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£ B ot ubgAde el FAZ v ZAEE Velit). Zan®, Co®, Ca* 3 Mg® 340]20] 90% olAF o] 2 mdte &
v} (Zn/NaY, Co/NaY, Ca/NaY ¥ Mg/NaY)+& HY Zuel u]sled ujgAd st} =24 RAI=sigeh. o) 718 HhS & Zojlof &
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off 2231 wt% ©13}) 9] tetraethyl orthosilicate(TEOS) & Z 247141} 4417 Zvlx v @A3br} oz A=} 28

v} Zn 58] ool witol} TEOS7}F A= Evloll4 2,6-A 29 s N2 gk

Abstract— Selective catalytic isopropylation of 2-methylnaphthalene(2-MN) to obtain 2,6-dialkylnaphthalene over Y-zeo-
lite catalyst was studied in a continuous flow micro reactor under atmospheric pressure. NaY, HY and cation-exchanged Y-
zeolite catalysts were characterized by temperature programmed desorption(TPD) with NH, and the used catalysts by tem-
perature programmed oxidation(TPO) of coke. HY-zeolite showed initially a high activity(about 90% conversion) and then
was deactivated rapidly with time on stream. The catalysts ion-exchanged by Zn*, Co™, Ca® and Mg*(Zn/NaY, Co/NaY,
Ca/NaY and Mg/NaY) offered a remarkably improved stability, which was attribute to less amount of coke formed during
reaction as shown in TPO results. The stability of Zn/NaY treated by chemical vapor deposition or impregnation of
tetracthyl orthosilicate(TEOS) against deactivation was slightly enhanced. However, the selectivity to 2,6-dialkylnaphthalene
was not improved by cation-exchange and TEOS treatment of Y-zeolite.
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Fig. 1. Overall pathway for 2,6-NDCA from naphthalenes.
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Fig. 2. Reaction apparatus for isopropylation of naphthalene.
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Fig. 3. Catalytic activity as a function of time on stream over HM
(0), HY{(®), NaM(0), NaY(») and HZSM-5(A).
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Table 1. Product distributions of various zeolite catalysts at 1h time

on stream
Conversion Selectivity(%)
Catalyst 2,6-DAN/DAN
(%) DAN  PAN Iso0.
HM 19 99.8 0.2 0 0.82
HY 79.29 72.48 23.02 1.48 0.73
NaM 1] - - -
NaY 0 - -
HZSM-5 45.6 7.8 92.2 0.74

Iso :isomers of 2-methylnaphthalene. DAN : dialkyl naphthalene. PAN:
tri- and tetra-alkyl naphthalene.
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Fig. 4. Catalytic activity as a function of time on stream over ion ex-
changed Y-zeolite catalyst.
Zn/NaY(+), Co/NaY(m), Ca/NaY(A), Mg/NaY(a), HY(C ), Ba/
HY(®), Ba/NaY(1), Cs/NaY(<).
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Table 2. Product distributions of cation exchanged Y-zeolite cat-
alysts at 1 h time on stream

Conversion Selectivity(%)

Catalyst o 2,6-DAN/DAN
(%) DAN PAN  1-MN.

HY 79.26 72.48 23.02 2.94 0.73
BaHY 62.5¢ 74.83 19.81 4.73 0.73
Ba/NaY 41.56 70.86 29.07 0 0.57
Zn/NaY 82.86 62.58 32.06 2.89 0.8
Ca/NaY 82.51 62.05 33.39 1.13 0.83
Co/NaY 83.95 61.08 34.20 2.61 0.79
Mg/Na¥Y 85.2¢& 63.71 31.73 2.46 0.74
Cs/NaY 3]
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A (h-peak) = HY$} Zn/NaY Zviolla FEHoz shas|gch
HY®} Zo/MNaYo|d gzsl & qhu]oleke 742} 0.63 mmol/g o
1.33 mmol/g 2.2 Zn/NaY Zvj2] 413 o] HYRc} 20} AHx g3k}
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Fig. 5. NH,-TPD spectra of Zn/NaY(A), HY(B) and NaY(C).

