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Abstract — Using four components consisting of polyoxyethylene(3, 5, 7) alkyl ether(LAE-3,5, 7) as nonionic surfactants,
water, D-limonene as hydrophobic oil component, and an alcohol as cosurfactant, 36 types of cleaning agents were prepared,
and their physical properties such as surface tension, viscosity, electroconductivity and pligsevetabmeasured. As the
formulated cleaning agents have low surface tensions(30-32 dyne/cm) and low viscosities, they are satisfied with the general
physical properties of water-in-0il(W/O) cleaning agents for their industrial use. They showed a tendency that their tempera-
ture range for stable one-phase microemulsion decreased in accordance with the increase of alcohol/surfactant(A/S) ratio in the
formulations. However, the temperature range of one-phase microemulsion was much more affected by hydogptilitic lip
balance(HLB) value of the nonionic surfactant which increased its temperature range and it increased in accordance with the
higher HLB value in the formulations. Although the formulated cleaning agents showed a tendency that their cleaning efficacy
decreased in accordance with the increase of A/S ratio in the formulations, there was no significant difference in cleaning abi
etic acid as a soil, which was used for preparing a rosin-type flux. It was confirmed that the selection of surfactant type was
very important for formulating a cleaning agent, since the W/O microemulsion system with the nonionic surfactant of the lower
HLB value showed better cleaning efficacy than that of the higher HLB value. The removal of soil from the contaminated rinse
water was measured by gravity separation method in the rinse bath. As a result, the cleaning agent system having the nonionic
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surfactant of HLB value 8.3-10.6 showed over 80% water-oil separation efficacy at d@rrefore, it was demonstrated
in this work that the formulating cleaning agents were very effective for cleaning and economical in the possible introduction

of water recycling system.
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Table 1. Physical properties of LAE series surfactants
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Trade name

Characteristics Unit Analysis method

LAE-3 LAE-5 LAE-7
Appearance - Clear liquid Clear liquid Clear liquid Visual inspection
Color APHA 5 5 5 ASTM D1209
OH value mgKOH/g 169.7 135.2 111.4 ASTM D 4252-89
Degree of EO addition mol 3.10 5.02 7.03 ISO 1065
Free PEG wt% 0.05 0.36 0.24 ISO 2268-1972
pH - 6.9 6.8 6.8 ISO 4316
HLB - 8.3 10.6 12.3 Suppliers document
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Fig. 1. Typical ethylene oxide distributions of LAE series.
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AHA A AAEAM = Bt 7] B ogUdo] Hold wio =& Of
W microemulsiofd &] AAA7F A5EA At 2 AxA = WO
microemulsiofd =) AAA 2AE 3685 Azt B4 © A%
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o] vlo] & AMBFAE HestGArt. vlo] & AHBIA = ofAT 2
o] ekFe 2 C12} C14) Hl7} 40: 6@ B]E /X2 glom, Hokd
ethylene oxide(E®)] B+ &= 3 mole(LAE-3), 5 mole(LAE-5), 7 mole
(LAE-7)&A], Z}2+9] HLB 3+ 8.3, 10.6, 28] 12.3]9tH(Table 1).
Hlo]& AHBA = ECS] F7F Fe] B free PEGES] &4 o5
webA] vlo]e AHEAdAe] &5 (cloud pointp] SERA Hrt. HZ
d ¥l 2A FL EOF7F £XE Kol vlo]2 ARMBAAA = &7H L
Ao} E AolA = bl Hlo] 2 AR BAGA S ARS8 o, ©]
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N-1~N-122A 52| 7§, v]o]& AUBAGAZA LAE-70] AHE-EI9
ou, Bz AAEA Y AHEA L] B|(A/S ratio)s 0.5-1.5714]
HEA)7| 2, v o] AHEAGAS 8.7-18.2% 14 HBA7|HA], 1252
2AAES AR N-13~N-24] 24 EL& LAE-LE ARS-8F30H,
N-25~N-36] A &2 LAE-3S AME5ET, N-13~N-24% N-25~N-36
9] 2AJH= N-1~N-12} 22 siele] A2 &S A=x5rh
[Table 2(a)].

