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Abstract : In this study, performances of two cleaning methods were analyzed and a cleaning system was designed to develop a
cleaning process of electronic components to remanufacture old laser copy machine. First, plasma cleaning as a dry cleaning method
was executed to test cleaning ability. In cleaning of printed circuit board (PCB) by plasma, some damages were found near the
metal parts, and considering the productivity, this method was not adequate for the cleaning of electronic components. With 4
different cleaning agents, ultrasonic cleaning tests were executed to select an optimal cleaning agent, aqueous agents showed
superior cleaning performance compared to semi-aqueous and non-aqueous agents. Cleaning with aqueous cleaning agent A and
28 kHz ultrasonic frequency can be completed in 30 sec to 1 min. Finally, an ultrasonic cleaning system was constructed based on
the pre-test results. Optimal cleaning conditions of 40 kHz and 50 ‘C were found in the field test. The productivity and economic
efficiency in remanufacturing of laser copy machine are expected to increase by adapting developed ultrasonic cleaning system.
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Figure 1. Main board and DC controller of Canon3300.
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Figure 3. Plasma cleaning test results with 2 cm distance for (a) 1
min (b) 3 min (c) 1.5 min.
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Figure 4. Plasma cleaning test results with 1.5 cm distance.
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Figure 5. Plasma cleaning test results with 3 cm distance.

AEFEe] Ag] 7} 3 emd W eZol| A g A A ETIA] Set
Zu} M3sl7F A9 &2 oo} Figure 5¢F ZHo] A& o] o]Fo]

A7) ghgol Selslo] 302 A1 ¥ o ool Ade Fust
et

ARHOR Hepzut AHoA Bepzrlo] de AR}
o] WEHE AL ol A= 9ge shelstglck. Tt
gL % Aol ulste] mlekstn] Azt ulgo] gol
2 Qo] B PCB 7]3He] Aol WA 1 ﬁzﬂ/\ﬂo] ko)
"ojge o ¢ oleh. Ea AAZE AR A9 THRE)

Srel 9104 o] WATHS SR1T 4 gLom ool
A SAHELY ARt SRR el B BA o

© O oF A
=2 ¢ 5 ASTh

3. =20} MEE 24 2 MIEH ME

31 MEHN MES et ™

Z250 AHARS ol A Bl gho] EQiE o] of7 &
ofofl Al AREEAL Sl A QD FAAE WA ot 25}
F=3 Acavitation) B3} L AYR7IEE IS Ao o]
gk Zlom Bxe Yo BAlE AvbdoR A8 4
UTHS). 25THAA -2 HIH S Al o] 7hsstal sAlol 4
A, =Rt AAAIAY, EAata, 2 A5, sehke &

Aad 59 54L& 7283 ok

PCB HE9] A77d B7Hdd ol AR-E Al A= A (5=A)D,
B (577, C (=54, D (Hl5=A) 9] 45 A7dsksleh 71Eol
AHESHE AAI N3} oA By o) whdlof thsto] Fof
W AR S HojE BE AASHAH1]. =3 A Al A9
G 2 5 e EeA @ HIA AIBAR oflo]A o]
Aol A gAtetal Qe C (25A)eE D (HlA) AEAI7E A
A A om wksto] Ao A AAFAEY =4
A7ol= Table 13 -2 A9 7|5 9L A Ho| ARE= Uk
A= A A @Gl A AFEE AL 9= PCB HEE
3x5 cm FALC 2 AHF} st A H7HE AdYstech 2+
AP Z71L Table 29} 30| et ot & A LoA= AF
i, Az 3dA 9 Ao Ayt on, AlHSK PCB#
PEF7] FAFE ol HAE AAT o= PCBE 30 sec~15
min £t AlGA gokol w7k A4 RSk 1 F 13 5
ote] & TS AA T 60 oA 1057} A zako] Sebn
A 9 gerEn A Abgstel A4S Bobskant 2
A Q) ofRe] mE ARA Hla - Bk AT I3

