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ABSTRACT

The effects of process variables namely contact time, gallium loading and type of gas on
the conversion of acetone to aromatic chemicals have been investigated. After loading gallium, no
significant change in crystallinity, pore size and surface area was observed suggesting an
incorporation of gallium species into the zeolite framework. The reaction was carried out in a
fixed bed reactor under atmospheric pressure at 673 K using nitrogenas a carrier gas for 7 hours.
It was found that acetone conversionproduced C5-C8 hydrocarbons, benzene, toluene, xylene,
ethylbenzene and C9-+aromatics as major products. Over HZSMS5, the reaction proceeded via
aldol condensation of acetone to aldol products that undergoes deoxygenation to hydrocarbons in
Parallel with the aromatization. Gallium significantly boosts up dehydrogenation activity that
promotes aromatization to C9+ aromatics. Aromatics selectivity (94%) from the reaction using
1%wt. gallium and hydrogen as carrier gas was higher than that of HZSMS5 (84%).An increase in
gallium content and the presence of hydrogenas carrier gas reduced deactivation of the catalyst by

promotinghydrogenolysisofC9+ aromatics before the coke formation.
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Hold Time (min) 2
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a ! g a v @ ' aaa q 9 o
mstau Tanguna@ouuuiiuii leenlSeuifsududusalfase Hzsms ildusalalasioy

Wuufawlinadsgl 4.7

100.00% i
=== 1% Ga/HZSM5 w/f 18.3 Run H2
90.00%
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84%Conversion 47% Conversion
Product
1%Ga/HZSMS5 HZSMS5 1%Ga/HZSM5 HZSMS5S

Hydrocarbon C5-C8 6.2% 16.6% 17.4% 28.3%
Benzene 1.3% 3.4% 0.7% 1.1%
Toluene 12.9% 17.3% 9.4% 9.4%
Ethyl Benzene 4.1% 3.9% 3.1% 2.4%
P-Xylene 17.0% 13.6% 18.5% 14.2%
M-Xylene 14.9% 15.1% 8.9% 8.2%
O-Xylene 5.9% 5.6% 3.6% 2.8%
Aromatic C9+ 37.8% 24.4% 38.2% 33.3%
Total Aromatic 93.8% 83.3% 82.4% 71.4%
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Product 0.5%Ga/HZSM5 Run H2 0.5%Ga/HZSM5 Run N2
Hydrocarbon C5-C8 6.8% 9.1%
Benzene 5.6% 4.8%
Toluene 27.5% 24.8%
Ethylbenzene 3.9% 3.6%
P-Xylene 10.0% 9.3%
M-Xylene 20.3% 19.1%
O-Xylene 8.7% 8.6%
Aromatic C9+ 17.1% 20.5%
Total Aromatic 93.2% 90.9%

nAToUNNATURT 18.3 g.vmolfigaimaiivinl§Ase 400 °c
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M9 4.7 M151UARIAINTIABNIAA (%Selectivity) VOIAITHAATAIATA Lo8a NS
d. ¥ d' % L% 1 % 1 aaa a
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1%Ga/HZSM5 1%Ga/HZSM5 1%Ga/HZSM 5
Product
w/f 12.2g.h/mol w/f 18.3g.h/mol w/f 24.4g.h/mol
Hydrocarbon C5-C8 9.3% 6.2% 8.9%
Benzene 2.1% 1.3% 1.6%
Toluene 16.3% 12.8% 13.5%
Ethyl Benzene 4.1% 4.0% 3.9%
P-Xylene 15.5% 17.0% 14.0%
M-Xylene 16.9% 14.9% 14.8%
O-Xylene 6.6% 5.9% 6.0%
Aromatic C9+ 29.4% 37.9% 37.3%
Total Aromatic 90.7% 93.8% 91.1%
%Conversion 89.1% 84.6% 92.0%
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[} [ v Y 25
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Product 0.5%wt. Ga 1%wt. Ga 2%wt. Ga
Hydrocarbon C5-C8 9.1% 4.5% 9.6%
Benzene 2.7% 1.9% 23%
Toluene 17.4% 16.1% 17.0%
Ethyl Benzene 4.3% 4.0% 4.4%
P-Xylene 12.3% 12.0% 14.4%
M-Xylene 19.3% 18.6% 17.5%
O-Xylene 1.7% 8.2% 6.9%
Aromatic C9+ 27.2% 34.9% 27.8%
Total Aromatic 90.9% 95.8% 90.4%
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A a d a a o d . aaa v
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MANUIN N,

