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Summary of Completed Project

The major focus of this study was on imparting antimicrobial

activity to cellulose fabrics.

For this purpose cotton fabrics

were reacted with ammonium zirconyl carbonate to introduce the

ligand of zirconium, through which several antibiotics were bound.

Treated fabrics were evaluated for antimicrobial activity, its

mechanisms and durability to laundering.

The resultant fabrics showed good antimicrobial activity by the

controlled-release mechanism and durability to laundering to some

extent.
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2. 3.4 % ul4EH

8§ olAEA A8 A Hrhxpgeg eidled AlHUe A7E
A2 1inch 8 82 wia] W A[UT& brain heart infusion agar 9}
fmerican Type Culture Collection No. 4352 ¢! Klebsiella pneumoniae 2
slo] AMelARE 3TToM 18-2447 uigeisich,

Fig.12% 0. 5% I, & #A¥ske TUAEE Agslel gl
e o A7HE 77 100:1, 70T Y 45%2F IFHL
chloramphenicol &} ¥E38 C-1& 0. 5% oef, C-2 £ 1% owf, (-3
2 1.5% ovf, C-4 £ 2% owf B8 WHIIHA TE AR ¥
o AEA Y Zad A32® ulepd Helrh,  A[UTY Klebsiella
pneumoniacof T3t chloramphenicol & #2A Az FE¥ (MIC ; minimul
inhibitory concentration) & @. 5ag/mlE HiS} ¥ MY Azt
Lehtte 728 Bo} B4MY nmechanism of o3t & ulAiE 7FUFE
4 4 olch,  chlorampenicold 8 9Al¥, ¥ 24T, Rickettiae,
Spirochetes, ActinomycetesTol A7t it Hie Y42 FE
ribosome2] m-RNA } Zgslo] n|AiEe] A AAE  Arldle
Hgrlzlnl HPHU  Aspergillus niger, Candida albicansgolt A7}
Q13 Aol oitt Al Aol dlT AR A geh iR

Fig.132 % =g AYE ¢ ZdE M & #Hiddf ofE A7
Haldle] 28 uepd U] WAE U chloramphenicole} o] 7t
4 28 MF Azde] Zo] HHXHOE Friiit,

Fig.l4z 0. 5% Ir0, € #f3le WHEZ ASse] Agujgf ot
LE W A #74 100:1, 70C Y 60FSET MR
tetracycline®] FEZE T-1 2 2% ovf, T-2% 4% owf, -3 6%
owf, T-4F 8% ouf B HHUA7IM WE ARY Y wAEY AHY
48 AR uepd Aolrh.  AlHEYU Klebsiella pneimoniae of Uit
tetracycline?} 22 Al ¥ET o 0. SpenlZ WY ¥ ATy
AAh7E el 228  Hol chloramphenicol 2 M2t Z3l o]
H4UY pechanism of oYt 4 uifE A3UE ¢ 4 2 HEE

olo
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R4zl Aol wHoR AHY 4 olth.  tetracycline® 12
AT, TJ® FH, Protoma, RickettsiaSo] AMsl gl Jujg
YAAZ 2B uldBo] U QY4 Aalslel AMFAZT Yol
o FoiAe A e Aoz e ol ? ¢ Tel} chle
rampenicol3= Gel tetracycline® 1% ZA47¢ Proteus mirabilis
9} Mycobacterium tuberculosis, X1 7¢! Candida albicansSof: A7}
1= M

Fig.190v & wAZ A4 ¢ 238 Aol =59 e o
M Aadle] 2 e dog o JHY 4T Ay 2L
vhebdc, .

