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Properties of Antimicrobial Membrane Using an N-Halamine Material
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Abstract— N-Halamines are compounds which have covalent bonding between nitrogen and halogen. N-Halamine materials
possess strong antimicrobial properties against wide spectrum of bacteria. The aim of this study is to prepare N-halamine membranes
using m-aramid and poly(vinyl alcohol) (PVA). Surface characteristics using scanning electron microscope (SEM), pore size
distribution, liquid permeability and mean pore size were measured to confirm feasibility as membrane. The results indicated that
increased PVA portion up to 15% in the m-aramid/PVA blend resulted in improved pore size distribution, liquid permeability as well
as mean pore size. Furthermore, antibacterial efficacy of the membranes after chlorination was confirmed and the results showed that

bacteria in water were inactivated.
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Fig. 1. Structures of amine, amide and imide.
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Fig. 2. Scheme of the function of m- aram|d disinfection.

2 HE SoRRE $£E2ES WA AL He

B9 tdA FHE Y5t vl Fa3i.

olgfdt AL AJMAS F A (coliforms)?] 73

FA4AEE 2 J AFELPY] AFo| Y

lo] H7]= ﬂt}m

AR, ol#gt dreElots AASY] A% oy H

W F9 styrt WEF el o &3 ol WH

glojd EFELE AYFHoE FHAAYUCEN &

BEYAZ = e IdA T2 1A o=
S AgFoz S| AR

(0]
-
0

=

iR o g e gjote) REE o Adtg 3=
AL"E AF o EHE 9 ez & 4ol
QFEHY, dAY AAFRLTL e aAQ I
4 HEH o] AdEol ATHH, 01315} HEE
BFA flol, A7t Bag X 4E , A7t
L dE Aoyt 24 Fof AT ’51—’?%'%0] 7V
g Aoln, o]f T UL AAH Aol ZA
7o ste] 2t o AE T

N-Halamine® 7%, water disinfection &3 &
o A7t AAHAOU, oby sHEHel Hopo
Al N-halamine Wi <lo] B AL TlFA
%3 Qlty. 2 dAtE N-halamine? A1H 242
) E A9l m-aramidE poly(vinyl alcohol)(PVA)2}
A RE=AY &) (e Ionic liquid)o] £8jA7]
Rk R 01%3}04 HEFYAE AXF ¥ Oxidative
chlorine [CI']& FZA|A 904 drg ot o3
Holt 4F4e 25 A% AAE BF B2

FI

| 58 | g/ a7pgsieA] A 218 A 45

2 M3 U Y

2.1 m-Aramid/Polyvinyl alcohol(PVA)E =

m-Aramid/PVA EdE Lo ALLEH PVAE 3
3= (DP)7} 4,000 x] 4,3000|H AIt== 99.9%
o)Al AL AME5}4Tt m-Aramid= Yantai Spandex
Co., Ltd.(China)®] AZL AH3tAth. m-Aramid/PVA
4= SRR Lu2= Fluka® Ionic liquid
(1-butyl-3-methyl-imidazoliumchloride) & A3} %t}
Tonic liquid®} m-aramidE Tonic liquid/m-Aramid
(100/10, w/w)Q] H|2 181, PVAE: m-aramid £
A 5%NAN 25%7HA ¥ FEE 6
110T9 2ol Fd3 &9do] & f7tx 124
7]— O]A}- H}-/\]ﬂ]}

2.2 m-Aramid Bl Egj|ol X

m-Aramid/PVA E£dE= §4E {2 To| 127
Ho] IYE ujo]A Baker Applicator YBA-4, Yoshimitsu,
Japan)E 0| &3t9 FES AR ¥ o|E Methanol
(-20C)ef 3027t AAstY FHAFHT. FE WY
PVAE AAS7] 93 57 100CA 1A &
ol & AHE nAst A2oA Axsg

2.3 Chlorination

Chlorinationo]] A%+ sodium hypochlorite(NaOCI)

o XA BujE I G 7(@% NaOC solution)
< S5 15%2 34 A7 F AR NaOCl
292 pHE 72 2A3Y OPH AZ2H m-aramid
WEHAE 6027 HA AR & 2FHA 2 &
28 AA] s dFY SFRe2 A ote] 45C
ol A 2417t AERAIZT

