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2 5 P R P IR Bk 3E B ity PO ) ] 428 ) o Bl
EREBAREIUH ) FeMOR 77, IeAMF 5T T
Z5 TR ) CO MR P BE -

11 HmBEm

Wt TE A HURE AR AR R, BB K A R
Fe-MOR 4 T-fifii. ¥ 26.41g IEREERR Y 2.H5(TEOS,
g EAER AR ERA R, AR, 98.6%) A
FPREHIKE, FEIRTRZISEE, g m b g
TN 1.25~1.88 g W ERIR (R T BH 28 BR AL R
FRAHE], 36.5%), W FRBEABEHRF I 0.1289
JUK A BR Bk (R i 1 4% B A 22 X 70 A IR A A
AR,98.5%), T =ik 24h, FifEHRSVERFRCHN
A. ¥ 554g +/)UKERERRETH T, AR, 99.95%)
WKk, FinA 3.125~6.04g AL EETT R
B RFER AT, AR, 96%), #HitfEEH M,
P E AR IC A B. B B IO A, fE=IR T
$£ 24 h, 733 n(Fe) : n(SI0,) : n(NaO) : n(H0) :
n(Al,O3) : n(HCI) = 0.0025 : 1.0000 : x : 30.0000 :
0.0665 :y (n A&, x =0.3000~0.5800, y =
0.100 0~0.150 Q)M A, W13 BIMTR A%
B 2RI IRt BN S RS+, 75180 C
AL 7T~14d. FrONEEHR T, ROV SRR A
H, AT E LR, EETKERE .
e, WIEDIC TR 110 CHE, Hatkek
AREES, Al & ARES ac FESD by BES oo FER
d. FEfb e FESfL RS oy FES G BERL IS FESD N
Fedh k, BARG Bk R 1.

*1 HERNEHEH

Table 1 The synthetic conditions of the samples

Samples M,\? Ia:rorlaéi gzof M ﬂ‘érl /rgtg)zof Day of crystallization
a 0.580 0.100 14
b 0.400 0.100 14
c 0.375 0.100 14
d 0.360 0.100 14
e 0.300 0.100 14
f 0.375 0.100 12
g 0.375 0.100 9
h 0.375 0.100 7
i 0.400 0.100 9
j 0.400 0.125 9
k 0.400 0.150 9

1.2 #HmBIRIE

K A 20 48 B A F 1) PANalytical X’ Pert
Powder Y X AT (XRD)XFE S dE AT ¥ 4H 4>
B, MAEEPE: CuK,, TAEHJE 40 kV, TAEHR
40mA, FETEEI 26 = 5°~50°. KM H LR HiHEAR
AF S-3400N B H HL 7 2 AUBE (SEM) L2 b
TS, HIFEITVE: BARAE B O R, B E
FEGORE TR B SR b, FEE T BTG A0 2]
KA E 7 AT SB-tiger B X BRI
(XRR) MRS LR AR FEMEE SR E: LA
FF &b b (1) XRD % Ay S 94 (45 i 5 1504 100%), 5 XRD
i | 20 Jy 6.5°. 9.7°. 13.5°, 19.6°A1 22.3°4k 5 4
REAEAT S UG 0 i 2 Ao L, 265 () THELRE b RO A
X 4

R=xl/%,, (V)
VS PO W DS B [lSE- %7 0 = iRy = 3 S|V 1
WA U ey AN ATMEL (b 9 R HERE i, FEL by | AR ERE
fs | ARER BRI 5 ANRHIERTSIEIER), Py RE S
XSS . ST RS AR
XRD i, GEELT 9 MNMRHEUERTEAIE R, H 20
435N 6.5°, 9.8°, 13.5°, 19.7°. 22.3°, 25.7°, 26.3°.
27.7°, 27.9°, ¥ &R THT 43 511 25(110) (200). (111).
(400). (150)- (202). (350). (511). (530), i it Unitcell
B, THE SR & S 4(a0, bo, Co)-
1.3 CO, lMHEM

