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Abstract : It has been reported that the LCD panel market in the FPD industry is become growing and its panel
size and production capacity are increasing, and its manufacturing technique is improved every year. FPD
manufacturing process requires high cleanliness in its overall process. Especially, FPD cleaning process which
accounts for 30~40% of total manufacturing process is very important in its technological and productivity
aspects. It is difficult to remove residual liquid-crystal in the fine gap after liquid-crystal injection process in the
cell.

In this study, aqueous cleaning agents with excellent cleaning, rinsing, and penetrating abilities, but minimum
ion content for LCD panel were formulated through mixing glycol ether-type and glycol dimethy! ether-type
solvents and nonionic surfactants which are widely used as raw materials for alternative cleaning agents because
of environmental regulation at home and abroad. And the formulated cleaning agents were applied to clean FPD
liquid crystal after its injection in the cell. Physical properties, cleaning efficiencies, and rinsabilities of the
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formulated cleaning agents with different combination ratios of solvents, surfactants and additives were

measured.

As experimental results, the formulated cleaning agents showed higher wetting indices and cloud point than the
traditional commercial cleaning agent. And it was found that cleaning efficiencies of the formulated cleaning
agents were influenced by the structure of main solvents in them and the types of liquid crystal as soil for
cleaning. The best cleaning agents among the formulated cleaning agents showed similar cleaning efficiencies
and better rinsabilities compared to the conventional cleaning agent.

Keyword : FPD, LCD, Liquid-crystal, Aqueous cleaning agents
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Table 1. Structure of the main solvents used in this study

Classiffication

Diethylene glycol mono-methyl ether

MDG
CH;-O-CH,-CH,-O-CH-CH,-OH
Glycol EDG Diethylene glycol mono-ethyl ether
ether CH;3-CH;-O-CHy-CH;-O-CH,-CH,-OH
Diethylene glycol mono-butyl ether
BhG CH-CH - CH-CH,-O-CH-CH-O-CH-CH-OH
Main DMG Ethylene glycol dimethyl echer

solvents

CH3-O-CH-CH-O-CHa

Glycol DiMG

Diethylene glycol dimethyl ether
CH;-0-CH;-CH,-O-CH;-CH-O-CH;

dimethyl
ether TrMG

Triethylene glycol dimethyl ether
CH,;-O-CH,-(CH,-O-CH;),-CH3-O-CH;

TetraMG

Tetraethylene glycol dimethyl ether
CH3-O-CH,-(CH;-0O-CH,)3-CH-O-CH;

Table 2. Properties and structures of the surfactants nsed in this study*

Classifficati i
assithication Structure Mole‘cular HLB De“s‘?’
Surfactant weight (g/em’)
CH;
RPB 513 1300 15.6 1.050 £ 0.005
CiHy-O-(CH,CHO),-(CHCH,0),~-CH,CH,OH
CH;
FN-10 - 14.1 1.009 + 0.005

R~-(CH,CH,O.CH,CHO),-H

"MSDS clipping

Aoz Adsrizt sidvk kel Yag olfE WX
e 548 Aol E AFE AHEE A B A
F40] & AFE AFA] BAVL Yore Axgo] S5
slojok givt, AlgAle] du 2 FAER 44 FodA glycol
ether?] alkyl chain®] Zol@¥3te} glycol dimethyl ether?]
ethylene oxide?] ¥}, 78] 1 EO/PO type AEBA] A 2]
EO/PO ratioo] wh2 AGEE 3l Awd, 7] v]xE= 4
F& Asksick

2.4 ¥

1A

o

M=

2.

£ ATolME glycol etherAl &4 FollA] alkyl 717F A=
UHE diethylene glycol mono-methyl ether(MDG, Hannong
Chemicals Inc., Korea), diethylene glycol mono-ethyl
ether(EDG, Hannong Chemicals Inc., Korea), diethylene
glycol mono-buthyl ether(BDG, Hannong Chemicals Inc.,
Korea), 712 3L glycol dimethyl etherA| € 2} {4 o)A EO
Brieko]l M2 thE ethvlene glycol dimethyl ether(DMG,

