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Abstract — To make 2,6-DMN(2,6-dimethylnaphthalene) used as a precursor of PEN(polyethylene naphthalate), the catalytic
cyclization reaction of 5-OTP(5-ortho-tolyl-pentene) to 1,5-DMT(1,5-dimethyltetralin) was carried out by using H-beta zeo-
lite. Compared with H-USY mentioned in the several patents, higher activity and selectivity to 1,5-DMT were obtained using
H-beta: the side reaction products such as DMTs, DMNs and other polymers, known as impurities in many processes were sup-
pressed. H-beta shows 100% selectivity to 1,5-DMT at lower temperatures beld®. Otemperatures above 120,
isomerization of 1,5-DMT occured on H-beta, but the products were 1,6-DMT and 2.6-DMT which were belonging to the
same triad of 1,5-DMT and could be used as reactants to make a final product. The high activity and selectivity of H-beta was
considered to be originated from the microcrystallite structure of H-beta with large and irregular external surface area, meso-
pore, and proper acidic strength.
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Flod Ajg-o 7 FF FaUl A T ZoR JAEE B E o alkenylation, cyclization, dehydrogenation, isomeriz&tjod Al =
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Fig. 1. Synthesis of 2,6-DMN from o-xylene and 1,3-butadiene.
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Fig. 2. GC-MS spectrum of 1,5-DMT.
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Fig. 3. FT-NMR spectrum of 1,5-DMT.
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t}. Amoco3-g9l] =1 acid Y& zeoliteFm}E o]-&35Fe] 120-35(°C
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2 o] DMT o) dAEo] AT =H o] E2 o|F9] FANA EF
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Fig. 4. Conversions and selectivities of various zeolites in OTP cycli
tion reaction at 140°C after 4 hours.
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o

Table 1. Cyclization product distribution of H-beta & H-USY at 140°C

Catalyst H-beta H-USY
Reaction time 1h 4h 24t 15h 4h 24 h
Product(wt%) Product(wt%)
OTP 2.8 25 18 38.8 7.8 2.7
1,5-DMT 973 975 982 589 848 69.0
1,6-DMT 0 0 0 1.6 4.0 14.6
2,6-DMT 0 0 0 0.7 21 7.8
Other DMTs, DMNs 0 0 0 0 1.2 5.8
Conversion(%) 973 975 98. 61.2 922 973
Selectivity(%) 100 100 100 96.2 920 713
Yield(%) 973 975 982 589 848 694
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Fig. 5. Overall yield of 1,5-DMT using zeolite H-beta and H-USY in OTP
cyclization reaction at 140°C as a function of reaction time.
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-DMT/} AZ =, e]ojr] DMTs, DMNS, othersse] A= x
Kot o]} o] H-betds 71% 531449] H-USYRTH 84 &

n
[}

dr o oy s 7
o
o

B4g 7], 53] 1L5-DMTE] o8 w3l QA o) e
9 92 % 9

Table 3 H-bete] &%= WH3}o)] w2 cyclization¥H4 222 Vehy
2 9t} H-bete®] AL % 160°CI = 1,5-DMTE] o] A3l whgo]
AP 92-2 & 4= 9t} 180°Ce] ZLolA 24 he] A7k Bk
ol 493t 1,5-DMTY] ¢]/d38} whg-o] ads]o] 1,5-DMT] A8
wo] wolzl-e B &= glt}h i} 140°C o)) 2ol A= A7kl ul
2 A9 Aole A AAA7E vkE A= 1,5-DMTY] M=
ZO]EX] a2 B F Uk =, 100-140C B 9A H-betds B
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Table 3. Cyclization of OTP on the H-beta at various temperatures

1,6-, 2,6-DMT29] ¢]Ads} W& W) olg} th2 DMTs 7% A4 - . . — .

T 9190 2 2= 9T HheA|Zh 24 (A oS 58] 1a)e] A) Reaction Reaction  Conversion Selectivity  Yield
S Rere & A A = TTe R e A temperaturéC) time(h) (%) (%) (%)
£5]0] 1,6-, 2,6-DMT} oF 22.4%] o]2v DMTs &%= & 2
R o . oz e

) o i - e ‘ 120 6 97.2 100 97.2
18] H-USY< }\\jl:’—uu{;‘—% BHSA1Z) 2710 R A Al dst 140 24 97.6 100 97.6
£°] 92.2981 4ho|Fol= o] gt NA= 9] X|&2Q] A= Qld) 24 h 160 9 97.1 98.4 955
] A FEL 4telAe] D F B} 23] HolAAl i, 180 24 98.5 67.3 66.3

