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Abstract

The catalytic activity and selectivity of clinoptilolites modified with HCl, NH,Cl, H,SO,
and NH,HSO, were determined by the conversion of methanol to hydrocarbons. The
conversion to hydrocarbons increased with the increase in degree of proton exchange. The
hydrocarbons produced were essentially only aliphatic compounds with the number of carbon
atoms of 6 or below, mainly C,;-C; olefins. The removal of Al by acids from the clinoptilolite
framwork enlarged the pore size and resulted in the decrease of the selectivity for C,-C,
olefins, however, the deposition of sulphur from H,SO, or NH,HSO, on the surface decreased
the pore size and increased the selectivity up to 83 wt% at almost 1009 conversion. The
surface properties of the modified catalysts were investgated by means of XRD, XPS and
heat of immersion. It was found out that the strong Bronsted acid sites formed by hydrogen
ion exchange and molecular shape-selectivity due to the pore, of which size was precisely
controlled by the deposition of SO ions, are the dominant factors for the catalytic activity
and the product selectivity in this reaction, respectivity.
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Table 1. Mineral composition of clinoptilolite-tuff from Futatsui, Akita Prefecture, Japan'?

Clinoptilolite 75.2 wt%
X-Quartz 1.9 wth
®-Cristobalite 5.0 wt$
Feldspar 3.4 wth
Mica 1.8 wt%

Amorphous materiales 12.7 wt%
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Table 2. Chemical composition of modified clinoptilolites

SiOZ AlZO3 NaZO KZO MgO Ca0 FeZO3 soi‘ Ig.lossb y* Si/Al
Sample Treatment exchange
wth $ mol/mol
NC — 70.3 11.3 2,10 3.69 0.478 .953 0.657 <0.024 10.5 7 5.5
NCH-1 0.1M HC1 71.0 9.58 0.975 2.94 0.385 .906  0.506 — 12.9 23 6.3
NCH-2 1.0M HC1 74.8 6.58 0.310 1.76 0.180 .200 0.370 —_ 12.4 50 9.6
NCH-3 1.0M te1® 76.0 5.77 0.294 1.29 0.155 .140 0.320 —_ 13.5 56 11.2
NCH-4 0.05M NH,C1 71.7 11.5 1.06 3.88 0,463 .914 0.579 — 9.88 24 5.3
NCH-§ 2.0M NH4C1 72.3 11.0 0.272 0.591 0.167 .231 0.524 o 12.8 82 5.6
NCH-6 0.05M HZSO4 71.8 10.4 1.48 3.14 0.435 .933 0.500 0.052 10.3 16 5.8
NCH-7 0.1M HZSD4 72.7 10.5 1.23 3.71 0.405 .780 0.577 0.17 9.77 19 5.9
NCH-8 0.5M H,50, 72.8 10.4 0.780 3.43 0,404 .628 0.592 0.33 8.89 31 6.0
NCH-9 1.0M HZSO4 73.7 10.3 0.510 2.70 0.411 663 0,591 1.30 9.11 42 6.1
NCH-10 2.0M HZSO4 73.4 10.0 0.350 1.94 0.387 .674  0.547  3.44 10.5 51 6.2
NCH-11  0.1M NH,HSO, 71.4 11.0 0.680 3.29 0.409 .600 0.579 0.28 10.7 48 5.5
NCH-12 0.5M NH4HSO4 73.0 11.0 0.385 2.13 6.402 500 0.586 2.10 10.6 56 5.7
NCH-13 1.0M NH4HSO4 72.9 11.0 0.340 1.50 0.374 .464 0.570 3.14 10.7 64 5.6
N Repeated three times. ® Ignition loss at 500°C.
70 4.0

H* exchang / ¢

Concentration of Treating solution / M

1.0

2.0

Amount of SO%‘ deposited / wt%

Figure 1. Relationship between Concentration of Treating solution and H* exchange,
Amount of SO deposited. O : H,SO, treated ; A : NH,HSO, treated

Table 3. Ratio of X-ray peak intensity of modified clinoptilolites

Intensity

Sample

Peak

(%)

NC

(100)

NCH-

81.

2

7

NCH-3

78.

0

NCH-5

100

NCH-7

92.

4

NCH-

90.

8

0

NCH-10

82.

0

NCH

95.