mafnnaNEmsmseulanzunai@esiveyimsduYy (Impregnation)

dregnmsdamlsnaunafenasdusalgisen HzsMs el lunsily

] o o = 1 1 d' g o
(DUYY (Impregnation) laevhmsvhliiduyguTaslauna@en 1% Taerimin
b4
-gasinlivesd usaTenAsdu (NH, /ZSMS):(NH, ), Al Siy, 0,,, 16H,0 ; (0<n<27)

-gaanlivesdusalisenldan (HzsMS): H, Al Si,, 0, 16H,0 ; (0<n<27)

Y
ABATITIU SVAL VeedNsATen (NH, /zsM5) Miun iy 28 msizaztium

b4
annsonwan lnanavesdusal§ize Idenat o Tugasalinnmamuiudail

Sl 96'1'1 3‘/ Y1 1w
= =28 wszasiuaz laa1 nmny 3.3103
Al n

ar

1 Ay v o ° (A, | ann ) E 3’
a1 o Nldmannsnd lddusama Tuegavesdusalfisomsaes I8ma il
v
wa luega (Mw.) vesdusalfisenasdu (NH,7zSMs) it 6104.20 n$u/TuaunaTaana

yosdusalgsenldans (HzsMs) i 5759.92 nsa/lua

o o

{ d’ 1 so’ LY 0 1 A
mmsinnamiSinaunafoundesld 1% Teerhwin smfSuadusal§isn
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s usalgnser HzZsMs = X 5=4.95 N5
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k4 v
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MUIUAIY

v
wIn luanadusslgisndsau (n5u/lua)

v
Pnudusalgiinnsau (nfu) = x 4.95 (NFW)

win luanadusslgnse ldau (a5 ua)
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2 1 U o gJ
%mmimmfumilz"lﬁ'ﬂ‘%mmmssaﬂgﬂimmé’fummu 5.2458 NIU NUUA NN

a Y a 9 o= g‘l o = a
msunawnaonldaselamn 5-4.95 = 0.05 g MnuRLIRmILSuaunaben lums af

[ Y

[ Y a ' 9 any o dy
w1 lumsihms IfiBugudiSmsmundel
y d' T " Ql
“hmin Tuanavewna@ouminny 69.723 niu/lua
4 { \ (v Y
~hwiin luegavewnaden luasa (GaNo,),) i 255.7386 niu/Tua

Wi Juanaunaonmiu Tua) 1
x0.05 ("TY)

PSunawnadon luesa s = :
wIa luanaunaien (n3u/Tua)

nnmsmuasee Il naunanoy lumsasiidy - 0.1834 13y 9 18enms
Y 1 %3 i Qo g’l 4 3
musamanyasenaagl 1dfSunadaus alfasadedunazunaten Tunsandoqlsly

msvhldBugumIiy 5.2458 waz 0.1834 N5y mudiay

MIATHINM Response Factor NAININIHIN

(1) Standard (A) Area ratio 1= ;CB = Chlorobenzene Standard (A) Peak Area
CB Peak Area (Internal Standard)

Acetone (g) Total Standard - Acetone (g)

(2) Factor 1 = , Factor2 =
CB Standard 1 (g) CB Standard 2 (g)
: Factor 1 .
(3) Standard (A) Arearatio2= —~ "~ x Standard (A) Area ratio 1
Factor 2
Standard (A) (g)

(4) Standard (A) Response factor =
Standard (A) Area ratio 2
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msfnnafBinamssansamainmainsiztials GC-FID lagdEnsuesuaa

"laﬁ (Normalization)

(1) Product (A) factor = [Product (A) Peak Area] x [Standard (A) Response factor]

Product (A) factor
(2) Product (A) (%ow/w) =

Total Product factor

mamnadesazmsilasuniaa( Conversion)

