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MOF-74 il CoNi-MOF-74 #{%Z F ¥4 J& Ni-MOF-74 4 W & 5 &= 09 & W B &, 76 77 K. 100 kPa
e i 1A U B (B3 20850 o 2.12%, LU B 4 TR R R I LB S 3R T T 25%. NEETY SR R A
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kA PERE, 5 i i K IR A R — 25 ey O B 2 Sobr R RRE 1, R TPD 45 & 1 5L et 5
B LT AN G5 AR IR ST NiMg-MOF-74 SL 02 FE B Al BR MLER , DL 48 /R 0k v s e B4R s O ML) . A
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1 MBE5ERE
1.1 XA S5EE

D) BRI . AHEREE . AHIRER . 2,5- R SEXIOR "W . NN-THI L EE . WEE. O, &
K, BIRAHrat,

2) SEEGAN S K HM = T H . F X 5 A7 5% (BRUKER D8 ADVANCE) i %2 A4 8F B9 23l i
S5, BEAK 4 1Fh Cu Ko 48 59 78 H8 E S 40 kV Al 100 mA & & W FE 5y s ff ] FT-IR )6 1% %
(VERTEX) BH B #4 B} 2 11 B A1 I8 2 FL 4l i, DG 4l 6 4 000~400 em™ ;i F ICP-OES
(PerkinElmer 7300DV) #1744 8L 2 09 & & 20 A5 {1 SEM (JSM-7500F) 75 2 A1 8L 19 JE 545 B 5
FIH BET (ASAP 2020 #Y) L 1w A5 B A4 REAG te R m AL . FLAR 70 A 6 AH S B R 25 (5 8 s
TPD (CHEMBET) 3K 15 # B Xt H A5 AR 09 R Hh 28, R 4 A sh k2= B EFT SO/NO 2 77 W it
B o3 AT, BB IR AE S (100 mg) 76 N, A F AR 34 30 min,  FUAL B FE R 200 C .

1.2 MEERGE

K IR R, 4 B — 5 10 BE R HE AR B Ni(NO,),-6H,0 1 Mg(NO,),-6H,0, LA 0.167 g Y 2,5-
RN R W R . B K MOF-74 A4 B A1 UL ER 1o B DL B 24 I R A NON- R HE e
(67.5mL) . & (4.5mL) FIJK (4.5 mL) BIR-G W F d, 8875 A2 30 min {50505 . B TR
BB AR A NAT B EER Y 229, BT 125 C AR 28 he FIRAWE H G
HEAT B AE, I DMF BRI 3 1k, Frfs [ A F B2 B4 3d, B 12 h 40 1R B FE
fE 65 C HMAE T E R T8 6 h, WHIRHATIHE ., REHEFEME TESE b, FHEZE 250 C
Je PE G AL 12 h DL B0 4 8 NiMg, -MOF-74, Hip | x fREH RO Nt 48 5 7 B i BE R
IR AR AL RL R R 4 T8 1Y SEBR B R G BURE B 43 e A N 3Mgg 6,-MOF-74 . Nij Mg, 5,-MOF-
74 FI Ni, Mg, ,,-MOF-74,,

R o G4 ) 4 NiMo- ) ) #F 1 AREIEBE MOF-74 #1820 5%
} H:/YJ: R 223 ’ﬂﬁ H IthMg MOF-74 # # Table 1 Composition of different types of MOF-74

FHEIEH A, /5 HEKE R 02, 0.6, 1 mol-L™ materials g

AT ke 358 I 2L S S 8 A 3 R =g =
H ﬁvﬁ {i " {i{% ZJri h%‘ﬁﬁf Ly L. {’f%ﬁ{f FERL AR Mg(NO;),"6H,0 Ni (NO;),"6H,0 DOBDC
v f i 7% 24 h, ey 12(3 rmino Nij 1 Mg, o,-MOF-74 0.51 0.19 0.167
3 N EO=D J gy A
WD R IR A, RS ESNE L Vor 035 039 0167