-13

6
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Table 4. Conversion of methanol over modified clinoptilolites

Catalysts NC NCH-
4 5 10 11 12 13
Conversion,? % 92.4 97.6 97.9 99.5 689.7 100 96.3 96.3 98.5 98.3 87,2 99.8 100 100
total
CHSOCH3 b 17.6 2.9 0.2 0 0 1.6 3.2 0.3 3.0 31.7 0 0
C0+CO2 b 20.4 13.3 5.9 8.3 14.7 4.6 13.9 15.6 15.3 12.7 17.0 9.6 13.8 12.5
Hydrocarbons b 12.8 36.1 38.8 33.0 41.3 43.0 33,7 31.2 37.0 27.9 6.7 40.8 39.4 39.5
CH4 6.6 4.2 4.1 5.1 6.0 10.0 3.4 7.8 5.1 13.2 61.9 5.0 16.8 9.6
C,H, 8.5 4.8 5.8 8.0 9.1 13.9 6.5 6.3 9.9 19.4 11.4 9.2 13.5 16.2
CZHG 0.7 0.4 0.7 1.0 0.9 2.4 0.6 0.4 1.5 2.7 12.2 0.7 1.3 2.4
C3H6 54.6 21.8 11.8 16.8 45.1 29.5 47.7 48.1 S51.6 37.8 9.1 41.2 34.3 35.5
CSHB 3.7 2.6 1.9 3.4 2.9 9.4 3.5 z.9 1.2 4.3 3.8 3.0 4.7 6.9
C4"8 16.5 20.3 11.6 12.9 21.7 18.9 22,7 20.7 21.5 18.S 1.6 22,8 18.3 19.3
C4H10 0 0.9 2.2 2.2 1.6 3.1 1.5 1.5 1.8 1.4 1.6 1.8 1.9
C5+C 9.5 44.5 59.4 47, 12.7 12.6 14.0 12.3 7.5 2.7 16.5 9.3 8.2
Aromatics "0 0.5 2.4 2.8 0 0 0.5 0
Selectivity,d 79.5 46.9 29.2 37.7 75.9 62.3 76.9 75.1 83.0 75.7 22.1 73.3 66.1 71.0
2 Reaction temperature : 350°C, W/F : 336 g~h-mol~1. b wtd; H,0 and H, were also produced and only the
former was determined quantitatively. ¢ Ce, indicates hydrocarbons with § carbon atoms, except

aromatics. d Cz-C4 olefins/total hydrocarbon; wt$
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Figure 2. Relative distribution of mono-against Figure 3. Yield of ethyloctane (EC,) against
dlbra}nched isomers from n-decane methylnonane (MC,) isomers from
obtamegi at the maximum 1somer12?\tlon n-decane obtained at 5 mol%
conversion (—MR = —membered ring). isomerization conversion.
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WEHEIEE L Wi AR L 22A%, BRSBTS = 4 L4 L 22 e IS HITLER IS ) 29 L
Co~Cy v 7 4 B REDMET L7220, SRS 0 —30i 2 L 72 & L7z, 7 2 TR s,
GEAFAVEITT T2 44 TRRLIZL D% 400C THERT 22 &I ot > THT >~
®=7T L, Bronsted B % iR RIS T 2 Hik%d & -2, Zomigic Ly, Table2 o
NCH-4 BLUSICREND LI, BTAI =7 a28BE3I04 4Tk 'k’%%i—’ﬂ/ CHERT
5 Z & T E 72, NCH-4 ol BUGHRE R &, A A 2 28D 20% THrIKFE~DE LI &
1L, v Bronsted a2 R L2 Z Ebh b, £, 3.30)0HEES L 72,

B 542, NCH-5 7 Co~Co oA v 7 o RN, @A A a8 ic b e bb@“iﬁ?‘i%\ﬁ‘%&tﬂ
ENFT o L RIFTHE, ZHUT, BEPLOBRTILI =7 A0 L W ized MU L v
Kz 59, Cor DRALKFZDERLIHHIENE2HTHSE, L L, NCH—S 13 NCiz kb~ G,
~Ca AL 7 4 PBRPFUESEFERTLTE Y, ZHUIKREA 4 o 8ifmditiric Lz hi - TRILD 1
BEDETID DD THH ) EHEZ LMD,

