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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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o, WS Ao A8 S A ukely
= 21A AlgE 2 4ol NTX-205SB(Chem Star
Pacific Corp, Korea)& A8}, &4t 7HaAl=
Zn7t H¥ BFE 3HehE < NICCANON SKT
(Nicca Korea Ltd, Korea)g AH&-3s5itt. Aol AF
45 A ZF YUt Testfabrics Inc(USA)2] Cotton,
PET(Polyethylene terephthalate) 35432 Jeon—
san Textile Co. Ltd(Korea)oll A A&t F7 1mm
9] PP(Polypropylene) $2]3(101g/m’), Tongkang
Activated Carbon Fiber Co. Ltd.(China)oll A -
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Ak, Z2AL AlLOsF+t YAV EUE PET A2
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(a) Padding

P Antinicrobial &
| Er[POSS) soluthon

2.2.1 UH-=0i=8 Z2s U siw| &2| A Mathis, Switzerland)E ¢85} manglets 2. 5bar, <
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ool 7t El= Aoz deA o, 2 g oA 90% SoF Azl 7HEA AET UYEgS
A et sk BB AE 2R A AMzkgol  of T0~80%, dry add-on 6~7%2 2HIE| =],
I8 gle AL 183 Figure 1(a)ol YEHY Pad- 7heodlo] PR o R RolE o AAT L
cure ‘WA 02 Yl S A3} FEof| A A 2|53t 2 Aeje Ao g fgoE
o, 2F FtE v E Adf Figure 1(b)oll Het T 7t A o] AR 7FEH O] 245 Table 17
W A AWAlT Pad—cureAlS B 3Y5to] o+ Table 2] YeF AT,
Al 7Hg A o] W getds o Apol & Blawskgitt U A 2o & J7HEAE PPRA XL
St Al o] AFETFS Table 19 YeRdH 23 o] of A e o] s HSt7] $18f Table 31
1wt%, 2wt% -+ 7HA 2 22 3Pste] A2 Fx9 ol 7hydE Azt AEve g 220 7
w2 gt d MskE gelstalat skqlt, - At AA 9] Ful 7} qlo} A HAF TS st
HAE AR Testfabrics Inc®] PET EFWEE Fou ohA AME-H PET A&3t fARE 9] Iy
AHgston | a2+ Lab. Padder(HVF500MM, = Hoj 271 AP ATH o E st

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 % - - 100
Al=Zr 1 49 10 40 100
A2-7r 2 48 10 40 100