Z 47l npel o] H-USYE Alxd W HE i) Ads
=] B olEm|% LX) ol& AR o = 7}3
P Y zeolite] & SRl 386 2lsin el Azle e Table 4. Cyclization product distribution of H-beta & H-USY at high
= 22 BRuHI glow[21], oluf B4H FHHHA 1,5-DMTY temperatures
o]:éf}f%o] A, WS Hobelalc o1gs) wge] dofd Catlyst — —
§_7}\\_XO%Z;X ?‘HEO S . .

gabel EAls] & = Rl _ Reaction temperature 18GC 160°C
H-bete} H-USY?] 140°C 43432 B 2 Wh-&7do] H-beta} 2 —
A o]} oF 1 h oA RE uhto] AHTh, S5 vheo] AHHo) Reaction time 1lh 24h 1h 6h
w} o] A3} Bkgo] dolu} MElw s} 7F4EA Hx H-USYY:= g Product(wt%) Product(wt%)
A, Hbetal = 4% 15-DMTe] o 4a wrgel 052 Skop otP 15 18 53 52
o HERE gy 4x5A H 1,Z—DMT 97(.)5 66.; 68.; 5:8
N N 1,6-DMT 1. 15. 11. 16.
wre AsgolM Y Sl 0 S4S #AEY] AN weens '
> jﬂgjﬂﬂji ﬂﬂ_ s jf’}‘ | s 2,6-DMT 0 143 45 10.2
ZZ O == el Bl

120°C= AT o ]LE qu 41;2\:!2 gl 30}9\3\.‘:} Table 2= 120°C DMTs 0 1.9 6.2 10.6
of|x19] H-bete} H-USYS] ¥h-g-52a) A3E vERRAL it} H-bete) DMNs 0 0 3.0 1.7
7AF FRSAIA o 30kl 83.898] w2 HEE-E HO|T A o] & Others 0 0 1.0 32
ZoAE 1,5-DMTY Ag=E 100%™ A9 1,5-DMTY oA 3} o-xylene 0 0 0.1 0.2
k88 AFYPHR] v} ¥ H-USYs 140°Ce) vls] 2 vk-3-Ao] AF Conversion(%) 98.5 98.5 94.2 94.3
8] wrolal uFS A} 5 ppllAe] A dlgo] 32.3%, 17 HlAe] Astee Selectivity(%) 99.0 67.3 73.4 56.9
70.09%2 VR vk B 15-DMTR] Aol flojai wh827) Vield(%) 975 663 691 537
Table 2. Cyclization product distribution of H-beta & H-USY at 120°C

Catalyst H-beta H-USY

Reaction time 10 min 30 min 2h 6h 10 min 1h 5h 17h

Product(wt%) Product(wt%)

OTP 40.7 155 1.9 1.0 96.0 845 69.4 33.7

1,5-DMT 59.3 83.9 96.8 99.1 4.0 15.5 30.6 64.5

1,6-DMT 0 0 0 0 0 0 0 1.8

2,6-DMT 0 0 0 0 0 0 0 0

Other DMTs, DMNs 0 0 0 0 0 0 0 0

Conversion(%) 58.8 83.8 97.3 98.2 4.2 16.4 323 70.0

Selectivity (%) 100 100 100 100 100 100 100 97.3

Yield(%) 58.8 83.8 97.3 98.2 4.2 16.4 323 68.1
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Fig. 6. Activity of zeolite H-beta at various temperatures as a function
of reaction time.
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1,5-DMT9] 0|3} ¥-gA|o= F2 1,6-DMTS} 2,6-DMT= ¥hge] 2
s)Er}. 1,5-DMT, 1,6-DMT, 2,6-DMTo] Al 714 E2-e 7+ triade]]
&3l o] 9] TN BF f-8% vhEER AME 4 th &, H-
betebllA] -2 wH&AJ| o]} whgo] APd Wiz 2 A E] &
|3 DMT £o.® AssH o] A FAo] Yashl se i
Zo) 24 A= glvh 22 H-USY2] A9-9= H-betdlt} v &
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2E Hkgo] {1 Y=ol 96.79%) AFE-g RolT 10 WX w-g-o] Al
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&g L}F/Mﬂ A9 LS g Btk & 5 9lt} 100°CoA
W& T} D] HolAA] oF 6h o] wh-gA7ko] R|upalok
95,79 A8 Bvh v Al &% BT 6 h oA 95% ©]
A9 =& 15-DMT] F8-5 ¢5 + AUrh
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A A 7719 YAEC] HAH R wdH o] Y= W), H-beta
= 2 A7 A B RS YAEC] IJ4 e FHde ¢
2t} vtsg PAE2] Pel= H-betart H-USYe] ¥l8) - Az
?ri & HEY 4 Uk H-betd] F53 SHo2A T2
32 2732) morphologyll &2 5ol o AR 3 722 ZA
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