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Abstract : In this study various cleaning evaluation methods were tested and comparatively evaluated to help
cleaning industry. In order to select alternative cleaning agents objectively and systematically, various cleaning
evaluation methods such as gravimetric, optically simulated electron emission (OSEE), contact angle, and
analytical instrument methods were employed for cleaning contaminants such as flux, solder and grease. The
analytical instruments used in this work were Fourier transform infrared spectroscopy (FTIR), ultraviolet
visible spectroscopy (UV-VIS) and high performance liquid chromatography (HPLC). The gravimetric method
was able to measure cleaning efficiencies easily and simply, but it was not easy to analyze them precisely
because of its limitation in the gravimetric measurement. However, the OSEE technique was able to measure
quickly and precisely the cleanability of cleaning agents in comparison with the gravimetric method. The
contact angle method was found to be necessary for taking special precaution in its application to the cleaning
evaluation due to possible formation of tiny organic film on the substrate surface which might be generated
from contaminants and cleaning agents. In case of precision analysis that cannot be done by gravimetric
method, fine analytical instruments such as UV-VIS, FTIR and HPLC could be used in analyzing trace amount
of flux, solder and grease quantitatively, which were extracted from the surface by special solvents.

* To whom correspondence should be addressed.

E-mail :

jhbae@suwon.ac.kr
81



82 ZFZU/z H154 H2Z, 20094 62

Key words : Cleanliness evaluation method, Industrial cleaning, Cleaning agent, Wet cleaning, Cleaning

efficiency

LM 2

AP AFS Adske AelMe FEIU AFE0]

2= AFY £F A D 7ls L L A8 FAl T
o A 2AE = ok WA A A F4 9 71
T AFY e W VT T FEE ALY A% Y A
£ Agsr] Asl edte, A9 BE AAdEeklM AYEH
o] AEH 1 {1l T2y HIZHAE AR A
A ABARA ARETE TRt &9
AE2<Q CFC-113, TCE (trichloroethylene)e} @M 4| E
2l MC (methylene chloride), PCE (perchloroethylene) &
o} FaA AP A7 wol AHEE I ok A AAQAE AR
He FAETA T8 ARAE A, 54, 74, He T
A 8 EARC] ool olE AR 2HE RaE 5 Q=
B} @333 QA =99 ool FuiEHy
UTH2L:
FAAGA] AN ITEE A" Asde A,
B34, A, A T& AAFA AR -t A =915}
oo} shi} o]F A BF U AFY 243 75l A
ek IS A AT A7 2T + JAokE i
AR eE AT olf7t ok A ARAEE Bt
= o RE Unkd NIRRT EAVI7IE o] 8% 3
AAPRM R vYE F Y, o] FelA FEAEF P
= A% EE B8 AR dFets S A YYE 24
o] LAEE FEI] S o] itk UxbAQ ok
W2 AUEE "HoAA R 317ke] £49717] glo] HEskA &
Bl ARsE B2 & s ARl Qo] Aol &
o] o] &H L glor, o] WHOoRE S, OSEE (optically
stimulated electron emission)¥[3], =7t &A1Y, Fs+& ]
72, wohdZId, ey, 7, BN, ¥ Sl o
o} o] g ARkl FIPPEL- of2] F@ol AAEA e
o] AtH4.5].

L7171 A% Siele A oVdE 19e A4 #E38
+ Q] FTIR/ATR (Fourier transform infra-red spectroscopy/
attenuated total reflectance), SEM (scanning electron
microscope), XPS (X-ray photoelectron spectroscopy), SIMS
(secondary ion mass spectroscopy), AES (auger electron
spectroscopy), AFM (atomic force microscope), XRF (total
reflection X-ray fluorescence) 5] 911, A IAAE A9
LFES FE3 S48k WY TOC (total organic carbon),
UV/VIS (ultraviolet/visible spectroscopy), FTIR (Fourier-
transform infra-red spectroscopy), HPLC (high performance
liquid chromatography), GC (gas chromatography), GC/MS
(GC/mass spectrometry) S¢] 24171718 Akg3H= Wo] Ik
[4,6-7).

