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Sterilizing Effect of Zeolite Supported by Metal-Ion on Washing Water
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The sterilizing effect of zeolite supported by metal-ion on washing water was investigated
experimentally. Silver, zinc and copper were used for the metal-ion and these zeolite materials were
added to the washing water together with the surface active agent (sodium dodecylbenzenesulfonate:
DBS). The number of living bacteria in the washing water was counted before and after washing. As a
result, by using the zeolite supported by metal-ion, the living bacteria could not be observed in the
used washing water even though the content of zeolite was fairly small at 0.05wt%. In the case of
sodium zeolite, the sterilizing ability of DBS deteriorated. In addition to the above examinations, the
sterilizing effect of zeolite on used bath water was examined. The used bath water with bacteria of 5.7
X 10¥ml was applied to the washing together with the zeolite supported by metal-ion of 0.06wt%. The
observation experiment suggests that no bacteria exists in the water after washing. It is concluded here
that the metal-ion acts effectively as a sterilizer during the washing process and the used bath water
can be applied to the washing water using the zeolite supported by matal-ion.

(Received August 23, 2001; Accepted in revised form July 3, 2002)

Keywords: sterilizing effect B %h#, washing water
BAF .

PEiiL, zeolite ¥F+ 54 b, metal-ion £

1. % & A, KERIAE L-MEIE, REEEROBHEIZL -

HEERAKDOF CHRIBIGERT A2K0OHEE, 30
%IZLELTWVAE, Fio, iE, AFEEOEKERZ
EEILET-o TS, HRABRKRI LEROWBERE
FEOERTE, BENKRIVEEZHBIFEHLT
WHANDEEHET%IZHELTWAEYY, ZDMDOFH
HTH, REOR)VGEERBIERT 2 ANIHEHE
WESNRTVDEY., ZOBENELIE, REDKRIE
RHRBIZITIELRL, TTEO—HIZHFEHAL TS,
DL, REOERNVEEELDODAMPERTLIER
1213, SiAEHROE T L LDIC, REBROBSKE
KEARBE Y 7ORELFEITON S, F0OFBHEQ,
FELAHMMLTVAEYY, LAL, BREOKRY &% ki
WKEHERALEES, ROl — A3 %%
W, CoOBERO—D2IE, METHEEEZLNATY

THBPICZBBREINE DD, EHREIAFEST
HolHEIIIHIET AN D 5.

¥/, BPHERBRELENLGEEFLIL LS
WEETHH?, #0-DICHERICHTIEBED
Bl EEoTWw5aY, BREEF M) Y AL EDER
I OMEERIED 575, RVEBOBBERROLEI
FEAFEILLTLE) 2 DTG H 5.

—%F, FloELy—-E& LT, LEid bRy Y »
BF r)7 L (STPP) DY) VEERDLDOAER S
NTV7zA™" BEBLOME»H L. HETRT
NIJHABEF )L (T, “FrUTLELS
A+ EET) AMEHINRTWEI?, KEFETII,
) CARGKARIZEN Y —E LTRESATWE Y
54 MIEBL, FRIYLEFTTA MNIERAA

(917) 51

NI | -El ectronic Library Service



Japan soci ety of Home Economics

BARBERE
Table 1. Composition of paste for artificial soiled
fabric
Ingredient Amount
Kelex (Sodium Alginate Thickner) 1.30%
Corn starch #10 Pearl Starch) 2.20%
Water (N. J. tap) 72.40%
Mineral oil (Penreco Drakeol #21) 14.00%
Oleic acid 0.42%
Morpholine 0.36%
Vegetable fat (Unemulsified Covo-Lever Bros.)) 1.70%
Butanol 0.30%
Solvesso 150 4.40%
Ethyl cellulose 0.70%
Carbon black (Degussa) 0.70%
Testfablics Inc. (USA).
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Table 2. Zeolite supported by metal ion

Ag Zn

Cu

S 1 Metal Not
ample name - Metal o) (w%)  (wi%) o

ZL-1 Ag 2.2 — — Ag only
ZL-2 Ag,Zn 2.2 9.5 —
ZL-3 Ag,Zn 3.5 6.5 —
ZL-4 Ag,Cu 3.2 — 6.0 .
ZL-5 Ag,Zn 2.2 9.5 — Coating
ZL-6 Na — — — Before being supported by metal-ion
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B, BACERELEIZEZEE»FARNLL, &
BAABEFEEF I PORKRELTIL2IZHFLT
DARHEMELREL7: (ZL-5).
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Table 3. Bacteria number in washing solution with different
kinds of zeolight

