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af | REETHCE KL TR RT; JUKRSERE . 4
Mral, RETH GG TR %7K, EU-
1 A IRAGZS FHOBUER (HMBr ) « S8 2 3 il

1.2 HFIHHIERK

TR L/EU-1 B &40 FIfifE R IR &
A, BTl R R EE JR B R n (HMBr, )
n(K,0) : n(AlLO;) : n(H;BO,/Fe,0,) : n(Si0,) :
n(H,0)= (0.8 ~2) : (11 ~13) : 1: (0.05~5) :
(25 ~30) : (360 ~450).
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£0.02°.
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JEM-2100F %! | $f14%.
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Fig. 1 XRD patterns of L, EU-1 and L/EU-1 composite

zeolite samples
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Fig.2 XRD patterns of composite zeolites samples with different B contents
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Fig. 3 XRD patterns of composite zeolites samples with different Fe contents
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Table 1 Unit cell parameters of samples with B and Fe contents

Zeolites a/nm b/nm ¢/nm V/nm’
B-L/EU-1 (W, =0% ) 1.835 1.835 0.752 6.579
B-IL/EU-1 (W, =0.10%) 1.830 1.830 0.751 6.534
B-L/EU-1 (W, =0.30%) 1.829 1.829 0.750 6.518
Fe-L/EU-1 (W, =0% ) 1.835 1.835 0.752 6.579
Fe-L/EU-1 (W,,=0.90% ) 1.837 1.837 0.752 6.593
Fe-L/EU-1 (W, =1.20% ) 1.841 1.841 0.752 6.622

2.1.2 BT TESIEHEAR L S A BUER Y B AU B-L/EU-1 BIE S KNS SE K 5%
ML AR AL A IR, B4 & HEI SEM . B BREREK, RAFPRNAKZAH 0.5 ~3 um, T8
AL, AW L/EU-1 B 480 T MsRIE/NBR A 0.2 ~0.5 pm, &Y Fe-L/EU-1 TR 5078 1 k:
L ARG BR EU-1 (R B, TR R 2R BTEMAEIRE R IR, RSP R/MK 295 0.5 ~2 pum,
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Fig. 4 SEM images of samples
a: L/EU-1 b: B-L/EU-1 ¢: Fe-L/EU-1
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Fig. 5 TEM images of samples
b, b, by: B-L/EU-1 ¢, ¢, c;: Fe-L/EU-1
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&5 B EDX JT & 43 Mrifk— 2 3] B-L/EU-1
Fe-L/EU-1 MRS E & 4 Fifih, L 545
T (%) S BOR AR RR R AR b, 18 6 Sl B-L/
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() TG 2R L A LI 4310 A0 B B 45 ) 32 B 5 85
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ul Al K
K
A, L s -
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&l 6 ATk 1 EDX JTTR a5
Fig. 6 Chemical composition of different samples tested by EDX
(a): B-L/EU-1 (b): Fe-IL/EU-1
x2 MERFHITERHAK
Table 2 Elemental composition of selective region
. Element composition of molecular sieves (atomic/% )
Sample -
0 Al Si K Fe B
B-L/EU-1 61.78 4.88 23.67 6.45 0 0
Fe-L/EU-1 62.96 5.28 24.50 7.07 0.05 0

T, HAEEAAE PRI T RO 181 hiEk 2
M E B IC A 7 4, B-L/EU-1 BRESE 5 T Lo
4.85, T AEMSEAEESH 3.08 MR T, Fe-
L/EU-1 WEHEIR TR 4.6, B MM E A
A 3,21 MEET, LA AR S AT RE A P
PEEATE, —FEA 3 MR T, 10N o BEAKE,
— P 4 MR, 0 B A, HA MR
i o-B5E A S RS A R ES AL AL, T O
A BRI, AR A IR 248 e Al—O
+:(0.1298 % 0. 175 nm) KFREM IR F242 K Si—O0
BK(0.117 2 0.159 nm) , B-L/EU-1 E &4 175
LA 3. 08 MR TAET Fe-L/EU-1
BEN TN SE AT SA M 321 NMRET,
Kt B-1/EU-1 H L B 7351 (4 S M S 5028 /N, Fe-
L/EU-1 1 L 83 S 50E K, 5mA B #
Fe J&, BA0Fiid L i IS 50m & A E 551
A T INFIEE I R — 2

2.1.3 BRYEF M Kl 7 Ry FE 5L NH,-TPD
k. mEAA, L/EU-1 &84 F (K8 7(a))1E
513 Fi1 673 K HELH A i B wds 430 4 28 35 55 1R il
g R G W ARCR R . S L/EU-1M L,

513K
673K
LI A
b
g
8 c
z
z
=
2
=
1 1 1 1
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Temperature/K
[§1 7 AF) L/EU-1 #5449 NH,-TPD
Fig. 7 NH,-TPD profiles of different L/EU-1 samples
a:1L/EU-1 b: Fe-L/EU-1 ¢: B-L/EU-1



