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Table 1-1 Artificial soiled fabric

soiled fabric name composition

olein acid, Triolein, cholesterol
oleate, lizuid paraffin, squalene,
cholesterol, gelatin, red yellow
soil, carbon black

wet type artificial soiled
Japan fabric (Washing science
association)

EMPA101.104.107 carbon black, olive oil,
’ ’ stabilizers, emulsifiers

Switzerland EMPA1 1 1 blOOd
EMPA112 cocoa, sugar, milk
EMPA114 red wine
CFT CS-3 red wine
Netherlands CFT BC-4 curry
CFT CS4 greenish colored olive oll
WEK10C lanolin, kaolin, iron oxide (III),
carbon black
free fatty acids, tallow,
Germany triglycerides, lanolin, cholesterol,
WFK10D hydrocarbons, cutin, kaolin,
carbon black, iron oxide (III), iron
oxide (II)

water, mineral oil, the active
agent, solvesso150 (solvent),
corn starch, vegetable oaill,
keltex (thickner), ethyl
cellulose, carbon black, oleic
acid, morpholine, butanol

America Testfabrics-405 etc.
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Fig. 2-1 Image capturing and data processing system
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Fig. 2-2 Macbeth color checker

Y=a*R+b*xG+c*B
+d*R*+exG*+f+xB>+g [1]
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Load
Macbeth Color Checker

'

Calculate
Multiple regression function

(transformation to Y value) Acquire one
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Load image of dirt

| Calculate Y value |

|

Calculate K/S value

Perform image prosseing?

Detail

Calculation # No
i Exit all the pixels?

| Yes

Calculate ZK/S value

Fig. 2-4 The flow of the application
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Fig. 3-1 Relation between value in Macbeth color checker data and value calculated from

multiple regression equation
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Fig. 3-2 Comparion between Y values calculated from fixed multiple regression equation

and Y values calculated from daily corrected multiple regression equation
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Fig. 3-3 Relation between XK/S and amount of iron oxide
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Fig. 3-6 Calibration curve of solvent blue 35
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Fig. 3-10 The flow of the application for light-colored soil
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Fig. 3-12 Relationship between XK/S value and the amount of dye about solvent blue 35
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(a)Original captured image (b)Cutting off process

(c) Color reversal (d) Eliminate substrate color element

Fig. 4-1 Image processing
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Fig. 4-2 Relationship between the amount of colored soil adhered to a white tile and the

number of the dirt pixels
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Fig. 4-3 Relationship between XK/S value and the amount of dark-colored soil (dye)
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Fig. 4-4 Frequency distribution of K/S values of colored dirt image data (60 ul was
dropped to a white tile) (1/4 of Std. Conc.)
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Fig. 4-5 Frequency distribution of K/S values of colored dirt image data (60 pl was
dropped to a white tile) (1/3 of Std. Conc.)
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Fig. 4-6 Frequency distribution of K/S values of colored dirt image data (60 ul was
dropped to a white tile) (1/2 of Std. Conc.)

35
= 30
- 25
X 20
» 15
X 10
&5

0

1 2
K/S value

Fig. 4-7 Frequency distribution of K/S values of colored dirt image data (60 pl was
dropped to a white tile) (2/3 of Std. Conc.)
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Fig. 4-8 Frequency distribution of K/S values of colored dirt image data (60 ul was
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Fig. 4-9 Differences of ZK/S values between front side and back side of the white cloth
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Fig. 4-11 Relationship between the amount of white soil adhered to a black tile and the
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Fig. 4-12 Relationship between ZK/S value and the amount of white soil adhered to a
black tile
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Fig. 4-13 Frequency distribution of K/S values of white dirt image data (20 pl was
dropped to a black tile) (1/5 of Std. Conc.)
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Fig. 4-14 Frequency distribution of K/S values of white dirt image data (20 ul
was dropped to a black tile) (1/4 of Std. Conc.)
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Fig. 4-15 Frequency distribution of K/S values of white dirt image data (20 pl was
dropped to a black tile) (1/3 of Std. Conc.)
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Fig. 4-16 Frequency distribution of K/S values of white dirt image data (20 pl was
dropped to a black tile) (1/2 of Std. Conc.)
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Fig. 4-17 Frequency distribution of K/S values of white dirt image data (20 pl was
dropped to a black tile) (Std. Conc.)
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Fig. 4-18 Differences of XK/S values between front side and back side of the black cloth
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1.