DBS Zeolite Number of bacteria
Sample name ) (0.20 wt%) (cells/ml)
J1-1 — — 2.1X10°
M1-1 — ZL-1 1
M2-1 — ZL-2 0
M3-1 — ZL-3 0
M4-1 — ZL-4 0
M5-1 — ZL-5 0
M6-1 — ZL-6 4.5X10°
F1-1 1.6%x10°* — 0
B1-1 ” ZL-1 0
B2-1 2 ZL-2 0
B3-1 2 ZL-3 0
B4-1 s ZL-4 0
B5-1 v ZL-5 0
B6-1 ” ZL-6 0

FEFHAF CEBELLLDOTH D, ZL4 12D
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T, BEZDOKTHEL O—HBHAEIELEL TS
ZEehbhol, 7, BNV T LOFIMILA
FEIROW b0,

KiZ, BEOERBA A 2#ABEL-ELSA ¢
(ZL-1~ZL-5) 2#HWT, AILBEEAO®BEITo /2.
WEEOHRBHRPO—FHEOEFH K LA
Table 3 |2, BRI OEEBOAUEHERLRT. F
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M2-1 (ZL-2)
Fig. 1.

S -

MS5-1 (ZL-5)

dilution ratio: M6-1 is 104, the other is 103

Table 4. Bacteria number in washing solution for different

weight fractions of sodium dodecylbenzene sulfonate

M6-1 (ZL-6)
Bacterial test of washing solution with different kinds of zeolight; ZL-2, ZL-5, ZL-6

- 2
————

S | DBS Zeolite Number of bacteria
ample name .
P (mol/l) (0.20 wt%) (célls/ml)
M6-1 — ZL-6 4.5%10°
A6-1 5.5%X10°° ZL-6 9.5%x10*
B6-1 1.6X10"* ZL-6 0

A %BFELILEF TS PERAVWTO®RBRPO—
REBHIIEFTE LI b,

K2, DBSIRINBEDOFEEIZOWTHNL. ®iEK
WHLTF M) TLEFT 4+ (ZL-6) % 0.2 W% iR
hiL, DBSiMEX*ZL S € TCALERMADORES
{To7:. Table 4 |2, ¥iBibDEREIME DBSIRME
DEFEERT. DBSZFEML TV ERWIEETIEED
HEEBA4.5X10°@/ml THAHDIZx LT, #FEHEK
1Zx+ LT DBS % 5.5X 107 mol/1 iRIN$ % & £EEH A
9.5X10* fEl/ml (2 ¥ TW A L7, &6, DBS %
L.6X107'mol/l iI2 T 5 EERHIIELRBDOOLN LR
o272, TDXHIZ, DBS ORMENI W TIZHE > THK
B E AL, DBSHT1.6X10 *mol/l LA L2k B &
EEGRENTETHo7:. SO EIF, + L
€454+ (ZL-6) BEITEFEERALF LV
DD, DBS D HEHIECHRBEIERICL o THEHIIK
BahTwaivtE2ZOhSE ZDLHIZ, DBS
DEMBEIICL > TOERFKERELY, 1.6X107°
mol/l il Bt EELRBENELRL.

Fig. 212, EXEH LOBREKEOEELRT.
CHEEDEREH EOERBROGRERIZ, R
M6-1 1045 T, Z0OREIZICETHS. R
HM6-1 IFRBENSFENIZL 22O, KhEFE

SELa0=-AROLSHBOLONE. THHA
6-1120, HEDan=——HBHLNELDD, RE
M6-1 2B &L, LoaL, KEB6-1 LRHE
Fl-1i2id, @< au=—»FEdDohiwv. T0LXH
12, DBS AAERNMD b DR 5.5X10™°mol/l Db DT
BECO—FMBEIFFEL, RBRPOEEHKI
DBSHEMBEICKELKKFLTVAEIENEAEDSL D
bbb,