(v Figaig

70 /7 Fu T A P ORKGICHT 5 MENEE AP LS 57010, THEEEA T 2K
TA A TABULETHBTIUTENC &, LaL, TOAATHRBLIUBT LI =202 48D
FAFLEEZ DB Fcin k9 2 &, Co~Ci A v 7 4 3 BRIREPE T T 5 2 EDHIETE TORETH
LNl o T2, B2 CRIZ, MoK S “iﬁi%iﬁﬂ‘l%mﬁ] rEHIELT, 7Y /7 F0o
A4 b BREEECMEL L TRERA A e T ) &, BEEMR 2 lEmIC e 5 2 ki
& - TIHMEIREOHIHE 2 A7,

Tabled iz R &5 & 91, WiELBEEE L NCH-10 2 v (e Ry BREE 2 R L 72, =
DIEMENL, TR, SBHFA > DKFEA A AW L B Bronsted BB OERICHEEY <, 4 A
CHRHEE16% 0 NCH-6 T8 2, TORIKFBREII NCOIFHEC HDZ &b, HE7 Y/
TFr G4 L RSO T 57201213, NCH-1BL U0 40#REE2LEZAbYES
Y, R 15~20%DKFEA F A ETH L I WML EN DL, L L, 44 ra8iE o
b NP C2~Cm‘v 7 4 RS EL T3 2k (NCH-6~8) 225, BTV = 2%
LT ) BRERAMLIEIC L » THER &N S TH A ) #MFLERIE, KREVGTFO G RFFHR (£,
0.585 nm) %ﬁ%h%*ﬂ(t?ﬁé IEICTID > T W Db b, 72, ZSM A 5 4 ik
B (HIFLEE 0.55 nm) Tl BAERT 59 fbkFEN 4 v 7 5> (0.56 nm) L ARHYE Tlig
CHHE N W,

Fig. 412, 1050 & D15 S N BERRIBER &L &, ik~ o lzfbds Lo C~C 1
T 4 2RI OB R, A% SOF AL (~3500 ppm) 12 5V T, BRERLHLI L ORI & I
124 F sty kU (Table 1), 4% b1, Bronsted B2 finshnd 5 2o idMiam b4 2,
%72, SOF 5 1500 ppm A1 E T3, B LT NI =7 AB L UORIES T4 > DKHK
A A 2 agiiic & B MFLEED AR R AT SOF HHERHC X 2 MiALEDHI/IIIR &L ) LG RE v
B, —WIz Co~Co AL 7 4 VEREDMET T 5, £ 0tk SO N & 2z ML
ANED AL & 70 1), SOF HHEERE 3500 ppm AHiE (NCH-8) T Co~Cy AV 7 4 > & ® IR
RS B DICIEOMIEEZERT 522 L 2R L Twb, Thbb, C~Cid L 7 4 2 BIRER
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Figure 4. Relationship between Amount of SO% deposited and Conversion to hydrocarbons, C.~Cy olefin
selectivity. O, A : H,SO, treated ; @, & : NH,HSO, treated

83%ICEL, 7oL ORI S ERBEALKEF O 0% LoD, REGICHNT 20k
9 B IEYE D OEBRIE I 4 F TICRE SN T v, ZORERRIC & 2 ML AR A
XLzt &, HIGEEYTOL D /AE s F LR TE % %) (NCH-9), ZHiCIZHILL
Mesh & N ECTRIGHHREE &, % & 7 — )LOWNIBFEEIEES~DEREDWEHIZ 7 5 7212 i
BAEHNRT %2 8232 Lok 3 (NCH-10), 2o NCH-10 o F L WEEER, H7 e i=7 4
Wk BEO—HAEEICLHE»H 20 Bbh s,

NCH-2 THEE L 724 74 F OMIBEHEZEED—2>Th 5 n-T > DIKEAL GG %
NCH-8 {22\ THTx » 72 85R (Fig. 2, 3), Z0MIUEEIMES BBMILEET A4 74
ICHEL TwaZ b)), 7)) 2 7F v o4 POXKILTH 5 10 BIRMILED D D HED L1
TWBLDEWEI N, 2O LI, RBOUEICEW T2 27 Fa 74 OEIGERE AR
EUABEE, Ad sl 7T =7 A0 & » TV S ALz LSRRI & - €
M, TOBERELSTTHLEEERED L ORIED 6 U EORITERIKEDIL I
filz 1, Ci~C, BRIRFRRIEKEDAERDES LMIURE oo e HEZ 6N 5, $72,
AVT I BIPCa DERDITHE2-AFN-2-TT o 2ITEAFER LI LN, 7O
BT 0.38 nm LI F 0.55 nm R ThH B L HEE I N,