TH, Mg Bo 37l ¢ mABH 4718 uehde A
v oofLih MEAfAche] Bo| Athe AL YulHBAe] Yite] 47
ke A& Zalzl difol Mol LHB bkl 9leg AARY
FT HE € 4 B e H7¥d. o4 tetracyclineld
Aelt 2ol chlorawpenical®] 27¥Tt UIMEN4o] 2 7o 7o
Heh
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Fig.12. Antimicrobial activity of cotton fabric
treated with AZC and chloramphenicol.
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Fig.l4. Antimicrobial activity of cotton fabric

treated with AZC and tetracycline.
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2.3, 5 U M=4
Chloramphenicol 2% owf 2 Ael%t A|Rel tetracycline 8% owf®
Melyt 7% MIC BRAA 124, 0. 14% $8%9% A4t
ofgtelel LEE 100:1, 50CE THAHI MEAZE WHAIHA
MEbsloiet,  MTCC MER Aol ofsPH WtH 13 M® AR
grog JHeT <ler] Table 12 chloramphenicol® AjE]3t A|EE
MERAZ 1608 FoiL AHTol thle] MZ AxchE YH:
Aog dol Ul MEiol £ o A7h¥el, %3, Table 2 ofAe]
tetracycline® 2 Xelfh AB% AMEAE 200#FlL AEAxchE
o481 Qle] chloramphenicol 2 AT ZMrt W ME4le] o F&
4 4 §loh
FTUY H2 Ax FEE #F= F ¥ uARAE 47 HAY
e ARE BH YUAAYOD AU o, 12U el ol
AT Mache] Bol WX A7t @ ufEA] H[itge] Yttt TE
g 4 sk, ol W MERY AHS Ael FRef o AT Al
of Zo| #yE w|Isf MW chloramphenicol® A2|¥t ARHET} tetra
cycline S8 M3l of uiME4e]l & A2 HelX Fig 139
Fig.15¢] 71Z718} AT Aalchel Zo] Z4F W A:4e] H2E ¢
4 Slch, T 27l ARY 74 % ujAEA #%Fol chloramphenicol
< o4 4mg/gol™ tetracyclinew ¢ Gmg/gdS MY of #E X
shofAl AlHE BI%lE FE U AEAY Aele Fopdl HoE Y
Hrei.

.
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Table 1. Effect of laundering on antimicrobial
activity of cotton fabric treated with

AZC and Chlorampenicol.

Laundaring Width of clear
time, min, zone, mm.
0 75
20 7
40 6
60 5
80 3
100 7
120 1
140 1
160 +0
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Table 2. Effect of laundering on antimicrobial

activity of cotton fabric treated with
AZC and Tetracycline.

Laundaring Width of clear
time, min. zone,  mm.
0 3
40 1
80 1
120 1
160 1
200 1
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2.

4 3 &

W4 EE ammonium zirconyl carbonate £L8%0 8 He[dted WARBo] zirconium
ligand® EJ thE o2 uj7hE 1A chloramphenicold} tetracycline hydro-
chlorided W3Al7 ¥ mAE 713g sjoic,

Amnonium zirconyl carbonate 4-8o] 7hedol olaf ABAIY hydrous zirconia:
A22o2e digl AYS ol AoE AsM My MSoAd o |
AHEH2} {342 chloramphenicol®] 727} tetracyclinedth Foiti.

oL Z$uh BYY mechanism of oo} & uPBYE LM £ 9
TlAEAE BT U MEAR 2 Zo2 A7E tetracycline®B 2|8}
dg de M AEE RArE BHE shAa gl
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of )3 HEZ QA 2B ol irmin(l)
cpler &) ¥F3-3) 8} w) AWE I}

3. 1 A& B

HEER2A ZBo zirconium(IV) complex & WA} 742 wpye uix|
A Eo A4 Aol &Y 4 ol itk 2. o4 st g
dol WAl Faef ot Wyl Melxl Melogel o] B geg
AR wp glel, wleld B AP awponium zirconyl carbonate £ GHAS
the pad-cre WHo2 HEZQA HEL Aelslel zirconiun ligandS
EYAT, Ml Mt o7 Y ¢ wABAY streptomycind genta
micin & WA] YHA pad-cure  WHOE A 8 u[ARYE 2= A
2E22A KBS oIA @ Zolth, olF ¢} zirconium ligand® %3
7] ¥ HA 7 W YugEAele] wReAZ MY MY ME
222 HBY ¢ ui4B4 W 2 mdel Mefof it U4 AE
stict,

