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Preparation and NH, adsorption performance of Fe/Cu-SAPO-11

YANG Zhong-lin"
(Nanjing Research Institute of Chemical Industry Co., Ltd., SINOPEC, Nanjing 210048, China)

Abstract: To improve the adsorption efficiency of NH; in the presence of SO,, SAPO-11 was synthesized via a
hydrothermal method.Copper (Cu) was introduced onto SAPO-11 by ion exchange to obtain Cu-SAPO-11, followed by
the incorporation of a-Fe,0; onto its surface to construct the Fe/Cu-SAPO-11 composite for NH; adsorption from SO,-
containing streams.The results demonstrate that the Cu-SAPO-11 molecular sieve exhibits a spherical morphology with a
diameter of approximately 7-10 pm.The introduction of a-Fe,0; to form Fe/Cu-SAPO-11 did not alter the overall
morphology or the pore structure.During the modification and doping processes, the specific surface areas of SAPO-11,
Cu-SAPO-11,and Fe/Cu-SAPO-11 decreased progressively from 142 m*-g™' to 59 m”>-g™', while all samples retained
their weakly acidic characteristics. In the absence of SO,, the 0.2 Fe/Cu-SAPO-11 sample exhibited the best NH,
adsorption performance , achieving a breakthrough adsorption capacity of up to 1. 54 mmol-g ', which was significantly
higher than that of the undoped Cu-SAPO-11.In contrast,the 0. 3 Fe/Cu-SAPO-11 sample displayed the optimal sulfur-
resistant performance , with an adsorption capacity of 1. 21 mmol-g™" and an extended breakthrough time of 9. 96 min.The
incorporation of a-Fe, O, ensures that the Fe species on the molecular sieve surface preferentially react with SO, prior to
Cu, thereby playing a crucial role in regulating the NH; adsorption behavior.
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KSR (S BT o) BEIR (43 Pral) . ZIEN
JHe (43 Hrali) IERERR DU 1R (4B el , 1A mAk
A SRR (S AT at) R (S Hrst) (N, N-—
SR (DPA)  ToK (S tral) , B 25 5 A
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1.2.1 SAPO-11 &-F i a9 4] &

HRAE SCHR [ 9- 10 ] #2314 Se PR UL K 57 A
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TN 380N 85% BERR MR 9. 63 mL, KEZLii
4 h A RS RO RT IR e, B S, 22 18 % n 1 Ak
R DU 216 4. 99 ¢, A RA R 2 hy SR )G FEBEFR
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1.2.2 Cu-SAPO-11 #%) %
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W, T 80°CIRFF 8 hy WA A , FHAE i B 0 43
B9 VRS, T 120°C T4 12 h, 345 1A NH,-SAPO-
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2.0 kV, E5r¥EE ST e 4E (HRTEM ) M . Jin o f s
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10°/min, FA L B 10 ~ 90°, X FF£ % B T BE
(XPS) : Al Ka RS YR, EE 400 wm, TAEH &
12 kV, KT22H037 11 mA | L) C 1s(284. 8 eV) NFEiE
X RAE AT REUE .
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AT N, WS — 58 BEF il 03X, AR A5 A4 i b 2 1 AR
FLBRAARFR JEHE S LB R, LR R AKX (1)
B

LB = (V,/V,) x 100% (1)
b, v, AR IR LB B AR v, R R R

R
1.4.2 ARA&AEFI BT R ER

B2 50. 0 mg, =2l Ar AL IR 6 h; fifi
J& ,IEEL 5% H,/ Ar 36 JE SR, BT THE, R IR TR
B 50°C , & 1T 800°C , THE# Z 10°C/min,
1.4.3 RAFEFITBIM %

B T2 100 mg, @4l He S WAL HE 3 h; &
538 A NH,/He 185 SHEAT I A7 W B 5 2 400,
BiJ5 , 7E He S FPTHELZE 800°C , THEE R 10°C/min,
A% NH, 5 FHEBLRT (TPD ) 35141
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B a—Fe, 0, fiHIREAE [0 A= 4K, 1T LB 3 BE A5 24 4L
Pl T AR AS S5 R R | TR R AT a-
Fe,0; YIAKBRL, 8 2(d) A a-Fe,0, BARG /T
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K2 AELEH Fe/Cu-SAPO-11 R EBASH R
BET Lt XMW BFLERRFFHFLExTEE

