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Abstract — The catalytic conversion of ethanol to aromatic compounds ETA was studied over ZSM-5 heterogeneous
catalysts. The effect of reaction temperature, weight hourly space velocity (WHSV), and addition of water and metha-
nol, which are the potential impurities of bio-ethanol, on the catalytic performance was investigated in a fixed bed reac-
tor. Commercial ZSM-5 catalysts having different Si/Al, ratios of 23 to 280 and modified ZSM-5 catalysts by addition
of metal (Zn, La, Cu, and Ga) were used for the activity and stability tests in ETA reaction. The catalysts were charac-
terized with ammonia temperature programmed desorption (NH3-TPD) and nitrogen adsorption-desorption techniques.
The results of catalytic performance revealed that the optimal Si/Al, ratio of ZSM-5 is about 50~80 and the selectivity to
aromatic compounds decreases in the order of Zn/La > Zn > La > Cu > Ga for the modified ZSM-5 catalysts. Among
these catalysts from the ETA reaction, Zn-La/ZSM-5 showed the best catalytic performance for the ETA reaction. The
selectivity to aromatic compounds was 72% initially and 56% after 30 h over the catalysts at reaction temperature of
437°C and WHSV of 0.8 h™".
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Table 1. Standard reaction conditions for ethanol to aromatics
1/2 inch x 20 cm

Reactor size

Reaction temperature (°C) 437

Reaction pressure (bar) 1.0

Reaction time (h) 40

H, pretreatment (cc/min) at 550 °C, 3 h 10

Ethanol feeding (cc/min) 0.011

Catalyst (g) 0.65

WHSV (h™) 0.80

A5 Te) 55 A8 A A9l $RSG R A
EE USRS A & 5 8T 1-3,19-22].

e o

AT AL HE YIS GES A 02 2]
ZSM-59) SUAL M19] B, Cu, Ni, Ga, La, Zn 59| F45% =
dare sl weF HAske Ho)F Abgale] gL
SV, Hh9l oekgol £ vlgeo] W79 AEslir.

[

==

2 do
Al
Ot

e,

e

[
[l
ol

2-1. 25ER| F0f MxE ® £ 2M

Table 20li= Aol AR AT AE ARZRE Tt A8
ZSM-5% YERNITE ZSM-52] A 2] 7 Tr|L(Si/AL) Bl
23~2800]w, Lo} SEf= 500 °CollA] 5A1F 229 A1A HT )
2 HASIAA ARSIt S A% SRS AAlEE e
2445-2] 9ol Cu(NO;),-5H,0(Acros A3, =5 99%), ©F<d
2 Zn(NO,),6H,0(Aldrich A3, <5 98%), THEE A2 La(NO3)y:
6H,0(Aldrich A&, % 99.99%), ZF 2 Ga(NO;);'6H,0
(Aldrich A&, <25 99.9%)& AME-3II T}

ARESE Al gl B S48 B9 7] Ll v
2 g-31ATH2]. thEZQ] 3 ol 2 o} (Zn) 2 Fek(LayS 333

= Avgdabd, Wk 7|81 ] (rotavapor)el] Al EE FYskal
A9} e8] 18] ATAIR) Zn(NOy),6H,0 2! La(NO5);6H,0S
ofghgol] 2k o] X sfellA Ax8] o] 7Is7|= FYsto] Al
glolEo} HEAA 30%7F 2 wHkA7|EA SR AZIT o]ojA
100 °ColA 12417 S¢F AZA)7) a1, 550 °CollA] 5A17F E<t 37)
7191004 A S5 FHlE Alxsisi)

Alzg Sl o] 5495AS 218l R ol S B3k A9} BET
H3EH A 574 AT AABIITE WA, ko) S e A
(NH; temperature programmed desorption, NH;-TPD, BELCAT-B)=>
Zulf 0.01 g& AP N7 ol Y& F FF 9171 stellA 10 °C/
minE 7}F8kaL 200 °C7HA] &5 &2]3L o] 2XzoflA] 244171 B}t
FAIAIZITE, 0]o1A] 100 °C 714 255 SH=a1 hRLol S HA
B2 53]ol A F4lstar, of7]ell EErkas el EuEEE

= o o

D?_,o

Table 2. Properties of commercial ZSM-S catalysts

ZSM-5 Si0,/Al, 04 Nominal cation Sper

zeolite code mole ratio form (m%g)
CBV 2314 23 NH," 425
CBV 3024E 30 H 405
CBV 5524G 50 H 425
CBV 8014 80 NH,* 425
CBV 28014 280 NH," 400
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Table 3. BET surface area, micropore volume, and average pore size
for 0.8 wt% metal supported ZSM-5(50)

