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Synthesis and catalytic activity in n-hexane isomerization of EU-1 zeolite
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Abstract: In this study, a series of pure-phase EU-1 zeolites were synthesized by introducing seeds into a series of

synthetic gels with different Si0,/Al,0; ratios (ngo /n4, containing pure silicon gel). The effect of the aluminum

source, the amount of template and seed on the crystallinity, and the morphology and size of EU-1 zeolite were inves-
tigated. The effects of different Si0,/Al,0, ratios synthesis systems on the crystallinity, crystal size, acidic property,
specific surface area, and pore volume of the samples were emphatically studied. Pure phase EU-1 was synthesized
not only in a high-silicon system but also in an aluminum-free system by the seeding method. The results were plot-
ted into a ternary plot of the synthesis conditions of pure phase EU-1 zeolite. It is obvious from the ternary plot that
the crystal seed method can significantly expand the synthesis region of pure phase EU-1 zeolite. PUH-EU-1 was
applied to catalyze the n-hexane isomerization reaction. The results showed that the catalyst had excellent n-hexane

isomerization activity and stability, and high selectivity to isoparaffins.

Keywords: EU-1 zeolite; Si0,/AL 0, ratio; directing agent; seed crystal; synthetic region; n-hexane isomerization

EU-1 2> T S5 ZE R EUO &L, J& T 1E3E B 2549, EU-1 43 1 Ui 76 5 18 5% A6 | H st il T3 o
Z, B —4E+ e AL (0.58 nmx0.41 nm) &+ (MTP)SFILA i 7 24 i 55 e v R B T K4 A1k
T A 4%(0.68 nmx0.58 nm)!", i FHAMEFAFL  PERE. FltndE W RS ML N B L EU-1 501 3

Wik H 9 - 2022-10-11, e isehis H 91:2023-03-09.
T A SRR AT 4 (No.20ZR 1455500)F1_E W1 4 AR K25 1 #E AABHIFG 85 H (No.YJ2021-34) %8 B
SHAFECAR A . E-mail : dsmao@sit.edu.cn, tengjw@sinopec.com



660 Jc ML 4k

¥ 394

IR A0 S B3 P R R REPETS, 1 C U7 R B R DA K
I AR A 5E 5 A% 45 % O I 0 T B 28 Tl R Y
2236 A7 (MOR)HI ZSM-5 73101, eAh, o ek 3
FLA BU-1 2010 75 4 A P ] e (MTH) B 7
S I R AT PRIk RE ) ik RIS A P e A R
FIMG TR A R A AR LR EU-1 2310 7R BRI OF
ST R N J7 T A HAT B B0 S

BIEU-1 73 TR T ERZ . Wu S HITE
VR A T EU-1 20106, S 1 HAR P
FEAR G Xu FE ST T — Bl G L EU-1 7350 Y il 45
SEBRLL  TEMRE R AR A U 2 S EU-1 207
it HAT, KRG ke i i B EU-1 0 T 105
JT % A P RO REARR] 2 2, 23 Sl IR AN
£ (hexamethonium bromide, HMBr,) #1 — H 5L % i
(dibenzyl - dimethyl ammonium, DBDMA) ", H Hr |
HMBr, #)"1Z T EU-1 731 595 B, AT LATE R
FUAR T 120 B 5 i Sl AR B EU-1 7050, (H 2
LS LB I, EU- 12010 A% (149 2 11 1% fL fiE
s P 1) 2 T AL RE R = T ZSM-48 43 11 , & LY
EU-1 7379 &b T — Fh M A2 2 IR 2, & 5 5% 72
ZSM-48 73 1l B AR £ 0 g Yl 28 VB AR TR
Ab B 5R A i Ak BT BERT LA 5 43 1 0 B e R
LU, (EUR i Ak B 2 77 A O S8 R B I R S 45 1 R e o
3 8, B B FL 2 R ARARAL R R POE RE PR . T
PATER s fk R LU RO BEIRE h , ey 41l ] ZSM-48 731 T
PR AN, ELEEAS B 4lAH EU-1 430 014 R HA BUX
AT S — A E R

1F %8 S A8 A 52 R T KR 1 b o A o 9% 1
RS S AR e A, A R s S e L, T
an T BAT B AR Tk b R A
70 R - T AR AR R | MR 2R AT
<5 Ja — TR UG PR B R AR S B ML B, 53
B, A T TR A A7 ) S0 o B2 A 2 o 1 5
AR S BEPERE , A0 SR IR 7 1 A B B A 2
HUfEAL SR A 5 A W SR RR R i 2 i
SR I 235 e AR B S P A I, O R AT Y
PR 9 6 Ja =70 1 Ui AR AL AR & FE DRAIERG AL R Y
[vi) B 418 v S5 S A e e 1) T8 P 1k — LR T 5 P A
MZ—

FRAIAE ot ol 2 A v ik B LU B 2 R T A
BE I T R 4l AR EU -1 73 1 0 19 5 i, 97 R 4l Al
EU-17310if A5 X, IF RGRER T AR 0
JICAS 5 G P T ) o [ B R P ] 5 69 EU-1 93

-0 4 R I T IE © e 1 SR AR B R BF 5 A
PEVERE , S I A i B0 <2 Ja — 23 O fHE AR 790 e A2 5
EE% .