2.4 ZFAMHXS0lHE

FAFA 2L E v 7 (S-4100, Hitachi Co., Japan)2 At
$oo] AZE WHAAY EFAL BRFYG. B
Z olHo| NzE Wgoz FYIIGIL, SEM(Scanning



N-Halamine= 0|88t & #2219 S4

electron microscopy) &% A] 15kve] 7}& A<t s}
oA BEsHET

25 Ho|M 2y

m-Aramid W E g 219 Chlorination oJHE 3]
5}7] 93l|, Fourier Transform Infrared Spectroscopy
(FT-IR) (Spectrum 100, Perkin-Elmer Co., USA)E
AHE5tg o, Attenuated Total Reflection (ATR)
B2 Aol BHRAE AN e,

26 PMI 2ZMZ 5 332537

AzE m-aramid PEFH A 2AE HF7|F3
7](Mean pore size), 7|55 (Pore size distribution),
DA E 3= (Liquid permeability)E Ao 7] $3}d
PMI capillary flow porometer(Porous materials, Inc.,
USAE ASstat BEdeY SRiet 3%
+8 Agsg

2.7 Oxidative chlorine contents(Titration)

A71st & pHE 42 W37] 93| acetic acid ImL
£ A7tskdith. Az &9 da3d ANEE 3
AXA 12X 75 BHAe & 1%9) starch solution
S A7} sodium thiosulfate solution(0.05M)<
gojmel wote] goo] Ens W frix e
*= AAsd

[CI'1%%E otee] A(1)e] dedste] SA AT
[C1% = (VXNx35.45)/(Wx2x10) )

7|4, V&= ZHAH sodium thiosulfate solution
0.05M)9] Hu(mL)o]|1, N& sodium thiosulfate
solution(0.05M)9] 2% &%, 3545= Clo B
ZF, We ArY FA ot

28 FTFHE HAEGHEN)

m-Aramid WEAe Sl eot] ga @
TS dothy] s U ot § Gram-
negative SelZlorel Aol EATE EE m-
aramid HEF QN2 gk T UUbA|E(Total colony
counts) ¥ F A at(Total coliforms)iE4-S A A|
st

#d Yol At ol dsjd= Table 19
Gefelth, w8 94std WHgeos A4 T

b

=
2

JIN' _lE
2,
H oO-lA r'|>:‘
s "
oot L o=

El
o2
B~
ot =
flo ng

Soon m
=
ol
>

r
e o

s gy
>
ol
4
X
o
of
ok
ol
>~ F
oot
iz
2
o
ol

2 o rlo X Ay
4z o

e
ML oy 2
= P
5

+

Table 1. The type of bacteria

No. of Name of Cultivation Status of
bacteria bacteria temperature(C) distribution
1039  Escherichia coli 37 Ampoule
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Fig. 4. SEM images of m—aramid membranes (a) m-aramid/PVA(100/5, wiw), (b) m-aramid/PVA(100/10, w/w), and

() m—aramid/PVA(100/15, w/w).
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Fig. 5. Pore size distribution of m-aramid membranes.
Table 2. Pore size of m—aramid membranes under different PVA rate
PVA rate(%) in m-aramid/PVA solution 10% 15%
Mean pore size (Microns) 0.0638 0.0649 0.1055
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Fig. 6. Liguid permeability of m-aramid membranes:
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Fig. 7. FT-IR spectra of (a) unchlorinated m-aramid
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Table 3. The analysis of antimicrobial efficacy
Test items Unit Result
Total colonies, General bacteria CFU/mL 93
Untreated water Total coliforms MPN/100mL 700
Free chlorine residue mg/L Non-detected
Unchlorinated Total colonies, General bacteria CFU/mL 310
neh orinate Total coliforms MPN/100mL 240
m-aramid membrane ) ]
Treated Free chlorine residue mg/L Non-detected
water Chlorinated " Total colonies, General bacteria CFU/mL 0
t -
ortated m-atammt Total coliforms MPN/100mL <18
membrane
Free chlorine residue mg/L Non-detected
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