Vel 2 B9 D AR C. BN OFRIF B E 2 319~ 2 D711 CREERIN-TH 5,
T — Rk, EaFE L BNERICANH D b DI, ZOah bk 27
BT ENTE L0, MNTIT AL Z WIS A2 HE R VWO T, ZOFEATHET 5 2 &1
TERV, BEIATONZMENOEREE LTL, HEE, 7a~ 87T 7 0 —HaoiT,
TN L= —Z AL HERERETONS.

HERITIMG A E AEAI TR LT, AHISAI £ 2538 S B - % 0 ilpk 5y 0 B & A I E
THENINRE =R —RAIT, EFETH U AN—EORBIFIEICIENTE Y =T A A 0
NU A LA OB STV D, Za~ v 7T 7 0 —#ERmar & LT,
TLC-FID {& (A7 hur A%y 72 L) TOEESBBEHKLST & LTO Y A—EDIEHO
72ODHIEIZ L BT E 72 49,

LU, HHERIEZ LE 5 BLUPHEER AT IZRER] - 57 D DR CIERITARITH Y, —HOukE
HIRRAEIC 72 D72, FERRRE 2 #2395 2 A T OIFZEIZEVIT < VY. Bourne & ™NEVEED
R TR IEER VG T L & Ui Ec#E % b L—4%—& L TRV, Scott'?
IXIMPETB DY A B = X BRWTIC Cld T~V LicA 7 2Ty MU SAVITFv . AT
TINT A= AT TV gz O TRPEG N OBEF A 1 = X DT 5098 21T -
72o Raney & WX 3H 7~V DA 7 ZFTF L 14C FXVDA LA VT V3 — L& VTR
PR« BERRMEI OIR S ~0 PIT OFE L2 WS L7z, Chi b DNTE—F —A A /LT H3 F~L
L7=hYV 7t RE FL—d—L UTHRA L CHERBRA1T o 72, Los L, R ERIGL T
SITHU B 5k L < BeifraliRICIZZ £ LWHIE T2V, Flipsen © XAV —7 A4 A V&2 R
L TR XM TERE LI, BB K> TEHY =7 F A VOWEITZE T D,

G 7e 7k & Ut LIs sy 215U WD FiEasz L ——42 A5
ENSH 5, Roosmalen, et.al "I —R 7T w7 /7 ) —RREBENRCE O NY —DHFE
P BIRIR “FR{L 3R OVESEZ R L, Chietal D350 LIl AERDT—X —F A V%,
Aramaki'NIEAY v T AT 4 v 7 B#ZOEFEHOTRE RN GIHENEZ RO, Watanabe
BT T 7o — g NLREICMES 02 E L LIEOZEN LIS
K7z,

VEg st BRIC 1Tk 2 R RN B D 12D FIFEEEZ TREOY TNV 2R 50 H
Wb DT, tak b L——OFHIIENTH 5, MPEHENOUESERBRICAHE b L—F—
ZRIAT 28892 LT, Goel. et.al TV 2 hLw K27 (A4 Ly RO) ®0.1g%k
100 ml DAFHF 7 ACEEfR LT- % A L CE RGN AR L, fiiEERIL O 42 %%
HRMEIC AT S THYAM A BT 2 HIEZRE L, KIS O ZEN GO E&O 2T ER R
DERNLT D2 &R LTz, BIEZOMFEERICAA VLY KO ElEIRE LG YRICAR
ZRELTT X FRBH2ER U, flHHE OWOEEE 7~ b BRI 2 5K 6O DR 1829 %47 o 72, i
PRI A LA VIR E RS LTCH RIS 228 L C7 A Ml & PRRk L CHeisatBR 217
IO EL B D P,

E&
il
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FATHIE T A DGR 2 el B iR 22t 2175 Z & 2 BN & LT, (DAl
B PR COWEHFRENZ R D Z LN TE D, QBEERM TOWHREZRD L Z
LW TED, QFIESCHIENE S THRIFRDIISL ST OERLM O 12D ED) 7
Nt H ZENTE D, @EA DIENOEIEITHIETE D, &0 ) S/l &7z 315 40k
APRR L CTE 7o, Hambigt & LT MMEgeBt 25 E7 /v & L THE IR EL R L 5
THE 2, WALBIE BeAn 2 TR SO R & Yt 2 5l 9~ 2 07 1% 29, AN LG50
KSR DB 2RI 5 51k e IRV HATE 2, £, Aa¥ I HE5
NELTAET 2 MW TRERND Z N7 B&ERD DR B0 @£ mic
A& LIc A EamiEnoERZ G T — 2 bt AT 2 HE PR EICO RV A TE T,

