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Abstract

A study was made of the effect of zeolite in detergent on the removal of soils corre-
lating the characteristics of soil components.

The detergency of natural soil was increased with increasing zeolite concentration but
the effect on detergency was inferior to STPP.

In case of carbon black based artificial soils. The detergency of soil containning non-
polar oily soil was not improved by zeolite but the detergancy was increased with incre-
asing zeolite concentration when polar oily soils were added to the soil.

In case of iron black based artificial soils. Though the detergency was better than that
of carbon black based soils, the detergency was not imoroved by zeolite regardless of oily
soil components.

The effect of zeolite on removal of oily soil was studied with tripalmitin and palmitic
acid as model soils. The effect of zeolite and STPP on the removal of tripalmitin, the
detergency was increased with in creasing STPP concentration but not zeolite,
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geite] FESV ATLHRAGE RIS =Hdx
STPP ¢ #E7 Fael vehtal gesho, w3zt
Rz zeolite & KAFHLMm ALHLRA Astd &
W Est o8 4 vk, = STPP & KiE#kHEe = B
K8 Ca**s} chelate & et Ca**& Hste
BkE Bfbsteul st zeolite & THEHEEA
o) exso] kit BAE BkFoz o fRREMEST
2, webd BRERS @ 2 fFHe B%E T
ge] B3k STPP AWM MHHERAR Basthx
Qe ATHELA7L zeolite S EEAY HilktES B
Bt dld E Fasttn ¥ 4 g5k z2d oA
zeolite &) ZEfstsl BHe RO B HKEc &
g A+

ool & Bgol AL RRBRATS} HHRe BRI 15
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Table [. Characteristics of fabric

Material cotton 100%

Weave plain

Yarn number | VTP 22.2 Ne

weft 22.4 Ne

Fabric count(ends & 26X 24
picks/cm)

Thickness 0.314 mm
-2 & &

Carbon black: HZ& M{LBiHE BT
Iron oxide, black: FREE—iRk (FIEHZE TR ER)
HReEERE L 0 BA BLBRE HER
Radiotracers:
i) glycerol tri[1—4C] palmitate specific
activity: 60 mci/mmol
radioactive concentrotion: 50 pCi/ml

BELRBEE

radiochemical purity by T.L.C. on
silicagel: 99%
ii) [9.10(n)—*H] palmitic acid
specific activity: 500 mci/mmol
rodioactive concentration: 5,0 mci/ml
rapio chemical purity by T.L.C.: 98%
2.5-Diphenyloxazole(PPO): MM (ER{IRT
FEREM)
2, 2’-p-phenylene- (5-phenyloxazole) (POPOP):
scintillation grade(Merck)
Toluene: FHzEHE:H(ROTS Chemical N.V.)
Benzene: 32844 (ROTS Chemical N.V.)
zeolite type A: Henkel Co. 314 kik= RFe =
A€ A 1~5p0lxm, &l BESd Jdv ERE
2 4 gk 1% slurry 8 pH & 10.80) givt
Ay RES RE—R WA

H-3. 55 & 7

I-3-1. BEEEBEREEAG

A& 5cmel [HEES —ifdl F2 1cm ¢ sponge
2 HEstam, 2 Yol 11xX1lcm & REAHE 2 3t
g P EE EEsld AfY dFs SHAE E
A FRAE wbEol 2l A FE XS] 520 nm
ol A 40E3%9 A& BEiiste Bl ERSS

1-3-2. EBEE ERMEE R AIRER

i}

BHpso 2 EWMiE e 2 carbon black =¥ B
BE FRst EEE Biloez FEME BH BB
EE o4 @ik e BET A% 6% #H
sty on e ER-L Table T¢F 2t

HRwe BfES MR JREtE (HHE5 & mortar o
Ya EHANA il BEstT ol EWHERE metd
B—atA EBAYT # AL 1,1, 1-trichlorcethane

(d=1.3376) 800g ol Zr#kA7) BHREE vatd] Y,
EES 20°C BEE %Eﬁﬂﬂﬂﬁ%n 279 &
BEe Aws KEAZEA &34 F 60 34 B
b o4

BIfFR FHare BEC] 2= Zd A 24KE BR
A7 % FEKHZE 3012%9 A& FEHSHH
20°C B RREN A 1595 BRAA & YAl
E@PhEe st HHESEH.

