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ABSTRACT : Poly(vinyl alcohol) (PVA) and N-(2-hydroxy)propyl-3-trimethylammonium chitosan chloride
(HTCC), a water soluble chitosan derivative synthesized by the reaction of quaternary ammonium compound
with chitosan, were blended using water as a solvent and the PVA/HTCC blend films with various compositions
were prepared by solution casting method. The miscibility between the two polymers and the thermal properties
of the blend films were investigated using FT-IR, DSC, DMA, and TGA. Single glass transition temperatures and
single melting temperatures of the blend films along with the strong and clear film state for the whole
composition of blending ratios suggest the miscibility between PVA and HTCC. The PVA/HTCC blend films
with HTCC content of 1% and greater showed excellent antimicrobial activity.

Keywords : poly(vinyl alcohol), N-(2-hydroxy)propyl-3-trimethylammonium chitosan chloride, blends, misci-
bility, antimicrobial activity.

l‘

EZ2|MH, A277A A53, 20034, pp 405-412

off dEiME @ 7k el g, F=
Aol AEZ QA Auao] 7€l = 7| EAk}

405

1. A& AA JFgo 7 AME ek 2ol PVA Ak -
S5 AFAY $4Ae e 93 v AARA wFel vt
=, IRAE ARE AEste] S ARE Qe AR

B SRIEAl] dEiAs =7k A7 2t

405



406 Kimetal.

A AT Axshar 7 aEARRe] EARE A
ATkl on, Kim 52 7]|EAWPVA EA=E o83t
Faputol] dalA A7ekgch Mia 520 282 ofA]
Eabe Agstel Frisla wald JEAUPVA R
25¢ dglod, Bals BEe AF Fue} 2L I
A Ao] Z iRk wslglitl ol PVA% 7E
& #AL Aele) AEAge] F nBAe THAE 57}
AA F7] mZelet. o] ZIEAPVA Sdl=E 71EA
o el gl A e RS wasle] 714
2 RS FAAZ = glon F|EARY] Flo|EF AV
U olrls) pvae] SolEBAL $2ATE st
$ogk B3PI vehi] W] Suls Fafutol) 2
A= Aol 27 484 4 ook

A N-(2-hydroxy)propyl-3-trimethylammonium chitosan
chloride (HTCC)= 7|EAb]| Aldg JFEFIS 2= gly-
cidyltrimethylammonium chloride (GTMAC)E ¥F5-A1A 3§
A AR FEAZ T|EAr o)} A 47
#9712 ABe) glom g4doln FEAknc) uls-
St Ul RS ehdekd ARES HTCCE §H4
3}e] poly(acrylonotrile) (PAN)Z} £ A7 AR5 A=
3}3L HTCC®} PAN Apolel] E3pAo] g5 Bk uf
oltk’ 2#uh o}A7kA] PVAS} HTCC Alole] E3}A el
B9 s gl Agelth ARk wEE A7z
S wwl PVASH FIEA Alolo] gk E3ho] £4)
3la gl7] wiel Z1EAF F=AIQl HTCCSF PVA Abe]
ol E344e] & A15Ael sleh HTCCE S84 7]
E4b frEAl)7] el Bl i nEA} 489 4
Hlold A2 Egeln gl Bage] sped Aew A
Zhsjol7leh. pvAS} BRlsler] B8 Bakeu AL
s §71801E Agdlor sl ol BeleAnc w
& oo ek

RS AT ST AAAFAE el
gl HTCC= o3k SAERt ofdzt vig- 953 ]
AedE Hehy] wEel’ PVAHTCC Sd=EoA =
o)d BAdo] Yepd Aew slehde) ol AAES
selsir] flstel & AFolAE PVAS HTCCE 38 2
gz sle] golarelols) Balsla, o)F 4l A
$3k PVAHTCC 255 AxT F o8 7] 245
Fole] £ neARe) £AYE drelslch E HICC
o] gepo] Wgel we} PUAHTCC = 2E9] v
WEAo] ol Wl slol djEiE A