(3) HBHEPOBRBERHRICKIZTEL T A FOFRM

BOME

YA 74 PORMELZELSELGEICB T L8R
WP O— W OERIRRE L 7. Table 512, ¥
BERPOERBORESLRERY. DBS 2L %
WIBAIZBWT, £ 54 bERIML TR WERE]
1-] TIZEFEHEA 2.1 X10°@/ml THEDIZH LT,
FrUYLELFTA+ (ZL-6) % 0.10 wt% = 0.20 wt
BIRMLTHOERBUIEDL o7, 2FH, FF
Vo LELFTA POBEMEIIL L AHEIZBED O L2
o7

—7%, DBS # 5.5X 10" *mol/l {fH0 L 7= & T,
AT M4 PHERMOLDTIIEEIZEOLNL VD
LT, FhUYLELTA L (ZL-6) ZiRML7Z:
b D TIZTRME0.05~0.20 wt % O #i BN T 10° &/
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(Ref) Fi1-1

Fig. 2. Bacterial test of washing solution for different weight fractions
of sodium dodecylbenzene-sulfonate with 0.20 wt% of ZL-6

dilution ratio: M6-1 is 10*, the other is 10°

MBEOCEFOHFENRDOLNSE., —F, €A A
VIFEEE A I A b (ZL-2, ZL-5) RHAWEATIE,
A 54 POFEMEH0.05wt% % 0.10 W% TdH > T
b, BHICHEITERL TWE. ZOZEhL, &€
A4 HBELF T PORMEFPEBEHPETH>T
b, EFLBREERVDLZ Db

¥/, CZTCEHEHENRAZLIZ, DBS% 5.5X10°°
mol/LiIRIM L7235 A8IEF T4 b 2immL Tnind
DTREZEHEERA» D230 0b6F, Fr)yLE
74 F (ZL-6) % 0.05~0.20 mt%iHRmME /b D
TREBFIFIZOLONBEIETHAE. ZOZ X, +F
U LE¥FTA L+ (ZL-6) OREMRICEIEIDEEZ
SNB. FRITLEFSA b (ZL-6) X, &Kk, &
GEEOPIZIATNAF VR EFRY ALHED
BB, IATNAF LU OBFALYEYRET S
TEBHOENTWAEY, AREHFITIE, AT aAq
FURIITAVTLAA G HIRTAHEEFAEL

56

Twh. 2L, RFEHEEROEET S Z LEAHEMHS
NTVwaY® 5%, Fr)oa¥trT4 L+ (ZL-6)
ERNT A EIZE>TDBSHEA T 4 MZHkE X
NTEEEHAPETL, £EFROONL L)% o
mbnEEZOND., EBAF VHEEA T A PR
myas&, FhUYLELFTA L (ZL-6) EREBRIC,
DBS # k% ¥ A lHEtE NS 5. Lo L, EBA 4~
HEYA T4 FPDBSERAELZ-ELTD, £8A
T VBB PRGERENREFES T AE72D, JLER
RIBETTHI L RSN DIDEEIONS,
(4) BREOKRY ST ARENR

BEOKR) GEERBICAVALALEBEL, RED
BROBERIRLT, 2OHRIHFLETH—FAEOLRE
KEIZOWTHN. £97, StBEBROBREKEKER
YT ERAWTRASOEMBHFAEL VRN B EZHRL /2.
EH1T, BEKEZHEEL, BEEBOHF»L KD E
EREL7:. 2612, BEADRSHHLIRILLZFRDY
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Table 5. Bacteria number in washing solution for different
weight fractions of zeolight

Sample nam DBS Zeolite Number of bacteria
mple name
P (mol/l) (wt%) (cells/ml)

Ji-1 — — 2.1x10°

Yi-1 — ZL-6 (0.10) 1.3X10°¢

M6-1 — (0.20) 4.5%X10°

N1-1 5.5%X10°® — 0

N6-1 v ZL-6 (0.05) 5.1%x10*

N7-1 ” (0.10) 1.2X10°

AB-1 ” (0.20) 9.5x10*

N2-1 5.5%X107® ZL-2 (0.05) 0

N3-1 Z (0.10) 0

N4-1 5.5X10°°  ZL-5 (0.05) 0

N5-1 v (0.10) 0

Table 6. Bacteria number in bath water
Before After bathing After incubation After
bathing  Center  Bottom (37T, 48h) washing *
Number of
bacteria 1 5.7%X10° 4.8X10° 3.7X10° 0

(cells/mtl)

*ZL-5: 0.05 wt%, DBS: none.