Tokyo Chemical Industry CO. Ltd. Japan), diethylene
glycol dimethyl ethex(DIMG, Tokyo Chemical Industry
CO. Led. Japan), triethylene glycol dimethyl ether(TriMG,
Tokyo Chemical Industry CO. Ltd. Japan), tetracthylene
glycol dimethyl ether(TetraMG, Tokyo Chemical Industry
Co. Ltd. Japan) 5¢ 7714 £#& Table 194 X ulg)
ol AA L] FEAR Ao At a8l Bxd
A7 diethylene glycol mono-ethyl ether acetate(ECA,
Hannong Chemicals Inc., Korea), propylene glycol
mono-methyl ether acetate(PMA, Hannong Chemicals Inc,
Korea)$} ethylene glycol mono-benzyl ether(BzG, Hannong
Chemicals Inc, Korea)Z 4738}tk 1213 EO/PO type 7|
HBAGAZ EO/PO ratio’} & RPB 513(polyoxyethylene-
polyoxypropylene alkyl copolymer, Hannong Chemicals
Inc., Korea)$} FN-10 (polyoxy ethylene-polyoxypropylene
alkyl ether(Hannong Chemicals Inc., Korea)g ®t}& &
Algol Aol ARgsti o 729 54E Table 20| e
yi sl
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2.2 AlEigp ] alkyl chain®] Zold3l7} 9 glycol ether APMDG,

- EDG, BDG)& #i el #7849} Table 43} 2o} F274+2] EO9]
MRS ‘ga_! AOIRIA EF oHxXASREHAL Iy N
221, ““ox'ﬂ Hu Sl TS, ﬂE, "IOCDORO o [' gk s} gl glycol dimethyl ether ﬁ]%(DMG, DIMG,

FPDE =AM A 2] a2 Table 39} Zo] AR 73273 TriMG, TetraMG)S 5842 8o EO/PO type?] o] &A1

Table 3. Formulation ratios of the cleaning agents containing glycol ethers

cxea:;;g Xg";;‘"t";‘“'*--~~-Mw§?ﬁ‘:’:'_‘i“" MDG EDG BDG ECA PMA B:G  RPB 513 FN-10
MDG:PMA:BzG:EN-10 (MPBF) 44 . ) . 40 15 . 1
MDG:PMA:BzG:RPB (MPBR) 44 ; . . 40 15 1 .
MDG:ECA:B2zG:FN-10 (MEBE) 44 . - 40 ; 15 - 1
MDG:ECA:BzG:RPB (MEBR) 44 . ; 40 - 15 1 ;
EDG:PMA:B2zG:FN-10 (EPBF) - 44 - ; 40 15 - 1
EDG:PMA:BzG:RPB (EPBR) - 44 - . 40 15 1 -
EDG:ECA:BzG:FN-10 (EEBF) - 44 - 40 . 15 - 1
EDG:ECA:BzG:RPB (EEBR) - 44 ; 40 ; 15 1 ;
BDG:PMA:BzG:FN-10 (BPBF) - - 44 ; 40 15 - 1
BDG:PMA:BzG:RPB (BPBR) ; ; 44 - 40 15 1 :
BDG:ECA:BzG:FN-10 (BEBF) ; ; 44 40 - 15 - 1
BDG:ECA:BzG:RPB (BEBR) . . 44 40 ) 15 1 -

Table 4. Formulation ratios of the cleaning agenis containing glycol dimethyl ethers

No | Ccaning Agens M%fffiff“‘s DMG DiMG TrMG TewaMG PMA  RPB 513 FN-10
DMGPMA:RPB (DPR) 50 - - - 48 2 -
1 DIiMGPMARPB (DiPR) - 50 - - 48 2 -
ToMG:PMA:RPB (TriPR) - - 50 - 48 2 -
TetraMG:PMA:RPB (TetraPR) - - - 50 48 2 -
DMG:PMA:RPB (DPR) 60 - - - 38 2 -
s DIiMG:PMA:RPB (DiPR) - 60 - - 38 2 -
TriMGPMA:RPB (TriPR) - - 60 - A8 2 -
TetraMGPMA:RPB (TetraPR) - - - 60 38 2 -
DMG:PMA:RPB (DPR) 70 - - - 28 2 -
DiMG:PMA:RPB (DiPR) - 70 - - 28 2 -
5 TriMG:PMA:RPB (TriPR) - - 70 - 28 2
TetraMG:PMA:RPB (TetraPR) - - - 70 28 2 -
DMG:PMA:FN-10 (DPF) 50 - - - 42 - 8
4 DIiMG:PMAEN-10 (DiPF) - 50 - - 42 - 8
TriMG:PMA:FN-10 (TriPE) - - 50 - 42 - 8
TetraMG:PMA:FN-10 (TetraPF) - - - 50 42 - 8
DMG:PMA:FN-10 (DPE) 60 - - - 32 - 8
DiMG:PMA:FN-10 (DiPF) - 60 - - 32 - 8
> TriMG:PMA:FN-10 (TriPF) - - 60 - 32 - 8
TetraMG:PMAFN-10 (TetraPF) - - - 60 32 - 8
DMG:PMA:FN-10 (DPF) 70 - - - 22 8
DiMG:PMA:FN-10 (DiPF) - 70 - - 22 - 8
6 TeiMG:PMA:EN-10 (TriPE) - - 70 - 22 - 8
TetraMG:PMA:FN-10 (TetraPF) - - - 70 22 - 8
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Table 5. Experimental conditions for the cleaning test