Textile Coloration and Finishing, Vol. 31, No. 1
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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.f - - 100
B2 2% 0.w.f 120 - - 100
Bi1-Zr 1% 0.w. 10 40 100
B2-Zr 2% 0.w.f 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 1 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.
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Table 4. Pick—up and dry add—on ratio of fabrics(warp: PET, weft: PET/Al203)
Catalyst
Treatment Measurement Zr-40BL SG-ZRO30SPM Ui0—-66-NH:
Blank Pick-up% 86.7 81.8 81.6
Dry add-on% 19.1 4.8 12.5
Acid-treated Pick-up% 6.1 - -
Dry add—on% 18.8 - -
Binder—added Pick—up% 90.0 81.4 83.2
Dry add—-on% 19.5 58 15.0
Pick—up% 93.9 - -
Acid/Binder Dry add—on% 20.4 -
Zbo] = 1.2x10°CFU/mL, 0.7x10°CFU/mL E}. n A 2] gt Ak A 2| eh A, vhele A 2jgt o
olal, Hlo] 24 AHBA Tween 80(*45—%“«] o, Z1e|ar Abaf ot uhely X ej7h oA | AT &
0.05%)& #7Fskdch. Zr4d0BLY} UiO-66-NH:z % H%é‘ FAge vl U 27] AgES AR
7t AEH Ame Y dFe ARt e HEt 270 BAglol BT FARE S & 4 Stk o
Ao Fr=1,0x10°"CFU/mLo|th, Alg gjzHe SG-ZRO30SPM &1 9] H$- Alg Ax59 Zujf g+
PET 3 W32 5 ARE-5FGIT, ol of 5%z HEEHS =, ol A& AHA 9
AL ol 11.4%% thE 2% (Zr-40BL: 41.4%,
2.6 27I3x2| FTH| MEY 2M UiO-66-NHz: 20.8%) 2t 27| &2l 2oz
S7he A E deto] e o] Qle US4 o s ik, Aol A2l d Sui=d o A9 o] %
A% W44 gele Hsl Ao FA MRt f = At g ARl ol A Zelskqitt,
AdEetzrpddE A e s Aol R A=2ds UrEmEd o S5 2 e 24 fefsstE4
o] o W3tE SAsto] SofdAte] getES B4t AA 35 vlast7] 98l Table 52 o] $7F34
Atk AlEF Al E-2 KS K ISO 105-C06: A1S 14 2 ARS RIS 7H S Al Y A
(AATCC EZA|A WOB 0.4%, 4]1% 10ea, &9 25t9& o pick—up 74~95%% EHelE ¢lch, Lyt
150ml, 40C x 30min)ofl wtet 23], 53] AlEtste] & Aoz AR Aol A& g 34 AYPA
A5k, pick—up©l 60~90% W% A& Aot uf A5 4
Fo2 AE AL £ 5 o uH, RA® A9l
3. Zup A nE PP} Bk81416-2) 49 pick—upe X 2ol H]a) =
olgel Ao BlE T gr}, ok B 2702 1)
3.1 LicZ0i23o| 5712 %2 Zat g AP S i 48 mope R4 w 447} DEee)
Zr AQe) e E BAS ALOFFIAE EYE FIAE BAe|o) feletch & 4 gleh, 2zt
PET ko] 9 A2|gt 25 Table 40 et UleFuedo] A2 YA EE °|F 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 Ui0—66—-NH: 272 169
Activated carbon fiber UiO-66—NHz 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-NHz PP non—-woven 419
Zr40BL PP non—woven 45.2
UiO—66-NHz Activated carbon fiber 7.09
£ 5ol frafststEd AA 45 gkl Tdtat, HEb)el thsl 99.9% ol 943 At
Haess 7He Aoz SlEin, ol &2 49s
3.2 LI=ZOHSE &2 HTHe| ReleEE A ds &4 = o Pat/do] WA FolH gt thE Sl A
e Edo] Agd 4o fali=d AlA 45 2l5t7] 91t 342 sl at Aol A, &
A A IS Table 60l YERH AT, Fol gl f3i2tst o o} Al S FElA A7t s o 4
=4 GDo dF= 547 A3 Zr40BLY UiO-66- ES frafetetEd AA sl St Aos 2ld
NH29] Aso0] 714 2438 7l 0 & Folw| 31 Q. 7Zr40BLY} UiO—-66—-NHoZ 0l A 2] H2E Ao of
oheh, Ag7IAe] SR meh Zue] e T g ueEuidate] HFhE AelA g ol 7}
A O Holt B GRARE] A9 FY  HAS Lot A FRAS U E B LS o)A
27004 s PPAAe] R E nime B o) 4 Aejeh R AR FFHES BASI
350] 2ol 7k 2 A o&awﬂo&tﬂ o= ghahid 4 Zr40BL Zo7} 22 PPRA £ 3¢ 99.9%2
AE AR AT SN v FE Aoz BaEt, $4d FFAS L}EM ml Ui0-66-NH: Zj
ole) gt FAL UiO-66-NH 20|12 Eat 27002 7} 448 PPRYEE FAEEHFTE 94.4%, 7%
el MRS A ANE WE & A 7 08.4%0] HFULRE HME}. By Aney
Zr40BLe| % Faled 2= s POSSE &7 El e S Aot @t AlE S8l A wid A7k 7F
At iy dEo 2 A28 AR Aol e 58S &4 A
Aol Aoz gelefo] WO HIHAE AT das oHot, UiO-66-NHz Zuj7} -85 AJ59] 75 3
Sl o2 AR Fiolt #ol diA ez Fe Ao e ofof thgt
F7HQl A7 g AL R AR EE Bt &
3.3 Af2IE AEto| 3aY 25 gholA e R R AR A ol HE FFA50l 3
FHA L Zr(POSS)ETZL A2 Age F74 & ACR b, o)k AT AR FHHOR
H7t A3H= Table 7ol Vrebdl A} Aot %’—{ A Qlel] wtof Hjef &g ol Alsf H=tlA 7]t Aoz 1
S d9vies WA A 3 gos Zr(POSS) o] Xt Zr40BL, UiO-66-NH: & A9} &
S AT AN RS F =25 FEA JH A 2]t Al oA s Aot A= gt A A= Table
29| FoAS SHTT A B A HEE 23 (AL ol vrebu it
Table 7. Antibacterial test of fabrics
Sample Pad-cure Exhaust and pad-cure Blank
Al A2 Al-Zr  A2-Zr B1 B2 B1-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 99.9 0

Test bacteria 1: Staphylococcus aureus ATCC 6538, 1.2X10°5CFU/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

3.4 3713X2| |Tte| MELHTA

GE A EUH PETUEHS o] &3] Zr AL 2 1 6
Ul 58S A2t 3 49ES 2elshr] 913 A X :
S A S Ak, 2 SuiA R HE A
Aol 23] Al 9 53] Mg YeFujE4 o] et 3 8
& B4 A= Table 99 YRS 4 9

| AEFE L PS o= A ] Als et vt
el M A RE sAl A83 A9 Zr o] 7F 4 e

I8y EgA0E S o, Y549 472 Figure 3. Zr catalyst—treated fabric samples: (a) before
ek A3 oo thas| 24 EQEkS Sell Ant washing, (b) after washing twice.
o=E AGUYTA o] AL g AR B
o}, 53 23] Al Fol oA R FRo] B 4.4 =2
o] e Sof B o] gebee AL B 5 glom,
HUomE ol g4 oA FHAR 5 AN HFigure 2 AT A U 2AEA 0 fejstetEd
3). 23] 9 53] AlgtF S| ol 2 #pol7t gl A & B A7 5 7 SAHERLS Aot 2257
0% Hop, AYPAOR BT AL HRUDTH UL gyur il B 978 SBSe, 1 7152
Suledo] ddH o AT = = HAARF> o w3jaly] et 2 1L TN TUHE BH ) 7]
10,000ppm ¢l 0.2 FHEL ek, Ak Aol whe npelsiolny, Akl @o] W) ol o4l Au| e}
A%E YlesmiEd 9 okt WA glo] AlE 9 Y IAu| 2 o] &slo] FAAL} SHER AL 9t
Irg e B A O R e T U2 BA J221S sstgct, A Ay
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) Wit% ppm(Zr)

1 - 19.1 83280 -16.6 8500 -23.9 -

2 Z—40BL Acid 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 OG5 - 12.5 - -15.8 - -17.3 -

g " Binder 15.0 - -17.5 - -16.8 -

9 Blank - - 250 - - - -

Textile Coloration and Finishing, Vol. 31, No. 1
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