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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.
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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 Wig
S &3l g Al Al el @Z(alcohol)AR) IPA (iso-propyl
alcohol), oM FA1E221 MC (methylene chloride)Z B
T AIBAE AR o1 APAE dellM 5% 3
TP EE ARA BUHEE Agste] A Aol i)
ARAE dested 288 = Jes Tl Hux & a7
£ YAk

2. o

o

21, 8= ¥ MEH

Aol AHE 2HES Q2T R QA ZH IS
o] 2P FAAA FHS g3 3] daA AEHE
flux (abietic acid, Aldrich), J9-4 3208 Eg]:= solder
(solder paste, Koki Co.), #&84F F3}7] o8¢ iz
Hloj® ol o] A}8-H= grease (KBR, $7d4f)5 X143}
o A H7EE A FEATHT).

Ao AH-E flux NPAZE 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%)& ujj3}st
F-1, F-2, F-3 wi3rA) A A9} IPA (iso-propyl alcohol, 98.0%),
MC (methylene chloride, 99.9%)2 &35t} solder?] Al
Az ofzale W viA HEE $aa g 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] greased] MAARE IP-G, EG, BGE W33 G-,
G-2, G-3 MNP AL} MC, hexaned AHE-sto] vl Hs}
AFEH18). & A¥le] A8 2FE 9 AR i EA A <] ul
% v]&E& Table 14 Yepjgich

2.2, NEY B R EX

oFst A B7HHE FolA vlad A vger %
WA 428 & 3l F%Y, OSEE, 3&%7Z;, HPLG, FTIR,
UV-VIS & gt A3 7 st 3902 A%
Aoz AL v A5 WOz AR AFH o
A=) BAZ 2R3 27] Adel 2@9 I} v L) Eq
15} o] AHEES At

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 o o1~ s I“;mer_s“’“ Dry oven
Contact angle S o> cleaning (10 min, 60°C)
(20 min, 25C)
FTIR Slide glass Grease G-1 ~ G5

T3 OSEE= Al A%9] FAdE Z¥S OSEE 7712
UVE 2A8H 574 % OSEE peak B¢ AFE P39, 1
peakE o}#|¢] Eq. 29} o] Alilete] MAEZES Tl
OSEE®] 7AZQl 44 el tfsl = Min §{3]0] 2¥%3
=2l ZAI3] 71EE 0] itk o714 A 7)32e Al 2] OSEE
9] peak AFoliL, B LHES EX§ AJH2 OSEES] peak
A5oln, G A3 A)H 2 OSEES] peak A{HE ojnjsltt.

AELL EHET AR Bdo] 2= Zk8 44 355 A
I Fgste] 35197 FTIRS 0.5 mn $719] glassE A
FHhshe S FE2EAYE Hyste] £330k FTIR A
BEES T Eq 322 AXFSISITE Table 20 & 239 A
A A7t ARl A" Agule] AlRe Aelsigdd o714
F3}-&(transmittance)  F-2| A Ao AR W2 KPo)oll o
& FEAEE T Yol KPS E&(PY/P)E T3

23, oY iy
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9] 273} o] 60T 79 ¥l A1831R 1, greaser=
solder?] =¥ W7} FUatA Al DF%0.5 g = 0.02 g)
9 LHES EX3 T 1247 F9 A2 ARAA AF o
Hatlch AEFHES GRS AIRFEE 45 w2 Z+H Ay Mol
I FAAA 5 AF T Qo) 60T 2B HzE |
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A, OSEEE 3], 3542 AW xdd £go
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T APEHE AJE Feld FFYPOE 100% AgE AlEe
Hejstol Abgstsich 247ke] ARS 99Eo) flux, grease,
solderq]l 73-¢ z}z} £ IPA, hexane, methylene chloride
80ml &l FAATI 1L, 253H45 kHo)E 1AI7F 59 37
25 FE3] AR AFT v]FY LHFEZFS EAEAT
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&= W o 2 HPLC, UV-VIS, FTIRE: o] &3 H7PHE 1]
3}t UV-VISE o] &3t =25 AH L2 fluxE IPA, grease
= hexane, solder= MC £v1o] % (500, 300, 100, 80,
60, 40, 20 ppm)Z $INT HERAL VE0] FHES =
Hehw, Ao ) FRES NF0 FARAG A4
o] B39k UV-VISE response: medium, band width:
2.0 nm, scanning speed: 1000 nm/m, data pitch: 2.0 nm,