7t 2E BL, AAF oz 2UdE2l D-limonene] F444-0]
W, D-limoneng} Hlo]& AMBAA 2] £l 2 WelA] &= |
H Welld, B3 Bx AREgAe] o] SUkE = P, 53] AISE
37} 0.5, 0.7, 1.0/28] 2 1.52 Wty = RAFERA A7) e
ul, o]elgl Wslof wE B4 9 AR vAE FEs st} §
At} (Fig. 2).
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Table 2. Compositions and physical properties of W/O microemulsion systems containing nonionic surfactants(LAE 7/LAE-5/LAE-3), &g D-limonene

and BDG
(a) Compositions of N-1~N-36
LAE-7 Series N-1 N-2 N-3 N-4 N-5 N-6 N-7 N-8 N-9 N-10 N-11 N-12
Lot number LAE-5 Series N-13 N-14 N-15 N-16 N-17 N-18 N-19 N-20 N-21 N-22 N-23 N-24
LAE-3 Series N-25 N-26 N-27 N-28 N-29 N-30 N-31 N-32 N-33 N-34 N-35 N-36
LAE-7 / LAE-5/LAE-3 9.5 9.3 9.1 8.7 14.0 13.6 13.0 12.2 18.2 175 16.7 154
D-Limonene 81.0 78.7 77.3 73.9 74.4 724 69.6 65.3 68.2 65.8 62.5 57.7
Water 4.8 4.6 4.5 4.3 4.7 4.5 4.3 4.1 4.5 4.4 4.2 3.8
BDG 4.8 6.5 9.1 13.0 7.0 9.5 13.0 184 9.1 12.3 16.7 23.1
Total 100 100 100 100 100 100 100 100 100 100 100 100
AJS ratio (BDG/LAE ratio) 0.5 0.7 1.0 1.5 0.5 0.7 1.0 15 0.5 0.7 1.0 15
(b) Physical properties of N-1~N-4, N-13~N-16, and N-25~N-28
Lot Number N-1 N-2 N-3 N-4 N-13 N-14 N-15 N-16 N-25 N-26 N-27 N-28
Surface tension(dyne/cm) 32.2 31.9 32.0 317 317 318 31.8 318 321 32.3 321 32.3
25°C 152 243 2.13 2.28 1.89 1.84 1.87 1.95 1.78 1.73 1.70 1.96
Viscosity(c.P.) 40°C 1.07 141 1.36 1.58 1.18 1.28 1.31 1.32 1.07 114 1.19 1.31
60°C 0.82 0.87 0.87 1.02 0.83 1.08 0.85 0.87 0.81 0.83 0.84 0.87
Electroconductivity(s/cm) 1.8 0.6 0.4 0.6 0.2 0.2 0.3 0.3 0.1 0.1 0.2 0.4
RIT S S S S S S S S S S S S
Phase stability = 40°C S S S S S S S S U U U U
C/ S S S S U S S u u u S U

*A/S ratio: Alcohol/Surfactant Ratio, C/I: Cyclic Incubator, R/T: Room Temperature, S: Stable, U: Unstable

D-Limonene

100

0 20 30 40 50 60 70 8 90 100  Syrfactant

Water+BDG ~ ©
Fig. 2. Partial phase diagram of the surfactant, D-imonene, and water+BDG
system.
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3-2. Z¢H MAEX2| one phase microemulsior®d 2&F ¢

vlo] & ARDAA 7} Sd ALY AL 20 wkl, vlol A
HEA L] HLBYF Gebgldl mbet o] skt uke ). Fig. 3(ay &
24ke] microemulsio®. 2 EA)5H &= H9YS Jehisith. LAE- 7S
ARE-aE AlPgA] Al2<F]Ql N-1~N-40] A5 -2°CEHFE A= 25
SEHA o] MalEA] HAY =& S48l & 23} 58-66°C
7R kg 3k B Ake] microemulsio® 2 5-A ¥ T). B LAE-
52 ARR-3E A1A] A28 N-13~N-16] 795 46-56°C L2714

o)1
T

Aol WallA] g e EAREOH, LAE-3S AT A9A A
299l N-25-N-28) 3 28-30°C7H) o] Wakslx] o e =