X FT G B S B AR RS i, SR HORE o FE f
FFE K FEATIS, B Sl T S B L e 5 3R g
HdEAT 550 CHEHE 4h, BT CO, HE AR I AR Z 57
175 21 75 W B DA 22 BT ) 3 75 6 AT FAL
B, FH ASAP-2460 443 Bt o3 AR B i idE AT
A CO, MW P14 Bk o K F [l e R3¢ &, FIH Hiden
Analytical HPR-20 7E£8 Jii itk (SO b AT CO, % 3%
SEA AT .
131 CO, AWM CO, #hAMR I e 3
W A 53R4T o FREUEE L 0.1 g JRONEES R, 7EAX
A5 M AL AT In P B s Ab 3, RSN 300 C,
IFA] 3h,  DAAR ORAE i TR B R 2 B e 2k . CO,
G INEAE O CREATIE, MXET1(plpor P I
MK J75 po v COL 7E T 1A Z8 77 K M ]
E{H)V F 2 0~0.029, i HU7E KA H (p = 100 Kpa,
p/po = 0.029) F KL In H B AT H 5, 19 25
B &
132 CO, FiEsw KRR E R i T e
R, IR FEFREL 20~40 H (0.425 ~ 0.850 mm)[1) 45



%5 52 &4 9 3] FE % S SEREOEH A0 TR K A R P RE + 3049 -

K04 g, FAMBDERKMAFF, 7E 100 ‘CHI NS
WA R E 42.5 mL/min)#Ef7 #AE0FE 30 min, 2 5%
FHFEIR A 30°C, SRJFEA n(CO,) : n(Ny) = 15: 85
MR & (W ES N 75 mL/min #1425
mL/min), 38 5 P %55 il 2 TSk B CO,
(1 2 745 I Bt 1 R

2 HXREiI®

2.1 WWENEH Fe-MOR £ FifaI8 M

i A NaOH ) F B B 1% Nap,O 5 Sio, 1
JEE IR LU LAZE SR UG B S Rk B2 5 B Fe-MOR 1J5%
W, FEMmS LS T2 NE 1. | 1 AE
BUFE ) XRD 1%, AIULFES a 7E 15.8°, 18.3°,
26.01°. 33.36°% v B A J7 i A AT i g H G HoAth 25 1)
FRIEIE, T2 NapO 5 SiO, 1) BE /R Eb Ay 0.58 i BT
B JRE S oA AiAH 77 A (PDF 01-080-1828) . # 4 b
FIRE R ¢ 47 B MOR $hFh 45 #6471 RFAE
g, HIGHAhAR P, R NapgO 5 SO, [ EER
Eto4 0.400 A1 0.375 IS FTfS ™ i N 4iAH MOR 2514
(PDF 00-029-1257), M XRD W35 5 1] DLAE 45
FERAF, AR RS b 1) XRD R5AEUE ) £ AN
e T 5000 A 2 0 e 2 5500 a = 18.0618 A, by
= 204271 A, co=75083 A, iEFEM c KIS
#N ap=18.0715A,by=20.4254 A, co=75051A,
2505 MOR pril 2IME BEEA—2. FEih d
HA MOR FFAE U [ [R] i 7E 9.3°4h HH BB /N 24 i U o
FHE 1A 0L, B NapO 5 SiO, 1B /K L A 0.40 %
Wbz 0.36, 22t A AT S IG5 FE IR T PG, G
6.49°. 9.76°. 13.43°ffrXf B[ (110). (200). (111)
fnl, ELFEAHES S i 100%F4% % 59.17%, RWITE
— Y0 ] AL o £ 5 PR R R B A T RS o 1T
% NaO 5 SO, /R LAk SEB# K E 0.3 i, 155
BRER e NEELT Y. VLESGREY, £ NaO
5 SiO, EE /R LLAE 0.30~0.58 S HE N, & Hidk 05
Bt m BB A, RN HILTEE TR A .
I B AR A R TR AR A R B
TER, (ks @Y sz A&, AT 2260
A e,