1

LA HA IR L/EU-1 B8 2030 (195 i B RAE

87

Fe-L/EU-1( [ 7(b) ) M B-L/EU-1( & 7(¢) ) B985
SR LT AR, SRR v B AR AT BT REAIR, JF H 4+
i F R e R A B 2. 53k, AR 5] A AT e

RS T Hm R . WA R LA H B-L/EU-1 H
Fe-L/EU-1 YRR 2408, & TR 13 A+
B4, XK ORI AL T 08, R
B O—H S EEBEZEMI S SN T 9 ss , et

105 0.1
a
4 0.0
100 |- -0.1
02 =
S E
3 -0.3 &
g 3
= 0.4 2
90 |
\ ~0.5
752K
-0.6
85 1 | | 1
400 600 800 1000
Temperature/ K

JEFHEINS s, iR B R R v
1Ml Fe-L/EU-1 BYRRGRFEAR, PIREZ KN HAT &
25 R o NG 1 = 2 0 RN/ e € 270 s 1 11}
s fLIE S LV E A IR A e, B AR PR s
2. 1.4 HREEES BT Kl 8 & 441 B-L/
EU-1 #l Fe-L/EU-1 ) TG-DTG [&. KA A, B-1/
EU-1 Fl Fe-L/EU-1ER A7 A~ 2% d 0 | L rp 9 43+

0.1

105

b
=

! 1 ! 1
S s = 2
= w 83 e

DTG/(%/min)

600 800

1000

Temperature/K

8 K& 5 T ke TG-DTG 4]
Fig. 8 TG-DTG curves of composite zeolite samples
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Fig. 9 N, adsorption/desorption curve and pore size distribution of composite zeolite samples
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AR FLAR s A th 4. B o, B-L/EU-1 £ P/
P,<0.1 B, N, 0 F7EFE i b & A B2 W, Ak
Oy FIEATIALICTE R A R B i B 2 R T A T
e I . ik 38— Ry e, LRt E A
Xt TR KB . 7E p/p,>0. 85 B, SR Lk
FUh L, JRHBU R R, B4 T 20 FENK
B, 3 ks SR A 7= A (R B0 U] — R FLAE AR, G [
Fi7R, Fe-L/EU-1 1E P/P,<0.1 B}, W RfHE# e, #
PR AL R B RRAE. 78 P/P,=0. 1 i}, HEL S
B, I HARRERTE p/p,>0.9 W BB B o4
T T RALIE R EEAE. LA A T %, B-1L/
EU-1 fll Fe-L/EU-1 fNFLFLAR E L5 M 7E 3. 45 F
3.82 nm Z2 A7, URBH G LI 2% 5T 52 A 4y - U [R] i
EA AL AL 2R A LIEZE R, 7T LA I R
PR T Bk A2
3SR AL S5 L/EU-1 5 F iR
AR FRE 295 m® - g, AR, &)545 T
A L 2 TR 43500 R 206 m® - g7t R 283 m® - g7
B-L/EU-1 Fl Fe-L/EU-1 MJFLIRFR | P2 50SLFLAE 7
80,11 em® - gfl .0.78 nm F10.23 cm® - gfl . 1.68
nm. 5 L/EU-1 &5 FIitHEL, S50 fL Ik
FRPEIALFLAR N, B ko i FLAR BRI 734
ALK, X 53R 1 B4 —2L.

R3S FHHEMNILERSY

Table 3 Pore structure parameters of different zeolite samples

Sample Sper/(m” < g™) V,./(em’ < g)  D/nm
L/EU-1 295 0.19 0.86
B-L/EU-1 206 0.11 0.78
Fe-L/EU-1 283 0.23 1.68

2.2 AEESH
2.2. 1 BlRE b A S Ly 7 L/EU-1 E &
I3 B SR RS JTER (DgR) FES 5 A1 %8 (CAN
TR, 5 A EER R KA, R AT AR
K285 A Y BRG], eI T2
T, it KOE MR A, ST A A TR Sk
A LRt g KA, SRS A
FERL, E&0Fiih LA RRAEAT s il ss , 4 amnk
LR R KB4, BRASHR & L 410 1 45 &
BT L BARAE AT SHide i .

