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Comparison of detergency effectiveness
by the type of household washer, detergent and soil
- Focused on detergency, rinsing, fabric damage and tanglement -
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Abstract

The purpose of this research is to provide accurate information of household washers and detergents for
consumers, so that help the producers who make washing machine and detergent to get basic material and also
help consumers to choose washing machine. Experiment was proceed with two type of washers to compare energy
consumption, washing performance, rinsing effectiveness further, damage caused by entanglement of laundry and
fabric was assessed. Detergent P and T were used to compare the performance related to differences of ingredients
of detergent. Soiled fabrics of EMPA 108 set were used to evaluate performance of washing by different types
of contamination. A summary of experimental results are : First, for the consumption of water, drum-type washer
consumed 53% less than pulsator-type washer. On the other hand, the washing time was almost similar for both
these machines, but pulsator-type washer showed shorter progress, implying that power saving was more efficient
in this case. Second, the drum-type washer showed better performance for contamination with all types of detergent,
but the pulsator-type washer showed better rinsing performance. Third, the drum-type washer performed less data
of tangle level and fabric damage. Fourth, detergent “P” exhibited better washing performance than did detergent
“T”, regardless of the type of soil. And with no limit of detergent variety, water-soluble protein soil showed high
removal rate, liposoluble soil especially pigment was hardly removed.
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I. Introduction
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Il. Experimental

1. Instrument and materials

1) Washing machine
AE7) LAt A Aatets A9l 6mA o
4] Aok 6mH =84 Mg R &

¢

{Table 1> Characteristics of the washing machines

Washer Model Size (mm)
Pulsator [INVERTER Direct Drive T2503SO|632x950x670
Drum | DD INVENTER F4754NQZ | 686x983x756
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ol AR 2H1Y G ANAENNE AHgS
o KS C IEC 60456 3ol 917 s}e] AJetatiet.
AEE A1) BHS (Table 13t 2k,

2) Detergent
AFAIEE AAlE AP e A= &
oftziel ] EuE o AAA PAIFEMHADZ TA
FHLAhE Adstded, oFA AE7lols gyt
& AAE AHEstaL, E-A] Ag7os =98 Al
AlE AH&-5FAtH(Table 2). Auk-g AlAI2t Bl 3e
o =8 AAloles A TS AAIS= 224
<= WABHE ol AAIZE F7HE 1AL, 7]
2 S AAS] 712 AR TAIA
A %}i Al(H] o] 2)AH
HLAHAA(Fo)L), FuEHTA(FOlL), 1
A A|, A, Ba soln, PAIAS] A, A
# HYEA, dFESEEA

y 2= =

A7,

=] HZ
lof[ e 2(H]0]2), AbaA|FwA|, e, &
AF2ZPGAA, 2584 Folvh AlAl TRE AlE A

{Table 2> Characteristics of the detergents

Qe F7 A

au)
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ofr
o)
Rl
Iz
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Sl
ot
re
-

A o] Aol BEE AX ARAAAA 7
Aok BEAGFS Rt APS WP, T
F59 A% T FF A4 A v
=St

3) Dummy load

A o o) AErze] AEE Sakg 23]
Jote] | RAERSIE o] gkt 7] HAER
3H= KS C IEC 60456014 4ot Wz Ee
ehe, AJECL HIZHSlo 2 FAE QI w3 AlE A
HI Sl 47, AlE 24, B 1375 3 Azl ¢
o] A|Er5H3 th(Table 3).

4) Artificially soiled fabric
AlEt7] B AlAl 9] AlEH s B7Fsh] f1sko,
Q29 Z = KS C IEC 604569] 4] ﬁtxgs_ FFALL
oI EMPA 1082 T-¢l5t0] AEs}Ati(Table 4).
EMPA 108 5712] 579 thefet Q52 Ao

o AAZY Y AB2AST B Ao B4

i3 n{n

. Standard

Commercial
‘Washer deteroent code amount
g (g/cycle)

Ingredient of detergent
(surfactant and builder)

T(for pulsator) 57

Higher natural alcohol(anionic surfactant), linear alkyl benzene(anionic),
« -olefin(anionic), active oxygen bleach, alkaline builder, enzyme, etc

Pulsator
P(for pulsator) 57

Linear alkyl benzene(anionic), higher alcohol(anionic),
alcohol-polyoxyethylene-ether(nonionic), active oxygen bleach, alkaline builder,
soil anti-redeposition agent, double enzyme