HZ7HA U9 7133 AGAleM e Eoel wEkA o
&gt APA H7PH S =/A8sta Aok 8-S Br)st
=92 X E7HA] o dhgo] AT Jevt A s 9
gkl zke} ol thdt A1RAS Hrlshs Whiel g AR
A7}y vl &S Aol o AZA] RESHE W ok E£3
AL 3R QA 71wttt ZH7] o8 AIBA F7PEE AY
Agstn QL Akde] HAdEE AET ol FFo] FUs)
A1 BAS 725 7P 23Y AZo] A7EHIL JeER B
o ARH oz AT S B2 & e B7HH Aol de
3t

FU Lol AFA Hrtet BAE ATFEE XPSE o] §3}o]
WA dlo)s MR £4[8], 94 Eet=vHremote plasma)
o 2% photo-resist AEH £A[9], F&5EH AYE F7t
[10] 5ol g3l on SIMSE o83l f{el/AdyE 7|
A Aol AR dxe ad(ll], deIdoels x4
9] FEETE F/HI2), AFME o] 8% fEdEd A F &
@ 71387)(roughness) % Z4[13], SEM3} HZ£zt 53 &
A& o] g3k ZEkAE TS FHE FHM4] TH E2> 2
Tofl gt 1elu FerdnF S o] g3t ol AA
7168 o] 4% dolve] EdAA TE15], TOC, FI-IRE
olg-3t Tl 73 AAA RFF AA[16] T B Fof
o] AFeld AR Bt kst S4EU oY, ol AT
= 422 ARA By Aga 7)Ee] wet A LHAe
o, 44 FAdHEe] AT vudte £REHA Gk

FH o)) Min ${3]2 OSEEY & 0]&3}9 flux, solder, grease,
cutting oil 52 ©FE) thdt AR H7HAPE FHso
flux 9 cutting oil £ FES F$ FFHOE= FHo] oL
Fujge] AFE7HA] F3E & AQAT F5AAY 2717}
AAY 12X g2 solders} 1A AR A& OSEES
UVE HiA} T F48024 F7o] o sl
OSEEH-& gAY Eo| #8)A(ultraviolet ray; UV)E H|FH
AR E Fho) EASHs 2880l o] g F5T F UALE
FAAe] kg HAE) NN ZAE FX]3 ARE 0830 A
A BE Sy o] WL M E 2HGES] ol B
£5E UV 4§ Yo| 5310 OSEEY] 535371 ZofA Al
A AREE AFHoE v|w FFE  oH, SHYNEIH A
&3 JeRt v)8E, b9kl whgoln Al&sta g
& Z4o] Fhsat oA, fEl e LHB L o] Sty
o] gkabel FRafeo] 3] Aol FAo] o Tio] itk

B Ao AE7HA 48R gekd A8 Brr s
oA Aol 4A -S43t AM8E < e THY HSH
7}, OSEE, HPLC, UV-VIS, FTIR 52 o]&3F J714-8¢ 4
B33 o) AR BEHE vmste] 74 FPPHES] B

=0
@48 globsla} dkgivt. 3 solder, flux, grease §-2] Ttk
gt 298 L Z 2gdEe Aol F& FYSHE



Clean Tech., Vol. 15, No. 2, June 2009 83

Table 1. Formulation ratio of cleaning agents and soils

Cleaning agents

Soils
MG EG BG IP-G IP-C MC IPA Hexane
E-1 100
F-2 70 30
Flux F-3 40 30 30
F-4 100
F-5 100
S-1 100
S-2 70 30
Solder S-3 10 70 20
S-4 100
S-5 100
G-1 100
G-2 20 80
Grease G-3 10 10 80
G-4 100
G-5 100

(glycol ether)A, o]Z-v}eti(iso-paraffin)Al 55 UF%F Wg
& &3l g Al Al el @Z(alcohol)AR) IPA (iso-propyl
alcohol), oM FA1E3221 MC (methylene chloride)Z B
2 AIBAE AT 015 APAE dellM 7% 3
TPIEEE AEA BUHEE Agste] A Aol oA
ARAE dested 2848 = Y Tfol Hux & a7
£ FHsA

2. o

o

21, 8= ¥ MEH

Aol AHE 2HES A2 R QA ZH IS
o] 2P FAA FHS 83 3] daA AEHE
flux (abietic acid, Aldrich), J9-4 3tZog B solder
(solder paste, Koki Co.), #&8%45F F3}7] o8¢ iz
Hlo]H o] @o] ALEHE grease (KBR, #ZdM )2 WA}
o AZA H7HE AFEIATHLT).

