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Abstract In this report, nano-sized catalysts were introduced onto fabric surface to
eliminate toxic chemicals assisted by physical adsorption. For chemical removal of toxic
compounds, a series of zirconium-containing catalysts were synthesized and treated on

fabric to catalyze the hydrolysis and oxidation of target molecules. Antimicrobial was also
introduced for the research purpose to prove the compatibility of as-synthesized catalysts
with other solutions. Zirconium ligated with hydroxyl group and MOF(Metal-Organic
Frameworks) were exploited as catalyst for removal of toxic compounds, while zinc com-
plex was used for an antimicrobial to culminate in a chemical shield. Once fabrics were
functionalized, fabrics were washed 2 or 5 times for a washing durability test. The amount
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of catalyst in textile were measured by ICP-MS and weight increasing ratio of fabrics.

Keywords metal-organic framework, zirconium hydroxide, Zr-MOF, catalysis, antimi-
crobial, padding, exhaust, chemical warfare agent, air-purification
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Table 1. Preparation of solutions for pad—cure method(Figure 1(a)), Zr(POSS) was used as a nano—catalyst

Sample Antimicrobial solution(wt%) Zr(POSS) solution(wt%) Total amount
Antimicrobial Water Zr(POSS) Ethanol (wt%)
Al 1 99 - - 100
A2 2 98 - - 100
Al=Zr 1 49 10 40 100
A2-Zr 2 48 10 40 100
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Table 2. Preparation of solutions for exhaust and pad—cure method(Figure 1(b)), Zr(POSS) was used as a nano—catalyst

Sample Antimicrobial solution(wt%) Zr(POSS) solution(wt%) Total amount
Antimicrobial Liquor ratio Zr(POSS) Ethanol:Hz0=1:1 (wt%)
Bi 1% 0.w. - - 100
B2 2% 0.w.{ (20 - - 100
B1-Zr 1% 0.w. 10 40 100
B2-Zr 2% 0.w. 10 40 100

Table 3. Preparation of pad—cure solution of antibacterial and nano—catalyst

. Antimicrobial solution(wt%)
Nanoparticle

Nanoparticle solution(wt%) Total amount

Antimicrobial Water Nanoparticle  Ethanol:Hz20=1:1 (wt%)
Zr40BL 1 49 10 40 100
UiO-66-NH2 1 49 i 39 100
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Figure 2. Schematic view of reactivity test of Zr cata—
lysts on fabric. Once the air blows into upper side of
test chamber, contaminated air passes through textile
to lower side. After 24 hours, unreacted CWAs are ac—
cumulated at the bottom of the test chamber, then the
amount of CWAs are analyzed by GC-FID.



TAISXO| FAlSIEEE MHE ESE AKX MZEE fot M7 278 X2 37
Table 4. Pick—up and dry add—on ratio of fabrics(warp: PET, weft: PET/Al203)
Catalyst
Treatment M t
reatmen easuremen Zr-40BL SG-ZRO30SPM UiO—-66-NH:
Blank Pick—up% 86.7 81.8 81.6
Dry add-on% 19.1 4.8 12.5
Acid—treated Pick-up% 86.1 - -
Dry add-on% 18.8 - -
e —added Pick-up% 90.0 81.4 83.2
nder-adde Dry add-on% 19.5 5.8 15.0
o Pick-up% 93.9 - -
Acid/binder Dry add-ond% 20.4 -
740 vt 1 2x10°CFU/mL, 0.7x10°CFU/mL o}, v A gt ekt AR gt Aok, Bkl A e o
ojal, H]o]&A AHEAA Tween 80(24}—%“’”«1 o, e AR e} ekl A7t g H dee] &
0.05%)& A7}kl ct. Zr40BLIF UiO-66-NH: & =4 HF2EES v usghe uf 7] A3t A 79
7} 4 8E AR Y 455 AHEsEE e HS+ 249 #A GOl BE AR =EAS & 5 Tk, ©
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Ak, AlE AlE S KS K ISO 105-C06: A1S 2 2 AR E F8[kAT}, 7he S Al R T A
(AATCC EZA|A WOB 0.4%, 2|74 10ea, & 25} S ) pick—upe 74~95%% Sl = gt Unt
150ml, 40T x 30min)°ll whet 23] 53] Algtste] & Ao g HAfatd dFoA e AE g3y XA
A5k, pick—up®] 60~90% W AL 7ereh uf 45t 4=
o2 AYH A& & 5 e v, B Z Al
3.8 nH PPe} &8l £-9] 29 pick—upe A& 13} & b
o[l Ao SRRl Qi o= §Y 2SR 1)
3.1 LI==0SEe| 718 2| Zot F A& i A E Hope= BA 2 A7 gk
Zr AQ YZfE2-S ALOsF A £ H S AAE GA8H7] o fFelsthal & 4= Sk, Z4-2b9]
PET ol 3 A 2]gt A3+E Table 401 YERH S Ui-ZufF2 o] A 2lH YAl R = o] % Swatch test
Table 5. Pick—up and dry add—on ratio of fabrics
Fabrics Catalyst Pick-up% Dry add-on%
Cotton SG-ZRO30SPM 74 10
Cotton Zr40BL 84 40
Cotton Zr40BL/POSS 93 30
PP non—-woven UiO—-66—NH2 272 169
Activated carbon fiber Ui0-66—NH2 162 106