Higher natural alcohol(anionic surfactant), linear alkyl benzene(anionic),

T(for drum) 35 « -olefin(anionic), active oxygen bleach, alkaline builder, enzyme,
anti-redeposition agent, anti-foaming agent, anti-back-staining agent, etc
Drum Linear alkyl benzene(anionic), higher alcohol(anionic),
P(for ) 35 alcohol-polyoxyethylene-ether(nonionic), active oxygen bleach, alkaline builder,

soil anti-redeposition agent, double enzyme, anti-foaming agent,
anti-back-staining agent, etc

{Table 3> Characteristics of the dummy load

Sort Fiber Pece Size(cm) Weight(g/piece) Total weight
Pillow 100% cotton 4 4x13 229.1

Sheets 100% cotton 2 165233 709.6 3.75 kg
Towel 100% cotton 13 73x81(two-fold) 108.6
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{Table 4> Characteristics of the artificially soiled fabrics
EMPA 108 set Fiber Sl
Component Classification
EMPA 106 Cotton Iec carbon black, mineral oil Hydrophobic particle, liposoluble oil
EMPA 111 Cotton Blood Water-soluble protein
EMPA 112 Cotton Cocoa Colorant, water-soluble protein
EMPA 122 Cotton Aged red wine Colorant
EMPA 118 Cotton Sebum, pigment Liposoluble oil, hydrophobic pigment
E 56/ 48] & AER FHEo] ok 29E  §3tol 3% S20mmol A AP E(AE, A, 2
ol sAleste] W Al wnke B £ g m)e] ol Blw o 2ele) ERVHAIES 4o}
o 12} EMPA 108 3 M=% BHl & 4ol wh  of Bagts @ %, dleladlo] oF AlEHED)
Wske] As| Rastel Agsteich B AW 3 lolH 24 Y%, 0E, ALY LRvHA}
of Byt | LPES wol A AZAZ T, KRN KSFS Foki, F97HEKubelka Munk)
QTLE At Z4o) AU, veF WE  Aof 23] AT MDA Aol 3]
£ UV 240] ALgsiolth HEHE- Aol H] st grhKim, 2013)
2. Testing method 4) Evaluation of rinsing effectiveness
AE719 Fudss B7s7] Aside A=
1) Washing condition o Aud F2 AlE T AlgzE ARE =
A S B 2EIZ20N & 258 ¥ AANE F9 ol AdEdAet gze WUy
(F 15£20)% AA3EaL, 20T A2ofA eU3tAl & o329 Hos AA ARFeR Bristact
APl FEA e Tl 4o $3tolH,
A 33, g4 P AlEtgAo] A of (1) Measurement of alkalinity
itk = AEAd o] A= 33 HEE A3 5o pH meter(Orion 3 Star PH Benchtop)S ©]-83}¢]
Fe Fahect 24 AlE71oh 2d4 Al Aol H3

2) Water and time consumption
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3) Evaluation of detergency
AE719t A4 B oo B Medsol
P7t= B354 A (Macbeth Color-eye 3000)E 9|

g7l A HieEol e Adele wob 7t
7 pHE ZAsec,

(2) Quantitative analysis of surfactant
@ Methylene blue method

AAE =4 A5 24 7](AutoAnalyzer 3, SEAL
Analytical Al | 2) & AR5 5ol A HB/IA| 9
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@ UV spectrophotometer method

AHAM 40l ojalol, AAIe Qe
5] E42E0 EEAF 2 HAE EMPA 1082
Zoll o9l 100% HW 25 ZhfjA], UV/Visible
spectrophotometer(Ultrospec 2100 pro)E o]-&3}o] &
el Aele] s SAoiel Foldd el
ofal A=A AAS Aok 4E ARt

A A& ANSUAHAM HLW-1-200701] ol Asl Tk

5) Evaluation of fabric damage

AHAM(American National Standard Performance
Evaluation Procedure for Household Washers)-> u]
=9 Itz B A2 ANSVAHAM HLW-
1-19879] 9]A3}o] ETL Testing Laboratories, Inc
(New York, USA)ZHE 13t #2714 JES
21.3cmx28cmZ A2 B A|EFSle], ARRl o2 A A
3 ZelofrE2 vtz AEo] AAe} 94l
&4 8 Pioll} o] FEU HES 74 A4bY