Classiffication

Specimens size and Liquid crystal cell

surface area G0 x 25 x 1 mm, 0.319 dm)
Contaminants Liquid crystal
Ultrasonic frequency 43 kHz
Operating temperature | 40°C
Cleaning time 30, 60, 90, 150, 210, 330 (seconds)
Rinsing time 5 min

10 min ¢(1107C)

Polarized optical microscope
(Nikon, Eclipse Me 600, Japan)

Drying time
Analysis methods

fEgom, 1 £ mixed LCE 7] ZHAES AebygA, &5
NG L3ld HAES G&slod AL AF S HA A
oAl AFR-3IIL QlE HFE Fato] ARSI ™ TN (twisted
nemmatic), STN(super twisted nematic), TFT{thin fhm transitor)
g-0] Aol TEE mixed LC, Chisso AF8] Chisso, Merck
Abe] Merck LC#F STNE A4 9] Al B4E 23 e
STN LC3# TFT LC2] sampled ¢o] EE HAlglo] 4
ol AHgssic

2.2.3.2. MExel MEds Eot

i Al A, B W gajgo] e A%
AE AAGsto] Aol thste] Table 59} 22 A A%
‘A7 Adsigien Ad AAAE HEeFeE Agst
o e Al A% wlastach ARAgA
(TCCA ; Technical Conventional Cleaning Agentys Y£ Y
Abe] FAMG A2 FPD 9] g Mldel 8 4= 9
= AEE Aok AR Brte WA 93g S84
o] mA ZfAtolel] Ek-g Wolme rhgaiE] Ko A&
FUE F AF2OlA 1AL A skleh 2Eln BEde RS
o]-&38lo] o] Foly Ao ofof-g olu|{ & HYPslo] 2]

of Eolgle 29E88 wag Atsisivy 2l AAgA 50
mlE vpojehel] -0 40+1C] L EE e 253 AF R
of uo] g @ F FujE A|WE HE A7 Table 59 =4
o7 A F ARYY] 4 999 ouAE FYsle] B
g T F o3 A @ g8 4P EEE Tk

N

CE(%) = ﬁ%%—%x 100 53)

oA7|A CEE Cleainng efficiency(%), BCA= LC area before LC
panel cleaning, ACAT™ LC area after LC panel cleaning®|T},

2,233 HigtMIEH S dzds &8 A8

A4 5%87ke AR45 Frkdd A ARAE o3t
o Table 63} 22 27 FFH5& Frisidon, I
‘dE B7Y HE o Z2h bare glassi PDPo]l -85 11
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Table 6. Experimental conditions of the rinsing test.

Classiffication

Specimen size and surface
atea

Operating temperatute
Cleaning time before rinsing
Rinsing time

Analysis methods

30 x 30 x 0.3 mm

25T
5 min
1 min 5 times

Video contace angle measuring
systera (Kriiss, DSA- MIW,

Germany)

Table 7. Experimental conditions of the
compatibility test

Classification

Size of test piece
Liquids volume

Temperature

Diping time

30 mmx30 mmx2 mm
100 ml

40T

1 hour, 24 hour

Table 8. Marking the results of the compatibility tests

States of Effects on Percentage of
Specimen the materials  weight change (%)
W2 > Wi Swelling + 00 %
W2 < W1 Elution - 00 %

31E glass panel® o}8l 7IEx el &
"@}m ‘“}‘ Bare g]ﬂ‘%wi IPAE 30- WL,‘:'} 2 -~fii]~ ‘ .w %E:%~ o;f}}j"}m 60°C

