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Metal-Organic Frameworks Coated Cellulose Filter
for Highly Efficient Ammonia Gas Adsorptive Removal

Seonyeong Kang*, Ju Hwan Kim*, Eunyeong Cho*, Yeonbhin Kim*, Hye-ryeong Park*,
Jae Ryung Choi*’, Hee Jung Lee*'

ABSTRACT: Ammonia (NH,) gas is highly toxic and poses serious environmental and health risks, necessitating its
effective removal. Recently, extensive research has been conducted on metal-organic frameworks (MOFs) which are
porous material, for NH, adsorption. However, MOFs in powder form exhibit limitations in practical applications. To
address this challenge, we synthesized MOF-801, ZIF-67, and HKUST-1 composites with cellulose filter (CF) to form
MOFs/CF composites and evaluated their NH; adsorptive removal performance. The MOFs were directly grown on
the CF surface without the use of polymeric binders, and a water- and alcohol-based synthesis approach was also
employed to eliminate the widely used toxic organic solvent, N,N-dimethylformamide (DMF). This modified synthesis
method successfully maintained the morphology and crystallinity of the MOFs while reducing the environmental and
health risks generated by conventional processes. The NH, adsorptive removal performance was evaluated through a
gas bag test, demonstrating that MOF-801/CF (MCF) achieved 85.0%, ZIF-67/CF (ZCF) exhibited a 65.0% removal
efficiency, and HKUST-1/CF (HCF) showed the highest NH, adsorptive removal efficiency of 100.0%. These findings
demonstrate the feasibility of MOFs/CF composites as effective NH; gas filters and highlight their potential for future
applications in the development of MOF-based filters for the adsorptive removal of various hazardous gases.
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Fig. 1. Schematic of the in-situ growth of MOFs on CF
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Fig. 2. Optical and FE-SEM images of (a, d) MOF-801, (b, e) ZIF-
67,and (c, f) HKUST-1
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Fig. 3. XRD patterns of MOF-801, ZIF-67, and HKUST-1
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Fig. 4. The N, adsorption/desorption isotherms and pore size
distribution of (a) MOF-801, (b) ZIF-67, and (c) HKUST-1

o} ZIF-679] A4 S22t 5242 73 IS UEWHe
™ (Fig. 4b), 1527 m*/g2] BET surface areaS & o). E3}
1.12 nm, 1.40 nm®] 7]|% 37| RZE 7[x|1 9J&-& 3ol
g 4= gl oW, o= ZIF-672] -9 2 micropore EAE A
WHoR 70 S aela 4 ok HKUST-19] 2
4 BA-EA 24 Fg ool A SeIE 4 900, 5o

O =
HKUST-19] 5242 I§ &2 524902 BET surface area

7} 7V =2 1913 mY/ge 2 =4 ¥ glch NLDFT 7|% =17]
B3 B4 A7} 0.44 nm, 1.05 nm, 712]37 1.35 nmoj|A] ¥
|3 BEE wglon, o] HKUST-1S th2 MOFse} H]

N

ok



Metal-Organic Frameworks Coated Cellulose Filter for Highly Efficient Ammonia Gas Adsorptive Removal 347

Table 1. BET surface area and total pore volume of MOFs

MOEs Surfacze area Total pore; volume
(m*/g) (em’/g)
MOEF-801 771 0.75
ZIF-67 1527 0.76
HKUST-1 1913 0.80

Fig. 5. Optical, FE-SEM, and EDS mapping images of (a, e, i) CF,
(b, f,j) MCF, (c, g, k) ZCF, and (d, h, I) HCF
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MOFs =52 ofgfj o] 4=4] (2)¢} (3)of whet AAkstSich

% 100 @)
100 W, yor

A WelA 2
A7) o= &

o
2

P
2 E oy

Waor(g) = Wf, MOFs/CF

__..M.{.M.Qf__ % 100 3)
i,MOFs/CF

Chror (Wt%) =

o}7] 4 Wior (96= MOF/CF ¥ 9] MOF2] Ak (g} 1}
BT, W, porycris MOFS/CF2] TGA 2% 2T (g), 712
L W, pops MOFE] o] 22] TGA H=F (Wt%)& Urehdth

30 min [l 60 min
~—~100 -

90 1
80 1
701

60 1

J OO o

MCF ZCF HCF

NH; removal efficiency (%

Fig. 8. NH, removal efficiency of CF and various MOFs/CF

Table 2. The time-dependent NH, removal performance of vari-

ous MOFs/CF
. Initial NH; | 30 min 60 min | NH, removal
Filters .
(ppm) (ppm) (ppm) | efficiency (%)
CF 20.0 8.0 6.5 67.5
MCF 20.0 5.0 3.0 85.0
ZCF 20.0 7.0 5.0 75.0
HCF 20.0 0.5 0.0 100.0

Cyror (W1%)= MOES/CE 1] MOFS] 83 (wt%%)& Lhehujui,
W, morscre MOFs/CF] TGA A1ZF 25 (g)& UrEhdTt. A
AF A3}, MCF:= 9F 2.0 wt% MOF-8010] SElE]o] 9]g]o
W, ZCFo= OF 2.0 wt%2] ZIF-67, 1)1 HCES] A< 713
22 &FQl 0.9 wt%®] HKUST-10] & o] QIS 23l
skt