AENTHGhOREEE U TRMEOIRIIER, st lEN BN ALK D 3 FEOH{E
NabgExg e LT, aF b L——%2 G ATEIEIG AT 2B L, B & BN OYEH R %
R D TR OV TG L 7o, 1B L 7215840 Z2 lV THIHRVER O FElg 28R 2470 el o
TEEA DRI AN D et LTz,

2. HiE
2-1 AR

NEWiEE DET AHILE LTA LA VB (FOEHEE) L LI Fom (Fogmis) . U 7
UtV ROET/WHENE LTREM WERT) &40 (MiERT) . RIEKEOET G
NELT A7 2FHhy bR 2R, $76E L —3—L LTREZ U I~V
DFNLRBIRETHL AL VIV (BT, 07 380.44) Z Az,

2-2 BRI DIERK

REWIEBTGENE LTH LA VR SAIFUBEZEEILTY  1ITEALTELDEZ, NI T
UtV RENE LTRKEMEFEZERETI IICRALEZLDEET VIENE LT, &4
ENTMPEG SR L CRBEDOE BN TE DRE T, ORI R 30~40% R E I E
X OICHEE L, WMEALD 1/500 EEOGREZIRET L2 L L L, EREnoltEGEn
10g & AXUIV20 mg & RV UAZEREL T 100 ml & Lz b D &EJBEYSR E Uiz, 159D
TR K2 20 Clofho 7o, 1GYREARB S T3 (BRERIAHZ. 50x50 mm?) (2< A
7 u By FT500ul fHE S, RIREEE (9 60~70 C) THgESHE., 20CHOA %
2 _X—HF T 24 FEERGF LT b D EIHYAR & L THW T,

NERAERIGAL - B U 7 V'Y RIBNOIERRIRE RIS, A7 2T 10g & A4 2 IV20mg
Z MLV ACEEMEL T 100ml & Lz, #ifi (50x50mm?) 12 500 pl 35 &, 2z Fv3ic
20 CCHzMESE | 24 IR LT b D& VEYAR & L CTHWZ, fEhilgs - N 70k
RIBENOGE L Biey | BEHOWTICHRSE D D1E, 47 7T 388 Lo, I
K-> THET DM H D7D TH D,

7235 BB L7215 GuAn O R R (EHERZ2) 13, RRIAERTG YAt 23 39.2 % (1.81 %),
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KU Z Ut U RIBYAN 36.7 % (0.60 %), A7 X5 71 ABYAR D 43.0% (0.59%) & 72> TH
0. HEHIE)— 2B AT BMERR T & T2y W OIEYAT b, ARk DGR X 147
mg/g (i) . BFIEEIT 0.29 mg/g (i) TH D,

2-3  BEiEHEER

Vet lid 2 — = b A= —(CRERE, TM-A) & FVIRE 11 THiE L, 0% T JHYE
EATo 715, BRI LT,

PRGN O R ARG R L DR MG OBRE 5 FEBRTIX R T U LhiE) ~ Y
U LOKVETR B O TP | PR B, N7 2 Al b U o AORESEZEEA (LS
THEBREZITV, BRBREL L0 R 5308 2 1Rk LT,

F 70, SRR O Ve ) Hik 0 F25R Tl 19 FEEH O HEPYEA & JIS K 3362-1990 STP At
ARUEHESEIEGER] (Table 5-1) A AR YEME AR EE TRV 2, Dp-1~Dp-6 13557 V7 U R E
FRPEA], Sp-1~Sp-4 1T 4 1T Ay DI-1~DI-7 IR A RTEAR], SI1~SI-2 1R AT A, i
%D S-D 1L IS FRIEHAITH 5, 557 /LA VM RA LA & a1 A, & ORERERRR
JEC pH 2% 10.3~10.5 FEEE O HIPH T, WIRTEANTHMED D IEFIZTINT L U RO & IZ A
HH DR,

fiff F U 72 K OB B | 3R K AL I v 7 DB RIRT D 2 L2 k> TR L 7=,

EHONRERGYAG, EE N 70 'Y NG, MANLHRA (ERFHS) 22h
FAIS KT OB LT, BEVRIEREIE S min, PEEHEE T 30 °C. BEEREEIE 120 rpm & —7EIC
L. T U AAEAIVT 5 BTG YuAR D I % el i AU CTHES L7z,