€Q, evolution (a.u.)

Temperature (°C)

Fig. 6. CO, evolution during TPO of Zn/NaY(A) and HY(B) used in
the isopropylation of 2-MN at 300°C for 5h and 3 h, respec-
tively.
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Fig. 7. Catalytic activity as a function of time on stream over HY
(®) and HY meodified by thermal CVD of TEOS for 1 h(o).

Table 3. Product distributions of HY and HY modified by thermal
CVD of TEOS for 1h at 1h time on stream

Catalyst Conversion(%) Selectivity (%) 2,6-Di.
Di. Poly. 1-MN.

HY 79.29 72.48 23.02 2.94 0.73

1hr CVD 82.28 63.29 32.16 3.68 0.77

WAt 53] * 2] Poll = 2
o] 9lx, 122 Pyoll ds s s ol v|dAsle} A
# el Bade] gle 7l or Aot Fole vjdhgste) 23] d3to)
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peak”} HY Zeofjoll Ab33] 22 71& weishd $47 < my-peak7}
Zofo] u|hAjslel Aedo] & 710 Pehsich w]F Zn/NaY vf
o}l Zn F4-2] o] 2@ &holl 2J3}ed MAEl 1= L-peak(Bronsted 4H)
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el b Zak gRHoR A% Qi 2auct dav) 4
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dell 4] Qg 2w} 7o) o] Zufo] v]ghg e} 7.2 Adto] Sl
78 po] A2 gl el BA S Z=0l7] wfF-ol] Hl-Fe] HE w
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Fig. 8. Catalytic activity as a function of time on stream over Zn/
NaY and Zn/NaY modified by thermal CVD of TEOS for
various times.

Zn/NaY(©Q), Zn/NaY-1hr TEOS(e), Zn/NaY-2hr TEOS(D),
Zn/NaY-4 hr TEOS(® ) and Zn/NaY-6 hr TEQS(A).

Table 4. Product distributions of Zn/NaY and Zn/NaY modified by
thermal CVD of TEOS for various times at I h time on

stream
. Conversion Selectivity(%)
Catalyst %) DAN PAN TMN. 2,6-DAN/DAN
No CVD 82.89 62.58 32.06 2.89 0.80
1h CVD 74.98 58.36 36.42 202 .78
2h CVD 72.19 61.06 32.60 147 0.78
4h CVD 64.05 60.37 31.18 4.94 0.78
6h CVD 54.36 0.56 50.23 0.00 (.73
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Fig. 9. Catalytic activity as a function of time on stream over Zn/
NaY and Zn/NaY medified by impregnation of TEOS as
much as various weight percentage based on Si.

Zn/NaY(0), Zn/NaY-0.1wit% Si(®), Zn/NaY-0.2wt% Si(),
Zn/NaY-0.3 wt% Si(0 ), Zn/NaY-0.4 wt% Si(m), Zn/NaY-1 wt%
Si(A), Zn/NaY-50 wi% Si(<).

Table 5. Product distributions of Zn/NaY and Zn/NaY modified by
impregnation of TEOS as much as various weight per-
centage based on Si at 1 h time on stream

Conversicn Selectivity(%)
Catalyst %) DAN PAN 1M~ 2,6-DAN/DAN
No SI 82.89 62.58 32.06 2.89 0.80
0.1 wt%Si 91.96 52.23 45.53 2.00 0.78
0.2 wt%Si 91.27 55.41 42.46 1.00 0.80
0.3 wt%Si 91.21 52.86 43.93 1.24 .79
0.4 wt%Si 91.41 51.77 44.50 1.80 0.78
1 wi%Si 90.10 59.42 36.87 1.89 0.75
50 wt%Si 81.97 68.78 28.16 2.02 0.77
5 wt%Si* 81.67 63.61 31.93 2.53 0.80

*Denotes that treated by silicon acetate.
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