Lo

[¢)

rlr dlo rl;

Table 1. Property test methods for cleaning agents

Properties Test methods Condition
pH 848 Titrino plus (QQ Metrohm, swiss) | 25+ 1 C
Water content | Volumetric KF titrator 25+1°C
Specific weight | Standard specific weight tester 25+1°C
Surface tension | Surface tension analyzer (SEO) 25+17C
Boiling point | Auto distillation aester (AD-6) 25+£1°C
Vapor pressure | Vapour pressure tester (AVP-30D) 378 C
Aniline point | KSM 5000-6031 25+1C
Viscosity VIBRO viscometer (AND, SV-10) | 25+1 C
Flash point MINIVAP VPS 25+1C

Table 2. Test plan for immersion cleaning experiments

Cleaning | Cleaning Cleann}g time Rinsing | Temperature
agents | substance (min)
A 0
B 05,1,2 0 .
2 , L2, n
C PCB 3.5.10, 15 5 25+1°C
D X

Table 3. Test plan for ultrasonic cleaning experiments

Cleaning | Cleaning | Cleaning Rinsine | Tem Ultrasonic
agents | substance |time (min) & p: frequency
A o
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B o ,
—— | pcB 30'55 ’ 11(’) Zi 5 20 45 ke
¢ > ° 100 kHz
D X
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Table 4. Physical properties of different cleaning agents

2374E AT AARE A A 2R A 291

Type Cleaning H water content COD Surface tension Density Viscosity Wetting
P agents p (%) (ppm) (dyne/cm) (g/em’) (cP) index
A 13.20 95.38 68.0 30.5728 1.024 1.62 20.67
Aqueou
B 13.09 94.37 68.0 30.7295 1.028 1.60 20.86
Semi-Aqueous C 11.05 4.947 194.0 29.2572 0.964 5.76 5.72
Cleaning Vapor pre- | Surface tension | Density . . Wetting Aniline Flash point
Type agents ssure (kPa) (dyne/cm) (g/em’) Viscosity (cP) index point (C) (0
Non-Aqueous D 6.6 20.9984 0.814 0.82 47.274 40.67 <25
Cleaning Before A‘T 30 sec | 1 min 2 min 3 min 5 min | 10 min | 15 min
agents |cleaning blowmg

. BT

C 73'.'*;9_; 4941 9911 Y941 9941 7911
€911 €911 €911 €911 €91

Figure 6. Comparison of PCB cleaning ability of different cleaning agents using immersion method.
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Figure 7. PCB cleaning ability of cleaner A using ultrasonic clea-
ning method.
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frequencies | cleaning | blowing
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Figure 8. PCB cleaning ability of cleaner B using ultrasonic clea-
ning method.
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45 kHz

100 kHz

Figure 9. PCB cleaning ability of cleaner C using ultrasonic clea-
ning method.
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Figure 10. PCB cleaning ability of cleaner D using ultrasonic clea-
ning method.
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Figure 11. Comparison of cleaning ability of different cleaners at ultrasonic frequency of 28 kHz.



Figure 12. Ultrasonic cleaning system.

Table 5. Cleaning test for optimal conditions of PCB board clea-

ning

Tomp, (UC)T‘me (seq) 3 60 90 | 120 | 150
10 X X X X X
20 X X X X X
30 X X X X X
40 X X X X X
50 X A o (@] O

O Good, A Fair, x Bad

Table 6. Cleaning test for optimal conditions of primary corona
assembly cleaning

Time (sec)

Temp. (C) 30 60 90 120 150

10

20

30

40

50

60

R T ST T R T
D I R R R
OO D> x| > |» |
OO O™ | > |[»=|»
OlO|O|D > |» |

70

O Good, A Fair, x Bad
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AR SRS 70 T LW 18 3020 A ST 5
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293

(b)
Figure 13. Results of primary corona assembly cleaning (a) before
and (b) after cleaning.
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