% Conversion = [Total mass of all fraction (100%)] — [Total mass of unconverted feed(%)]

o a a o <
ﬂ1iﬂTlnﬂ!ﬁ’lﬂ'ﬁ!aﬂﬂ!ﬂﬂ‘ﬂi’)Qﬂﬁﬂﬂm“ﬂ(%Selecﬁvity)

Product (A) Factor

% Selectivity of Product (A) =
Total Product Factor — Acetone factor

o o ow d
MM nave INaANuN(% Yield)

Product (A) Selectivity (%) x Conversion (%)
%Yield of Product (A) =

100
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Peak CB Factor 1/ Area Response
Standard weight (g) Area ratiol
Area Area Factor 2 ratio2 factor
Hydrocarbon
= = 45420 - 2.7296 - 0.1132
C5-C8
Acetone 0.1216 11556 45420 0.2544 2.7296 0.6944 0.1751
Benzene = "~ 45420 B 2.7296 : 0.1235
Toluene 0.1867 24838 45420 0.5468 2.7296 1.4926 0.1251
Ethyl
0.2182 21180 45420 0.4663 2.7296 1.2728 0.1714
Benzene
P-Xylene 0.2142 20329 45420 0.4475 2.7296 1.2217 0.1753
M-Xylene 0.2144 22446 45420 0.4941 2.7296 1.3489 0.1589
O-Xylene 0.2124 20190 45420 0.4445 2.7296 1.2133 0.1751
Aromatic
€ 1 45420 = 2.7296 - 0.1812
Co+




wamsuanzimiBnamnaadamanmsiniziio e GC-FID

MINAaedn 16459 3o HZSMS Y3 0.1 nFufinaduld 6.1g.mol Nigaingiiviy

U§A3e1400 °CTaeldunanuiluluTasinui as1mslva 30 mimin
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%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic
C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 70.6% 24.5% 1.4% 13.1% 3.1% 14.1% | 122% | 43% 26.9%
2 4.8% 48.8% 1.3% 11.8% 2.9% 16.6% | 11.6% | 4.1% 26%
3 20.6% 94.1% 0% 0.2% 0% 0.3% 0% 0% 52%
4 5.5% 95.2% 0% 0% 0% 0.1% 0% 0% 32%
5 5.3% 96.2% 0% 0% 0% 0% 0% 0% 2.1%
6 5.1% 96.8% 0% 0% 0% 0% 0% 0% 0.9%
7 7.9% 87.2% 0% 0% 0% 0% 0% 0% 3.1%
m3naaesii 203 lfAsen HZsM5 Sl 0.2 nSuTiaduAa 12.2g Wmol figaimgivh
U§F31400 °c Tao Fufawuil uTnsiui sasimsiva 30 mmin
% Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic
C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 91.2% 39.5% 3.3% 17.1% 2.9% 8.7% 12.6% | 4.7% 10.9%
2 65.8% 41.6% 0.9% 8.9% 2.4% 114% | 8.9% 5.3% 20.18%
3 26.7% 67.8% 0.3% 3.1% 0.9% 6.8% 4.3% 1.2% 1521%
4 12.2% 72.3% 0.2% 1.7% 0.3% 5.2% 2.7% 0.3% 12.3%
5 6.2% 86.0% 0.1% 1.2% 0% 3.2% 1.4% 0% 10.5%
6 4.9% 89.2% 0% 0% 0% 1.5% 0.3% 0% 82%
7 3.5% 83.2% 0% 0% 0% 0.3% 0% 0% 9.2%




m3naaeei 3usellisen HzsMs Usinm 0.3 nfufinmduda 18.3g.h/mol figaimgiivh

U561 400 °C TaelFunawuilululasnud 6a31015 110 30 mimin

a o
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%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene Co+
1 97.4% 11.6% 5.4% 26.1% 3.9% 10.1% | 19.8% | 83% 14.6%
2 87.1% 25.2% 2.1% 14.2% 3.4% 11.6% | 13.8% | 54% 24.1%
3 56.5% 29.5% 0.9% 8.6% 2.4% 13.7% 8.4% 3.1 31.1%
4 25.4% 82.9% 0.1% 2.0% 0.4% 3.6% 1.6% 0.5% 8.6%
5 45.6% 98.3% 0% 0.2% 0% 0.3% 0% 0% 1.1%
6 26.1% 98.5% 0% 0.1% 0% 0.3% 0% 0% 0.9%
7 1.6% 83.4% 0% 3.7% 0% 0% 0% 0% 12.8%