Ao AH-E flux MAAZE F380] Fol A7 FFe
A7 el 712 duR Bo] AMgEE S| FHEA

Initial amount of doped

contaminant on the surface

MG (methylene glycol ether, 99.9%), EG (ethylene glycol
ether, 99.9%), BG (butylene glycol ether, 99.9%)5 ujj3}st
F-1, F-2, F-3 "i3rA) A A9} IPA (iso-propyl alcohol, 98.0%),
MC (methylene chloride, 99.9%)2 &35t} solder?] Al
Az ofzale W i HEE $aa e sk
A €49 IP-C (Isol C, SK Chemical)?} IP-G (Isol G, SK
Chemical)Z #j3+st S-1, S-2, S-3 wj& 4449} IPA, MCE
18] grease] MAARE IP-G, EG, BGE w33 G-,
G-2, G-3 AP A} MC, hexaned AME-sto] vla Hs}
RTHI8L & A¥e) AMEE 2= U AHSE A A )
% v]&E& Table 14 Yepjgich

22, MEd BrryY R X

oeFst A B7HHE oA vlad A vger %
WA S84 & e %Y, OSEE, %7}, HPLC, FTIR,
UV-VIS H& Adgste] A4 B7HE stk S3HS A%
Ao ABAEE vlwE7t 7hed HHOE A H JFE 2
A=) BAZ 2R3 27] Ade] 2Q9 F3} v Eq
13} 0] AR EEE AeroTh

ol

Residual amount of contaminant
on the surface after cleaning

Cleani L _ %

caning efficiency hitial amount of doped contaminant on the surface 100 1)

Chemaning efficiency by OSEE method = %(_C;fB) 2)
( Ritial transmittance of )—( Transmittance of

contaminanted glass piece cleaned glass piece (3)

Cleaning efficiency by FTIR method =

Iitial transmittance of contaminanted glass piece
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Table 2. Evaluation methods of cleaning ability and instruments used in this work

Evaluation methods

Instruments used in this study

General method Gravimetric

Electronic balance (E02140(210g~0.1mg), OHAUS , USA)

OSEE Optically stimulated electron emission (SQM-200, PHOTO EMISSION TECH., USA)

Direct surface
Contact angle

Video contact angle measuring system (Kruss, DSA-MK2, Germany)

observation
FTIR FT/IR-4200 (JASCO, Japan)
Analysis of UV-VIS UV-vis spectrophotometer (JASCO, V-530, Japan)
extracted FTIR FT/IR-4200 (JASCO, Japan)
contaminant HPLC HPLC (JASCO, Japan)

Table 3. Experimental conditions of gravimetry, OSEE, contact angle and FTIR methods

Cleanliness

Cleaning process

evaluation methods Substrates Soils Cleaning agents Cleaning Rinsing Drying
Gravimetric Flux F-1 ~ F-5 )
OSEE SUS304 Immersion Dry oven
Solder S-1 ~ §-5 cleaning . .
Contact angle 20 min, 25C) (10 min, 607C)
min,
FTIR Slide glass Grease G-1 ~ G5

3 OSEE: Al A%9 F44E 2dE OSEE 7|72
UVE 248t 54 ¥ OSEE peak B¢ AFE 7319, 1
peakE o} 9] Eq. 29} o] AAlEtd AP a &S Felch
OSEE®] FAA Q1 4ol disiXE Min S[3]0] 2E 3t
w0l 28] Z1eE o] ok o174 A 7§38 AR 2] OSEE
9] peak AFolil, BE LHES EX T AJH2 OSEES] peak
A5roln, Cx A e AH 2] OSEEY peak AFE <Jnjsich

AELL E0E9 A Bdo] P 48 94 348 H3)
i Fste] 35902 FTIRS 0.5 mn F79] glassS A7
FAshs WS FEEAUS Wyste] 53300k FTIR A
HEES TS Eq. 302 ARSIt Table 20 £ A3 2] A)
/3 B7F ARl AREE Aue AlEE AElEgnh o474
F3HE(transmittance)>  frE|AJHel YAFE W) K(Po)el o
& FrEAae FHe U] P9 F&((PY/P)E T3}