=

o F5 Mg 4

o T 2

ofr

H|al

o17]4,
X: 971 Holels ool Qi BE M= 43t 4
) Hold e A= 4t EakE A gheth)

n: Aol ARERE A M= 4
i AlEZIOlA A ) S w2 FolE] +

(YR gofe] =43t Y ol L2 M2 )
L: 7} Joje|gollA So1&d o g4ol 44 &

I1l. Results and Discussion

1. Water and time consumption

HEt % & 4v]2Fo] A%, (Table 5)©] Zu}o]
A R ot Tl A AR & el AL
=4 Ag77E Bat 113.6LE S H o] 9
A e Bt 22 53% A4 AHEtelch Mgt
BEE B i, AAE =94 g7t 3
194LR 24 E|o] oki4] HE7| Tt 4% 27

Y@AE =4 )7L Fit 942

o o8] EAEE BASIUTE £A7F F48 £ sh 2450} R AeksHek 4% o FA) AL
HEsk 4FHE tehic stk wekdl Ao R uwstge o) ohf
A A7 ek EYA AL BAgEe] Ao
6) Evaluation of tangles oz B9 g doksittn E 4 9t
7] == ANSI/AHAM HLW-19879] o]7|3}o] Al 2 AEAZFE (Table 5)0)4 X w9} o,
B S A2 AR ool SASKA A % 55 AEDL Sike 330 Aol v
S A2 g AN UeEA ZL Wold® 9A A ekebk Telu AR Heks o ok
G ER At A9l fult olA) FES w4 AE)h B Rl Gobd £YAie] 71
= A Bet il 93l *1294 Fob AHE W, AlEE Ay AR ofRA AlE7)E B 27 |
sofso] 74 40 28} JUERE AMBAG. 22 Zgue] =94 AElnct Azl o
A7 2893, AFAE EPA A7t B
9% R(%) =1002 [1- 2D 265 1822 ZHEo] oA AE]uct A
{Table 5> Water and time consumption during washing
Process Water consumption Washing time
Washing Rinsing Total Washing Rinsing Spin-drying Total
Washer L) @ L) (min/sec) (min/sec) (min/sec) (hr/min/sec)
Pulsator 744 167.2 241.6 277 01" 3630”7 157217 1:18'53"
Drum 194 94.2 113.6 4113”7 267187 1mn7” 1:18'48"
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2. Detergency

1) Detergency by the type of washer

(Table 6)0l| 4] HE A} Zo] Etﬂt’“}%Oﬂ 9l
gk AIEHE(D) H7telA, PAAIR AlEte S o
e oozl £ AR ot5A A
Hop AgEo] fshA UERdaL, TAIAIR Mg
2 w EMPA 122(aged red wine) L GEE A9
3 RE eARAE B AET|7E oHFA Al
7] mrt Akl B 9451 LERkAIe EMPA
122 S AEAN AL 254 AlEt7|0] AEkEo] T &
451 Uhehge.

K/SZkol o3t M|=E(Dis) B7HellA, PAAIRZ
Ak #e i BE ogmeld E74 A7)t
FFA AE7| Bt AEEo] S45kA UEbtaL, T
MAZ A P2 1 EMPA 122(aged red wine)
SAES AolF BE SAENE =YA] A
77} eFpA) AlE]mer AlErgol o $4aiA) U
EFgR]TE, EMPA 122(aged red wine) 2 G 3E oA+
olRAl AlEt7|e] Aletgol o $4alA] ekt

Aoz SYA A7t oAl A mc

ERERE

>
iu)
%,
o
o
s
S
v
Ku)
30
oo
__\ﬂ:
o
rir
[r
_I>“ o
o 2
g
i)

AAE AHEsE i?‘;;a EMPA 122(aged red
wine)ol| A= SF2A] Aebr| o] Mletdo] © -4=a
A Uebgedl, ol A 2o dis) 2H8-H Al
AAEe] Zo] wroleta ghekE.