msnaaed afu3aUAsen HZsMs USues 0.4 niufiaduda 24.4g W/moligaimivia
U361 400 °c TaolFufamshTuTnsouii sas1n1s Tva 30 mimin
% Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- 0- Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 99.5% 17.7% 4.9% 25.7% 3.1% 8.4% 17.8% | 7.6% 14.6%
2 98.9% 24.9% 4.4% 22.1% 3.4% 8.2% 164% | 6.7% 13.5%
3 77.6% 24.1% 1.5% 11.4% 2.7% 11.8% | 10.3% | 3.8% 34.1%
4 62.6% 39.9% 2.5% 14.4% 2.7% 8.1% 11.8% | 4.7% 15.6%
5 32.5% 28.6% 1.2% 10.3% 2.7% 17.4% 9.3% 3.2% 26.9%
6 9.6% 55.4% 0.3% 4.4% 0.8% 8.4% 3.4% 1.1% 26.1%
7 13.1% 91.5% 0.1% 1.1% 0% 1.8% 0.6% 0% 4.7%




MInAnesfl 5Au39U 301 HZSMS 51m 0.3 nsufinardusia 18.3gh/moligaun

1§51 400 °C TaelFunawuilulalasnui 6431013 Ma 30 mlmin
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% Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic
C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 98.6% 10.5% 6.3% 28.1% 3.5% 9.2% 19.1% | 81% 15.1%
2 96.8% 9.5% 3.5% 21.4% 4.1% 10.5% | 192% | 8.0% 23.3%
3 83.5% 16.6% 3.3% 17.3% 3.8% 13.6% | 15.1% | 5.6% 24.4%
4 45.6% 28.3% 1.1% 9.4% 2.4% 14.2% 8.2% 2.8% 33.2%
5 11.4% 50.4% 0.2% 4.5% 0.9% 8.6% 3.6% 1.2% 30.1%
6 6.4% 65.7% 0% 2.6% 0.3% 4.8% 1.7% 0.4% 24.1%
7) 6.1% 82.2% 0% 2.4% 0% 3.8% 1.4% 0% 10.8%
msnaaesi 6A5 /507 0.5%wt.Ga/HZSMS 151nas 03 nSufina1duria 18.3gh/molf
gamgivhlgnsen400 °c TaeldufanuilyluTnsiud 6asm1511a 30 mi/min
%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl B M- 0- Aromatic
C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 99.5% 9.0% 4.0% 24.8% 3.6% 9.3% 19.0% | 8.6% 20.4%
2 90.7% 10.4% 2.2% 15.7% 4.1% 14.0% | 17.2% | 6.7% 29.4%
3 25.6% 29.9% 0.9% 10.4% 2.6% 17.5% 8.5% 2.8% 27.0%
4 8.0% 70.2% 0.2% 3.3% 0.4% 4.7% 1.7% 0.4% 18.7%
5 5.4% 80.6% 0.1% 1.8% 0% 3.5% 0.9% 0.2% 12.4%
6 4.0% 86.4% 0% 1.5% 0% 2.5% 0.7% 0% 8.6%
7 2.7% 60.3% 0% 1.6% 0% 0.3% 0.7% 0% 36.9%
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M3InAaeeil 7au3 1A 0.5%wt.Ga/HZSMS 3 0.3 afuiiaardusia 18.3gh/molil

a

gamgiivhilgasen 400 °c Taeldufaniilulalasui 6a31n15 M 30 mVmin

%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- 0 Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 98.9% 6.7% 5.6% 27.4% 3.8% 10.0% | 20.3% | 8.7% 17.0%
2 96.1% 9.1% 2.6% 17.3% 4.3% 123% | 192% | 7.7% 2.7%
3 76.5% 15.4% 1.7% 13.9% 3.5% 17.1% | 12.2% | 4.5% 31.4%
4 25.9% 35.5% 0.1% 8.6% 1.8% 14.4% 5.4% 23% 31.4%
5 8.9% 73.2% 0.2% 3.5% 0.5% 6.8% 2.1% 0.5% 12.8%
6 5.8% 68.0% 0.2% 2.8% 0.4% 5.8% 1.7% 0.4% 20.5%
7 4.7% 79.6% 0% 1.8% 0% 3.2% 0.9% 0% 14.2%