(v) BRBR/KET7 £ LB

RIS D 5 B, BILT > = ZMEI RS L DR T L I =7 AHDEEC T2 HHFLE
13 0.56 nm DL I3k 3, F 7 R CIIRERIR 0 3RS L O LR Hadic il TE %
ZEWbhot, FIC, WTAI=oazRIETICHBRLBRE I E5720010, WEEKET
V=T LB E AT 5 72,

Table2 TH L & iz, WilRKET > =7 2038 NCH-11~13 TI3BERRIZIBFE L 2
H%, Si/AlL DR R LN T BRI LOBT NV S =7 2030 T,
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Tt K 7/%‘: VLI 27 2T FaTA LT AT =N FALKREA~D A
13 R AR AL T < (Table d), 2 AURREEEKE 7 > =7 2B D F A3 4 7]'/3‘5}""* TR
AN E J’?ﬁ[ﬁl@“éo X 51, BEAERIC BV TRE D Co~Ch AL 7 4 2RI (83%) %
L7z NCH-8 T, RHBENHEEKET > T =7 208 % | 72 NCH-12 o3824R 32 (66%) ti
vy, 24U, NCH-12 oo SOF {8545 NCH-8 [ o T# 6 15 TH D, MIFLEASBEE IS M/ L
72728 Co, Co DERD I S NIz 720 8 L35 2 5N B h%, —7F5 Cor OMBIREC (3T Z R 3D
BT, EHANBRHICERTAZELEZ6NE, Thbb, MILEOBHE/NT L0 iEkH
#HL T L7z NCH-10 & FFEEE 0 SOF 58 2 A3 5 NCH-13 Tla fitiE it 15 & USgIRH
DRELEFIIR LN w2 &5 4, SO DRy Hiz fIFLEDFIH O & T L G S oM
H, Bl REEBLITLTwb 2 LN b, $77, OB W TET 25
T =7 aONEEROEHENERE, b bRIMEEICKRELBEL 2 b 3o EL
LNAEZETHY, MFLEE & LD, BB L U&%ﬁ!ﬁkmﬁ%‘w“ﬁz@alﬂ??% 5 EITH
LTH b,

3.4 EFEHREBROGERRE
7N 7FaTA RS IR T ey 4TS B &, i F IR
ENT, ZOMILELHENT 52 D RIGFERD HHEE S ﬂ?’:o Z DEREIR O i LTt
HARELZ LS B Z &id, MBEEHE L VHLPCT 22012 0ETH 5,
LVJJ’FIQJV)“}E:FO)W itk ks AR RFgEE & L T XPS PEY, XPSic & » Tl L 126
BFDFEA T AN - 7 b b, HERE L FEET 52 L TRTH S, 1%
ﬁ)ﬂf: XPS o 2~7 } i3, %@/rﬂ_,”aﬁm LAk R e X iz Table5 iR L 72,
fE LB S N AL P D S EF D S PUEDFEA T F L X —13169.6~170.5eV Th
N, Ziid NiSS (BARGE) O S HFOfE T 21X —162.9eV L3R40, KAI(SO,). %
PASO, o SIRFOREAZANFT — & —BT 5, L72d» T, il LW FFilio -+ 6 i T
HY, WA A (80 HETHELEL TWEI E2bh b, IiudbEas (NCH-8, 9) T
Lt kRT v =7 203 (NCH-12) TLREEETH Y, F2MBNARIRENZEIL, T4bb
SOFHEFFRL D A/MIK L T L R—DFRIE L NI
R MSE L7 SIEF & ALFEF0 XPS 27 F VIllTEORER, R 5 2.0 nm DN JF
F T S/Al bt G JE L7z d D b RE W &, & ToRMHYRE Lici
FE3N2HEL TRELME N T o EhE LS, S0 A 432 /7 Fa T4 bkl

Table 5. Binding energies and surface composition by XPS

. s/a1°
Sanple SZP chem.anal. XPS XPS ¢ Ref.
’ ’ obs calc

KAL(S0,), 169.7 2.0 (2.0) —_
Pdso, 168.8 — — — [16]
S 162.9 e — — [16]
Ni§ 162.9 — — —_
NCH-8 170.5 0.017 0.046 0.18
NCH-9 169.6 0.067 0.084 0.76
NCH-12 169.8 0.10 0.10 1.04
a eV, *0.2. b Mole ratio. © Assuming the deposition on the

external surface only.
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DFELA DT L THEL Cw b b o tfiEs g, Lo L, SO A F > it L 72
NCH-9 # & 08 12 Tz S/Al tbod XPS I EA LSS EIC DN Ts Y, 22 &iF SOF »s
FFLA DR 220 Te < RTINS £ TREBICIEFHIFRR R N TITC 2 £ 2R L Tw B,