S. 2 &4 H

3. 2.1 Mg W ¢
He MWNex 20N, WE 1388/5a x 138%/5am, 24
174, 6g/mt! YEEHY WHEL Agjsin),
Lirconyl chloride octahydrate, ammonium bicarbonate, Triten X-100,
streptomycin sulfate(potency ; 780 sg/ng), gentamicin sulfate (potency :
675 pe/mg) & AGIFE IZ ARSI RHL0R ALY 9
& B3 Ev AdigE JdiE a8 sksich

3. 2.2 Ny 4y

3. 2. 2., 1 hmonium zirconyl carbonate & &4
2.2, 2. 1% Hpjjo] oj2lel,
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3. 2, 2, 2 Aumonium zirconyl carbonate o] ol§t WxBo] g

3. 2.2.3

FEA (Triton 1-100) 0. 2%E H3ole AL £ wet pickup
of % 70%7 SEZF i) (UE Vameguchi Cod) 2 2
Hsl dAMels] (Y@ chdALHI] (F) M) Baking Test
Apparatus, Pintenter Type Model DK-SB)2 587 oxjzlet cle
PR G5EN 4MY £ 110THM 2T Az

NG Helfe] FEE I, UPoR PAYLY 1-5%
wv), 94Xl £TE 80-140°TE WAL,

Amponium zirconyl carbonate 2 Ae|§ AR & n]pBAelo]
kivy

3. 2,2, 3.1 Batch &l o3t Ae

MC o 58 I0, oz VYL of 5%@un) O
Ao g oiel &% 110CoM 5#7 daje ¢
the 242 BEZ S ¥ 110Cold 297 7z
slo] THE HMBRPA XEE YFuIE 50:18 24
2 &2 ZY7(Yamato co. A Water Bath Incubator Model
BI-25)ol4 L%, HAAEE, W2LTE 7z
6-80%, 0. 5—-2. 5%(owf) , 15—120802 Wz
Azt Afelgh § FR% BR 3y SAse] Hz7]of4
P R3psdct,

3. 2,2, 3,2 Padcure Yol oj2t e

3. 2.2, 3, 1olMg Zo| 0, o] 5% (ww)dl
A0 Melfo g dMe] 2% 110CToHM S5%7 dxe
¢t 242 SRR ST 110Teld 287 Az
¥ 3T ddele] S&A (Triton 10002 0. 2% &3
stc % vHBA S¥°Z et pickuo] 70%7 HEE

- 32 -



2% ety SEF MY ¥ 24T ASEN 44
8t 110Coid 287 Zzalsich, Azixie $44
TIT 0.5-2.5% YA RE: 60-140¢CE
He Aj3ich

. 2. 2. 4 Iirconium o] A&
2. 2. 2, 5o o}z,

- 2.2.5 WEY Ao sk
Aelg HZELA ABol WY HUAZ HIlo] Atsigion
Hael ML nicro-kjeldshlol ojsjoict, 2 ¢
. 2.2.6 % ulHBY AY

3.2.2.6.1 XAHY upy
2, 2,2, 8¢of ujgjr},

3. 2,2,6.2 ¥y uy
Shake Flask C.T.M.0923 Test Method of wie} AJHsjeiT
FATLEE 284 MTQ Klebsislla pneumoniae &
Ageisit, * 7 .

3. 2.2.7 Wk AY4 AY
ARTCC Test Method 61-1986 2] 14 Wol uiel LaunderO-meter
(Modified Gyrowash, J.H. Heal & Co. Ltd. Halifan) 8 Aj83lo] gt
Y+E 53, 103, 208 HUAA Meksisicl, o] o MICC
®ZE M WB(vithout optical brightener) & Ap&sjoic), ¢ ¢
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3.