msnaaedi 8713 9301 1%wt. Ga/HZSMS5 Y3aau 0.3 nSuRIaFuRT 18.3gh/mol #
gamgvhilgase 400 °c TaolFudanuiivlaTaswud sas1n1sIna 30 mi/min
% Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene Co+
1 99.4% 8.3% 5.9% 28.5% 3.7% 9.7% | 20.2% | 85% 14.7%
2 97.1% 4.1% 1.9% 16.1% 4.0% 12.0% | 18.6% | 8.2% 34.8%
3 84.6% 6.1% 1.3% 12.8% 4.0% 16.9% | 149% | 5.8% 37.8%
4 47.6% 17.3% 0.7% 9.4% 3.0% 18.5% 8.8% 3.6% 38.2%
5 12.1% 47.5% 0.3% 4.3% 0.9% 9.6% 3.1% 1.0% 32.9%
6 6.1% 68.3% 0.2% 3.4% 0.3% 5.8% 1.7% 0.4% 19.5%
7 5.1% 54.0% 0.1% 2.7% 0.3% 6.3% 1.6% 0.4% 34.1%




MINAReIN 9A NIRRT 2%wt.Ga/HZSMS USunar 0.3 AFufimduda 18.3g.molfi

gamgiivhigasen 400 °c Taeldudanwuilulalasnui 6as1015ma 30 m/min
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%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic
C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 93.4% 8.6% 5.9% 28.4% 3.2% 10.1% | 20.4% | 89% 14.1%
2 98.8% 6.8% 3.6% 22.5% 4.1% 10.6% | 20.5% | 8.8% 22.7%
3 93.4% 9.5% 2.3% 17.0% 4.4% 14.3% | 17.5% | 6.9% 21.7%
4 72.2% 26.8% 1.2% 11.7% 3.3% 19.1% | 9.9% 3.4% 24.3%
5 19.1% 37.9% 0.6% 6.5% 1.5% 14.1% | 4.0% 1.3% 33.8%
6 9.1% 56.6% 0.3% 4.0% 0.6% 8.2% 2.1% 0.6% 27.2%
7 6.0% 79.2% 0% 2.6% 0.3% 5.4% 1.5% 0.4% 10.3%
msnaaesdi 10/ 9GAT0N 1%wt.Ga/HZSMS 15381 0405l uia2s. g himol i
gumgiivhil§asen 400 °c TawldufawuiiulaTaswud sasnslna 30 mmin
%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- 0- Aromatic
Cs5-C8 benzene | Xylene | Xylene | Xylene Co+
1 99.9% 4.0% 5.4% 27.4% 3.1% 10.4% | 21.4% | 9.9% 18.0%
2 99.9% 4.2% 3.6% 21.4% 3.4% 9.6% 199% | 9.3% 28.2%
3 98.3% 6.8% 3.1% 20.4% 4.1% 10.8% | 19.7% | 82% 26.5%
4 92.0% 8.9% 1.6% 13.4% 3.8% 13.9% | 14.8% | 6.0% 37.2%
5 64.9% 22.4% 0.9% 9.0% 2.7% 16.7% 8.4% 3.0% 36.6%
6 26.3% 44.6% 0.7% 5.5% 0.9% 9.6% 2.8% 1.3% 342%
7 12.2% 59.6% 0.1% 3.2% 0.4% 6.5% 1.9% 0.5% 27.3%