Bl 10 M AR EE LA L/EU-1 & & 5+ i

Intensity/a.u
°

5 10 15 20 25 30 35
20/(° )

B 10 I n(K,0)/n(Si0, ) IR I
L/EU-1 3T ) XRD &3
Fig. 10 XRD patterns of as-synthesized L/EU-1 zeolites with
different n(K,0)/n(Si0,) ratio
n(K,0)/n(Si0,): a: 0.3 b:0.35 ¢.0.4
d:0.45 e:0.5

) XRD . HEIFTLLAE T, 2 n(K,0)/n(Si0,) R
0.3 ~0.35 i, L7E 5. 6°4b FRHEAT G2 2 A .
M n(K,0)/n(Si0,)} 0.4 ~0.45 if, L Fl EU-1 14
SIEAT A IE I W, HESMERE. X4 n(K0)/
n(Si0,) M 0.5 if, EU-1 7E 7. 9°, 8. 7° & kb i 4 E
AT 2K

M 11 95 A 53T O AR G 465 f B zeta HLAVE
ittt 42 O 1 18] i — 25 i B (TCBRURE L O . 451 53 F

100 | -1-30
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= 60 z
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z - g
3 20F J-40 =
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& k]
(s +-42 N

1 1 1 1 1
0.30 0.35 0.40 0.45 0.50

n(K,0)/n(8i0,)
B 11 A n(K,0)/n(Si0, ) & BTk i
AR 25 T BE N zeta HL AL 2K ]
Fig. 11 Relative crystallinity curve and zeta potential curve of
zeolite samples with differentn(K,0)/n(Si0,) ratio

a: relative crystallinity b: zeta

s (4 A Xk 435 5 B O 100% ), 24 KOH 78 i i 45 /0
W, BENCHY zeta HLAZ -32.062 mV, KR ANFEE,
An RN RE IE H A, 2 BURE f 04 A X 5 A R LR
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&, Bti#E KOH AN agsain, By zeta HL 3 [
fIREI-41.857 mV, X A&k K" X k45 5 A 28 1
FE R S 24 KOH %8 i 4k 25 48 fin i,
BEIE zeta HO AL IEINE] -36. 754 mV, 4304 04 A XF
SEEREERN, XM T KT Na® R iR ok, BUTHE
Jr5ik, K RIRUUER . FEMP . 4k&288 i KOH %
IR, AR F AR R A, A R A
ke AR, e ak Ak 2 L4 F A L/EU-1 &
B0y T A i AR P ) BB R R R

2.2.2 fhAEETRIA R SRR TR A AR
MR SH. LR, SR 240 e e P
FH, FE SR 2SR A AR R R, Sl
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N [) dh A B ] R A R & A XRD L. i B AT LR
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Fig. 12 XRD patterns of as-synthesized L/EU-1 zeolites
with different crystallization time

a: 12 h; b24 h; C;36 h; (‘148 h; G‘60h
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Fig. 13 Relative crystallinity curve and zeta potential
curve of zeolite samples with differentcrystallization time

a. relative crystallinity b. zeta

P BERAR 2R, zeta AN —47.085 mV. 4%
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AT
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WEIE 510, HA5 RS ; L/EU-1 5450+
T e IR e SR AR AR, TIMAH SRR F IR R A F
i A8 BRI /N 58 4 1) — b A K sl ik 26 A IR A
ERIUNTR

3.2 PFaE £, B-L/EU-1 Ml Fe-L/EU-1 &
B T IR AR B BRI EE T AR R F RN 7. 6%
6.3% ; fLIEMERRY, &I E G 53+ [F i
BAMALFANFL, B-L/EU-1 (9 EXMFLILE . A 1L
FLAEH 0.78 F13.45 nm, Fe-L/EU-1 B EI AL FL
. A fLFLAR M 1,68 F13.82 nm.

3.3 FfEA A n(K,0)/n(Si0,)=0.4 ~
0.45, fafkitE]2h 24 ~36 h.
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Synthesis and Characterization of L/EU-1 Composite Zeolites
with the Tubular Mosaic Morphology

MA Cun-cun', Hu Li', YANG Dong-hua"*, WANG Jie', LV Ai-ning', LI Jian-hua',
LI Xiao-feng' , DOU Tao’
(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. CNPC Key Laboratory of Catalysis, College of Chemical Engineering, China University of
Petroleum ( Beijing ) , Beijing 102249 , China)

Abstract; L/EU-1 composite zeolites were synthesized rapidly by the method of crystal seed in extremely dense sys-
tem, the synthetic samples were characterized by XRD, SEM, NH,-TPD, TG-DTG and so on. The results showed
that with increasing the mass fraction of boron and iron in the original sol, the characteristic diffraction peaks of L
in the composite zeolites migrated to higher angle and lower angle direction, respectively. The cell parameters and
cell volume of L zeolite were decreased and increased, respectively. L/EU-1 composite zeolites contains boron and
iron 0.5 ~3 pm long, width of 0.2 ~1 wm and they have the characteristics of small particle aggregation L zeolite
attachment growth with the tubular mosaic structure. The mosaic structure changed the acidity, stability and pore
properties of the composite zeolites. When n(K,0)/n(Si0,) is low, K" plays a leading role in promoting the for-
mation of cancrinite cages. When n(K,0)/n(Si0,) is high, K* plays a dominating role in coaglulation of sol.

Key words: extremely dense system; L/EU-1; composite zeolites; characterization