Vet t% DIEYeAR 5 KA TR DI B L2, AKEAK (91D TEEL 5 W20 bRk
L7,

2-4 REFNRICLZEERORH

Vel DRHi L, 7 ¥ # Vit 83 (HARE R T3 ZE2000(Fig. 5-1)) 2 HWTiTo 72,
AR EDTEYAG % 5 BERTHIE Lic, HYA 1T DORE— T T SORBEKFE (Y
i) ZFH L., wEH 5 Kubelka-Munk O K/S fifi e O\Weir=R D HH 21T - 7=,
K/S=(1-R)?2R [1]

D(%)={(K/Ss-K/Sw)/(K/Ss-K/Se)} x100  [2]

2T KITEWRIAR S S I EERE. D IR, K/Ss IXTE YA D K/S fE. K/Sw LT
AT D K/S B, K/So 1AM D K/ISTETH 5,
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Fig. 5-1 Color difference meter ZE-2000 (Nihon Denshoku Ind. Co.)
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Table 5-1 Commercial detergent

Surf.

Water

Symbol C((Z/n)c. pH | LAS | a-SF | SOAP | AE | MEE softner alkaline
Dp-1 | 0.17 [10.5| O @) O O
Dp-2 | 0.13 [10.5| O @) O
Dp-3 | 0.14 |10.5 O|0O0 |0 @) O
Dp-4 | 0.14 |10.5 O| 0|0 @) O
Dp-5 | 0.16 [10.5| O @) O O
Dp-6 | 0.13 [10.5| O @) O
Sp-1 | 0.72 | 10.6 @) O
Sp-2 | 0.98 | 10.3 @)

Sp-3 | 1.00 | 10.5 @) O
Sp-4 | 1.16 | 10.3 @)

DI-1 | 0.26 | 6.9 @)

DI-2 | 0.29 | 6.9 O

DI-3 | 0.24 | 6.9 @) O

DI-4 | 0.18 | 7.3 @) O
DI-5 | 0.24 | 7.7 | O @) O
DI-6 | 0.25 | 8.2 | O @) O O
DI-7 | 018 | 8 | O O O O O
SI-1 | 0.50 | 9.5 O

sl-2 | 0.51 |10.1 @) @)
DS [ 020 | 9.8 | O O
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2-5 A7 FrRAF X X DMERSTOER

TLC-FID DA 7 b AF ¥ (MK-5) ZHWCTHMERDEE& LT, £9. Wy U
fifg, RUZUEY R, RALKFE) OREMREIER LTz, WEEERE & LT, BECEEE
E— IV DERLBRWNI ENRDNSTND Y TR DN E A TY au RV AER %
TR, EER T T E NEEEYE O3 0251, 05:1, 1:1, 2:1, 4:1 &7
DX LT,

2y REEMALT 5700 2B 21TV R ey RICAE L TR LT
FMEEHANTIADOE v RIZOE lpl ARy h&FTo70, ARy MEICEBABO A - 7=
BEREICe vy FE2 ANVCTRER L7, BEEEICISEMEBELE RN 7)Y ROgGE, N8
vioznmadRs s ¥EE 120: 30 LIZIRE L2 D%, RILKFEOHZAE~FY L U=
FNT—T )% 65: 5 RELTEHD%E 710ml VW, XUEBr - ZmuakiLh - FEEOR
ARBEEERT DBUCIE, N Br 7 anh Az BICRE L, TOH LICFBRERAL
77

BB, IEMiEEE RV 70U FOGAIEIey RRZ A %—T100 C + 5 min #2§ S,
AFx v VEEERIT o T, IRILKBITEUC K 2 EE <o, BIRTHBEIETEDOEER
X v UEBIEERITo T,