2 1T AV S S (W C S AV 5 3 P
— Z3 L/

(m*+g™)  (em-g™) nm
SAPO-11 142 0.14 0. 898
Cu-SAPO-11 103 0.13 1.134
0.1 Fe/Cu-SAPO-11 78 0.11 2.387
0.2 Fe/Cu-SAPO-11 68 0.10 2.542
0.3 Fe/Cu—-SAPO-11 62 0.09 2.663
0.4 Fe/Cu-SAPO-11 59 0.09 2.727

I3 F0 SAPO-11[ & 5(a) ] e Fem AU, FLEE
PR 3R 142 m’/g, 43 ¥ Cu-SAPO-11[ &l 5
(b) ] bR MU LR S R Rt 28 1
T S Bbe i A, #54r Cu® kA SAPO-11 fLi
o 5% B AL T X, AR Y CuO ik th S 2 fL il 3
S€, T8/ T A LR LS R AL, Fe/Cu -
SAPO-11[ &l 5(c) 1 BEM B HL R T AR 22 52 F R
PP E 59 /g, BALRFUIRA WA, a-
Fe,0, YK IR 15 2% 5 8000 F 0 5 40 &1 2 1 9t 7
5, BRI S A A L R T R R B
a—Fe,0, TR EIE I ZE/ N, a-Fe,0,
FHREME 0.3 5, LREB THEEE, XM o-
Fe, 0, TE43F 1 2 10 43 HUE TFE , B & 45t 5 W
KB PAPIRE . R4 a-Fe,0, BZ4H Cu TTLE B
XF SAPO-11 FLE5H = A= 52 M, (BT AR5 S AR (1 41
i 22 R ALIEFRIE , 3 Fh 25 0 R A R AR i
PRGN AR
2.1.5 5 F iR @RS T RS

43 F Cu=SAPO-11 5 0.1 Fe/Cu—-SAPO-11
() H,-TPR if J P RE MK &5 R A 6 TR, Cu-
SAPO-11 7£ 280 .430°C 1 500°C Hi ¥ 3 4~ 3= ik J&
I, 250 ~300°C [ IR XS B T IRS7 ) Cu® 38 J5 N
Cu*"* 1} 400 ~450°C 1) Hh iR W T 19 )8 F 43 - i P
s CuO PR HEA Ry Cu® W3 A 7E 530°C 2245 H
PRAY IR AT A T Cut HE— 2B 96A N Cu®

MBI Fe/Cu—SAPO-11 BYFIZRE NH, IRHIEEEHR .91 -
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— - . —
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K6 Cu-SAPO-11 5 0.1 Fe/Cu-SAPO-11) #
H,-TPR & 7 d %

JrT% 0.1 Fe/Cu=-SAPO-11 i J5 i £& 3 B4
T Cu IR JFERESN, BB T 5 a-Fe,0, MY
B, o 25 310°C (XS L T Fe, 0, [1] Fe 0, B
I JFEEAR T 29 800°C 1Y e WL U U5 XL Fe, O, )
Fe’ Wi — Lk it 8 . %45 R, a-Fe,0, B 42
X Cu 3 JF3AT K= A T R2m, nlREAE I T &Rt &R
] ) L 2 B S O W VE T, AT RS0 1 - U 1 o
PRI SRR
2.2 Gy F U IR B AR
2.2.1 o F i R B E A 4 AL

43T SAPO-11 .Cu—SAPO-11 } Fe/Cu-SAPO-
11 KPR SR 55341 1) NH,-TPD i anizl 7
Jiis o 7E 100 ~200°C i [ N, BIr A3 43 i 32 30 B
i NH, 05 | 2R B L2 17 3 22 0k 95 R 1 b 45 0
PERRTEN S P8, 7E 250°C LA bR H B g ) HR
TAANFEAE SRR 0, 2% B B ) 48 A o P T2 5 5 4 A
& AT NH, 20 I B AT Rk