2) Detergency by the type of detergent

(Table 6)0| 4] H= 73} 7+o] EMPA 122 &
EE AR BE LFEoA ANkE PAAIZE Lt
& TAIAIE T AIEHED)O] B pshAl YebRd A,
EMPA 122 @ §3zo| A= ARkg TAIAIZE Lukg- P
AA BT Aol o 945 Lk e
L BE e YzoA =g PAAIZE EHE TAA
B} AlEHED)o] o $55HA Lekgek uhaiia 2
EMPA 122 S HEE A|QJ3t BE QG EojA Uut
& PAIAIZE LHHE TAIAI RS AlEHE(Ds)o] H
F-551A] LR AIRE EMPA 122 @ 2o = o
HEE TAIAIZ7E Luk-g PAIA T AEHE(Dys)ol H
oAl UebgTh 22]al e LHEoA =Y

& PAAE S8 TAART NSOl ¢
45 etk ol A4 He] B8 W 2

R vl ofFt Hol2 Tkt

3) Detergency by the type of soil
AErle) Aol 0 AA SEe Anoz

{Table 6> Detergency by the type of washer, detergent and soil

Detergency | Detergent Soil| EMPA EMPA EMPA EMPA EMPA
gency code | Washer 118 106 111 112 122
, Pulsator 26.74 9.45 69.96 13.11 16.86
D Drum 44.12 22.86 80.57 46.24 19.91
(%) . Pulsator 23.92 8.65 59.42 12.97 19.98
Drum 36.82 17.09 78.92 26.81 14.73
> Pulsator 46.50 29.16 96.27 33.95 3540
Ds Drum 66.85 55.92 98.16 78.64 4049
(%) . Pulsator 262 26.95 93.52 33.87 40.54
Drum 59.05 45.81 97.93 58.22 31.69
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012, =34 PAAlE= EMPA 112, EMPA 118,
EMPA 106, EMPA 122 2:o|¢lon], =& TA|A|
+ EMPA 118, EMPA 112, EMPA 106, EMPA 122
o) ik

D72 @ G EMPA 111914 AlEHE(Dis)
o] A =A e, dvhg PAIAQF URhE T
AAE AHESHAE W YAl @ HE= AEHE(Dks)
o] oA e &0 = EMPA 118, EMPA 122,
EMPA 112, EMPA 1060]%1, =38 PA|A|= EMPA
112, EMPA 118, EMPA 106, EMPA 122 20|30
o, =34 TA|A= EMPA 118, EMPA 112, EMPA
106, EMPA 122 <=0]<lt}.

At o] 71 =5t EMPA 1119 A9, 2
RS blood2 484 Tl @gfolu], o] A
g7 7 52 *ﬂxﬂ Sl Adaglol 7 & Al
A Jck 28 A8 2 H(soil(EMPA 118, 112)
O A|A7} ol om, 53] A i Ayl
9% EMPA 106(Cocoa)Z} EMPA 122(Red Wine)=
Azo] A7 ofele] 7P Agtelr) olee o

o)
IR

{Table 7> Ranking of detergency by the type of soils

7H88 A=), AlAl 3 2

Q9] F7

RER

ofr

O BR80T
E2 tehgeh A4 AAIAS B0l Stk
Az oge] Aol Aol Belxal Folut
AAle)] Bft Apguro g Brbs sk, 27140
2 EUA S sho] A o3t MaviS

Fefet 4 gleka Az,

3. Rinsing effectiveness

AlErshE A Mg Abgstel © Aol A4
2HE AAstE A= FasHAN, gzl dob
9t B Aozt Aetzol H25kT gt 09
T AAE HAATHA AASH= 7] gl 1 o]
dow %Eﬁ}t}i £ 4 Utk AlAId Rl AlEt=
o 2Rstel HEo] mrsl YES v vz 7]
ol ARSI ) RakFolut obn] )R st
g TRde 4o 4 Jeng A
otk ZHEE Al T AAle] AR
of ggdol it Brtet A+t dast

& orlo

sk i)
9 4 o
L %Ol'

LW$Mﬂ
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1) Rinsing effectiveness by akalinity

(Table 8)0f|A] Y= Bie} Zol, PAIAIS AF8-3t
of AYE 1AL, R4 AET] Y P4l
Hat pH7F E- A AE7IE 0.19 WA Yebga,
TAIAIE AHgstol A3S shle wl, o4 Al
719 S o] b pH7F ERA] AE7] R 0.28
WA Uebdth £EasolA dEEER FudS
ks uf obA] Mgt E9A] Aeky)nc g
Zole) pH7L Ao R 2 W veht Aoz

ok, gel 27 o $4sltha wekwc
olof e WAL =4l AlEle] A, 27]