3

a3 3 3

3., 3.1 W23 ammonium zirconyl carbonate 918} 1yt

Lirconiuw & ©AURFo|L} ©idHel FE3 §Zdel o549
double carbonate® HATttl, AL £EAE URE Yol complex
carbonatozirconate2o]L AH|Z £Astm zirconium AHA7|E] hydraxe
bridgel} oxo bridge® UZY tetramers] FZRE Zterf. * Y
Fig.] & 8d4ofd A== zirconium complex of HHAQ X
ofch, AL £89E Auel 27 4L} A|gte] FHe] ufet
dmijole} ol4t2l§tAE 9T hydrous zirconium oxide & HAlgich, * Y

digle7t 8% zirconium & S5URE HYAY £ T chelating agent
ol 7ZstA iyl ZAeir] wffo] HEReAdE D-glucopyrancse o
equatorial $A|2 FAIE -2, C-39 3[=BAsjel Zefo|EE Y4
tte ZA2g oeiM gtk AL & zirconyl acetate, zirconyl formate
59 ©d zirconium HYE Hr} complex o[l HYHo] <fafy
wifo] hydrous zirconium oxide & AR Eol FIT pH7.S o o 74
ojojr] MEEOA XEof MU o T4o] Hou} A|The] o]
chet Sofof GxIMo| Yol #hZAo] Afsigcl, 22

Fig.2 & HURAZ 0. 2% Triton ¥-100& H71Y AC Hel9e »E
of whe} 2Bl ¥E¢ zirconium complex o U4E 0, HIOE
vehd Aelct,  yTf7iel wiel o HHxoR Fi4HE Moledf
o MEZoAS Hyz4e] FEA FY zirconium AHAriele] FY
T 7bettz]l ofgolel Afzgic.

Fig.d & Mejfe| FEE 3%l ) B P& o dMe] %o
ciel HEH #h3Y zirconium complex o o9& LIERH Z{oE yhogt
zirconium &} Yol el FEE ¢ 4 itk ol dME %
80-140TY HYelME A0 7t URLjofel ofAtFEAZ ¢
ME2249 H3atet] $8% Aol sRdla7] wiPolet AfztEc,
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Fig.d & MZZQ2Ac] zirconium complex & HHA|7Zufe] 2% »%&
B7llel AIC o] FRE WYAIA M 125Cod S5EF eyt
A2E o3|, streptomycin sulfate %, LT, W7HE
4zt 50:1, 1% owf, 60T, 60R2E o] A of wrest
HE& 9%l, streptomycin sulfate of ¥ uepd Zojtl, z2
Uo] EU¥ zirconium o ofo] Z7atof wlel o] Zrjatriz
THHES 4 4 glth

Fig.h & Fig.3 oMol Zho| AL o} FTE 3% (X0, ) B 48T
Yxe] EEE 80-1407T7a #HAA Helg HBE ofah],
streptomycin sulfate®] F%, Yo%, HEAME 22 50:1, 1%
ovf, 60T, 6OELE o XHHEL of w28 streptomycin sulfate
o ®FE uiehd Zlojh.  dAel T Zritte] wel streptomycin
sulfate o WHEFo] A Zrhsiclzt 11T ezt g3 1
olfof ZAAUE Hold glrh

T Fig.2 oM HolF ulel Zo] 80-140C LEuUYe YHel
Eofd W& zirconium complex o] $& YHtie He At @
W, 110TAM Yrelgt ol streptomycind 7}4 Ho| 4hS-gc)
T AME o] REofA TU¥ zirconium ligand® TR A% e
ol & HARY && Zolc),

o[AofA] zirconium complex & 34|17 wie] HYZRAEL wdXe
Altel G2 wf AZC Melde] BTrh A5% (2, ) oIt of%
YAl fheof AMLE zirconium ligand FY ABZOA ABL

of MRS I,
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rig.l. Typical structure of zirconium compounds
in agueous systems.
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o

Fig.2.
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Bath concentration (% ZrO;)

Effect of bath conc. of AZC on Zr0, content
of the cellulose fabric padded through the
bath containing 0.2% Triton X-100 to a wet
pickup of about 70%,cured at 125°C for 5

min. and rinsed for 5 min.
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Fig.3. Effect of curing temperature on Zr0, content
of the cellulose fabric padded through the
bath containing 3 %$(Z2xr0;) AZC and 0.2% Triton
%x-100 to a wet pickup of about 70%, cured for

$ min. and rinsed for 5 min.
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Streptomycin sulfate content(mg/g)

Fig.4.

l | | | I

1 2 3 4 5
AZC conc. in bath (% ZrO3)

Effect of Zr0O, content of the cellulose fabric
treated with AZC in various conc. at 125°C for
5 min. on the streptomycin sulfate content of

the cellulose fabric.
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Stretomycin sulfate content(mg/g)

A, —1 l | l l
80 95 110 125 140

Curing temperature (°C)

Fig.5. Effect of curing temperature when zirconium
complex was introduced on the streptomycin
sulfate content of the cellulose fabric.
Liquor ratio 50:1, streptomycin sulfate conc.