SO A A > i1 3300 ppm #FDH4 (NCH-8), fgyMiFmicnLiiFL2E LTL 2a#
BRI LR FRLUT Th 52 &b, B F-70.43~0.45nm ) C,~C, AL 7 4
BRI BT B DI OMFLEIC e B 72213, SOF 29 fLA DTz Bl L THE
THIEIZ D,

3.5 REBEM C AEEM « DR

L 7))/ 7F a7 4 P OREEBEE KD 12D T 72 -7 F T 3 VR~ E
TEBE B L SRR ONER 4 Table 6 (2/RT, RMUFLD NC L BEM ARV Z L »
b 5T, BERKKT e = LMo EE L NCH-12 2 31TF—o0 8B B L s 2R L
oo -7 F AT 22 (0.43nm) 13 NC oML S A EBANRTE vt Bbh, $5E,
n-7F 07 3 IRERIIES TH v, SYK#EA 4 o 8imEeo NCH-12 L FEEORE R TH
LI b, A A RTHER L 72 MLAY SO A oA v DFEERC & - TEUF0.43 nm BRI fE/)s
LizZ &2 s bhY, BT L2 s L#E 2 55, NCH-12 L FREEONEE R
THALT > =7 2008 NCH-4 (3, /K#EA A > &Hd, 3 7% b b Bronsted Bz d
PrbLTEOCBEET RTINS, BEOMEDHIELREBbLNS, Tabbilka ki,
SO 4 A v oI EE SOBREICHEE2 B LI TN EE 2 LN 5, $£72 NCH-4 R E#
13, 20% A A > U k- THEIn L 7 Bronsted i & DFEERICE DV EL LD THBEL L,
I DEBED BN TEMED R LICEHE L Cwb Z EidM L2 TH S,

HaEs g L7z NCH-2 Tl A A e BT 0 3 =7 200 & D HIFLEDE L {Hhs b 726z,
n-7FN7 I CEFSICHEL THMER I TRE SN L5 10 20T, BHRELBERELIE
WICKE W, Ziid Bronsted BBz /Rl TH ), FoMBLEEo#MAkr—%L Tw 5,

ERALEE | 72 NCH-8 (3i@i# 3 k& (BENBE-K 2R L T 595, 7 3 Y ISR, T 4 b bk
HOEI NCH-2D1/6 THLh b, B b7 ) DEEENT - 2 KEWZ Edhb2 b, 2D LD
12, SOF A A fFHc & ) ERgm bicms 2 LB 2 13, ot Tt e an
VBT, EREOBEREIC L) S L IR L2 NCH-10 43, @i #h, ks & 1%
¢, THUS SOF A A4 v EHT L A HELEOH A & —HE S HUE R ORR & F 2 5 1, BT
HeE % XFF9 5,

Table 6. Heat of immersion and adsorption amount

Catalyst Heat of immersion Adsorption amount
J-g_l mmol'g-l
NC 74.2 0.018
NCH-2 95.2 0.576
NCH- 4 78.0 0.017
NCH-8 90.2 0.093
NCH-10 54.6 0.022
NCH-12 72.8 0.016
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3.6 REHE L DFHIRRRE

IR 5 £ ORI 7 ) 7o T 4 P OMEER & 2 b oEEREE & OB% % Fig. 5
1ZRT,

N 7Fe T A okERIE, 0.44X0.72 nm o) 10 BEHIFL (KFL) & 0.40X0.55nm & k¥
0.41X0.47nm o 8 HERMIFL (L) 1ok E N5 2 KTTILSBHEE 4 AT 2 EHLN TV D
2, 8 BEANILAF O Clli T mnBRILF L K 4 & 2 25 AE L T B 7212, FD AT oML
7, T bbBEMMILERIZ 0.38nm LITFICED L T3, Lid =T, RN 7Y /2 7F a5
A4+ (NC) Tit, K' A > DHELEICE) A F /= NDFOURD DT W &b, fEE
IRV,