AEtolaR(1940)0] Zo] Algtole] AAEETt
1, A FO42L)0] HojA W Bt e R
oz Balth SYA A9 AEr (1940

Soil
Washer Detergent code
EMPA 118 EMPA 106 EMPA 111 EMPA 112 EMPA 122

P 2 5 1 4 3
Pulsator

T 2 5 1 4 3

P 3 4 1 2 5
Drum

T 2 4 1 3 5
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{Table 8> Alkalinity of detergent solution at each washing
process

pH
Washer | Detergent Tab After After
water washing | spin-drying
P 10.39 8.03
Pulsator 7.56
T 10.16 8.01
P 10.36 8.22
Drum 7.44
T 1041 8.29
o}54] AlEt719) Aletoli744L)e] Bls}A 74%
ong 7] Agale] AABE} B Aol
123 4 Slck. T2 PAIAIE Mg SHE ] pH
ZA AT} 10399} 103602 IA Apo|7F YA 9
A=l o= AlAl Foll gz &FA 9T o)
= 2419 i oz Helrh

2) Rinsing effectiveness by surfactant concentration

HedEFH o2 TAA S Aletla} g4 &
o] AHEEA s=E SHst ATnlE ALt
AINTable 9), WwH]7} 74 AE7|7F 24 A
grlnc 23 o 2 £AZ tehfol, ohRA A
€719 dw/dol o $-strhal HehE Tk TAIA €]
TS o|gsto] UV 2423 k74 AlE7]7F
A Ag7]Eoh He o] 2hRdt AU A 9

Yol 23 ¥ Homz ofzal et 24l A

I g

]

- b 2}

= 165
7)uct ol 23 o $4sitia ek,

(Table 9)2} (Table 10)9] ZAupo] 4] Rz wle} 2
ol, ek % 2-33]9] WETGe A, ALET AAZ

U714 ok SsA AASIR Brbssitha
A ek e AAY Ao He EH
& B2 TSR A o] FAkshs Aol A,
53] A B HAurel BlsiA AEA
o] S53 Aol HE AZo| WHFIIE, ol
£ auAolA AAZE ol Holle 27hg B2
doA “FaaF A7’ 2 Sn|AETALg o] &
7% FHehKim, 2013). AA|Q] FEIE A AS 915
of FF3+E vH U, Az Lo
n= 9] o

. grjelol ) 2Rk Rejd 4
o AN Hgol 24k ot
A W AERA 7} S Al 2

& el o] ey

4. Fabric damage

Algr Foll Mg nf2AAM 22| ujejgo] 4
w2 AGEAES 243 27 (Table 10)0] Lt
o upel o], =4 AEy)7t oAl AlEy] R
ARERETE SA YEhd Aoz Hof |
A =G4 AE7)7t o474 AE|RT a7t 9
&AFE Tk BohE ) o] Ak (Table 11)0A] 4]
S gzl Aws Bk

A ais =o)7] ¢35l REHE 75 =7

{Table 9> Concentration of detergent solutions at each washing process

. of
Conc. of surfactant by methylene blue method Cone. of surfactant by
Washer Detergent UV method
code After washing (A) | After spin-drying (B) | Rinsing ( A-B ) Residual amount
(mg/L) (mg/L) ratio A gdet./Ib.ofload g
Pulsator T 483 1.3 973 0.161
Drum T 29.9 1.0 96.7 0.167
{Table 10> Grid number of damaged fabric area during washing
esting No. Grid number
1 2 3 4 5 6 7 8
‘Washer Total | Average
Pulsator 14 7 6 9 9 25 15 90 11.3
Drum 5 9 25 13 4 17 2 5 79 9.9
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5. Rinsing effectiveness
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IV. Conclusions
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Degree of tanglement
Washer | Testing No. X r L
Each(%) Average(%o)
1 14 1 87.14
2 12 4 64.75
Pulsator 3 12 3 12 54.59 55.66
4 10 6 8 43.02
5 7 9 4 28.81
1 11 4 2 66.85
2 13 2 1 87.79
Drum 3 3 12 0 13.99 38.98
4 4 11 4 10.99
5 4 11 2 1527

r: Number of groups composed of tangled shirtstnumber of isolated shirts one by one
X: Number of tangled shirts in the groups(isolated shirts were not counted)

L: Number of untangled shirts when pick up at each group
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