2.3, Ay 9
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A& AZE F 60ToNA 1243 79 $ Ao Y3l

Solder:= A3(1.0 g + 0.05 )& FYsA =Xt flux
9] 3 32o] 60TAA T-9 Ao AH3}R 1, grease:=
solder?] =X W7} FUsHA AlH DF=0.5 g = 0.02 g)
9] LHES EXT F 1247 T A2 AHAA AP
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G FAAR F Aw 34 glo] 60T 2B AxE H

7k A A7 vk S, OSEE, A&7 £33t
A, OSEEE 3], 4572 Xd gdz 24go
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AP EEZ Axtatlon, $%, OSEE, %7}, FTIRY
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Ox BdEE AlE el FFHORE 100% AFE AlEe
Adeste] AHEBIITE 242t Al S 24E°] flux, grease,
soldergl 7% Z}Z} £ IPA, hexane, methylene chloride
80me &ofol FAANT 1, 2F3H45 kH)Z 1AIZF F 2
2& FEato] Alde H vF 2FEFS EAEATH

A dAES] ZR AF QFES FE FBEA
k= w0 2 HPLC, UV-VIS, FTIRE o] 43 H71HE v
W3t UV-VISE o] 88 2842 fluxE IPA, grease
+ hexane, solderi= MC £ujjof] FE% (500, 300, 100, 80,
60, 40, 20 ppm)E LA BEFENL 5] EYLE =
Ak, Hd FFage FREE V|EoE AR A4
3lo] 22189t} UV-VISE response: medium, band width:
2.0 nm,‘ scanning speed: 1000 nm/m, data pitch: 2.0 nm,
measurement range: 600~200 nm, lamp exchange WL:
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HPLCE UV-VISe} 598 FFEdor FF34e 24
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Figure 1. Comparison of cleaning evaluation methods for flux cleaning: (a) gravimetric, (b) OSEE, (c) contact angle,

(d) FTIR.
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Table 5. Residual quantities of solder extracted from the cleaned substrate that were measured by FTIR and UV-VIS

Equation of

Residual quantity of

Methods standard curve Unknown sample solder
_ Abs. = 0.060,
FTIR Abs. = 0.0013+0.0014xConc. Conc. = 42.23 ppm 0.357 mg/cr
Abs. = Abs. = 0.0977
UV-VIS -0.0216+0.0028x Conc. Conc. = 42.61 ppm 0.360 mefert
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Figure 2. Comparison of cleaning evaluation methods for solder cleaning: (a) gravimetric, (b) OSEE, (c) contact angle,

(d) FTIR.
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Figure 3. Comparison of cleaning evaluation methods for grease cleaning: (a) gravimetric, (b) OSEE, (c) contact angle,

(d) FTIR.
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Table 4. Residual quantities of flux extracted from the cleaned substrate that were measured by FTIR, HPLC and

UV-VIS
Equation of Residual quantity of
Methods standard curve Unknown sample flux
FTIR Abs. = 0.0717+0.0038xConc. 0.990 Abs. = 0.2182, 0.257 mg/cw
Conc. = 38.55 ppm
HPLC Height = 1.1073+0.8142xConc.  0.999 Heighe = 31.6, 0.249 mglert
Conc. = 37.45 ppm
UV-VIS Abs. = -0.0438+0.0034 xConc. 0.999 Abs. = 0.0848, 0.252 mg/cw

Conc. = 37.82 ppm
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Table 6. Residual quantities of grease extracted from the cleaned substrate that were measured by FTIR, HPLC and

UV-VIS
Methods Equation of Unknown sample Residual quantity of
standard curve solder
— Abs. = 0.0780,
FTIR Abs. = 0.0064+0.0013xConc. Conc. = 55.10 ppm 0.367 mg/crt
. Height = 3.9
H . = 0. . . ’ .
PLC Height = 0.5290+0.0629%Conc Cone, = 53.59 ppm 0.357 mg/cnt
UV-VIS Abs. = -0.0152+0.0010xConc. Abs. = 00447, 0.399 mgleri

Conc. = 5991 ppm
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