8| ‘{’%‘% ABE A

g dTAZRTIN 5EF Ax F AEAS S 0E
s <

A B0 mio] AJBE 45 kHz9 22932 587 A4S §}
Foll A2d F WEH4E FHa% 2203 100 mle) 2¢
7ol g T F AFAE FAs 2719 H4F2E et

o

e slew 4EHE FPanh
2.2.3.4, MR chEt B&F B
o

A A 2] Aol gk JEH k= JIS K 62582 &) hﬁ"l
F8Fo] Table 82] % {Lﬁ&:;i‘. ARE AWt o A4
oAl ARG AL Qi AR 40T FRol7) i 1 Bt
SE &0 Ayl deiglon 388 A F5Hi SUS 304
(SUS), alumininum(Al), polyethylene (PE), polypropylene
(PP), polyvinyl chloride (PVC), polyurethan (PU)2. 2 7t}
ARSEIAU RE O R ALEEE P GbEQ) AAE AAE
o} % Wskeo] AR thee] 4 8) R o] Hilg o)
&3to] AgAY Aol ik FFg FH7HE Alste] Table 8
I o] BEI §EYEE percentage® FE7|EFGATE

=

;.‘

w2 - Wi

714 PWCE Percentage of specimen weight change, W1-2
Specimen weight before dipping in the cleaner, W2+ Specimen after
weight dipping in the cleaner®]t}

Glycol ether® FEA R + 2
Folle Wt A Table ‘?Gﬂl H"ﬁi]r“tﬂ‘i"?ﬂ} Table 92} i}

Table 9. Test for phase stability, turbidity and 1L solubility of the formulated cleaning agents with glycol ethers

~~. Classification Phase Stability

e
Cleaning Agenis—.._

Turbidity LC Solubility

20C 40T 60T

20C

Ead
=
-3
fn ]
o
)]

40C 60°C 40T 6

MPBF
MPBR

MEBF
MEBR
EPBF
EPBR
| EEBE
EEBR
BPBF
_ BPBR
_ BEBE
BEBR

B>

6] O

coooopoo0O0B0
CODLDPOBBEDXOO

X

o]

(9}
X
]
O
O
O
X

X

3 ol Nl IS

g

X X

o>

XPb XKD O X XNKOD

CO0O0O00ODPD>OD
OO0 ® OO0 O X OMM
1 TE3 ‘F -

M b b KODPODO

* Phase Stability :
. O(very dear), Adclear), X(turbid)
: Overy good), A(good), X(poor)

* Turbidity
* LC Solubilicy

O(non phase separated), A(mixed), X(phase separared)
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Table 10. Test for phase stability, turbidity and LC solubility of the formulated cleaning agents with glycol

dimethyl ethers
—— Clasmﬁcauon Phase Stability Turbidity LC Solubility

No Cleaning Agezi?e}"“m 20T 40T 60C | 20T 40T 60T | 20T 40°C 60T
DPR O O O X Ay X O O X

DiPR O O ¢] X A X O O

TriPR o O O X FaN X O O

TetraPR O O O X FAN X O O

’ . o X S

0

DPF

DiPFE

TriPF
TetraP¥ ]

* Phase Stability :
# Turbidicy 1 Ofvery clear) Adcear) X(rurbid)
* LC Solubility : O(very good) A{good) X(poor)

ol diEEe MFTAGAIE A B gEelre 58
S Yty Y884 o= EPBF, EEBR, BPRF,
BEBRE A8ty 8 3 458 dehin ““61
MPBR#} EPBRO] - 53 A 8408 vehglan

5138 & AFAleld Aytd oz 7 fago] f $ 6}711

Uehhs 2%e B30tk a8jn Jade galges 94
SHAl WERsE o PMAZE SHEEIQLS o) AdjbgAdel o & 7

&= Horh RPB 5130] Hr7he 49 AQAV} e Jelg &
Asto] HErl ol Zos vehkton, FgA2] alkyl
chaino] ool we} B}l o & o= A %191%* 3
A Agad S FEAY FdFgRhs F2 AR A

Zhest AR BdA S ¥l o & 3R Yehyith e o

el AHEGAZE RPB 5130] wighd A9 FEA9
alkyl chaino] ZFr&% ga#o] F7lsla, FN-100] #jghs

74§ E-8-A) 2] alkyl chaine] Zold4% 23 go) %‘x?}%}v‘m

& WA Glycol ether& FEAZ & wlgAAgA FollA
Aol HgA Wate] Brt & ZAoE vehd MPBFSH
abgido] oF $& MEBR, LC $3140] QS BPBFS}