M-3-3. mW5HE fsistE 54e ERpER RS

ATHSR
B K45 2% tripalmitin 5+ n-dodecane ¢ JE#E
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Table JJ. Particulate soil based soil composition (€:9)]
soiled cloth

\l 1 I I ‘ v v W
soil components
Carbon black 0.5 0.5 0.5 0.5 0 ! 0
Iron oxide, black 0 0 0 0 320 | 30
Tallow 1.0 1.0 0 0 0 | 0
Tripalmitin 0 0 3.0 3.0 3.0 . 3.0
Liquid paraffin 3.0 30 0 0 0 | 0
n-Dodecane 0 0 ] 3.0 3.0 3.0 ‘ 3.0
Palmitic acid 0 1.0 3.0 0 ; 3.0
Cetyl alcohol 0 0.5 0 0 I 0
Cholesterol 0 0.5 i 0 0 0 : 0

1: Standard soil cloth of Jap. Oil Chem. Soc3%3®,

Table II. Radiotracter based oily soil composition

()
soiled cloth |
\.——’\ VI L
soil components
Tripalmitin 0.5 0.5
n-Dodecane 0.5 0.5
Palmitic acid 0 0.5

% EEE HR SESE A d7d B Bl
2 palmitic acid & AT A %9 271 & #HHSTY
o FRMAR-E Table T} 7t

BE S-S 10 ml volumetric flaskel Y3, HH
7 WY BB = “C-tripalmitin-& FHA MY &
5B} & “C-tripalmitin 5} ?H-palmitic acid & FER ]
ZmE % benzene o & WMl 2 10%8(W/V)i5
Bzt 15% (W/V) BHE+ steddh.

o] HYuik-< micropipet o 2 vhga zro] HEfiE
BB 150 B WY EHBE 75, BRAH WY
BBE 100 £l FLSA Bhslsd BRMRTHRW 1K
8] ] 9AFRE- 5.+ tripalmitin ¢ #%58 20, 000~25, 000
counts per winute(c.p.m.), palmitic acid & 38
40, 000~45,000 c.p.m.o] = E5 atgich. BIFR B
i 20°C EBREA A 1595 ARAL & 24
aol] fEEREEe ¥ glste] RS ol

AL 3.5X7.5em 327 2 23 Ag=tE e 2
¢~ & % benzene:ethylalcohol(2:1)¢8] It#ELHE
soxhlet #iHi28e] 4 S8R5} AT #% 10542°C oven
o A 1RFRT AR & #Rsd

I1-3-4. BERA TGS

¥R Y Testfabrics Inc.o] 4 27 soil test cloth

th engraved roller g:(printed)s] &8 ek AL
B3 (TF405) e pad gol ofs Bifpd ALHRA
(EMPA 101) 27HAE @RS ed 2 BHRERE
Table o} 7}

I-4. SEEA Ak

T-4-1. %

ZHle B BEES BRoE ¥ Wt RERGE
mortar o 4 & Aoy 4L $ FLPAA KA 105+E
2°C2e ovendlA fiFe] HESF HAZY # A
mortar o] 4 FA 2ot 40mesh o FEAA ERRE
ol A nalete {FRsY x STPP 9} zeolite 8} REE
#Eo 2 ¢ wo & LAS, zeolite £ STPP, Sod-
ium sulfate ff5E -2 FEstel 120 ppm(CaCos) BEK
ol wfEsld (R,

I-42. B X%k

2o Ton s S BB MAE FHIALH,
PES FEE CaCl® Hmetd st Rz

I-5. BEMETEE

Terg-o-tometer & {#fstd 600 ml F¥el 5X10
cm EE 3.5X7.5cm & FRAE 3k ¥z, 30°Cel
A 1048 120rpm o = BEHEst e Bifkel B 1
Lfis SKE 200%7F H 55 BAT # 2L B
= fhik 600ml 2 357 2/ & F3ic}0, radiotracer
2 AT Bhie 33 o Terg-o-tometer &
A ofm fiR 600mlel A 28 EE Tk o
Tt B HHAE BREEA R
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Table . Composition of soil on Soiled Cloth TF 405' and ENPA 101*®