Az 2t2+e] MOFs/CFel tsff NH,; 7k A B2
E[14,15]5 =35t 4] (1) &3l AARe NH, 32 &
£-5 Fig. 8%} Table 20f e RIT) %27] 5= 20.0 ppm<]
NH,Z 7|90 2 NH, B3 A7 Ag 2}, CF= 30 4 &
8.0 ppm, 60 & & 6.5 ppmO & 7}A310] Zof| 65.0% NH, &
2} A7 BRE Melth MCF= 30 & 3 50 ppm, 60 5 5
3.0 ppm 0.2 7451 85.0%2] NH, B2 4|7 T8-2 Lhe}
Wk ZCFe] 749, 30 2 % 8.0 ppm, 60 & 5 7.0 ppmO &
daxEo] | 65.0%2] NH; &2 A7 Z&S 7|55k
t}. E3], HCFS] ¢ 30 & & 0.5 ppm, 60 & % 0.0 ppm®
2 34 H%0eH, 7H4 42 MOFY o= &5kl
100.0%2] NH,; &2 A4 a8 vely o] MOFs/CF & 7}
% olut F3 A7 A5 Heic. 2 MOF/CFe] NH, &
ZF A A 582 MOFs/CF Y] MOFs 8}2F© 2 normalization
3t A1}, MCE= 1.0 wt% T 42.3%, ZCF= 37.5%2] #|7] A
5= UEtH= B, 7P 32 HCF= 108.7%= 5 S31A|
ol 2w olpe] AA S ko] $43 NH, A1
4352 Bholshelh (Table 3). o] @)@ 23+ HKUST-10]

P
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Table 3. Normalized NH, removal performance of various MOFs/

CF
. MOF content Normalized NH,
Filters
(wt%) removal performance
MCF 2.0 42.3
ZCF 2.0 37.5
HCF 0.9 108.7

MOF-8013} ZIF-67¢] H|&] A& o= lﬁ‘—% BET surface
area (1913 m*/g)E 7}A| 1L Q17| w2 o2 wehEch (Table
1). o}, Fig. 4c9] 7] =7] —.—:.501]/\1 gHelg 4= qlxol,
HKUST-1-2 0.44 nm =7]|9] microporeE 7}A| 3l glo],
0.33nm ZL7|= 7}4 NH, 2217} &2+ & t}2 MOFso]|
Hlal A g2F =R il F2fo] fA|H o] w2 AlA a&
o] Uetth= Ao g Aeheth =31 NH; S2F A7 a&ol
MOFsQ] Fo|A A7} ke 7]2] Ao & wet=Et MOF-
801 Zr YAE A F4 o207 Fo|A AL o
o1, MOF-8019] mesopore‘% ESSL= dglo] 9=
Z 2 Qlsto] 714 Ql Fol& AMdS YehliA Hoh o]=
¢13Fo] MOF-8010] th#| 4 . 2 713k Fo] A A& w7
Eo] &2 29 NH; S2F AlA &+ (85.0%)°] Uehh=
Ao g Helt} [16]. vhH ZIF-672] 7%, Co 0]-22 7|4to
2 g MOFs& 4] oFg} Fo]A A o] EAS UL glo], A
A o2 NH; £k} 5 2g-o] ofsl 7H We 52k A
A BE (65.0%)0] YERIL Ql= A O 2 HeEH17,18].
£3|, HKUST-19] 7% +x Y9 dda<44ke] (Open-
metal-site, OMS)E 335131 Qlo] MOF-801, ZIF-671} H| 1l
P o Ao R 7 7hgh Fol A AMS vERA |
t}. o]2]gt OMS F-9]7} S0 ¢17]¢1 NH, Ao} 735}
o A-g5k, thE MOFso| H|gf o] &2 32 AlA A
(100.0%)& ¥3)sl= Aoz A= TH19-21].

4. 4 =2

2 QoA NH, 71 24 Al L A2 $18) MOFs
(MOF-801, ZIF-67, HKUST-1)& CF¢} E-3}s}slo] MOFs/
CF 2344 (MCE ZCE HCRH)E A3 & o & A Z3% )
MOFsE CEe} E3tslslo 24 719 ul-9t] 3 g2l MOFs
ARl A M = Sl BAIS sj sl m, B3], MOFs
4 IA F2 ALEES DMES wA|eliL, B3} ot

2 71 REA G ASHFORA B f3) B 2
A Aol et f3l B Haske 4 olgich w3 1
A} BhQIEl S A5} ki1, MOFsE: CF £l 9lo] 217 4
Astol, %88t 24 ol Al MOFs7E AU 1 9l 158 2
B P2 % /1% 54 fASHAA CEEY 910 #Ust
A TIRES IUT £ ANt 71 AN AAEE B

gk NH; 7k F2F A7 s B7EellAl MCE7F 2 85.0

1o
111014

fljo

2 AA BE, ZCF7F A 65.0%2] &2+ AlA &&
), £3] BET surface area?} 7} 211, G214}
d

X Es3

Y HCF:= 4] 100.0%2] NH, &2 A7 58S U
(o]
£l

o], &
Z

of 714 $4=3 A% LRIk o] A7 MOFs/
CFZ $-83F NH, 33 A7) 0] A2te] 7p542 A A
o} w3k o] AnkE vpgo R G5 shA ERE Sl
toluene, acetaldehyde 52 T3t VOCs 7}~ S2F A|AE
213+ MOFs g A|Zbo]| tfjaf F& ALS A3P3t o F o]
o}, 3k, MOFs 7|9 e o] AA ARl 4] A8 7=
=ol7] Jall, AAHEE 4= Sl Wetel tisiAE &5 A
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