: o= = N A}
J& NiMg-MOF-74 # it #H [ o Hf ¥ JE 4 0.2, Ni, ;Mg ,;-MOF-74 0.17 0.59 0.167
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0.6 Fl 1 mol-L™" Y 4 7K 2 P il 15 #4 Ni, Mg, ,-MOF-74 73 %] ¥5 iC. 3 0.2NH,@Ni, ;;Mg, ,,-MOF-74
0.6NH,@ Ni, ;;Mg, ,,-MOF-74 Fll INH,@Ni, ;;Mg, ,,-MOF-74.
1.3 R A 5 Rt B 1 i

SR FH 20 285 W R 3 T 3 % R 551 g W o i
TR 1 TR o AR B T AR
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Fom A B E R R A, e RSl o
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Fig. 1 Flow chart of dynamic adsorption experiment
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2.1 BEBEFEFEFIE ACP) Mk

K FH G A 4F B TR TS (ICP-AES) il % 2 NiMg-MOF-74 #1 ) ICP-AES MK 45 R
it W 4 J& MOF-74 # Ni fl Mg B S bR B i, 4 Table 2 ICP-AES test results of Ni/Mg-MOF-74 material
TR 2, W B ) N R Mg S B L ] B FER A RIS AR e SRR S AR L
WA —E M2, AR G IR AR T H NigsMey-MOF-74 0.75:0.25 0.64:0.36
g hL, MaEEMHOIAMRZ ., ZERE  NiaMg»MOF-74 0.5:0.5 0.32:0.68
GUO 22 {5 45 0 — 30, X 22 WA AL B8 X 4 Ni, ;Mg, ,,-MOF-74 0.25:0.75 0.17:0.83

J& 7E & B MOF-74 A BLES, NiZ Ltk Mg* B 45 5
5HMEARE AR, FH M RN ATES, T4 JEE Y 8% B A A R i ™,
2.2 IR Bf 5 R B S SR

SEBRHE AR B R B A e B, B AR R B BT, W ERRIR B 95~120 C,
e 7 A DL i e I B ) S B rh R A2 100 °C Sh O IR EE . 7E 100 C T, W BRI XL 4 & MOF-74 Xif
SO,. NO F1 CO fy FL 0 Bk 85 R L& 2. 3 Ff b4 REXT SO, NO Fl CO fY HL i BiH% e 4 A AR . Horpr,
SO,. NO Fl CO 7E Ni ;Mg o,-MOF-74 W [ 551 I 1% W B 46 Fn B[] 05 24 SO, > NO > CO (& 2 (a) ) , X
F* Niy Mg, 1,-MOF-74 F1 Ni, ;Mg, ,-MOF-74, SO,. NO F1 CO 3 B/ 44 76 W B 7 b At W B 7 01 ik ]
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Fig.2 Co-adsorption efficiency of SO,, NO and CO by bimetallic NiMg-MOF-74 at 100 °C

4 NO > S0, >> CO. K 2 (b) Al (c) # M Ni, Mg, ,,-MOF-74 Fl Ni, ;Mg, ,,-MOF-74 X} NO ) W [} %4 5
o, NO Ik £ 0% B AT 5 B ] 435 04 142 min A1 180 min, 3 XU 4 J& MOF-74 W B 51 it
NO HY 15 F1 W Fff & K /N T R Ni, Mg, ,,-MOF-74 (0.339 mmol-g™) > Ni, Mg, ,,-MOF-74 (1.200
mmol-g ™) > Ni ;Mg ,-MOF-74 (1.447 mmol-g ™) , fii XF SO, A 16 F1 W B £ /I8 T A Nig3sMeg o
MOF-74 (0.616 mmol-g™") > Ni, ;Mg ;,-MOF-74 (0.491 mmol-g™") > Ni, ;Mg ,,-MOF-74 (0.465 mmol-g"") .
S BOK b I G 1Y 32 D PR S AN AR N B 62 8 (Mg—O il Ni—O) XJ SO, Fl NO ByE A TR . fir A
W B 5700 X CO 1 58 B R R A s 22, AR AT B 1) RS /NI 47 N Mg, 5,-MOF-74 (0.055 mmol-g ")
>Ni, sMg, ;,-MOF-74 (0.040 mmol-g™') > Ni, ;,Mg, ,-MOF-74 (0.029 mmol-g”") . X A fE/2H T CO 5
MOF-74 T I ASEL AN 45 J& 7 55 SR F 18855, 785 SO, Al NO 3& 4+ W B ief ik F 45 #4
GRS W Ve 2 R/ INAN AN 25 5 T e P s VR F 500 £ 5 A 55 ) R 0 B A2 vk o, T L 2 5 i) 2 A