1 SCIGERSY

1.1 F S5

i W B (40%) | I 55 BiR EM (sodium aluminate,
NaAlO,, ALO, & & A /N T 41%). JLK & 1 B2 45
(aluminum nitrate nonahydrate, AI(NO,),-9H,0), 5 A
i 45 (aluminum isopropoxide, C,H,, A10;) A A AL Y
(sodium hydroxide , NaOH)Fl U & & fili i2 1 ([ Pt(NH,),]
(NO,) ) ¥ 7 Hrali, W [ 1 24 46 Ak 2300 A BR 2
A) o HMBr, N34l , 1 F 2R 5 A s Tolk #k U 2s 4.
1.2 EU-1@#aHl&

EU-1 & P& M4 Casci SEMER L4 5 3%, #2201
Si0,.ALO, . Na,0 .HMBr, H,O ¥ Ig¥) inm 2 kb 1:
(1/40):0.1:0.15:30 il £ 1M 55 , 75 21 09 7= 90 1= 245 i
JERAEAR EU-1 530 o B IHRE AR Sy it R 2 i 38
RS E AR R I R — RN BIESE .

13 @MEEMEU-15F 0

3 91 5 BRI UG BE I LE no  nao,t Mo M,
=13 (1/x): 013y A0(ER AN ER PRI, ik B L =80~
600,y=0.18~0.40) \ng0, * Toxy 0" aauip, * Mar,0=1:0.137:40

(AT IMES TR, y=0.18~0.40) 31 5 1 Si0, Jii 2 43 %k
2.5%~35.0% 1) Rl (SC P SRR I FH r 2 &k
G5 N E-1~E-27 (URESL, WK 1. E-1~E-3 A HIA
[ ER VR ZEAIRE & AR 3R B A5 A R i, E-4~E-18
FE-27 Jy s kA AR R Fr S IR A E-19~E-26
TCER A AR 22 A IR i o B ) 5 A0 B < 58
H# NaAlO, T A 2] H,0 H , 3 FHEHE 1 h, mA
NaOH ¥ 225 £ 1 h J5 A HMBr, 1 2 58 & i, 9%
JE AT Z IR THEE 1 b, Ba A RER L, =
BT A MR 12 h 55 A A 2 U5 N 1A S
B V48,170 CCabfe 3 d, &t v ) PR+
5 BV AT AS 8 EU-1 43 528 o K EU-1 5310 I
KA Ty i b 550 CREBE S h R BB R IR 15
F|EU-15 T .
1.4 PYH-EU-1&4 7B % &

¥ EU-1 57 i A S B R 1.0 mol - L™ 9 il
PR B VAW TP RN HE M 5 mL-g ), T2 90 CHtHEAz# 2
h, B 3G 482 B oK PR FhuE BT R Tl
B HAEU-1 43 F0 , i~ H-EU-1.



5543

5K A BU-1 2050 696 i B HAE TE O e 53 A A S 7 i R A P e 661

F1 BUARRERTREMESBEU-15 FRHEG
Table 1 Conditions for synthesis of EU-1 zeolites by

seed crystal in hexamethonium bromide

system
Sample x ¥ rl %
E-1 80 0.18 2.5
E-20 80 0.18 2.5
E-3" 80 0.18 2.5
E-4 160 0.18 2.5
E-5 160 0.30 2.5
E-6 160 0.40 2.5
E-7 200 0.18 2.5
E-8 200 0.30 2.5
E-9 200 0.40 2.5
E-10 300 0.18 2.5
E-11 300 0.30 2.5
E-12 300 0.40 2.5
E-13 400 0.18 2.5
E-14 400 0.30 2.5
E-15 400 0.40 2.5
E-16 600 0.18 2.5
E-17 600 0.30 2.5
E-18 600 0.40 2.5
E-19 — 0.18 35.0
E-20 — 0.30 35.0
E-21 — 0.40 35.0
E-22 — 0.40 25.0
E-23 — 0.40 15.0
E-24 — 0.40 5.0
E-25 — 0.40 2.5
E-26 — 0.40 0.0
E-27 300 0.40 35.0

All samples used sodium aluminate as aluminum source except
samples E-2 and E-3: *E-2 used aluminum nitrate nonahydrate as alu-

minum source; " E-3 used aluminum isopropoxide as aluminum source.
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The blue dotted lines are positions of EU-1 characteristic peaks and the red dotted lines are positions of ZSM-48 characteristic peaks
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XRD patterns (a) and relative crystallinities (b) of EU-1 samples prepared from different aluminum sources

(a) E-1; (b) E-2; (¢) E-3
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SEM images of EU-1 samples prepared from different aluminum sources

Fig.2
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Fig.4 SEM images of EU-1 samples prepared with different amounts of template
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The blue dotted lines are positions of EU-1 characteristic peaks and the red dotted lines are positions of ZSM-48 characteristic peaks
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Fig.5 XRD patterns (a) and corresponding I,y 4o/11. ., (b) of EU-1 samples prepared with different

amounts of template in the aluminum-free system
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The blue dotted lines are positions of EU-1 characteristic peaks and the red dotted lines are positions of ZSM-48 characteristic peaks
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Fig.6 XRD patterns (a) and corresponding I, 4o/I;;, (b) of EU-1 samples prepared with different amounts of

seed crystal in the aluminum-free system
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Fig.7  Sum of EU-1 characteristic peak intensities of
samples prepared with different amounts of

seed crystal in the aluminum-free system
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Fig.8 SEM images of samples prepared with different amounts of seed crystal in the aluminum-free system
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