Soiled cloths TF 405 (%) EMPA 101
Ethylcellulose 1.0% Oliveoil 100 ml
Naphtha 14.0% Traganthgum 50g
Butanol 0.5% Pelikan black 50 g
Lamp black 2.0% Emulsifier 5¢g
Liquid paraffin 20.0% Emulsifier (CIBAD) 5g
Soil Composition Na-alginate 0.8%
Corn starch 1.3%
Oleic acid 0.5%
Formaldehyde 0.3%
Vegitable oil 2.5%
Water 57.1%
Table V. Detergent composition (%)
LAS 15 15 15 l 15 15 | 15
STPP or zeolite 0 5 15 20 25 i 30
Sodium sulfafe 85 80 70 ' 65 60 ' 55
[ b I .
1-6. S FRAR vRHRAS=""p, X1000%6)

I-6-1. FRERERSLS, ERTRE FRMEE &
A%t ATERMm, BERALSRSD

25t (Digital type Color and Color difference

Y-filter)= BEMERIERY RHEL AE A

Kubelka-Munk X20¢] w}& K/Szto g g #d 9

B PEEEE FHESA D,

e (/= (/D
= ~(R/S),~ (K/S); X100

K/S=(1-R)?/2R
R=X4t%/100
[ 1: Ef
1 We BRMEE B
S: Lk HHRAm
I-6-2. mgtte fedid B3e ERHHR HRAs
ALHBRH
MR BRAE 20ml counting vial & B ¥
mEo 2 AS$x, 6.0g8 PPOS 0.1g¢ POPOP
E toluene 17/d] BEAA =nlE scintillation solu-
tion-¢ 18ml4 Yol TEBAAN 18 B2 £ liquide
scintillation counter(packard TRI-CARB Spectro-
meter)el A 25 1@ counting & c.p.m.22 t}&
el 98] weikEE FHHEst .

meter,

{ D;: ZE#ERy FHA c.p.m.
D,: itk HHAS c.p.m.

O #R A B

M-1. RL&FLHL! Eigdd nlxle zeolite 9
©vE

Zeolite 7} RARFBRAS Glftkel v X< P8 B
stelsl Bt HEEEFRMmY RKES zeolite B
EEfb(bol wE BedEiES STPP 9} H#sld Fig. 14
FRshg e,

T @R A MR Table Vol 2om K
gol] (EFS B BEE 0.133%clz HXKY EE
+ 120 ppm(CaCos)o] 4 =

o] #EBe dkwl KARFGHRMY Btk A+ EF
sty BHEIERE 2A JehdR geket zeolite o
STPP ¢ #E7F 67ppm @ = BhMfEEe] mLbse ¥
#rEse] 95% LA Lol FiEsted 2 LIRS BWEdAS %
ol vl G FAESAIL oAt 28 X
e STPP 71 zeolite nv} iR EFHsHI =2
£E a2z gd.
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Fig. 1. Effect of zeolite and STPP concentration
on the detergency of natural soil cloth
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Fig. 2. Effect of zeolite and STPP concentration
on the removal of carbon black from
artificial soil I and I

-2, ATH$AR ikigol nixle Zeolite O
27
Zeolite 8] Philkikol BHe) ot MK o1d M
mtke]l &7t webmsl st carbon black & £
wammr e g BEt AR HRET 2Elste BRA
(Table T : FH%edi 1, 1)9] zeolite o] JREE L]
= e STPP S} ltrstd HHERT 57 E Fig 2
off FEaeted vt
o] g fkEbd FEREME RRIEME RS SEcE
EE(FRA )0 STPP o) zeolite 25 Bhilktke
fito] Ag vt @skeh, eV i IR B
o HWinARl EEERG Dev Uikl BEs
vl 3w glek. ol : BHAHe palmitic acid 7}
gokhe) Cat*? ionsl KMEste Mgtk &BES K
B M BN B, 1R IBIiRY fEfest
zeolite &) PLisBEsle] BIGRE Hatslsl £33td BHR
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Table V[. Detergent composition (%)

detergent

Det. 1 | Det. 2| Det. 3
components
LAS | 1 15 15
STPP 0 17 0
Zeolite 0 0 17
Sodium metasilicate 0 0 0
Sodium carbonate 0 0 0
cMC 0 0 0
Sodium sulfate balance| balance| balance