2. A3

Alg 2D A2k, PVAE EAF=F 89000 ~980002] 99% 7}

406 93z &

fot

Polymer (Korea), Vol. 27, No. 5, 2003

FE3)E A (AldrichAhS AH&-31git). HTCC Aol AF
43 GTMACE 5FA19F (FlukarbhS, E12E Zn(BE,),
& (AldrichhE AHgStglor], #4148 9 7} A
e B 15 o] Aok ARkt
F|EAkS] A 7EARE FEIAYF)ONM Az A
& e o] AAste] AT} T EARS 5% o}
A gegolle] 2% (whw) FEZ Sho] S3417] & 24
o} 884 A RS olFete] AlAetL, o] &
S 4% FABMER $goow FalshiA FAAZ
2
EN

|

2

AdES A3 T SHFE A4 2 A
FAIsEL, oA MgkE® 33] AT F AF XA
tl. oA AARE 7| EARS GRS AREEE SAPHY
e A dolAEstEE Tt FE3E ofnl S A
Abslh=d] ARSI EY], 2 ATelA AAIRE 7| EARY
ol dle = 87%% T} 02 M CH;COOH/0.1 M CH;COONa
3 &AM SAT 7| EARY] IR EE 4.54 dL/g
o]l om, Wang ol <J5le] AA= k& ARE-3}o] Mark-
Houwink 2]ef] 2J3] A= #AFS ARk 23} oF
297te] i},

HTCC 3. = 400 mLol| A= 7| EAF 10 g& Y32
RSP A 0] R ZnBF,),L,E 0.1% (wh) 552 H7)18k
¥ GTMACE 7|EAF ojul gefo] gulj = F4i3ke] Hhg-
2% 100 C2o] A&7 stollA 20417 F3F 71414
W12 wRksPEA ke st g2 24 £
slal HAdo] e HhES A3t o] HEES oME/
oflebs 3t (viv, 1ol AAAA ] AAEE
AL 5 35 ol mHHAFITh o]F o] HAES AF
sto] ThA] opAlE/elRkE 3 (v, U)ol Fof 3
At Wk GTMACE AASIG L, ©]5 33}y
A2 WAES soxhlet AA]AA ofAlES BuE 244]7F
ol F<t AEste] mNkgES $HAs| AAAT|, A
FAxE ] F2ake] HTCCE Ltk €9zl HTCCS)
A AN Aa EefraE® ARgste dadEs
T3k o] ERHE A 47 dREHe] AI}=E PG

PVA/HTCC S3= FF9 Az =5 = 3}
Z¥Z} 0.5% (wiv)e] HTCC2} PVA ~8-°8-8- 4]3la, PVA
2} HTCCol| Hishe] E3m)e-S 22t 9/1, 812, 713, 6/4, 5/5
2 HIA A AL LAE S flol A" Eich
dEollA 4 o)} 7z F oA AF Axske 5
7} 2k 20 pm A=) ZES A9, ol R $HE A
5% ARESHSITE g9 HTCCSF PVA 849 x5 7}
7k 5% (wiv)ZF H=5 3 5 g 9ol AHA"st
A7F <F 200 pm AEQ] FES A3l o] DMA &4
4 AEE ARESIGLE SRlEEe] | AEAS HU8)H
7] $18 A B 5% (wiv) &8E& AR&S8le] HTCC §HF

o 5

)

Eg|H, A274 A5%,20034



Polymer (Korea), Vol. 27, No. 5, 2003

o] 1%, 2%, 5%, 10%7} F == 3 5 7]2Esle] do =
A7) 100 um A2 BEL A

Z+Hg 4. FT-IR 23 E 32 Bio-RedA} FTS30002 A}
€3} scan 64, resolution 2 cmi’' 2 d}o] A 37, SeikoA}
TG/DTA 62005 AR5l 10 T/min®] $2 £5 2 AL
7153kl A AFFEA (TGA)= 3+31-2™, Perkin-Elmer
DSC-7& AME3te] 10 Tmind] 52 $52 A 7§
sl DSC 4% shgde). AR 54 74 54
£A317] 85k DMA (DMS 210, SeikorhE AH&-3}<]
tension mode® A|E7Z°] 10 mm, & 5 mm, Z°] ZZ 10
um, A5 10 Hz9] 4 =702 20~230 T 2%
MM 2Cmine] 58 $E 2 ZAsieleh

AEH 54, PVAHTCC ARe) GolEae
ojmr] Slele] AE WAPL" ol gsle] FHLEE
AslAct olwl FAlFS Staphylococcus aureus (A.T.C.
No. 6538)F ARg-3t9low, 7+ A sH=® 53] o4 54

o} Hgke etk

Ay o,

@)