Catalyst *S,.r (m¥g) Pore volume (cm%g) Pore size (nm)
La/ZSM-5(50) 402 0.21 2.13
Zn/ZSM-5(50) 389 021 215
Ga/ZSM-5(50) 382 0.20 2.07
Zn/La/ZSM-5(50) 378 0.20 2.15

*Sperand average pore diameter were measured by using N, adsorption
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Fig. 1. NH;-TPD profiles on the Zn-La/ZSM-5 catalysts with differ-
ent Si/Al, ratio.
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Table 4. NH;-TPD results for the Zn-La/ZSM-5 catalysts with different Si/Al, ratios

Catalyst Tpear (°C) Weak acidity Strong acidity Total acidity
First peak Second peak (mmol/g) (mmol/g) (mmol/g)
Zn-La/HZSM-5(23) 197.2 405.4 1.102 0.789 1.891
Zn-La/HZSM-5(30) 184.7 382.5 0.804 0.526 1.330
Zn-La/HZSM-5(50) 163.8 365.8 0.643 0.370 1.013
Zn-La/HZSM-5(80) 184.6 379.4 0.279 0.265 0.535
Zn-La/HZSM-5(280) 165.5 356.7 0.085 0.072 0.157

(): Si/Al, ratio
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Table 6. Hydrocarbon product distribution in ethanol-to-aromatics on the effect of methanol content in the feed over Zn-La/ZSM-5 catalyst (reaction

conditions: 30 h, 1 bar, 437 °C, WHSV=0.8 h‘l)

Carbon selectivity (%) S

Feed Benzene  Toluene Xylene  Cumene 4Ro

G 6 6 a6 &G &G cny cHy B mixtures Gty G
EtOH 0.0 10.9 12.6 7.7 7.2 1.3 4.7 23.3 3.1 16.9 5.1 7.2 60.3
MeOH 4.5 5.6 16.0 43 74 0.0 2.8 15.6 0.0 26.1 2.2 15.6 62.3
EtOH/MeOH=0.5/0.5 94 6.7 11.4 5.0 4.1 0.0 3.5 18.5 1.6 24.0 3.0 12.9 63.4
EtOH/MeOH=0.9/0.1 5.8 7.0 12.0 6.4 6.4 0.0 4.9 23.8 2.6 19.0 4.2 79 62.4
EtOH/MeOH=0.8/0.2 3.9 19.8 3.1 7.4 5.5 0.0 3.8 20.2 2.5 20.4 4.5 8.9 60.3

EB: ethylbenzene, Xylene mixtures: sum of o-, m-, and p-xylene
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Fig. 2. Conversion of ethanol (a) and selectivity to aromatics (b)
versus time-on-stream for ETA reaction over various
catalysts with different metals. (reaction conditions: 1 bar,
437°C, WHSV=0.8 h™).
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Fig. 3. Effect of Zn loading amount in Zn-La/HZSM-5(50) cata-
lyst on the ethanol-to-aromatics (reaction conditions: 1
bar, 437 °C, WHSV=0.8 h™").
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Table S. Hydrocarbon product distribution in ethanol-to-aromatics on various catalysts with different metals (reaction condition: 30 h, 1 bar,

437°C, WHSV=0.8 h!)

Carbon selectivity (%)

HZSM-5 (50 Benzene  Toluene Xylene  Cumene Saro

ev Ci G G Ca Cs Cs (CeHg)  (C/Hyp) EB miitures (CoHyp) Co- %)
No metal 0.0 8.0 243 16.9 12.1 3.8 2.7 11.1 22 133 2.7 35 349
0.8% Zn 13.0 12.7 10.5 49 4.2 2.2 3.1 16.4 39 223 3.7 8.7 52.5
0.6% La 8.9 15.7 16.4 7.9 5.5 7.0 1.9 9.0 2.8 16.4 3.1 5.5 38.6
0.8% Ga 0.0 15.3 21.9 13.0 14.2 24 32 22 10.1 11.6 0.0 72 332
0.8% Cu 0.0 9.1 21.4 14.4 9.0 49 4.2 14.2 2.1 14.2 3.6 3.1 41.2
0.8% Zn-0.6% La 0.7 7.4 13.9 8.7 5.1 32 6.7 239 3.0 19.9 4.4 53 61.0

EB: ethylbenzene, Xylene mixtures: sum of 0-, m-, and p-xylene
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