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T2 8-8E(Melted bead) V]AIZ2(Microstructure) ¥ 8 F+(Deformed layer)¥} 322} (Undeformed layer) -2 -8
g & Uh AP Fo] EAchE A-elle 877 28 E A Avlym) A APKGrinding/Polishing) & 3t ME S-S
AASL Y2AE FE3ldof gt olof wjgt B AFdE Tl §-§8Y mARA BA4& g dAvhrAdnt
Z2l(Process) & AABIATE AP F AAE fl3l AviAl EF7/=271, AvAzL Arkge] 434S B8 Hg S
o] FAE 1 um °ls7} HEE SR A2, AelE7hle]l= AukAl 15 um (SiC P1200) 2 min, 10 um (SiC
P2400) 1 min, TFo]oH2E AnkR] 6 um 8 min, 3 pm 6 min, 1 pm 10 min, .25 pm 8 min AA|3H= A2 Anpw| A A
v} A2E AASAY E=5 ZHF DA 3 min B¢ F2Zo|F A7) .04 imE 3EHF n|AdntE A g ZH
u A2 A4S SUAZIE WE AAISHATE AupajAdldret Az 5= 38 mino] AQFH, 7]Ed] AAH

ARY, ARG St skl
ABSTRACT

A melted bead microstructure can be divided into a deformed and undeformed layer. Measurement errors occur in the
presence of a deformed layer, which should be removed through grinding/polishing whilst preserving the original structure.
This paper proposes a grinding/polishing process to analyze the microstructure of copper melted beads. For the removal of
the deformed layer, the correlation between the abrasive type/size, the polishing time and polishing rate was analyzed and
the thickness of the deformed layer was less than 1 zm. The results suggest a new grinding/polishing procedure: silicon
carbide abrasive 15 xm (SiC P1200) 2 min, and 10 #m (SiC P2400) 1 min; and diamond abrasive 6 #m 8 min, 3 x«m
6 min, 1 x#m 10 min, and 0.25 xm 8 min. In addition, a method of increasing the sharpness of the microstructure by
chemical polishing with 0.04 xm colloidal silica for 3 min at the final stage is also proposed. The overall
grinding/polishing time is 38 min, which is shorter than that of the conventional procedure.

Keywords : Copper beads, Deformed layer, Removal rate, Damaged layer, Polishing, Grinding
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Figure 1. Process of removing damaged layer by grinding and polishing step.
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Figure 2. Grinding principle through chip formation.
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Figure 3. Effect of grinding angle on removal of material from specimen surface.
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Figure 4. Chip formation by immobilized particles according to elasticity.
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Table 1. Characteristics of SiC, Diamond, Colloidal Silica Abrasive

Abrasive Silicon Carbide Diamond Colloidal Silica
Constituent Element SiC C SiO;
Abrasive Size (um) 260-5 15-.25 .05, .04

Hardness (Mohs) 9.1-9.5 10 6-7
Grinding/Polishing Duration 2-3 min Long Time Before Crystallization
Refrigerant Water Water or Alcohol Base Lubricant -

Table 2. Abrasive Cloth used for Diamond and Colloidal Silica

Fiber Material Resilience Hardness Range Abrasive (um) Product Example

Polyester Low Hard 9~3 MD-Dac

Satin Woven Natural Silk Low/medium Hard 9~1 MD-Dur

Taffeta Woven 100% Wool Medium/high Soft <3 MD-Mol

Synthetic Short Nap High Very Soft <1 MD-Nap

Porous Neoprene High Soft <1 MD-Chem
o] SiC, tholobzE, Z2olg AE7t ol At SiCe & & Avp A2 2 AvksS Zoy WyT FAE Atk
< BES SRR BAgS 2L qlo] Al AAEe] = wEbA, AR EAol Be AHEE Avpds Adgaof
of ArtdA M F2 AMEEHTE AR A7) Gite s U th F20|2 dEl7le 5 AFtd vzl dAnpde A
EP ™, Grit Z717F ARFE A A7 R Aokl g3tk vzl 7)FE A Qo] F8hd adE S

t}. o2 Eo|, fFH7]%(European FEPA or P-Grading) .2 3¢ = &= Ao] g*™h,

P500 Grit< 30 pum, P1200 Grit< 15 pm, P2400 Grit< 10 pm,
P4000 Grite 5 umolTHLO.Z Grit E7]= A== 3}
Zeh. telolEes 7 dudt As =, A (Single
crystalline)@} THEA A(Polycrystalline) F F/F7F AoH,
=k 15~.25 um H9le] dArt YAE 2tk EAEd2
2 AAES 18 F9 vFErt hsete] dARE B
o Bo] AR SiC ArbAol Bl dAvf A& o] FO

Hz o] dArpda &8-/7F 838t S2olg Ayt
© YT AL, slEHA, Z1A1A Anprt A FEE
A5 HPESTS TA TaAZ F o] HF mlAArt