K 2 NANTE NapO 5 SiO, I EE /K EL FT il 4
(1) SEM HE -, B a NIEERIRIES, HARZ958 20 um,
KANEIE); FES b FIFESD ¢ RFFIR REEMFR IR L
i, R b BN R AR T B 7S R (]
2d), B K EEZ) 70 pm, FEE AR 50 pm,
WIS —8, R\ LGRS, SEERE

K, g, RN d RSO AR A K, Y
WREL; FESh e B AN PTG 2 AR Fki ) ,
5 XRD W4 .

Sample e

; Sample d

Sample ¢

(110)

S

(111) @ |z 11)

Intensity

T MOR

10 20 30 40 50
20/(°)

El1 A NaO 5 SO, /R LA A IFE i XRD i
Fig. 1 XRD patterns of samples synthesized at different Na,O—
SiO, molar ratios

K 2 ANPGRS 26 A R b FIRESRS ©
] XRF RALLR, LY Fe. Siv Na. Al 5§
TR, FRRUFBIN T EH Fe mx.
BORAE S b FIAE G ¢ NSl 22060 A 250 Hig
BAMME R, WAMERBIE N B, da
FEMI XRF 25 50 DUIESE Fe B 1 Dk A\ 3] 22
Jeh AT B A, BT A R i O 4 Fe-MOR
oy ie Uk, i K NaOH &R NapO
55 SiO; B /K LE B B AR W 4R e VR & ) O B
A TE G 5 b A A B, 33 T R 4245 B 4 A Fe-MOR
paNs R
x2 BRHYERLLHARERE XRF ER

Table 2 XRF of synthesized pure mordenite samples
Samples n(N&O) n(Al;O3) n(SiO;) n(Fe03) n(SiOL)/n(AlO3)

b 0.0930  0.085 1

c 0.0885  0.081 1

0.0032 117
0.0032 12.3

Note: nisin mole.

22 BRLEEXE K Fe-MOR 4 F i B 22

B 8 AT D0 & B e . B3
FTE RS XRD 1%, TR o FESL fLORE
i g B ELA BB MOR S35 K i 47 (K RFfE 0,
H o Al A ot i, 3R B BT A5 7 4 35 D 4l A 1Y
Fe-MOR 43, [FI THSERE L f 1SR RS 0N a0 =
18.0733 A, bg=20.4268A, co=7.5080A, ¥t
g KIS HCN ag=18.0745 A, bo=20.4277A,
Co=7.5084 A, #4555 MOR bRt i 2 $ th 3L A
— %, FESh h B MOR HRAE U4 [ [F] i £E 15.9°4b
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(e) Sample d
Kl 2 A NapO 5 SO, BE/R L& ke i ¥ SEM i
Fig. 2 SEM photographs of samples synthesized at different NaoO—SiO, molar ratios

LT /N T A ARG . BESL oo BESL fL FES
g~ A il h 45 5 B2 43 514 86.45%. 86.44%. 75.82%
Je 70.82%, 3 BH 25 i B Bt A il A BT 8] (%) 447 6 T %
K. L e 12d i, @ A e 4,

I IS P A K S A IS TR 285 FE 2 s/ . B 4 R
FiT& R it SEM R, T LA R o FEA fL
FEdh g BUNFRIR SR MBI SN,  HBS &) —
i, NZiF FeMOR 731 fii; FEdh h ¥ SEM HE
L T R ERR I 7 Wb A A A, XA XRD 45

—H. FHAMFES oo FEM L B g HOEERIR BRI
Bl KN 2028 705 60um A1 50 um, 3 ML
PR EAIIZ R 50 um. AT WLEEFRBRE — 52 HI 4414
T, & MYE R AT [ ET DL A R 4EAH FeeMOR
Iy TR, RIS BEAE AT TR 98D, BT ORE
e RS AR A /)N, 32 B A A T i) B A ) T