7k, BRI RS S RN T 2 X O lc, ARAEEmICITOE, R4
MECHE Y | BRI H DI WE DD X912 L, A% ¥ VIRFIZITBET R 3D 5720,
BIEK 2 [HD ) —< VAT Y v &2fTo0, £ 1 oI Mcox 3 A0ny REHWTER
L., BHMEZHERR LT,

JERGEE & NV 77U ' Y ROGE TG - Gtk ORE =R A RE L% ORERA 5 /K&
R LTV TF ATV EHWT 4 Y v 7 2 L—Hhi U7e, SR ORI 50°C
AIZICIRET L CiT o7, Y= TF o —T VERER, WEIEEME & & HI27 v RV L0
RS, AT "R ARy U THHT LT, 77 AaNOMs &7 ST EI L T, NEEEDE
LI I0ml DA R T T AT a RV LIRS 5,

RALKFITERIC L DK EZR T2 Y v 7 AL —%fHETICNEIEEDE & & b
7 ma RV LA ERT L T2 T o 7,

A7 hrAF Y TR, WEEREE TR DB &2 RD T,
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3. BEBIUOBE
3-1 AR ML —P—OREXF RO

NEIARRIGE DR MBS RIZ L DPEHFR LA T ba A X v U OLFEEETRD IR L
OBIfRE 2% & Wi ORI R RAF2AHBE S B (Fig. 5-2). AL, BESEOK
WP CIABIIBRTE N OBREMEN AFEORRENEZ L LD Z L1275 DT, YifFo 0
BFETIINENIRE LV b A X CIVABREMICBRESNDG BDLEZE X BND,

FUZUEY RVBIUCE L TIE, A BRORRE REZRTH, — IS OEBRA 2 BR %15
7= (Fig.5-3), Lo T, Rl RTROIZGFFICEH LT, BARD5M68 T TH LT
ROEDEEIL, HEN—ATOGENOWERRDZEDEIG KT D L& Z TR & fkr
T&E D, HL, WH=ROIEF IR0 O Tl SO TR 5 PRI I3 RR A2
FMEL AT D EITITERENPMLETH D,

RALKFBNOLG S, REKHFICLDEEHFELAT b AF v U OLFEEETRD
Vet 2R 0 BRI X EARAO 22 BIFR 2 45 7= (Fig. 5-4), L2 LYIR OEN K& <, E 7223 F i =R
2R DUREERD 60%D & EIZAT Fr A%y »O(LFER TRO TGRSR 90%LL I & 72
e, T ORI, BALAKEERRINC A X IV E D bRE SRR AR LTS,

LI ko> 3 FEEOIMEG AL ORE FI X R O P X > THYFAE AV TR =RIZ &
DUHHFENOAT b AF ¥ O FERTRO TS RICERT 52 N TE S, B
B 15 AU CII R S I L D W03 20%LL = R U 77U & U RiENOSE 1T 20%~75%.
ALK DA 10%~60%D &l CHir RN A[ETH 5,

50



100 -

ggof

> 80 -

e

%707

§607

2 50 -

840’ 0'

E 30 -

)

S 20 -

-}

g 10 - ¢
0 I I I I 1
0 20 40 60 80 100

K/S Detergency (%)

Fig. 5-2 Relationship between K/S detergency and quantified detergency for fatty acid soil
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Fig. 5-3 Relationship between K/S detergency and quantified detergency for triacylglycerol soil
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Fig. 5-4 Relationship between K/S detergency and quantified detergency for hydrocarbon soil
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3-2  THRGEA| DYEER S

B3 b L—Y— % AW P RE O E TR T & 72 3 EOIEY & VT, 20
OAFEHIRYEA & JIS FEEEVER T DY) FiGRBR 217\ 1N 105 uAii C O 3BRAE R %
R U, VG &R OFEE DA DE OB S ORI DWW TE T OBEZ M A 1=,

Fig. 5-5 (ZMEMAERIG VBT D BeiakBRii R Ch 5. A SN D M08, #E 25ppm O
BB, BTV UMEOB R A BRIER] & a T A DSRIRTER, AT T A TR D 058
VIETH D, KA RRTER & AT A0 pH EIXMMOBERI L 0 b EV, X o THEIERTE R
OYE . BElFi O pH AT DICIEFICRE RBER E R TVD EEZ DD, IRITHEE
125ppm OFA . Sp-1. Sp-3 ZFRUN- 4T OBEAI TLLERHUR RS (40%) & 7o o7-, B
Al L TmRET N U AEEBRNZ L EmAaITATSHS Sp-1 & Sp-3 IXHENEL 2o
THENTRSF DR L T D, 2D ORERIZK OB ENEBRIENERET DTV
AV OMRERD>SHILZLERL TS, £ L TEMEKIZKT DIEHERIGBREICIE
TN VEOHEENEETH D Z & BRI,