1% {owf), temp. 60°C, time 60 min.
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3. 3. 2 Lirconium complex B A2|§t HABI gu]Exfele] 3

3. 3. 2.1,

batch hief ot HHe

Zirconium complex’™ /A% ¥rAel TEAZIY AYY F ol
g doipls, sl2E4r], T ¥ElE AU FE stENd
radical 3} #2% 4 4IT 3IAYHY FZ7 olgA HYE
A 42 B Fe fiBe N, S F AP #
AT g}, ¥ Fig6 & B o] AEE HAAY
FRAY (a) & streptomycin 4 & FXE ipERd Jog X
el sI=8217], oofel=r], ou|:r[FE RISt ()
£ gentamicin®] TZE Ehd Aog =EA, ok
5 %3 slch

Fig.7 & zirconim complex 2 A2[%t Z&& gl Y],

streptomycin sulfate®] %%, WSAIE Z74 50 2%
ovf, Bog # o ¥2LT7 streptomycin sulfate o

‘ﬂ'o%"“ﬂ Ul'ﬂ"f deg Lehd Holrp, ¥EFEEZ Sl
wie} §h3-3le] Frisicizt 40°C o]FoflH ZAHE HolT 3§l
th, ole EZ F7iHel wel 3ol iba] Uofifcirt
40°C oj4e] 2TefAE oitge] Filge HoE A¥Ed.
Fig.$ & zirconium complex 2 2{2|¥ A FZ Ald3te] g3y,
e 2%, 4RAE 47 50:1, 40, 60E2E ¥
o streptomycin®] F5 el wE streptomyucin sulfate &
wEEE LERE et FEI Sl uel AHgodw &34
8] Zristcist HAb FHUHE o 4 ek ol ABol &Y
¥ zirconium o #Fo] YHIRET WY £ Sle HAe| ¥
HElo] 9l7] wifef AztHcl

Fig.d ¥ zirconium ligand7t EY¥ AEE ApSdte] Ay,
#g 2%, streptomycin sulfate $5& #%4 50:1, 40%,
2% owfZ % of W3FA|Tel w}d streptomycin sulfated] 3

- 4] -



Fa e Ao2 whg zjel FA] Zrisjel & g OB
M HYel TEUE o 4 th. MAZ streptomyein sulfate
A ML e HolM ASlE o 2 wE UM AsE 7
S8 Mo W3o] ufe #l2A XYL o £ o gy
7b AL YRUYIloM wgAlZiomg Jwt x7le] e Yo
Mg of 2404 4 g 7iog A7y,

Fig,102 zirconium complex & 2|3t ZB& xLafo] oy,
gentamicin sulfate?} F%, WAt 24 50:1, 2% owf,
6O0E2Z W& of ¥HRE7 gentanicin sulfated] ¥HE-2hof
HAle Y9 et 7oz LTI 2] ue wregol
7RIl 20T ook A AL el 9t
Fig.7 o streptomycin sulfate o 7Z9sl & ol gRolal
AZgct,

Fig.11¢ zirconium complex 2 Ae|8t XBg Algslo] ojaul,
WELE, AL A 50:1, 20T, 60¥2E Y& o
gentamicin®] FEHY] wf WYL e 7oz =ras
of wet Whidel Z7sicisl Hap EHso] 2. 5% ouf of 4
Aol HYol TEUE 4 4 oth, T streptomyein sulfated]
P MY of W3Yo] " HE 708 Hol streptony-
cin o ¥EYol gentamicin ¥t} o F& zZiog e,
ol el Aot streptomyeind] TZob: Y a|m 24
2N gel¥lEsst olr] diReR AizkgY,