3o Bl WESRA ERERE BRES BEHR
& B 7l 7 W Solgtx AAHs. STPP & st
o o @EsE gl =eb Philkkke] M Esa 400
ppm AL FEERel HmsA e HAst 22
Vet S Vel b, BRI BEK EkfkfEmel ek pal-
mitic acid o} [ZJEstE Ca*?iono] 4= 400 ppm
o FAE mad Hkikste BERA old ek Uik
#eo] palmitic adid & &47sHA ¢ =eh zrebal=h

I-3. Zeolite 2| Jtifgidol nixle B2l W2

wE

#i 1, I(Table I)& fFfAsx Pkt LAS g zeo-

lite 78 3 Na, S0, & EHE h& VEHeh 1ok K

e Sald zeolite & &fA & WA 2L

zeolite & STPP = {R#&% #LHi(Table )& #EHEs

o] 2o WA & miEHS RBRT #HRE Fie 3

o #FAstd et

RS FIEEL 0.133%0] T o)l =k} P LAS
#aEEE 200 ppm, STPP =t zeolite o} JREE 226
ppm o] g &,

o iR o3td FEMM: fEn BRE At
EEGERA 1), MiAkdAE STPP &AM Bk
Ho] AR Fa 2 vHEL zeolite SHEER, 289
mppmel NEo R velyond, AR EE HMdA
WE oppm el A 100 ppm EE 200 ppm &2 @M
o) wheb Elsvi 2 Hke) BEAA Bkl
AAs ETFSE @EES Jebigsh ol A& EA T
Bio]-o] Mkl HRe BE_ER 4FE 571 4
ol vt

FRBsERe] AR et Hpe EB@ERA I,
Hikol A= PEMEMEO) FERRME HRAmel Mt AR E
BRs 2 Elel wetde STPP7 A% F2 2 %
&.¢& zeolite, 72| EBIA VEMAIEC 2 viebyTh
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Fig. 3, Effect of water hardness on the removal

of carbon black from artificial soil I
and [

v £ BEESL Bindel wlel FHE 2E g
7 BhdkERe]l Fsl BTz ouh. o)A Hehe
FERIREE BEKHY) Cat?o] Fusl: Z4ES WM
#-Eolet. STPP 9} zeolite &7F ¥ &8 50 ppm
7R = By 2 Cat?o] 9xl3 A REEdr =
THsta, Bz KT =24 ﬂrs}ﬂrrvﬂ o] & Na,
S0,¢] Nato].2o o5 STPP ¢} zeolite © ] Cat2itgH
BETIol ETFH g7 s o] 528 Ca2e HiHdl+ v
B B PRE SE=R sy Ao 4 AR,
zeolite SHPEME F& BEEANAL Jdo] STPP
BREUEML vl 25 B Bobdel wlal Blhel
STPP &4 8Muc} EF= 2 Qo

RTGHRTY Pt e T BEAAE Bkt
BT & #HE9) Hwe o RIRS IEet
ol wmsld KRB me FES misne
el Avt JRiENE ATLHRAGE KAHRMALE A
e H2ES e o 5 o

-4, Zeolite 2] Jti#cttol nixlE BERFEL
o] I

EI5 S 5] zeolite o PLIEEEHS ol vl B
7t QE7HE BEtEy Bstd EREHRes JREHE

BEKEEG
_ e
RN —QO-- —J—

s
e Y

: Q_‘égz@\\@(\o e o

. Effect of zeoli te and STPP eoncentration
on the removal of Carton bleck and iron
oxide from artificial soil I and V

sSaul v

1

Coneppans
Fig. 5. Effect of zeolite and STPP concentrafion

on the removal of carbon black and ion
oxide.