—X. MU Z U 'Y READSGEIIIENERG O R Hivlz pH IZ L 220 R38N 20 -
72. WHEE 25ppm OEA . M A TdH D Sp-1~Sp-4 IIMOVEFHI L 0 b EN - F1 %2 R

L 7= (Fig. 5-6), ZAVTRETEMERIDOBEE NS WL L Bbh b, BaitADEE, otk
Ak v bR IC BT 2 RETEEARES RV, TORDICHEGFIPEL TV EE X
LD, EHIZZORERITENEEA T ANEERD MY T L7 e — Ll ihEER D&
ZUTIRE L, BHERTOBNAMEES NS £ Scott! OBIRE LA AICER LT\ 5
AREMED B D, L L. AKOBEED 125ppm (ZHENT 5 & BT ADOUE N FN D, £
OEEITERA T ADERICL > THITFADA AU B3R Lir b e fllsnsg, —7.,
Dp-2. Dp-5. Dp-6, DI-6, D-S 72 &® LAS ELATEANZ DU Tidk, BEEE 125ppm TR 25ppm
DR LD LUEFEREEDMEENALND, LASITHENEE S Z L12d > Teme MET
L. SEEEREED @, MU Z VR ROGE, n—U 7 - 7 v 7RA L TRENELT
TH7H. ZOREEMED R ER3BES RN LICEOMT Wz B2 B D,

FRALIKSBIG AU BT B 25ppm, 125ppm & H 6 D45 TH LAS & ¢ Dp-2, Dp-5.
Dp-6, DI-6, D-SIZ@EmWEF N EZ/R LT, FY 27 U® U RENROEE & RIERIZTEEK O ik
TEVEDRBREZN RO B2 HRH & L THERI S 5,

Fig. 5-8 |ZF—OfiREHZ T 6 Oy, BT F o, I—Ro 77 v 7 Rkt
T E DG A E TR AN TG YA (A ARVEER P ) 28 L TR 217 - 7ok 1
Th D, VEEFRITIBEYATO KIS ENSEI Uiz, M 25ppm OFE . 557 /00 U MG RHE
FNZ BT ERERNE S 7228, FEEEAS 125ppm DBFEITIEZFS 7V A U VA RREEAI A
HEENFRENRA LTz, 3FEOMHIBRE & i35 & 2O N5 %A 1T pH /K O DB
o LRRNIERTG L & i bR, Lo LEBRAERTG L & 138 e DA S HL S vz, B2 X,
N LG TIES 7 7 ) B RUEAI OVEE I3 a T A OBEER L0 &< IEIEEN
DGR TIT AT A DBEGFRDIZ D BEL< 2> TN D,

53



Detergency (%)
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Fig. 5-5 Detergency of fatty acid soil by commercial detergents (Dp: Weak alkaline powder detergents,
Sp: Powder soap, DI: Neutral liquid detergents, Sl: Liquid soap, D-S: Standard detergent in JIS,
Agitation: 120 rpm with Terg-O-Tometer, Time: 5 min, Temp.: 30°C)
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Detergency (%)
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Fig. 5-6 Detergency of triacylglycerol soil by commercial detergents (Dp: Weak alkaline powder
detergents, Sp: Powder soap, DI: Neutral liquid detergents, Sl: Liquid soap, D-S: Standard
detergent in JIS, Agitation: 120 rpm with Terg-O-Tometer, Time: 5 min, Temp.: 30°C)
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Detergency (%)
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Fig. 5-7 Detergency of hydrocarbon soil by commercial detergents (Dp: Weak alkaline powder
detergents, Sp: Powder soap, DI: Neutral liquid detergents, Sl: Liquid soap, D-S: Standard
detergent in JIS, Agitation: 120 rpm with Terg-O-Tometer, Time: 5 min, Temp.: 30°C)
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Detergency (%)
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Fig. 5-8 Detergency of Japanese artificial soiled fabric by commercial detergents (Dp: Weak alkaline
powder detergents, Sp: Powder soap, DI: Neutral liquid detergents, Sl: Liquid soap, D-S:
Standard detergent in JIS, Agitation: 120 rpm with Terg-O-Tometer, Time: 5 min, Temp.: 30°C)
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4. K&