U
-

3. 27 2 EE

HTCC® A 2 5A. 7|EA ] Add 2w 35
=2 GTMACE HHAIA Al 45 GEFE7IE 2= 78
A 718AF frEAQl HTCCS 3Astge) 7|4k &
o 3] ¢47] wjiEol HTCCES sk oA 7] &4
< B0l 92 H #8249 GTMACS} ¥heA|7|H B
UA Hhg-o] =]o] nkg-e] vy 2] R =2
A=Z A7) AT FFe] GTMACY)E 283k ok
HTCCE 343 A 7o 2vds 24 gL=r}
E3 HRSAIZEe] AoASE XJErt STRIARL =
< oA AAZE RESAIFIE EARFe] Askdc) A

A HTCC®] X|Bkw7} 067 olAte] HW 840z

2 ATl PVASE £3198l] 13k HTCCE 34
sk, ot E k=t 87%, ARl 29%l A
H 7)1EARE o]&3ste] GTMACY EvE 7|EAL ol
Fke] gul R sl W R Zn(BF,),E 0.1% (wh) ARE-3)
o 100 To] Rkg-2xellA 2047k &<k WeAIA =&
el gla =l gA3] ell=s TE3] =2 A=

Zbs HTCCE sk o] 22 nks =74
< HTCCE 7N 2 Efanie] fJste] g3
< Tk AF=F AU A3 2Bt 1.030] Qe
whaba] o] %ol AREFE HTCCE 7|84k oful7] 7}
Hke-3k Zlojgta & 4 glrk.

& A7ell4 HTCCZ} A= A= =AE Ealst
7] $lste] 2 24l F1RAF (2ot 87%)%

o %

il

Eg|H, A274d A5%, 2003

Blends of PVA and HTCC 407

HTCC (*12% 1.03)0] sl FT-IR A= EHS ZA 3}
o] Figure 1o eItk 7] EAbA YePd= 1597 em”
F-9] 155 o7l 2% NH, scissoringel] £]3F ¥]o]=
£ HTCCOlAE A8 vehdA] okx I oAl 1645 em’
HAAelA 25 ofulel] o8k Flo]= wlre] Yehfar it
T 45 FERFG W=7l 28k 1490 em'el|A9] T]o]
27} A= A7 Ze 2 Rol HTCC7F A= 3HA= ¢
= & 5 d9deh ®=3 F|EAR Sle olulr|e} Bfe]
EFA)7] F GIMAC7} 3lo|EFA)7] Bl ofulr]e
HESBH TR A2 15 oful7]el 27k slo]A (1597 em™)
7} HTCCOlM+= A3 VelA] odar Q= APleA] &
ol & Qgich gk, 7| Bl = Yel= 1650 cm’!
$1x]9) 2 oluly] Felay ¢ EAQ sEANY &
ol a7} 87%0]7] Wil $d3] dolMEs} = A
a3 EAERE 25 ofulz]el &gk Aok

PVA/HTCC &= F35°] Az ¢ IR ¥4. PVAS}
HTCCE 27 $8do® nhe # A2 o2 vE=s &

ol &<t AdeollA Wed el WA

Figure 2+ A& t}& 24 ¥]&E& 7= PVAHTCC &
= 2559 FT-R 249 ERS yepdl Zlojth PVA
FEof| A= 2941, 1424, 1329, 1237, 1142, 1093, 850 cm™' ]|

o

(b)

Absorbance

(a)

2000 1800 1600 1400 1200 1000 800 600

‘Wavenumber (cm'l)

Figure 1. FT-IR spectra of (a) chitosan and (b) HTCC.
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Figure 2. FT-IR spectra of PVA/HTCC blend films; (a) PVA,
(b) 9/1, (¢) 8/2, (d)7/3, (e) 6/4, () 5/5, and (g) HTCC.
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Figure 3. DSC thermograms of PVA/HTCC blend films; (a)
PVA, (b) 9/1, (c) 8/2, (d) 7/3, (e) 6/4, (f) 5/5, and (g) HTCC.
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films as a function of blend ratio.
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Figure 7. Loss modulus curves of PVA/HTCC blend films; (a)
PVA, (b) 9/1, (c) 8/2, (d) 7/3, (e) 6/4, () 5/5, and (g) HTCC.
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Figure 9. TGA thermograms of PVA/HTCC blend films; (a)
PVA, (b) 9/1, (c) 8/2, (d) 7/3, (e) 6/4, (f) 5/5, and (g) HTCC.

Table 1. Effect of HTCC Content on Antimicrobial
Activity of PVA/HTCC Blend Films

HTCC content 0

in the blend film (%)  (PVA) : 2 ° 0

bacteria reduction (%) <10 >99.99 >99.99 >09.99 >99.99
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