M3naassd 114713

7 1

gamgiivhiaser 400 °«c Taeldunaniilulalasinun sasims’lua 30 mimin

N30 1%wt.Ga/HZSMS S 0.2 nfufinnadurid 12.2gh/mol 7
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%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl P- M- O- Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene C9+
1 89.1% 9.2% 2.0% 16.3% 4.0% 15.4% | 16.8% | 6.5% 29.3%
2 25.5% 9.7% 0.3% 6.3% 2.1% 182% | 7.5% 2.7% 52.7%
3 7.7% 31.7% 0.1% 2.5% 0.4% 6.5% 2.0% 0.6% 55.8%
4 5.6% 38.0% 0% 3.6% 0.7% 9.3% 3.0% 0.8% 44.3%
5 2.1% 51.9% 0% 2.7% 0.3% 7.1% 1.7% 0.3% 35.7%
6 1.9% 74.8% 0% 2.2% 0% 4.7% 1.4% 0% 16.7%
7 1.7% 58.7% 0% 3.6% 0% 5.8% 1.6% 0% 30.1%

m3naaesii 12613 A3 1%wt.GaHZSMS 151ai 0.1 nSuilaa1dusia 6.1g.b/mol i
avgiivhil 61400 °c TasldufawiuiiulaTasioud 6a51n15IMa 30 mi/min
%Yield
TOS | %Conversion | Hydrocarbon | Benzene | Toluene | Ethyl Ey M- 0O- Aromatic

C5-C8 benzene | Xylene | Xylene | Xylene Co+
1 32.0% 13.4% 1.7% 13.6% 3.5% 17.3% | 12.6% | 4.2% 33.3%
2 3.3% 52.8% 0.6% 7.0% 1.0% 7.8% 6.9% 1.4% 22.1%
3 1.6% 79.5% 0.5% 2.8% 0% 5.3% 1.8% 0% 9.8%
4 0.3% 58.4% 0% 4.9% 0% 0% 0% 0% 36.6%
5 0.8% 89.0% 0% 2.3% 0% 0% 0% 0% 8.6%
6 0.6% 83.9% 0% 0% 0% 0% 0% 0% 16.0%
13 0.3% 98.4% 0% 1.5% 0% 0% 0% 0% 0%
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2.350

H3CM CH,




77

CHy
methyl-cyclopentane
2412
CHy
1,3-dimethyl-cyclopentane
2412
CHy
CHs3
1-methyl-cyclopentene
2.498
CHs,
methyl-cyclohexane
2.525
CHj
3-methyl-cyclohexene
2.564




78

H3C
2.680 1-methyl-1-isopropenyl-
CH,
cyclopropane
CHj3
Acetone O
2.710 /U\
H3C CHs
CHj
1-ethyl-3-methyl-
2.894
cyclopentane
H3C
CHsy
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CHj
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CHy
Toluene
4.458
CH,
Ethyl-benzene
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CHj
P-Xylene
5.720
CHj
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5.834 M-Xylene ©\
" CHs
CHj
0O-Xylene
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Propyl-benzene

PG

3

6.856
Hi3C
1-ethyl-2-methyl-benzene
7:121 CHg
CH,

7 |
7.673 Styrene

CHs
8.060 1,2,4-trimethyl-benzene i _CHs

HiC

8.384

1,3-diethyl-benzene

HSC
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8.479 1-methyl-4-propyl-benzene H3C—<j>——¥
CHs
CH,
8.744 1-ethyl-3,5-dimethyl-benzene
HiC CHg
CH,
p.223 1-ethyl-2,3-dimethyl-benzene CHj
HsC
1,2,3,4-tetremethyl-5- HC
9.338 methylene-1,3- HsC CHs
cyclopentadiene
H3C CHj3
CHj
9.478 4-ethyl-1,2-dimethyl-benzene
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9.589 2,3-dihydro-1H-Indene E:O
H3C
o CHs
9.784 2,3-dihydro-1,1-dimethyl-1H-
Indene
CH,
9.997 1-methyl-Indene @
Haeo s Gl
10.186 1-methyl-3-(1-methylethyl)-
benzene
HaC
H3C
10.850

1,1-dimethylpropyl-benzene
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H;C
11.297 2,3-dihydro-5-methyl-1H-
Indene
11.470 Tadene
CH,
: s HiC
11.673 2,3-dihydro-1,6-dimethyl-1H-
Indene
HiC CH3
12.281 1-(2-butenyl)-2,3-dimethyl-
benzene
CH;
CHj
13.756

1,2,3,4-tetrahydro-5-methyl-

naphthalene

e}
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15312 Naphthalene “
CH;
17.309 1-methyl- naphthalene I i
H3C CH;

18.272 2,7-dimethyl- naphthalene “/

H,;C

CHs

19.435 2-(1-methylethyl)- naphthalene
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