Fig.12% zirconium complex 2 Ae2|§t WAHBL Agojo] o
o, ¥ELE, gentamicin sulfate?] T8 27} 501,
40C 2% ouf 8 ¥ uf whSAI7te] €2 gentamicin sulfate
o WEHE U 7oz gezsle] FA Bl akgo

ol Yol Tedtg 4 4 9,
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oj4fe} ZZHE zirconium complex B A2|Y B3 & nf
AgAgde] ol Ty 27U WPzt 50: 102 I
UEdel Fd ¥ P streptomyein sulfate® 2. 5% ovf,
40%C, 600l gentamicin sulfate® 2. 5% ovf, 20%C,
6O& olsith
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R,CHNHR,

“:&

OH HNCH, OH

H
o H gentamicin C1, Ry=R2=CHj
H3C i Cz, R1=CH3; R.=H
HO Cya; Ry=R, =H

(b)

structures of antimicrobial agents.

Fig.6.

(a) gentamicin

(b) streptomycin A
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Fig.7. Effect of reaction temp. on streptomycin

sulfate content of cellulose fabric (Z2r0,
content: 30.9mg/g} treated with 2% (owf)
streptomycin sulfate.

Liquor ratio 50:1, time 60 min.
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Streptomycin sulfate content(mg/g)
w
i
O

| | | I l
0 0.5 1.0 1.5 2.0 2.5

Conc. of streptomycin sulfate{% owf )

Fig.8. Effect of streptomycin sulfate conc. on its
content of cellulose fabric.

Liguor ratio 50:1, temp. 40°C, time 60 min.
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Fig.9. Effect of reaction time on streptomycin
sulfate content of the cellulose fabric
treated with 2% (owf) streptomycin sulfate.
Liquor ratio 50:1, temp. 40°C
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Gentamicin sulfate content {mg /g )

I
. O
/

| l l I

»

o 20 40 60 80

Temperature(°C)

Fig.1l0. Effect of reaction temp. on gentamicin
sulfate content of cellulose fabric
treated with 2%{owf) gentamicin sulfate.

Liguor ratio 50:1, time 60 min.
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Gentamicin sulfate content(mg/g)

C
-
O
/
1 -
| l ! I |
0 0.5 1.0 1.5 2.0 2.5

Conc. of gentamicin suifate{ % owf)

Fig.ll. Effect of gentamicin sulfate conc. on its
content of cellulose fabric.

Liquor ratio 50:1, temp. 20°C, time 60 min.

- 49 -



Gentamicin sulfate content (mg/g)
O

| ! | l
0 30 60 90 120

Time {min.)

Fig.l2. Effect of reaction time on gentamicin
sulfate content of cellulose fabric
treated with 2% (owf) gentamicin sulfate.

Liquor ratio 50:1, temp. 20°C
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3.3, 2.2 #iz dAe dhge] oY g
Fig.13& zirconium complex B AH2l¢t 2B& oMz At
5HROZ X8I streptomyein sulfated] A2 FEE 0. 5
~2. 5%28le] 120CoId dHeifE o HEY streptomy-
cin sulfate & & uehd Zojrh, wRel we Frisicizt
Hab Eyslel 2. 5%l HYol T}, 0.5% FE
o wet pickupe] 700|222 100% H&PE F¢ 3. Sm
ofofok #hi} YHEo] 4mgE HE AR Megel AHAHE
F9b §h2o] ofuE Aol E|gir] whPolel HZFch
Fig.14% zirconium complex 8 MY 2E& dAel AjitE
5¥08 48T streptomycin sulfate AE[Fe] FTE 1%E
st odxjz] %ol whd streptomycin salfate?] #H3#E LhEl
W7o oXel I Frzidel wiel A4t FrRdjcidt
100 oliold whggo] 7o ¥ g Held Sith
wtelH  streptomycine] §HS3tEtle 100°C of4e] WiE £
T dex U4FE ¢ 4 Srh
Fig.15% zirconium complex B Ae[t B L dAel ATE
S¥22 W gentamicin sulfateX2[ge] FEF 0. 5-
2. 5%2 8o 120Cofd dAPE of W3 gentamicin
sulfate & o4& vield Zojrh, FEeof uwlel Frkduizt HA
THHE HolT §lth
Fig,16% zirconium complex 2 AE[¥ ZHEE A2l A&
5¥22 48T gentanicin sulfated|Z|We] FTE 1%E2 &
o odxe] £Tof uwel gentamicin sulfated] WEIE Liehd
Hog odie REZ Frhge] wel Fdjcist 120°C o
e Yo kUL 4 4 Srh
ofgfe] ZMSHE pad-cure HHof o zirconium complex
Mel 2BY YuifEAee] whEold dafe] Aldte] 5¥Y df
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e RYZXUL streptomycin® HE- MY FE 2. 5%,
A4zl 2E 1007To!™ gentamicin®] 7 MY %%
2. 5%, ¥Me &LE 120yl
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Fig.13.