Aste, wlo] & AWEgA 2] HLB mhepA] AA Gake e 2S¢
G}, o= Hjo|& AHEAA 9] dukxel AT dAshs 7S
HoEr}, vlo] AHE/GA L] %133 434 (amphophilic property)
< 23 (cloud point, c.Pa} wi5- BHE FAS /R ). S o]
AREGA Y] 227 R0 =2sta-g o v]o] AHEGA Y] oF
84 4Ee Dozl &4 AEE A FHol 243 E Ale)
1| 7o) #8532 A Frk. HLB ko] 12.31 LAE-72 AlE-
N-1~N-42] Z-9-7} HLBZk?] 10.8) LAE-5 A]2~#7} HLB 7kl 8.3
LAE-3 A|Z=Elof] H]3] -9 £ 2L71R] dddo s EAshe &
49 RAFT Qe AL vjo]& AW EO It Bt &
ool met &Fe] ZUIsle] A=t T2 2=71X] microemulsio: S
Ao FRANE Ao T 4 gk ma B A|2=E-LE WO mic-
roemulsio®. 241, H]o] & ATHEA A= g o] A3 B3 29 A
EL vol

oo rlo 1

M opo o

| Atele]] EAE A At e = AdEdA o 735
AhA ez Aol AL vlol2 AR vlete], E53} 9de
A Atolo] HlwlA B ofo] EAE & glovt, 27t Skl i
2} Hlo] & AR apio] TrketaL, AFAALE 0d So29
o] SIHEA At &3 249 AW Afololr] AWAHE W L
W/O wiolzzed 9] F9A-E FAAA F4 wlol2 AldgdA
7F edsor BakeAl Aol mEbA, Aol 9] Hlo] & AHEdA <]
FE7t A, ARHOE A Tt AaEwA o] EelHE

Aow AEA.
HLB7} 2& Blole AMBYAES AHg-a 29
: 1 = 9

= AAALR A% gdie] EAlsle 2% d9de & 4FE 5
A s, BE ARSAAA Y RS o R EAEE 2Ed Y
2 FFS FL & F Ut N-1-N-4] A BE AHE BE AW
A8} AldBdA) 2] 8] (A/S ratioy}t 0.5-1.5 7k 2 glon, Bt A
WagAe] kol Fvhl whabr, el vt wolRle A¥E

A7} 2 Brhe A0 2 Afdtts A8 A7 ¢
=, Alagle] agdo] SHEER FHelrt He 257t
T RBLlr} vlo]E AUBAIA Y] ko] Foldl nf& A
AJS ratiot T 2710l dybH o= ulol AHE
Shego] S7FEY ulEbA] o] £k AA] FUkEE HE-g B
2 THFig. 3(b)].

Bodel At Al 40-60°CellA] o Fo] R AL dEA fom,
webA, A9 ARE BE, LAE-3S A3 A Ale=e AL
FZ AARNME A & e, 40= o] e SXolA AR A
FE 2 A3l ¥ @85t (Fig. 3, Table 1).
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Fig. 4. Comparison of flux removal efficacy by dipping method for clear
ing agents with different formulations.
(a) Comparison of cleaning time of the 100% flux removal by
ping method for cleaning agents with different nonionic surfa
type systems. (b) Comparison of flux removal efficacy of N-1, |
and N-25.
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Fig. 5. Comparison of flux removal efficacy by dipping method for cleanir
agents with different formulations.
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Fig. 6. Comparison of flux removal efficacy by sonication method for
cleaning agents with different formulations.
(a) Comparison of cleaning time of the 100% flux removal by soni-
cating method for cleaning agents with different nonionic surfactan
type systems(b) N-1~N-12 series containing LAE-7.
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Fig. 7. Instrumental measurements by dipping method for cleaning age
N-22.
(a) Flux residue (%) by dipping method. (b) UV measurement
5, 10 minute. (c) FT-IR measurement before cleaning(0 minut
after cleaning(10 minutes).
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Fig. 8. The removal of flux by gravity separation of the contaminated rinse water.
(@) Comparisons of water-oil separation efficacy. (b) Photographic views of water-oil separatif@.at 60
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