BIZDOWTIE, 37C, 48BFMMRIB LD DHERML
7o, HBE LT, ABHIOREHIZOWTHIRILZ.
B, REBRICAVWICRASORKR) &L, NFEE2 AN
FET 24 ARKEO—BFELIRMLZZODTDHS.
PRI, 5 AFETH Y, EHRAICFEEHD 3 B,
Bgh 8 BFIIRELL 7.

Table 6 |2, N HDBEHFDOABEKELFHLER
FRT. FOKE, FEOLVEFERPL-ABRIO
B, —HRAFOAEREKIIES,IZ1IE/mITH-
7. —F, BREDORERIFM I, SR L 7250 521,
4.8X10°@E/ml DEEIRBDH SN, T2, BREKE
BELTEEBOEHS L DEIRIL 27D 511X 5.7X
10°@/ml OEEPEDH SN, REDEHFTEHL,S
BRELZ-EY B3, BRTEELDORAEREZ LRl
AR TV, LALEAS, R GORIER
I BEBEBROEIEDON o7, 612, TR
LB ad A Fa~x—9RT37C, 48 BEERIR
TAHE, EEEAT3.7TXI10°ME/ml (2 F THHEL 7.

2% h, IICHOBEAMAPIIBEETAIELIZEST, &
HHEATI0BREREMT I b7, TDXHII,
BEOKRIBIZIEL O—FHHEIFEL TSI L
AREREL /-

Kz, REORYVEEHWT, Ri@%xiTo7. i
BIBRRLAERYSEHCT, sl OEERRE FHk, 2
MOANTHERAEHEDE L, DBSERMETILE
BAAEFEEYA T A+ (ZL-5) % 0.05wt%RML
THiBEITo 7. FOHRE, RBROKZV HPIZIZ
—HEOEEIIE DO NL { & o7 (Table 6).
2%h, EBAF ABEEL T/ P ERMT HRHIICE
BDEN5.7X10°E/ml OEEIZ, ETHERBELTW
7. Sl ki, EBAA VIBEEFTA MARED
BROEPO—HFHAEORBEIIDEHTHAILERL
TWwa, TRHOERLY, EBA4 VHFEXYT T4
FEBFIO—EKTE LTERATAILIZEST, AG
DEVBELVREIIHBICHVD I LA TREE 2B
CENbhot. L, IL5 FBALDIX, KRBk
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Table 7. Residual calcium-ion concentration for
different weight fractions of zeolight in
the case of 6° DH-water

Zeolite Concentration of
Sample name . .
(Wt9%) calcium-ion (mg/l)
1A — 41.0
2B ZL-6 (0.10) 4.4
2C » (0.20) 0.73
2D » (0.40) 0.16
1B ZL-5 (0.10) 30.0
1C » (0.20) 29.6
1D » (0.40) 29.7

DA (K ZAF7NV) IHBEMRELFE 385 451%
DEBRIZE > THKIELERTAULE L2+ T4 PHEE
THEEERII2DTHA.

5) EBAA IBFEFIFA VMDAV TLL A

R TERE

EBAF HBEBEEFSAVEFPITLEFTA B
B, EDLOSVDANY T UL T EIHIRT AEN
HENPICOVTHERET L. Table 712, F bV
LEXTA M (ZL-6) LERBAA VIBEEAS T b
(ZL-5) DFEMEBEZZEL SIS EOBRETAH LY
ThAX Y OPEEERT. FOER, EBA A%
BHEFELTVWERVWF N LAEF TS b (ZL-6) DBE
TlE, 0.10WMBIHEMT A EAILV T T LA F > DS
BEZ 4.4mg/l, 0.20 wt%RMT A & 0.73 mg/l,
EHI20.40 W% RMT B E 0.16mg/l THotz. =
DEIZ, FIITLEFTA FORIMBEAHETIC
WHoT, BETAHINY Y LA T VIBEIZETL.
IDZENS, FRITLAELTTA M (ZL6) XA N
VILAF CERAMIBIRL TV B I L EENIHE
BT/ '