R R WG BRI R R R e e R Y SR, MUK IR m e, AN HER R F

AR TR B R0 AR RIS, BT 4 B AT LR AT G W (R W B B ) o AR SRR BRI KRB 0.2 0.6
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100% mm— 100% . 11—
Yoo = NO Y —= NO - ——NO
80% l [ -0, 80%| X k) —-S0, 80% Vok -0,
" l \ -, —-CO " X 3 ., CO " X Y —-CO
X 60%| : 5T 60% | \ ", R I } "
§ % t \\ L 5 60% X \ 1 = 60% \
= L = " = ® i
= 40% L{ 1 - = 40%1 | \ y = 40% \ \ "
LN . . n,
20%| 4§ \ Y 20% | \A\A 1 20% \‘\ \ h
\ '\._ 2 \ : WY ™
0% b sadumerpssssossssssssssssosios 0%t 0%t .
0 50 100 150 200 250 300 0 25 50 75 100 125 150 175 200 0 25 50 75 100 125
FisJ 18] /min I} 8] /min i 1] /min
(a) 0.2NH,@ Ni, Mg, , -MOF-74 (b) 0.6NH,@ Ni, , Mg, -MOF-74

(c) INH,@Ni, Mg, ,,-MOF-74
3 KGR B xR B 5 1 B B 20
Fig.3 Co-adsorption efficiency of SO,, NO and CO by adsorbents modified with different ammonia concentrations
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FHE 0 Sy B, H o 2 W ) 4L TR o L AT, AT R A R 2 Y R M AR B A Al . 4 UK IR
T ZE 0.6 mol- L' i, Be )5 B8 B Ni, Mg, ,,-MOF-74 120 (il 3040 22 8L, IF Rk BT+
W BRI G B 3R] BB B I T LA B AR T B A A R B L R R] B A T — SN
AGs JE Ar RS, PR, W0 A R B AR O AR AR B4R AU S 2K MR 1 mol LT B,k
W B SO,. NO F1 CO B W fi A0 A et (]t 2L, wT 68 o F 20K e Bt R, 5 350U5R R bl 2 1 BRURITAL
ZEW /N, DT X AR Y R B AR R R . 28 BT, ZUK RSN 0.2 mol LT I AR T el 1R B Y
Ni, ;Mg ,,-MOF-74 W [} 570 W i 14 6 fe 42
2.3 XRD MR

X} il % (/) 2 51 MOF-74 W B 57 #E 47 XRD R AEM K, &5 R 4 Bros . 76 20 4 6.8°F1 11.9°4b
2B B R ERAE I, 3X 5 SOk [12] #3819 MOF-74 bR XRD 38— 2, 3 3 B A 67 5% 2 i 2 Hb il
# th X 4 JB NiMg-MOF-74 ¥ % o b4, BEE AR Ni & & A9 3 I, NiMg-MOF-74 W [ 51 7£
20=6.8°4b ¥ 17T 565 W2 8 1) 1o A1 B 7 1 B Bl o X TR B R AR BN Ni™* (0,069 nm) 51 A I B
TR KA Mg (0.072 nm) H, PRSI . SIAh, A EohE S W EH A XRD &S 5 ok R —
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Fig. 4 XRD spectra of adsorbents
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Fig. 5 FTIR spectra of adsorbents
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HR IR B 550 PP A7 e SR o A Lo AR AT i 2k (181 6 (b)) ATHT, NiMg-MOF-74 i fL A 2 4 i 7
0.4~1.0 nm,

