—7%, NHCIQBTRBETVI=Y ARIET ST,
H 4 & Y BB OAEL D TERBREICE T HB
BEOMASLAPCHEERAR IS A LT 4 ViBRE
FHEBRE RSN,

4.2 ERBAHELE

70/ 7Fad4 r OBEENES X CEREER
HOHFICEHA M 2 vy RiE 205 ET5E L
WH A EEZ BNa TR BRI T L s
TEINLY, 20%%2KE A B4 4 v THTE
HADHAD I HIFE LORE, KANOESREA 4
YEHAF IR B P SRED IS
BOMARLTLE S, #NREENCH-5DC,—C,
274 VEBBREOETELTHOOTNS, £C
TH A 4 ¥ 53 - RCHALRENEBRE LUk
H,SO, ~DERNBIZH M 4 » L & bichtk
{LEDBEELFEC B (Table2), ZOMdHAEIZHH
HEOEERE s OEEREE R oo 2O &R
HySOICE BB LB T v =7 AR KALAE
B4 A v DBRETH S 2 1L AR A RE LAY
HEFTHET R/ NDRSER LT EXEKT B,

T OMABED P ISEA 3 LA 74 P OMIFLIE
EHREEY TH B n- 7 v OKEDRFEEF
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AL THE»PDS 5, ZOHETHE~NIHEE(Fig. 1,
2)NCH-2i2 10 BR & LA 12 BB H» 512 2 A,
BEDOEL 54 MCHEE L7z, clinoptiloliteld 4
RBERBIUI0BERABE LS, chidsd
o AR L2 T EABRUIROMEEX
9%, T/ NCH-8(38 BEMECHEINE D

20

15

10 |

EC8 / mol%

80

Mcg / mol%

Fig. 1. Yield of ethyloctane (ECg) against
methylnonane (MCy) isomers from
n-decane obtained at 5 mol% iso-
merization conversion.

A: Faujasite, A: ZSM-5

50
A e
v MO \&%%
2 “o%
S K3
e 30 f e
f53
2 NCH-8
w 4 -
:; 20 | <\
2 \ %@?
£ B, N\ %,
2 10 S N
© WNeH2
\\ , ,
O 1
50 60 70 80 90 100

monobranched isomers / molZ

Fig. 2. Relative distribution of mono- against
dibranched isomers from n-decane
obtained at the maximum isomeriza-
tion conversion (—MR = —membered
ring). A: Faujasite, A: ZSM-5
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5, i clinoptilolite ® KXF, 10 BEBED A H T F,
ROFEMEE NI NI EAEKRL, FEROEELAY
BT 2, ' _

R EOEREE S G « BIRM & OBFRE A
3L(Fig.3), H' A VY BBIUBET VI =Y
LK BRI ASIER SR LR EIC X B R
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Fig. 4. Relationship between reaction time and conversion to hydrocarbons.
O: NC, O: NCH-2, @: NCH-4, A: NCH-8, A: NCH-8 regenerated,

B : NCH-12

Table 4 Adsorption properties of modified clinoptilolites

Heat of Adsorption amount /cm®- g=! #
Catalyst immersion 0, CH, C;Hy i-C/H,, Benzene®
J-g7! 0.346° 038  0.45 0.50 0.558
NC 742 3.7 2.1 6.3 6.5 1.0
NCH-2 95.2 20.5¢ 6.0 15
NCH-5 780 3.7 7.0 48 6.8 1.0
NCH-7 64 44
NCH-8 90.2 6.6 5.1 54 0.9
NCH-9 44 42
NCH-10 54.6 37 3.3 38 0.7
NCH-11 77.7 6.6 6.0 09
NCH-13 75.8 6.1 48

3 0°C, 0.225Pa; Y kinetic diameter, nm; ¢ 30°C, 0.03Pa; ¢ polymerization

occurred.
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