(f) Sample e

SRR A s B AL (4 2 70 I, XRD
Her BT T A A IR SEM TR e Oy
TSR 2 S

Sample h

Sample g

Intensity

Sample f

(110)
Sample ¢

.. MOR

RS VO PO DT
10 20 30 40 50
20/(°)
K3 ASEIIS ] R A IR XRD 1
Fig. 3 XRD patterns of samples synthesized at different time
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(c) Sample g

(d) Sample h

B4 AFEI R & SR il ) SEM IR
Fig. 4 SEM photographs of samples synthesized at different time

2.3 BEEEFEH Fe-MOR 9 FifaI5 M

IR ERTR A 1) NaOH {4 F & 1]
PLE S P20 A, BRI UG TR A VR 5 0 P R AR P32 5 4
FRAEA FeMOR ZCHIEL. MAh, w1k
HCl IR, SRR IR KRB, 555
=) B 5

& 5 PTG RS ) XRD 3, RS jATRE Y k
BIEA A MOR $hIMNS M A HIRHiEVE, B
FoAth 2 UG, RO h SR IR RE O 4 A B A iR
90.8%0F1 94.77%, [FIFf TR FE M | ISR RSN ao=
18.0951 A, by =204771A, c,=75139A; FEiik
() S 2808 ap = 18.0819 A, bo=20.4596 A, co=
75087 A, 45 MOR Wl IS Hb A —FL.
EFES |76 19.4° 40 I/ N R i o T 6 S PIT65 Fl
FE SEM B8 Fr, 1T DUE HFE A § FIRE S kK 2 AFIR
REMPERRIEI, Jy B 2k Fe-MOR 4311 ;
MFER | AV AR BAATE, RIS 2 R
BetR. TEOS FERR T 21 F/KfRRT, 15211 SO, Hif
DX AN [ AR 2 A T A3 2 1) SIO AT SRAA, T7E
PN, KIREE R TRAEEE, IR
IREE R SIO BRIERRL; FERRTEAN i, KA H=R

KT KR, IR ELETEIR SO, kL, XA F
F il ARSI w112 TEOS 769k HCI IfEF R,
AR Zrh TEOS MUK IR, 24 pH = 2 R
WA NERYEA UK TEOS I, HOKARFE R
) SBT3 K, 247K R (8] 20 hisf 7] i £k TEOS
584K P 3K A T AL RSB EAT . ASTIE T 3R
B, Y5E—ert, AT HC S, FIFERT LA
A R AR Y Fe-MOR 431 o

Sample k

(110)

Sample j

Intensity

Sample i

1 | | | L1 . \ MOR

10 20 30 40 50
20/(°)
Bl 5 Ak HC H&-& ke XRD
Fig. 5 XRD patterns of samples synthesized with different
amount used of concentrated hydrochloric acid
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(a) Sample i

Z \h

(b) Sample j

(c) Sample k

Kl 6 ANFEW HCI F &S Rt i i) SEM B 5
Fig. 6 SEM photographs of samples synthesized with different
amount used of concentrated hydrochloric acid

3 CO, %[t &t

* 39 CO MM RE LI ZE S, ] WA LA
FES A AR, 1H CO, i AW I B B AR i —
/e, HoAREa f B ESS R s, & 3.57 mmol/g,
L BB £ g SRR 1 2730, SR A5) % B
YITEARTE K S7+ AR R 43 3T T COp B
PSS, M5 AR TARME MO C)I, CO, MErA
Wt &4 5.68 mmol/g, HHTA k1) FeeMOR 4F- ¥
TSR 2H R bn 5 A TAE P BT Rt i I 45
HHAR, i Co, WMEBLEARR. BA R
FHIFE CO, RN 0.04%, JHFEN 30 CHf, AFH

MOR 3541 1 B 24 1.05~1.15mmol/g. 7 CO,
MBFERE S, KT HESR CO, B &,
Fop ke c g5 R m, %) 1.47 mmol/g.