F7, EBAA VHEFBEL I A b (ZL5) AW
mETR, EBAF V2 HFELAZEAFTAME0.10
WRHIRIMT B ERFETHBHINI I LAL A VBER
30.0mg/l THotz. —FK, €474 bE2a&ilmL
ZWHDOTIF41.0mg/I THY, £BA F+ L {BFES
74 b (ZL-5) WML APREST LN T4
T DBRBEFE. DFD, ANV LA E
10.0mg/IBEXHIBLTWVWAE I L bhol. &5
2, EBA 4 EFEYFIM4 b (ZL5) % 0.20 wt%,
0.40Wt% %< 5 LK 429.6mg/l, 29.7mg/!
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e, BEBTAINY I LAAF VIBEICZIIEAL
TRiIRBO N eh o7, ZDEHIZ, £BAF+ 48
BEAI4 1+ (ZL-5) 2 10.0mg/lIBEDA N I L
A4 VI3HIRTEBLDOD, FOWMIEMEEEF MY Y
LEXTAF (ZL6) ICHRT/HhSVWI Edbh o,

AEl, AN LA HREEEASEL-EBA
FHEFEF I A (ZL-5) 1, BKEERELE % i
L72bDTH%H. ZORMMUEIZL > TRBBEL €A
T4 POBABEFIELIETLTNS, 0700, K
BRFOINVLTLLFE2HIRLIC R >TW A
ThetdH 5. 5%, BUKERTLELBL Thiw
EBA A HEBELFTL MIoWTH, AV T LA
T VRS EARLGLENS L. 1B, 40, Bk
tEEUME*RBL/-EA 54 b (ZL-5) 2HW-DIT,
FNVIZATNVATHELEA EDOBMEICERE L 272D T
H5b.

—fZIZ, REBPICRGFTAIATINALF VL, R
HiEHF OB X *HETS. B4+ VEBEYFS 4
FERHWIBADHRENEIZOVTOIARDILEND
B, ZOZEIZDWTE, RBIZTHET AL LT
5.

4. &
EBA A4 ($8, R, ) ZEFELAEL TS b
EHWT, BBEITo7. FL T, BRBRPO—%M
BEOABIKEIZOWTHNRZ. 512, ARB0R Y B
THVWTHEZERL, REPOREHNRIIOVTD
et L 7-.

(1) 4R, Hsh, HOEBAF 2 HELL-EF S 4
PRV, EBRTOEERELRN. FOER,
ERAAVEBEFLA-ELF TS FTIR, £2TITBWT
EEEIZOON 2ol TOI &I, RiBEBICHE
ET5—MEICHLTH, R, Hp, OB+
CREBEMNIEAETIMENDHLIEERLTV S,
(2) ¥4 74 PORMEXZEZT, RiBHETOER
RELFAR. 20HE, 2BA A VHEEFSA b
DA T, DBS5.5X107 mol/l 7% TH Dbl
EH0.00wt% E BRIV ETH> THES LREE
HAEZBELTWwAE, —F, FRrIDLEFTA FOHs
Tix, 0.05W%LLEZRMT A LIZL>TDBS?®
FORBERRITWIET L.

(3) BBEDKRNGOEBREIZOWTHNL, #iE
BOREKD O EEBICERM LR EH T, 5.7X
10°f8l/mg O—fFMESHFEL T, 5612, AR

o)
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ERAA VBFEF T 1 ML D HBROKEHR

DFRYH % 37C, 48 BEIRIRT 5 & 3.7X10°ME/mg
WETHRELZ. S0 Hi, BEOKR)HIZIEEL
DEBEOHFEENER I N,

(4) BREDKRHIEBI, EBAA VHFELITA b
(ZL-5) % 0.05%RMML THRiEEZITo /2. FDHE,
WBEOKRYVGPICHFLEL TV 5. 7X10°E/mg @
HBEIIECBOLN L o7, T D6, &8
A EFLEATA PERMTAHILICL-T, AR

DRV GEFOER*EBEDNREATELI L bhoT.

(5) B bEREUEBAEL/I-EEA 4 V1IBRFEYS T
A4+ (ZL-5) OFBATIX, 0.10wWmt% LA EZFEMYT 5
E10Omg/IREDODHAN S T LA A VIZHIRTE. L
HL, 30mg/l BBEE I AKBIEPICTRIE L.

AWFEO—ERIE, F 13 FHAFRHFES - 5 53 [
RE|VCTHERR L, AFELTHIICELT, BN
REMHFHEBERIZICS COHBE, WIgHEHD
LA RACEBOLLIT.
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