HPEBENORE EERENHENORD D 7T-ODOEFE N L —H—O [ REMEIZ DV TR

L, AbE CTHIREAIOWEERRZITV., LT O REET,

D JEWiEgGiL. NY 7V 'Y KRG, RAGKEREGL 3 OIS L TAX IVE
WTIBYAR 2B % 2 L2 L 0 . KIS 1T X DU RN DAL E B2 R0 5 2 &
MARETH D, L LEMEHANGIREND Z LITHEENRLETH D,

2) 3 FEOIBEYATICHR L CHIRGERZ AW 7B 21T > 72 & 2 A, IRIAEE IO T
TPEIEHI O pH DV INCKE o BE2 52 T\Wb, £/72, MU ZUEY RiGh &R
IRFIG VTS IR O7K Ol FE I 52 B % B 2 5 P A1l 00 S v A A3 i S IS R AR
BRETOHODLZ D mhoTz,

3) WA TIBYARITR U CHREER 2 AWl 21T o7& 2 A, 3 FOMMEHN &
HARTHRERE DI GAT L 1HE L DML Tz, LA LEZRZ RS R biT,

ZO X, B R Y 7 U Y R, RAKEB K LT IERFIEIC L - T

HEN—ADWFEZRD D FIEOAREMENRIR S, EHEHICEERMLETH S,

F 72 2B OIGYA & O CHEAIORE O R 2 B35 Z L S FRETH o 7,
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Fig. 6-1 Bridged polyethylene pipe used for water distribution
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(a) flat bottom (b) round bottom
Fig. 6-2 Evaporating dishes soiled with oxidized iron
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Fig. 6-3 Absorbance of iron hydroxide
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Fig. 6-4 Relationship between ZK/S value and the absorbance of iron hydroxide
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Fig. 6-5 Relationship between concentration of iron hydroxide and ZK/S value
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Fig. 6-6 Removal of iron soil from evaporating dish using several solutions (H:
Hydrochloric acid, O: Oxalic acid, P: Phosphoric acid, C: Citric acid, L: Lactic acid, A:
Acetic acid, H20: Water)
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Fig. 6-7 Solubility of iron (III) hydroxide in some acid solutions (H: Hydrochloric acid,
O: Oxalic acid, P: Phosphoric acid, C: Citric acid, L: Lactic acid, A: Acetic acid)
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Fig. 6-8 Solubility of iron (III) oxide in some acid solutions (H: Hydrochloric acid, O:
Oxalic acid, P: Phosphoric acid, C: Citric acid, L: Lactic acid, A: Acetic acid)
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Fig. 6-9 Removal of oxidized iron from evaporating dish using surfactant solutions and

mixture solutions of oxalic acid and surfactant (AE: Alcohol Ethoxylates)
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(a) Hydrochloric acid (b) Oxalic acid (c) Phosphoric acid

(d) Lactic acid (e) Citric acid (f) Acetic acid

Fig. 6-10 Images of test samples of bridged polyethylene pipe after cleaning process
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Table 1 Experimental results of cleaning test and evaluation of solubility test using

various acids

Hydroc‘hloric Oxalic acid Phosphoric Citric acid | Lactic acid | Acetic acid
acid acid

eva;zz:i:f :i-:‘ssht (L‘I IS"/::nfcid) 3 3 4 1 2 1
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i (5% ack) ! 2 1 | 1 1
Tﬂiﬁ!ﬁéﬁiﬁ%ﬁi&ﬁﬁ1 3 3 2 2 1 1
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Fig. 6-11 Removal of oxidized iron from evaporating dish using a mixed solution of

oxalic acid and hydrochloric acid (total acid concentration: 5 %)
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Fig. 6-12 The effect of acid concentration on removal of oxidized iron from evaporating
dish
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Fig. 6-13 Removal of oxidized iron from evaporating dish using a mixed solution of

oxalic acid and phosphoric acid (total acid concentration: 5 %)
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Fig. 6-14 Removal of oxidized iron from evaporating dish using a mixed solution of

oxalic acid and lactic acid (total acid concentration: 5 %)
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