[oRE AN« 3 v ESA

O(non phase separated) A(mixed) X(phase separated)

BEBRE A|9j3 MPBR, MEBF, MEBR, EPBR, EEBF,
BPBR, BEBFE A1748lo] A4 4537l o] &sheick
Glycol dimethyl ether® 84| % w5t A7 ) 2] 424
A, B, $818 P7t A#E Table 106 YRSt Glycol
dimethyl ether& FT8A2 #Te9E Aol glycol ether
E FEAR S AR o T g} AH-gep
& BojFglent Ao gxrt "oejgo] #E i) A
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Table 11. Physical properties of cleaning agents containing glycol ethers.

Clewing | Doy Viscosiy 3000 oy Conductvy ol Weing Ui
(dyne/cm”) () () (%)
MEBF 1.020 1.92 35.1 N. D 52.9 5.1 54 15.13 78.27
MPBR 1.016 1.82 34.6 66 70.3 4.7 61.8 16.13 79.62
EEBF 1.019 2.01 36.7 N. D. 89.0 4.53 > 90 13.81 78.50
EPBR 1.014 1.95 36.7 63 102.8 4.42 > 90 14.17 79.22
BEBF 1.012 2.08 35.4 N. D. 113.2 47 693 13,74 78.73
BPBR 1.018 1.98 34.3 61 123.3 451 53 14.99 79.50

# N. D. : No detection
Table 12. Physical properties of cleaning agents containing glycol dimethyl ethers.

Cpoion| Dendy Vi Tinion o TSSO gy e N o
(dyne/cm2) ) 40 (%)

DPR 0.999 2.09 38.30 39.50 66.40 431 62 12.48 80.63
DiPR 1.009 2.20 37.80 63.5 122.40 4.10 70 12.13 80.29
TriPR 1.014 2.29 36.0 64.3 154.00 4.39 77 12.30 80.15
TetraPR 1.016 251 35.4 64.0 87.10 4.37 77 11.43 79.03
DFPE 0.998 217 29.8 36.0 42.30 5.86 56 15.43 79.38
DiPF 1.008 2.22 30.5 67.5 108.00 4.86 64 14.89 79.61
TriPF 1.014 2.53 31.0 74.0 142.10 5.83 68 12.93 79.30
TetraPF 1.017 3.42 30.4 69.3 55.40 5.77 60 9.78 77.72
TCCA 1.017 3.31 3243 N. D. 29.4 5.46 43.3 9.47 80.39

¥ N. D, : No detection
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Figure 1, Foam abilities of the cleaning agents containing
glycol ether.
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Figure 2. Foam abilities of the cleaning agents containing
glycol dimethyl ether.
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Figure 3. Cleaning efficiency of the cleaning agent containing
three types of glycol ether and RPB-513 for Merck
LC.
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Figure 4. Cleaning efficiency of the cleaning agents containing
three types of glycel ether and RPB-513 for TFT
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Figure 6. Cleaning efficiency of the cleaning agents containing
three types of glycol ether and FN-10 for TFT LC.

3.4 MIEAe MEds H7 Zut

Glycol ether Al 4-& FE&AE et AFA 473 Memk
LCSETFT LCo| et MAg4% 97 5 Aol da 4
FG o] viebd 918 Figure 3~69 vlehigit) Figure 5
40]l ¥3= w9} o] RPB 5132 AR@A=R Nea 44

e BAARI0] A ASE AP 5o PHHE ATE
Bol T Qi o)l 9 BAe) we} AFEE ATo] o)
=27 vehtis Zem gwke] fich Wl Figure 5, 6914

e '\S F e W%mg‘% A ~

1 '@é\“ (;.f“

%t e

& |
s ms 135’?...,J ¢
) X J 4, i X H
23] 000 2600 W B0
Wavetiumbar {re- 1)
{(a) RPB 513
W
0k
' A IRITY
% }
\ V-
i
mm ‘
%7 L
i
|
i
sk !

& i i 4
a0 00 i) RUC ]
Wavsramber fome 1]

(b) FN=10

Figure 7. Results of the FI/IR analysis of surfactants.