WEMEIC L) KY A o kB A A w BT = 200, 0L OMILED
WRPEL D, BISICE D Cor, BRI 2-AFN-2-7F> (0.55nm) HLRUERL Tk 2
Eh b kALiE 0.55 nm PL kIS, FAOGAT R EZI A Z E A /N LL 4T 0.38 nm Ll ki
o2 HEEEI NS (Fig. 5-A), HALT > B =7 LB CIEBLT L 3 =7 250 U e v o Tl EE
AVER LT EHTLIZIE R L 20 ds, A AR A L o TEToky LT C 3 TOESRL
K#FE (~0.45nm) BESICERT ALK S

— T ERERAER Tld, BTV I =7 b KA A Al &) AR & ERRIC LRI SRR T
595, [EEFICHER A 4 > OMILA DT 5 ML R ~2 1T TOENC L - THIILR o EL
pry Ny (Flg 5-8) Co~Ci A1 7 4 > (0.43~0.45 nm) ZELCERT 5 BmENSTFRIK
BIFVEDFHA B, FREEKET > =7 LB T A A a0k LA 4 B ET 2 L p
& BB AT & 1qu’<}2¢)?}‘, PN FEEDEE I 2D, Co~Cy A v 7 4 > 3R 1 I AR AR | 1
LIEC, EMRnBEL Co~Co v 7 4 B REEBRFO—2 2 5172,

3.7 BESEMS L USEIRMOEEEL
HiBHC & B X 5 2 — VR LSO E R & OSBRIk 2L % Fig. 6 125”9, 12 A
U S5 1L, fhBED TR IS BT L CIEE A A oA L), MFLAL % «h? ¢

m'fl?gﬂmo (oﬁgggm)o\
ol
S!;ﬂoorlel >0.38mm  >0,55mm " _4.~0.45mm . ]
e v (CZ—qulefin) Z. Y
O «— ]o.sm O=—r-_ ‘
(0.43-0.450m) '7 7
llcrgel % L 4 l é [Z
small
pore

HC (Cop) _
Q (055 e () (cy-¢, olefin)
(0,43-0, 450m)

A : HCl-modified clinoptilolite B : HySO,-modified clinoptilolite

Figure 5. A model of modified clinoptilolite pore system.
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HDIZEL, ZORFEEELTUL, BREFRRED T I 7 A2 M2 ORIBMEAE LTHEZHNT
B, TNH 2L TWHEBERE TIIREIrRCLEFL LN,

SRERALEE | 72 NCH-2 |23 T~ T AMEA B v, Z AU HRRALERIC & » CE L 72
EDFE L VIR REATH 5, T7bb, HHESALETERL 20 FIE2OMILENKRE 2D 2
CHHEICHRT &, RILKFED TFORERUA L ELIC v, ZAUTHAN, (2ITEBEOBERE
eHT DL EELHNSE NCH-4 13, NCH-20 & 5 LMD KD Z » T vzl )]G
R BT & ISR L, EHEAEZ DX L2 D MILE ST L E 9 I
MTEHELTLE)LDEEZLN B, L2h o T, WA A+ > niEc & ) MFLE 56/ L 72
NCH-8 5 L 18121, NCH-4 L ) & St AMEIc 4 5 bl Th B, Lo L, NCH-8 12 b~ NCH
12 DFEEA A DWFEREIEN6EL LY, T NCH-12 )53 L (lifAMEAE 2 LD &
TRENBIZL»2bLT, ERICIIETRELHRME2, 213, HiEesio NCH-8 n )
ZWNCH-12 £ ) LB 2 H 3 572 (Tabled), RBHERBAELZELLT V2L THSL I,

—EEHRIE L IO BEIRES TH b, Fig 61013, —ERIBICBER L T4 2/ — g
8 Wtz £ THiG L 72 NCH-8 %, BRI 500°C T 3 MR AR AR A8 L 72 5Bt O S5 HE i 2
b2 LR L Ths, BEZEOFEHL, WM NCH-8 & BEEOEESL & ORI ERL 72,

Hih L 72 i3 25k & 3 BB AR 500°C T 3 MERIF A5 = X 1o & 0 iRMEIZ IR L,
AR IRYE L BT 5 2 LR S e,

40 + ::‘:““

30

20

Conversion to hydrocarbons / wt?

10

0 I Il I ] 1
0 5 10 15 20 25
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Figure 6. Relationship between Reaction time and Conversion to hydrocarbons
[]:NC, O: NCH-2, @ : NCH-4, A : NCH-8, & : NCH-8 regenereted, fl : NCH-12
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