carbon black =} H#:ql BAELERS R BEEF
o] EKE BULAA FHAE HEslo zeolite RE
kel =& PEWREHS STPP o} HiEste Fig. 4,59
Farskd ot

o] fER 3lwl EE LS PEifkiko] carbon black
o} %4 @l ol JFRMEMEQl carbon black 3wt
= B BbERe] ATl & Ed & S#= 7l =
ol

Fig. 4& MM feits Biets R8stz EEBF
Yuo 2 carbon black =& EMLERS FHY EEGE
#ufi W, V)Ql®l, carbon black(FHan M)z FE{LE
(B3 V) BB 25 FHm 1 (Fig. 2)5 3o
STPP g} zeolite & JEE#A Lo =& BhikiEs B to]
A8 velvA gakd.

Fig. 5¢ Wik Beate BRe B EBREERA
V,V)ald, EfiEgee 2 carbon black & {EF &
BEEQA Ve B4 1 (Fig. 2)9 zke] STPP
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Fig. 6. Effect of zeolite and STPP concentration
on the removal of tripalmitin from arti-
ficial soil VI

3} zeolite o] JREEVF Findel web kel A44
mERAe, =3 FhA D(Fig 46 B3] Bhfkiko]
ZEppez T Aok, v ERBEROR B
Be FHEY BBEGRA DAY BHm V(Fig 4)
2} zte] STPP 9l zeolile 9] BEl & JhHEi:y
ot A glvh ol & palmitic acid 7} Cat?sh K
o] TEEES AREtd Bl WEEel, &Yl
BokieS MRS =, Bk carbon black & Hit#
ol el Bk MLEBE old HEE wal )
AEoletam 2o

wel A FEHERO 2 carbon black & #iFslw, g
Bl BRo s FEEME A BiE He) B
A& A nel RABRAS FUL REEHS Jer
e A& &+ U

M-5. BB B0l &fkiol nikls Zeolite 2|
oA

Zeolite 7} BR&
#itehy] Betd HEE 2eldhe HRAHERAA I,
DS s zeolite BEM ks W& kS
STPP ¢} Misste] Fig. 6,74 Exsigrh.

Fig. 6-& Fpfatk JaEM: Bl HFEY & (R4
VD4 tripalmitin %S Jebd Zlold], i BEST
30°Cel= 2 tripalmitin -2 FESRBE FEL T 4
z-E e}, o] HEFe] gt zeolite o} STPP ¢ PRtk
A= E ERJ god, RE Bindde wheb Rk
o] A48l g Ldle HEE R4 FEd, ol STPP
2} zeolite o] BEKEK(LIEFAS kel REBEM TE
HE £Re] Hid e FREEEMIT Bk Bog
VS 87l witolzl 4 4=,

Fig. 7& W REE Bo® palmitic acid &

tE HRe Kk e gES

75

tripalmitin  Palmitic acid
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60
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Fig. 7, Effect of zeolite and STPP concentration
on the removal of triplamition and palm-
itic acid from artificial soil Vf

TF 405, EMPA (01
o Zeolite: — @— —@—

STPP: == Qe =[]~

w0 D————D><-\
D/ l\./ o'/°><8

/.

3
T

Detergency (%)
T Q

' ° o
50 o .
40 A i e 1 L .- 1
0 67 133 200 266 333 400
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Fig. 8. Effect of zeolite and STPP on the deter-
gency of soiled cloths, TF 405 and EMPA
101.