300 12 -
250 + 1.0 F —e—Ni , Mg, ,-MOF-74
_ T: +N?068Mg0v3z—MOF»74
Tol) 200 | g 0.8 +N1083Mg0>17-M0F-74
S = 0.6
= 150 £
e e
= = 0.4
= 100} EE
&= = 02
50 - #Ni , Mg -MOF-74
0.0 ve
0 1 1 1 1 ) 1 1 1 1 1 1 1 )
0.0 0.2 0.4 0.6 0.8 1.0 00 05 10 1.5 20 25 30 35 40
ARSI (PIP,) fLA%/nm
(a) WL BAH/Af I S TR 2% (b) FLIR 51

6 WRMIFIEIN, M- IRF R EFMILEDH
Fig. 6 N, adsorption-desorption isotherms and pore size distribution of adsorbent
7 340 T NiMg-MOF-74 2 41| Wz [ 7 f9 L 2% 1 AR . Gl fL L 3R 1 AR R L 45 55 S 804 2R
Niy ;Mg ,,-MOF-74 [ bt 2% [ BRI FLAPEREOL 57, 33X 5 H: M0 o6 A sk 2 BB ¢ i 11 8 3 — 35

&3 W&JE NiMg-MOF-74 LM S
Table 3  Pore structure parameters of bimetallic NiMg-MOF-74

FEf AR BET R/ (Mg ") HALIERRF/ (mg") BAA/(em’ g BALILA/ (cm® g )
Nip ;Mg 4-MOF-74 734.7 545.071 0.421 0.284

Ni, (sMg, 1,-MOF-74 795.788 589.459 0.433 0.268
Ni, ;Mg ,,-MOF-74 1006.579 872.313 0.511 0.388
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Fig. 7 SEM Spectrum of Bimetal Ni, ;Mg ;,-MOF-74
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Table 4 Desorption of SO,/NO in SO,-TPD/NO-TPD of
NiMg-MOF-74 and its ammonia modified materials

SO,-TPDH1SO, NO-TPDHNO

PP B8 o JI5E B
Nij3,Mg, ,-MOF-74 12 482 85
Niy Mg, ,-MOF-74 7531 420
Niy¢;,Mg,,;;-MOF-74 28 660 847
0.2-NH,@Ni, ;;Mg, ,,-MOF-74 15 553 255
0.6-NH,@Ni, ;Mg ,,-MOF-74 22434 362
1-NH;@Ni, ;;Mg, ,,-MOF-74 9 049 490
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Co-adsorption efficiency and mechanism of ammonium modified NiMg-MOF-
74 material

LAN Xin, GAO Shengjun, FAN Jiatong, ZHAO Ling"

College of Ecology and Environment, Inner Mongolia University, Hohhot 010021, China
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Abstract  In order to realize the co-adsorption of sulfur, nitrate and carbon in flue gas, a series of bimetallic
organic framework material Ni_ Mg, . -MOF-74 with different proportions of Ni*" and Mg*" as central ions and
2,5-dihydroxyterephthalic acid as ligand were prepared by hot solvent method. On this basis, Ni, ;Mg ;,-aMOF-
74 with the best co-adsorption performance of SO,.NO and CO was modified with different concentrations of
ammonia to realize the functional modification of amino groups. The adsorption species and changes of three
gases on the adsorbent were recorded by in-situ infrared spectroscopy, and the co-adsorption mechanism was
explored by TPD. Finally, the effects of O, and H,O on the stability of the adsorption process of the above
materials were investigated. The results showed that the saturated adsorption capacity of modified
0.2NH,;@Ni, ;Mg, ;,--MOF-74 adsorbent for co-adsorption of SO,, NO and CO was 0.851, 2.130 and 0.187
mmol-g”', which was 1.8, 6.3 and 4.7 times of that before modification. The results showed that the modification
of amino groups made the adsorbent have more surface alkalinity to adsorb activated acid gases, and
improved the resistance of materials to oxygen and water vapor.

Keywords  bimetallic MOF-74; Ammonia modification; co-adsorption of sulfur, nitrate and carbon;

adsorption mechanism
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