A TAEFASHE i ) CO SN N & B AE 147
KAER COp 254 N, 12 HUME s BE AR T 2
T BT (IR BT A, R L v 1 43 T O R B 7
MDA g A K. A AR BT & R
Fe-MOR 7> T-iifi, REEREL KRR 2, Frll CO, B
W P R CEIT o TTEAR COL 43 JE 251 FHEA 2 B 7S
WL PR 26 A T, COo WP B 32 E 43 - v e B AN 25
P s i br k2, BIFEAR CO, 90 IR 461 R HI3h
A CO, FFE R, TEE MOR 1)\ JuHALiEH
U7 A B R s ke T R PR Ak, WD
AN [F) 2 A5 ) Fe-MOR 2319 (R AW 5 6 77 AE
Z5, I FBULMER I CO s EH —E

E5to

3 CO,HMItERESTIGLER
Table 3 Experimental results of CO, adsorption performance

Samples Static _ . Dynamiq .
adsorption/(mmol-g ™) adsorption/(mmol-g ™)
c 3.51 147
f 357 10
k 351 0.9
4 Hp

K ¢ BT A HUSEARGRITZ K AT #2867 AT IR
REMBERIR FeMOR 70 1. 45 REHA A &R
(RTRR L B2 b A RS 2 W 252 Fe-MOR 431
&, TR HCI FE— @, w215 2107
A em A, RBRE 2 B ILTE 2 B A {224 NaOH (1)
R RN, &SRR HC M E B S Gk 4l
HH FeMOR 73 Fiii; TEI&E 4 RRIE T, MmRm
1) ST 2 B A BT [R] R 48 R IR /)N, HL&5
B B, M AR R4 R 7 d B A
B A AL, XA E T A R R, A
M. NIMAEA K FeMOR 2 Fifilt, Ak R 1
NaOH =ik HCI 1 F & LA R iy (R AR DG . AR T
VERLINA BT BEBIRB B SR Fe-MOR 4311,
Hxf CO HAr R A M ae 11, £ CO,
Fr AR ERTIA 3,57 mmol/g.
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Study on Synthesis and Properties of Iron-Containing Mordenite Molecular Sieves

CHENG Ying, CHENG Shimin, TAN Guangyu, LI Shengpeng, WANG Chuang, YIN Dongxue, WANG Qian, YUAN Long
(ChiaTai Energy Materials (Dalian) Co., Ltd., Dalian 116000, Liaoning, China)

Extended Abstract

Introduction In recent years, mordenite molecular sieves with various properties have been successfully synthesized by template
method. Although the template method has received a lot of attention, the addition of the templating agents especially organic
templating agents, would increase the cost of raw materias, and could be harmful to environment. Therefore, the method without
organic template is more economical and environmentally friendly. Recently, the synthesis and applications of mordenite modified by
hetero-atom have getting more and more attentions, and the performance of modified mordenite molecular sieve shows better. The
common methods for modifying mordenite molecular sieve include ion exchange method and impregnation method. Some
researchers have synthesized monolithic iron-containing mordenite (Fe-MOR) by template-free method, which has excellent CO,/N,
separation performance and high carbon dioxide capture performance. In addition, Fe-MOR zeolite can catalytically decompose N,O
into N,and O,, which can effectively reduce the N,O content in the atmosphere. In this work, Fe-MOR zeolite was synthesized by
hydrothermal method without organic template. A novel rod-cluster-shaped Fe-MOR zeolite was controllably synthesized by fine
adjustment of pH and crystallization time, and its CO, adsorption properties were investigated.