G SBREGRA ) tripalmitin 5} palmitic
acid 8| PEHEES W2 bl Aolth of fERe] &8
W palmitic acid ] PEiEtEe] tripalmitin w el EFH
s}, zeolite sl STPP & H#d = tripalmitin =
palmitic acid 25 STPP sl zeolite nx} ik
7 BFs. zeolite o STPP & S Le] &2 &
etk 2w, STPPo) ksl A& tripalmitin 5} pal-
mitic acid & FHHENA 2 Bl vl %ste, BEA
gl whel pEiktke] dxls) wL=le] STPPY 13
EE 266 ppm ol 4] BAME veblzm, = BIEY e
o= =] PhiktEe] KT 9lel. zeolited] &
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A% tripalmitin 3} palmitic acid 9 i) A
2 el ¥l &8 zeolited o] YEEFEE LS wE B
#e J kel AY vehdA gk

—EAy o 8 palmitic acid & Pikfto] tripalmitin
o uls] EHFY AL palmitic acid 7} FEHle] alkali
d 93 WHE JER uE BREld A BE
H3, = REEEM KxAK < mesomorphic
phase & Rt A BEE 2 o Eojr,

SEmE PRt PR RS BBFiZ 6)9 tri-
palmitin fr3kel pis) B o] EEEHRol Hind o
tripalmitin & FHfttel gaye 2 WA Vet A
< 5849 palmitic acid 7} #Fkrhe Ca'?sl KJEsH
o FEEE-S RS Bl WES WA @yl B
K-S HEsEA =9 -Felet AA4R,

M-8, BERMATERA2 B0 DXl Zeolite
o ¥

Zeolite 7} THERS 2 9 & BB BHRMAY Hik
#ol vl BB K Pitd 288 ERAT
HHAS zeolite & JREEMMLS =B Phigtk-8 STPP
o} H#ssle Fig. 8ol Fycslade).

oLkl REE 0.133%°l 2, FKS BEE= 120 ppm
(CaCO0s)°) gl vt

o] fEBd 93l roller gl o) BER soil test
cloth(TF 405)¢] 7%, STPPs} zeolite 8] WEE
Bingtel =} gelte] A A2 FEs 2 g} STPP
7} zeolite vt} #FHste Yol HHT Bt f5EE
e AaFs ALESRA 1 (Fig. 2)2 v %3y,

Pad ol 94 S4fexl EMPA 1019 #3838, pxd
TF 4059 Ha) 2Mpfyo s ¥Eikito]l #Fst- STPP
o W|EEZE #ingel =tel PEMkiEe]l A A8 yls e
STPP ¢ ME7L 200~266ppm Y = BAMEES nel
® AA3] ETFEA zeolite ® Az ¥ag B
vl v EIREE(266 ppm LiF)el A STPP ne} &
sh EREE(333dpm Ll k)l A& STPP uv #Fs)
g+t

whebA] roller ol o8 Hfrxl TF 40571 BitiEo
2 mukEell EMPA 1018} RAFLRML LT 3%
BERHS vepivte A & £ gd,

V. #& E

HHS LS FES ddA, HHRIY fke)
fEH TR ERT BENL ZFa o=z ok

BEAFEEE

WAL R JEMe Bz AR g ER=E
d& AF zeolite & &FsE LMY MBI %
Hud] B olwl BGE AHAEME gotnsl B
o RABLRAGZ ERERHERML J8 BHY AL
BRAE s, HHe HEe =g zeolite s}
STPP ¢} Pefftes Hswmatste o83t & BRE
dqiet,

NA KRRBLAS B zeolite s RE7L 67
ppm 7R FEESY 2 LIk BEAAE FHHel A
¢ 5223 BES S ol Lk zeolite o BESY BEX
gro} & 4 Qgrh zeolite®] PAikol STFP uwt
F3ht 2 ERE avkx 2= ggth

E5], carbon black st Fpiitk Rest: ez A
BRATS Pl zeolite o) fka FILS A ¥ob KK
BHpmsls e BHE Jehigev drld BENRR
& F&sd zeolite s WES Mindl =al BrHkiel
ks g,

A, BIEBe SF%E B carbon black ¢
BxkE B9 EE B =tz zealite 8
= FHgstm gittel BEel MAsU FEESRT
S Aok EES Binel =el Sefkikel F ks el
TRES 8T 24 T )

Yl s, carbon black 3 BL# S PEMkt& HBT %
LS TetEo] carbon black v} 4 EF S
v}, zeolite o] ¥IEEMIne] web4] carbon black 8 #
ferto p ks BLBR-S FREHER AR BR
glo] zeolite & JMEEe] WL ubxl ghgkoh.
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