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ABSTRACT Metal-organic frameworks (MOFs) are a new class of organic—inorganic hybrid materials that show great potential for
gas adsorption and storage. However, the powder form of these materials limits the range of their applications. Integration of MOFs on
polymer fiber scaffolds to increase the contact area between these frameworks and target molecules and improve the performance of the
resulting material is expected to provide new application prospects in gas adsorption, membrane separation, catalysis, and toxic gas
sensing. Electrochemical sensors with good flexibility and high sensitivity and selectivity are needed in environmental detection, disease
diagnosis, food safety, and other fields. Flexible resistance sensors are sensitive, low cost, and can be produced on a large scale; thus,
these sensors have received extensive attention from researchers. Preparing flexible resistance sensors with high sensitivity, high
stability, and good wearing comfort is a current and popular area of research. In this paper, we summarized the research and application
of MOFs materials combined with metal oxides, textiles and carbon-based conductive fiber materials in the field of resistance gas
sensors. Metal oxides act as a conductive material in resistance sensors bearing a metal oxide-and-MOF design. In this design, MOFs
play two roles. First, MOFs can wrap precious metals and form nanoparticles encasing these precious metals when calcined. Here, the
precious metal functions as a catalyst while the MOF is used as a dispersant to distribute the metal evenly on the surface of the sensing
material. Second, the MOFs are combined with the metal oxide by in situ growth or doping on the metal oxide surface. The MOF surface

has a large specific surface area and numerous active sites that can bind with the target gas. Resistance sensing is achieved by changing
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the electronic distribution within the sensing material. When textiles and MOFs are combined, the resulting resistive sensing materials

must have a certain electrical conductivity. However, common MOF materials have poor electrical conductivity. Therefore, developing a
conductive MOF material in which 2,3,6,7,10,11-hexahydroxytriphenylene (HHTP) and 2,3,6,7,10,11-hexaaminotriphenylene (HATP)

show strong sensing performance for NO, H,S, and H,O is necessary. Carbon nanotube fibers and MOF materials can also be combined

to obtain resistive sensor materials. Carbon nanotube materials are characterized by cross contact at the nanoscale and have good

mechanical and electrical conductive properties. Thus, they feature certain advantages over other materials when applied to flexible

resistive sensors.

KEY WORDS metal-organic frameworks; fiber; flexible; gas sensor; resistance
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Fig.1 (a) Schematic diagram illustrating the fabrication process of our SnO, sensor prototypes, the inset shows images of the materials in the as-spun

state and after hot-pressing and calcination obtained by confocal microscopy; (b) electrical responses of unloaded and 30% Pd-loaded SnO, sensors to

H,; (¢) schematic illustration of the synthetic process of PAO@ZnO—WO, nanoparticles; (d) sensitivity of PdAO@ZnO—WO, nanoparticles to toluene at

350 «C* 1
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Fig.2 (a) Schematic illustration of the synthetic process of PdAO@ZnO-SnO, nanoparticles; (b) Transition of dynamic responses to acetone in the volume
fraction range of 0.1x107°=5.0x10° at 400 °C; (c) SEM images of Pd@ZnO-WO5 nanofibers and magnified image of the material surface; (d) SEM image

of PAO@ZnO-Sn0O, nanotubes!"!
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Fig.4 (a) Selective detection characteristics of Pd@ZnO-WO; nanofibers toward toluene in the presence of multiple interfering analytes at 350 °C;
(b) selective sensing characteristics of PAO@ZnO-SnO, nanoparticles at 400 °C; (c) selective of ZnO and ZIF-8/ZnO for different gases!'*'"
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Fig.5 (a) Schematic illustration of the preparation of ZnO@ZIF—CoZn gas sensors; (b) plan and cross-sectional views of ZnO and ZnO@ ZIF-CoZn
nanowire arrays: (1,3) HRTEM image of pure ZnO and SAED patterns of a single ZnO nanowire (in inset), (2,4) ZnO@15 nm ZIF —CoZn;

(c) response—recovery curves of ZnO@5 nm ZIF-CoZn toward acetone of different volume fraction in dry air and 10x107® acetone at different relative
humidities!
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Fig.6 (a) Inkjet printing of SURMOFs onto flexible substrates using a HKUST-1 precursor solution as “ink”; (b) photographs of a dot of HKUST-1
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ARAk, AT H AR B 7RSS Oy T L
W) 55 B B 1) 15 SRR R LA — 8 1 L, BT LA
MOFs 58145 & 1F WAL M B T 2w & h =
Dl —HEAA SR KBS SRS S8
PEAE T2 1 A0S B iy AR X LA S B, Jiir A ] LA
1 MOFs #4FH il £ by 5 L A1 L.

Smith 5 Mirica™ BF 5% T — Ff fA] 5 PRk 1) 7
e, LA L WO A A% 20K 5 4 B A HLAE
WERBIAY L. FlgBWETFHEMNAESH
PE L FLBRE . R RS e M L R B A i
PERE. 7EF TALIRAS 710 L, % AL B R Tk e
FE () B AR S A (NO, H,S. H,0) ELAT %5 5 Y 1%k £
PE, I ELYE 2 18 T 758K RE O FR 48 U 1 1% M B
W 7(a) hy 3% 1 il & B R 1, v LA
FE il £ Z R0, G5 205 L BELS FJ55 K, AT &
YA 438 kS N 4 JE R ML A R T
A 1 MOFs Z &, il #& H i A4 et 5 e 2 Bl 196
FL BH A 2 MQ K SF. Jn & 7() b RHE A [ i
KAEEECT BITESURRAE.

SRR SR (D)% ST e B OB S
MOFs # 815 25 81 A7 45 4, % T A& 1B ks

(2) BN LA MMy 5 A AL 2 i
MOFs 254 J5 , HAERFLBR R K (3) MOFs %4k
B LA E P S — R R B LA ARG L L Uk
AERL UE TN RE; (4 FE B IR E T, %L A R38R
ATV RE T B e B vk L S M A (5 A
ARSI F M, WK R, IF B3z #a s (6) ML /&
B EA BT A A IR, X NO I HpS Hi (R A4S
BS54 0.16x107° F1 0.23x10°°.

Hmadeh %5 P9 1 Sheberla 25 2" W) 23 S 0F 58 T
Ni;HHTP, il Ni;HITP, # fl 5 B, MOFs 5 i 21 4
WEREGWEAIE, I SRt T T
HLARSY.

3 MOFs/RMAKEF4LES AT HEEERSE

e 4 DK b Rk PR G 4 oK RUBE 1) 38 Sz file . AL
FEPE AT PR RO 5 SO0 S AR Ol A AR I AR AR
JEAR AL A BT AR,

Ghanbarian %57 3% I 75 k2% 7 e A Bl T W4
J& (Cr. Fe) % 4 J& A HLAE S MIL-53 Jf- Fl Ag/CNT
L = TCHKR G A AR, T 4 i B RS
RS TEFREE AT (10% AR, 25 °C) Pt



- 1102 -

TR, 5 42 45, 5 9

E@r

i I[

iy

HMNWPH

"

I 11 |1|l'

MOF on textile texture

10 pm

—

4% P ‘._". 4 H >
MOE nanofods « * ¢~ "’-&12_
sd . Rt Tn

B7 ()RSl fom B (o) ISP RITEA RIS R T B3 L T W B B )
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