% 3 PR BRI EIE 1T 1, SAPO- 11 gk %2
ST HAR R AlO; (PO} 5 Si0, DU IAZE A BT
] AG FRLAT AA AN3S) JET LSRR A5k T 2
THFRPERRIE . Cu* BT , 43 Vi A 1R o B S 335 o
Cu £ 43 Viii £L 18 I 3% 18 T2 BHT 19 1 & B i v
LU ISR T NH, BIWFIRE ), B a-Fe,0,
Wy —2 3R, 7 T B iR s T R A IR
MW a-Fe,0, Gl PRI
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< 3 s
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3 3 5
& = 8
) iz =t
b bl bt
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
wE/C HEE/C REE/C
(4)0.2 Fe/Cu-SAPO-11 (€)0.3 Fe/Cu-SAPO-11 (£)0. 4 Fe/Cu-SAPO-11
H7 5B G o F 0 R 84 5 NH,-TPD i %4

£ 3 AELEH Fe/Cu-SAPO-11 R EBAHSHERD
NH,-TPD MUk 45 R 5@ L&

53F ¥ NH; 485/ (mmol -g™!)
SAPO-11 2.459
Cu-SAPO-11 7.702
0.1 Fe/Cu-SAPO-11 7.133
0.2 Fe/Cu-SAPO-11 6.653
0.3 Fe/Cu-SAPO-11 6.267
0.4 Fe/Cu-SAPO-11 5.802

2.2.2 4 -FiHey NH, KR4

Sy PR shAS W NH, i dh 26 an &l 8 A 4 fir
MRo J3 ¥ Cu-SAPO-11 ZiE 2 SR BT}, 2735
BFIE] A 9. 47 min, W B 2 &35 %) 1. 28 mmol/g, a—
Fe,0, 4<% Cu—SAPO-11 ¥ NH, W Rt 47 ik i
FVHEAE 0 HLAY 10 0.2 Fe/Cu-SAPO-11 Xt
NH, W HERE st , L2803 th 4 W A5 #% | 232 W
ik 1. 54 mmol/g, ZEiE R ] FEHK & 12. 97 min,
BT R 2k a-Fe,0, B Cu-SAPO-11.0. 1
Fe/Cu-SAPO-11.0.3 Fe/Cu-SAPO-11.0.4 Fe/
Cu—SAPO-11, 0.2 Fe/Cu-SAPO-11 W[l gt am
FEAER TR 1A W B R 3 100 J 2538 0, BRI A%

20

10 15
B} )/ min

1—Cu-SAPO-11;2—0. 1 Fe/Cu-SAPO-11;

3—0.2 Fe/Cu—SAPO-11;4—0. 3 Fe/Cu—SAPO-11;
5—0.4 Fe/Cu—SAPO-11

B a-Fe,0, i 2 EH Fe/Cu-SAPO-11
B H B B AR Al &

K 8

#* 4 AE a-Fe,0, fi#FE a-Fe,0,/Cu-SAPO-11
REBASHISEHIEESE

e s fiS FEW
43 F i B, HEE, R E Rt/

min min min  (mmol-g™!)
Cu-SAPO-11 7.23 16.70  9.47 1.28
0.1 Fe/Cu-SAPO-11  8.12 16.81  8.69 1.36
0.2 Fe/Cu-SAPO-11  8.97 21.94 12,97 1.54
0.3 Fe/Cu-SAPO-11  6.32 15.37  9.05 1.26
0.4 Fe/Cu-SAPO-11  4.64 13.35  8.71 1.03

JRIXHE R 5es% , P K . KRG a-Fe,0, &
ZRE k3 % B BE , a—Fe, 0, 15824 REIH #2310
T A OIS, W5 X NH, 41 14 Jay 3ak 08 o
VEFR SR B T &A1 ) B s 88 67 o, AT A SE SR T
NH, MIZEB IR . SR, 24 a—TFe,0, i3k 4keki
Iz 0.4 0, ZE B MR AR, WA s i LR
K, KT i a-Fe,0, 8422 T B & 44 K FUkL [
RAESrFOfi 210, 55 | RS FLIE 5 2E | AT 3 500 B i
B TR

2.2.3  #mu NH, R H3FH

43 Cu—SAPO-11 7E SO, 4 W [} i

TR, SR 9 KK S R, H NH, IR 5
BTN 2. 07 min, KFZEETEIFE 2 4. 17 min , %)
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