By uts} ol FN-10& AHEGAR dest Agaoas
s ARl gotd g A Fe] THEHE ZEE B T 9
of Fgao) e Ao} F7teol ubel A Eo] BArE AL}
Astes Eag Bl & 4 ik oly AEidAe
EOQ/PO ratioe] whal A4l g oial 98:& v 9vkn
wed o] Figure 7ol Lebdl FIVIRE-A A3 1875/18502]
sAoll A2l ZF5u] 7} RPB 5132 A9 13757357} 18501
v 7k Al WERaL §lem FN-102] ¢t iR 135040 4]
o ZpshAl vhERsTE 1375/18509] spaluellA]e] Zpmnli

. POJEO?] ratio® UERY® RPB 5132 POS &ko] &1

FN-10:2 EO2] §¥fo] %2 21& o 4 ArH910]. ©] =&
off AAEAIAlL] EQOPO ratioo]] wheh AP A o o) gk ok
o] RithE vpehd Ao g

Glycol dimethyl ether 4|98 F-&A 2 afghet A4 A< A
4% 7} % ethylene oxideol] tf 3t A gko] el AE
UH Figure 8~11¢] YeRdSith RPB-513S AlE A&
gk QA2 - Merck LCA = ﬂm%%ﬂfﬂ EO F-7}8
o] ZhadhEE A se] BEE BEE Bl TFT LC
olME EO Rko] F7he4% 490 PEAE ATE
HAth 18]35 FN-102 AG8YAZ Hes AgAdM =

of%

T

S
3

&
<
T

2

Y
S
T

Cleaning Efficiency(%)
B
<

]

i 1y 0l i 1 1 i i

300 50 100 180 200 2350 300 350
Cleaning Time(sec)

Figure 8. Cleaning efficiency of the cleaning agents containing
four types of glycol dimethyl ether and RPB 513 for

Merck LC.
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Figure 12. Cleaning efficiency of TCCA.
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Table 13. Compatibility test of the cleaning agents (MPBR, EPBR, and BPBR) with various specimens

MPBR EPBR BPBR
Specimen

1 hour 24 hour 1 hour 24 hour 1 hour 24 hour
Al 0.00 % -0.03 % 0.01 % -0.03 % -0.01 % -0.06 %
PP -0.01 % 0.22 % 0,01 % 0.22 % -0.05 % 0.14 %
PU 2.84 % 32.80 % 221 % 2949 % 2,76 % 3344 %
PVC 0.01 % 0.65 % 0.01 % 034 % -0.01 % 0.13 %
SUs 0.01 % 0.00 % 0.01 % 0.00 % 0.00 % 0.00 %

Table 14. Compatibility test of the cleaning agents (MEBF, EEBF, and BEBF) with various specimens

MEBF EEBF BEBF
Specimen
1 hour 24 hour 1 hour 24 hour 1 hour 24 hour
Al 0.01 % -0.01 % 0.00 % -0.02 % 0.00 % -0.01 %
PP 0.01 % 0.10 % -0.01 % 0.08 % -0.01 % 0.07 %
PU 1.98 % 1657 % 1.81 % 15.14 % 249 % 20.05 9%
PVC 0.00 % 0.01 % -0.01 % 0.01 % -0.76 % -0.74 %
SUS 0.00 % 0.00 % 001 % 0.00 % 0.00 % 0.00 %
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Table 15. Compatibility test of the cleaning agents (DPR, DiPR, TriPR, and TetraPR) with various specimens

DPR DiPR TriPR TetraPR
Specimen

1 hour 24 hour 1 hour 24 hour 1 hour 24 hour 1 hour 24 hour
Al 0.00 % Q.00 % -0.01 % -0.01 % ~0.01 % -0.01 % -0,01 % -0.01 %
PP 0.07 % 0.21 % -0.05 % 0.18 % -0.05 % 0.08 % 0.0% % 0.13 %
PU 0.81 % 2072 % 0.48 % 13.14 % 072 % 14.4 % 0.52 % 12.64 %
PVC 0.08 % 5.56 % 0.00 % 1.27 % 0.00 % 1.36 % 0.01 % 0.20 %
SUJS 0.00 % 0,01 % -0.01 % 0.00 % -0.01 % -0.01 % -0.01 % -0.01 %

Table 16. Compatibility test of the cleaning agents (DPF, DiPF, TriPF, and TetraPF) with various specimens

Rinsing Time(min)
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Figure 16. Change of contact angle of the bare glass with

increase of rinsing frequency by formulated
cleaning agents with glycol dimethyl ether and two
types of surfactants(RPB-513, FN-10).
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