Textile Coloration and Finishing, Vol. 31, No. 1
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Table 6. Swatch test results of Zr catalyst—treated fabrics
Catalyst Fabric GD amount(ug/cr’)
Zr40BL Cotton 2.04
Zr40BL/POSS Cotton 1,287
UiO—66—-NH: PP non-woven 41.9
Zr40BL PP non—-woven 452
UiO—66-NH: Activated carbon fiber 7.09
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Table 7. Antibacterial test of fabrics

Sample Pad-cure Exhaust and pad-cure Blank
Al A2 Al-Zr  A2-Zr B1 B2 Bi1-Zr B2-Zr
Test bacteria 1 99.9 99.9 99.9 >99.9 99.9 >99.9 99.9 99.9 0
Test bacteria 2 99.9 99.9 99.9 >99.9 99.9 >99.9 99.9 9.9 0

Test bacteria 1: Staphylococcus aureus ATCC 6538, 1.2X10°CFU/mL
Test bacteria 2: Klebsiella pneumoniae ATCC 4352, 0.7 X10°CFU/mL
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Table 8. Antibacterial test of fabrics. Needle punched polypropylene non—woven fabrics were pad—cured with
solutions that contains Zr(OH)s, UiO—66—NHz, antimicrobial

Sample Zr40BL solution UiO-66—NH: solution Blank
Test bacteria 1 99.9 94.4 90.2
Test bacteria 2 99.9 98.4 81.5

Test bacteria 1: Staphylococcus aureus ATCC 6538, 1.0X10’CFU/mL
Test bacteria 2: Klebsiella pneumoniae ATCC 4352, 1.0X10’CFU/mL
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I8y FEHo2 g YyeZujEzdo 452 Figure 3. Zr catalyst—treated fabric samples: (a) before
ek A3 9 ths| 2 A EQEES Sell Aul washing, (b) after washing twice.
O 2= A FEof AV = Ao R e
o}, 53] 23] AlE Fol ZujA R R0 B0 4.4 =2
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Table 9. Washing durability test of Zr catalyst—treated fabrics

Experiment Initial After washing X2 After washing X5
Catalyst Process Dryadd-on ppm(Zr) Wt% ppm(Zr) Wt% ppm(Zr)

1 - 19.1 83280 -16.6 8500 -23.9 -

2 Zr—40BL /.A\CId 18.8 73380 -19.1 8751 -10.6 7547

3 Binder 19.5 70250 -17.8 19871 -16.4 9601

4 Acid/Binder 20.4 82590 -16.3 19370 -21.0 10413

5 SG-ZRO30SPM - 4.8 21460 -59 17900 -59 12760

6 Binder 5.8 22180 -5.7 20714 -11.8 13793

7 LIO=65-NH - 12.5 - -15.8 - -17.3 -

g " Binder 15.0 - -17.5 - -16.8 -

9 Blank - - 250 - - - -
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