x
oy

measurement range: 600~200 nm, lamp exchange WL:
350 nme] 2NN FA3RATh

HPLCE UV-VISS} 9% ZF 807 JFHS 24
sto] BAElY. A47he] g ol et R do] flow rate:
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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 guantities of solder extracted from the cleaned subsirate 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. Cone, = 42.23 ppm 0.357 mg/ert
Abs. = Abs. = 0.0977
UV-VIS -0.0216+0.0028x Conc. Conc. = 42.61 ppm 0.360 mgfert
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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
Methods Equation of Unknown sample Residual quantity of
standard curve flux
FTIR Abs. = 0.0717+0.0038xConc. 0.990 Abs. = 0.2182, 0.257 mg/et
Conc. = 38.55 ppm
HPLC Height = 1.1073+0.8142xConc.  0.999 Height = 316, 0.249 me/ert
Conc. = 37.45 ppm
UV-VIS Abs. = -0.0438+0.0034xConc. 0.999 Abs. = 00848, 0.252 mg/cnt

Conc. = 37.82 ppm

A&, FTIRY | 3 A3A H7t o= oS3 o) &
oFgl & glr}. T flux, grease, solder 52] T3t F57
9 edEel ALY 7 Aoy A o] 8F & & WA
g FF54Y AR AAel F HE 2H3E AR AE
e vAl FHF LEE FHo] o5y & vzt 9l At
7] g LFEY NS Hrtehed AR Ao
Q. OSEES] A9+ FAAE v o F3Y e vl
o A4 B AIZEe] vl w23 Zhash vA S3o] Jbs
g BT 2y e 22 g Bolu 4F FA
Zbel] S T BH FEHQ A9 UV o] Pol Akghz|of
E4o] ofe¥ & AIFAY Hrlel H L3717 ook B
7t ATH3)-

a7 20 BES S99 QolE 4 EAg
.]

=
ZQl A go] Yo¥ Zo7 Wddrh FTIRE ©]83 {E%
HARE SAL 5HE wEA E4sn 29 EXshs 2
HE AHH FFE EHT F AT Fdo] faE F3
dFEnE Fapsle] f2 2d JAE SAY F dvke Ao
oz Add

o A¥eA oz fluxe] MAFEE] /M Fogd
F-4 QAR At 100% AP agS 53D AAS F3
o] IPAE %3 t}2 o]2 FTIR, UV-VIS 4 HPLCZ &%
$ A3E Table 40 Uehligich flux #5438 EF&d o
£ FTIR 5743 23 flux2] phenyl ring groupC & FA 5
£ 35S 750174 on’ FHANA YRS peak WIE BAY
T USUh o] FFE WSS o] &3] FTIR BF AFIAS
T8I T1E|aL 100% Aol Byt AlES M)A F42 F
Z3t FTIR 2% AZFJ4E o83t FF #4438 29
0.257 mg/arr®] flux7} Al| o] 273g #dae = Yk

UV-VISE o] &8 32 #4719 Ao fluxe] UV 3
&3-S 299 nmol|A] flux EF g 3% H3ls =
dato] BF AFTAAE WETk FIIRT Zo] 4352 Al

to ML 7

A FZ4AE UV-VISZ AZFEA e 23} A 0.252 mg/
ard flux AFFE AT + I3tk HPLCE o] &% flux
EFgA £4FH} A FAZHretention time) 2.1E A &
T peak height 318 G0 0]F ol g3t BFE HFH
e F& 5 YAtk FTIRS o] A Q52 AJH #2845
A3 A AlE F¥ells 0.249 ng/orrd] flux AFFE &
& 5 AN

Table 404 B Hlo} o] FFHOR flux A7 100%
g2g APE AAT FTIR, HPLC, UV-VISE o]43t A
A Hrppg oz A5 fluxy} 0.249~0.257 mg/em’E &
AgtE & & AU vk Y ARAE F7ke] Feele F
FHozE FRIA 41 olF BAVIES E&IAY
OSEEo|u HEY 58 88T et d52 ¢+ 3tk
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2%t ZA7-g Table 5o YeRf3Itt solder =8 EF8
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[‘
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B o)M= 25 solder?} 0.857~0.360 mg/em® 2 ¥] 523}
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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,
HPLC . Height = 0.5290+0.0629xConc. Conc. = 53.59 ppm 0.357 mg/cnf
UV-VIS Abs. = -0.0152+0.0010xConc. Abs. = 00447, 0.399 mgfent

Conc. = 59.91 ppm
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