Streptomycin sulfate content(mg/q)
w

I l [ I l
0.5 1.0 1.5 2.0 2.5

Streptomycin sulfate conc. in bath (%)

Effect of bath conc. of streptomycin
sulfate on its content of the cellulose
fabric padded through the bath containing
0.2% Triton X-100 to a wet pickup of about
70%, cured at 120°C for 5 min. and rinsed

for 5 min.
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Streptomycin sulfate content(mg/g )
w
|

0 _j\f_ | ] | | |
60 80 100 120 140

Curing temperature (°C)

Fig.14. Effect of curing temperature on strepto-
mycin sulfate content of the cellulose
fabrié padded through the bath containing
1$ streptomycin sulfate and 0.2% Triton
X-100 to a wet pickup of about 70%, cured

for 5 min. and rinsed for 5 min.
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Gentamicin sulfate content (mg/g)
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Fig.15. Effect of bath conc. of gentamicin sulfate
on its content of the cellulose fabric
padded through the bath containing 0.2%
Triton X-100 to a wet pickup of about 70%,

cured at 120°C for 5 min. and rinsed for S min.
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Effect of curing temperature on gentamicin
sulfate content of the cellulose fabric
padded through the path containing 1% genta-
micin sulfate and 0.2% Triton X-100 to a

wet pickup of about 70%, cured for 5 min.

and rinsed for 5 min.
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Fig.l17. Results of antimicrobial activity against

Klebsiella pneumoniae of the cellulose
fabric treated successively with AZC and
streptomycin sulfate/gentamicin sulfate
by the agar plate method

Zr: AZC only, SS 2.5: streptomycin 2.5%
GS 2.5: gentamicin sulfate 2.5%
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Effect of treatingconc. of streptomicin
sulfate on antimicrobial activity.
Ligquor ratio 50:1, temp. 40°C, time 60 min.

Test bacterium: Klebsiella pneumoniae
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Fig.19. Effect of treatingconc. of gentamicin
sulfate on antimicrobial activity.
Liquor ratio 50:1, temp. 20°C, time 60 min.

Test bacterium: Klebsiella pneumoniae
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Fig.20. Effect of bath conc. of streptomycin
sulfate on antimicrobial activity
Curing temperature 120°C, time 5 min.

Test bacterium: Klebsiella pneumoniae
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Fig.21. Effect of bath conc. of gentamicin
sulfate on antimicrobial activity.
Curing temperature 100°C, time 5 min.

Test bacterium: Klebsiella pneumoniae
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Fig.22. Antimicreobial activity of the cellulcse
fabric treated with AZC and streptomycin
sulfate(2.5% owf) after laundering.

Test bacterium: Klebsiella pneumoniae
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Fig.23. Antimicrobial activity of the cellulose

fabric treated with AZC and gentamicin
sulfate(2.5% owf) after laundering.

Test bacterium: Klebsiella pneumoniae
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Fig.24. Antimicrobial activity of the cellulose
fabric treated successively with AZC
and streptomycin sulfate (2.5%) after
laundering.

Test bacterium: Klebsiella pneumoniae
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Fig.25. Antimicrobial activity of the cellulose
fabric treated successively with RZC
and gentamicin sulfate(2.5%) after
laundering.

Test bacterium: Klebsiella pneumoniae
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