Methods Deionized water, tetraethyl orthosilicate, concentrated hydrochloric acid, ferric nitrate, aluminum sulfate and sodium
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hydroxide were used. A mixture with n(Fe) : n(SiO,) : n(Na0) : n(H,0) : n(Al,Os) : n(HCl)=0.0025: 1.000 0 : x: 30.000 0: 0.066 5 :
y (n is molar ratio, x=0.300 0~0.580 0, y=0.100 0~0.150 0) was obtained, then the mixture was transferred into a
polytetrafluoroethylene lined stainless steel autoclave and crystallized at 180°C for 7 to 14 days. When the reaction finished, a white
powder sample was obtained after post-treatment.

The crystalline phase and crystallinity of the samples were analyzed by PANalytical X’ Pert Powder (XRD). S-3400N scanning
electron microscope (SEM) was used to observe the morphology of the samples. The elemental composition of the samples was
analyzed by S8-tiger X-ray fluorescence spectrometer (XRF). The static CO, adsorption performance of the samples was measured by
ASAP-2460 physical adsorption analyzer. A fixed-bed apparatus and a Hiden Analytical HPR-20 on-line mass spectrometer were used
to determine the dynamic CO, adsorption performance of the samples.

Results and discussion  The crystalline phase of the product is effected by the amount of sodium hydroxide or the concentration of
hydrochloric acid used in the initial gel mixture. The pH value of the initial gel mixture is crucia for the synthesis of pure phase
Fe-MOR. The XRD results show that the peak intensity of MOR decreases gradually with the decrease of Na,O molar ratio from 0.4
to 0.36, indicating the crystallinity of samples related tod the basicity in a certain range. When the molar ratio of Na,0/SiO, is 0.4 or
0.375, the pure phase MOR with rod-shaped cluster was obtained, in which the single rod is approximately hexagonal and the
morphology is uniform. When the molar ratio of Na,O/SiO, is in the range of 0.3-0.58, the analcite will arise if the alkalinity of the
system is too high, and the amorphous phase will appear if the alkalinity is too low. This means that moderate alkalinity is conducive
to the interaction of silicon, aluminum and other components, promoting the nucleation and growth of the crystallization, contributing
to the synthesis of pure mordenite. Moreover, when the molar ratio of NaO/SIO; is 0.4, the pure phase of FeMOR can be
controllably synthesized by adjusting the molar ratio of concentrated hydrochloric acid.

The pure phase Fe-MOR molecular sieves can also be synthesized by shortening the crystallization time under the constant pH.
The axial size of the synthesized samples also decreases with the decrease of the crystallization time. The results show that the longer
the crystallization time is, the better the axial growth of the crystals, but when the crystallization time is less than 7 days, the
hetero-crystalline phase of analcite appears.

The static adsorption capacity of CO, on Fe-MOR samples was similar because the adsorption mainly depends on the
atmosphere pressure. The capacity of dynamic adsorption of CO, is due to the difference of the suitable site of electric field in the
8-membered ring channel of MOR, which determines the adsorption capacity in the dynamic CO, penetration under low partial
pressure of CO,. The microstructure of Fe-MOR molecular sieves synthesized under different conditions are different, which results
in the difference of CO, dynamic adsorption capacity of several samples.

Conclusions The results show that the pH of the gel mixture and crystallization time affected the synthetic products. When the
amount of hydrochloric acid is constant, the high alkalinity results in analcite crystals while the low akalinity results in amorphous
phase. When the amount of sodium hydroxide is high, increasing the amount of hydrochloric acid will result in the pure Fe-MOR
molecular sieves. The axia size of the crystal will decrease with the shortening of the synthesis time under appropriate pH value.
When the crystallization time was less than 7 days, the hetero-crystalline phase of anal cite appeared, which was attributed to the short
synthesis time leading to incompl ete crystallization. Rod cluster Fe-MOR molecular sieves were synthesized by hydrothermal method
without organic template and showed good static and dynamic adsorption capacity for CO,, and the static adsorption capacity was up
to 3.57 mmol/g.

Keywords iron-containing mordenite; template; carbon dioxide adsorption