A,

2.3 ¢ope| ZRet 3

thojolE =9} FRolg A 7h= Sic AnpAedes &
Ao dAvpdo] Fasit) Arnpde FAEH, AIM
BEY o, v ezl 5 Tt mAldnt dAuiot A
A3HA Aeste] AlgalloF St Table 2= T8 §-8& v
Aldutel] 24 AHEE = AnpdS el Zojth tholo}
ETE o] 8% 7] vAdnt dAdAE 2 dAnkgd
Herslrt B ashy] wie FEEA o] WAL 30 £
o ~Elu HAHT ARV ARERTE F3F rlAldn A
NME WMPFT FAE Fol7] Y3l SEEHH ] Tl AY

WANAE WEE FAE Has] 98 BEY W
3G ST ASHET. FEE0 Be dn Ao
Be Ankee 2oy WA Tl A1, Rl ¥

A A-&(Removal Rate, RR) 2)(1)Z} o] ZH~E H
Z(Presthon’s law)l] 2]3l Mg #

RR = kPV (1)

A7 mpe AAL, 1 ZHAE 45, PR ddvigre
(@), re FE=S depack,

Felg Ao R el AREEE 25 mm” #7119 A
A Adoll A skl em, 242 Table 337+ ). h<1d
729 BEE 50~60 HVE 14 F<olth. Y7 Z v}

4ES JF8HAE HM| 22 HEgo] WAIE = o= Al
7|2 Aupsjiok gt B4H R FE Antd o, AMS-
sh= ol A7) 15~20 Nojgi'?, B Q1o 15 NS
AHESEATE oS EE Art dAloA = 150 RPM, A
Anl A= 130 RPMOE A3+t

T2 £§&9 FAS rHRAS A7) Y8 e F
7HA ArEE ekt AA, ZH2+e] Akl gk vt
Z(Removed depth) Ar}-&(Removal rate)e IS
THAAE 1 cm AolE2 Adsta Z&= vlE(Struers,
VersoCit-2)3te] A58 THEATh S3-2 vlo]a2u|E)7]
(Mitutoyo, MDH-25M, #3ll'5 .0001 mm)& v} A A|5.9]
=ol& WA A5, AFAv7](Struers, Tegramin-25)2
A AZEE kg § EolE Tl S5 WHOE,
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Table 3. Physical Properties of Copper

o
2

=
==

. . . .. Yield St h . .
Material Nominal Compositon Form and Condition | Hardness (HV) (‘ 2(;: 0 ffszinglzsi) Tensil Strength (Ksi)
Copper Cu 99.5% or more Annealed 50~60 10 32

Table 4. Grinding / Polishing Process’
e . . L Speed (RPM),

Abrasive Particle Diameter (um) | Polishing Cloths Force (N) Direction Remarks
SiC P500 30 - 15 150, Comp Water Spray
SiC P1200 15 - 15 150, Comp Water Spray
SiC P2400 10 - 15 150, Comp Water Spray
SiC P4000 5 - 15 150, Comp Water Spray
Diamond i

(Polycrystalline) [§ MD-Dur 15 130, Comp Abrasive Spray Per 30 s
Diamond .

(Polycrystalline) 3 MD-Dur 15 130, Comp Abrasive Spray Per 30 s
Diamond i

(Polycrystalline) 1 MD-Nap 15 130, Comp Abrasive Spray Per 30 s
Diamond .

(Polycrystalline) 25 MD-Nap 15 130, Comp Abrasive Spray Per 30 s

“All Consumables are Made by Struers Products

“The Number of SiC Abrasive Paper is European FEPA or P-Grading
***Comp : Platen and Specimen Holder Both Rotate in the Same Direction
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k&S SAT Ay Jgizolt). Figure 5(a)2F 2ol %71
15 s 59k P5002] SAn}aFe 381 um, P1200-2 259 pm o2,
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Figure 5. Removed depth and removal rate for P500 and P1200 abrasives.
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Figure 6. Removed depth and removal rate for 6 um, 3 um, 1 pm, .25 pm diamond and SiC P2400, P4000 abrasives.
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< P2400°.2 Anf3tH, &8 A7 ¢F 4 mino|t}h. W
A, 25 mm® F712] TRl 7S P500ETH P1200 $1vf
A2 Avkshs 2ol 3 min Y=o AZHS Bk 4= itk
Figure 72 P12002-8 <In} 3 P2400°C.2 1~4 min7HA] 1
min B2 AusiAES o, WS Het zolE S48 Ao]
T} P2400°.= P12009] M ZS AASH ] 8l 28 &8
A ZE2 ¢F 4 mino|th AT AA] 4 min <t AvEIA-S o,
W3PS F7= 51.38 pm=E, 1 min FF AvtE W] WIS
A 2866 ymETH O Z718lck Ankls AARE ARRSH
o wpel, o] Avpzhs ZHA QIAFEC] 22 Anfzto & iy
o A¥S FAE F7MA7IE Ao FhdEn) P400 vt
Aol A9, 1 min % Aushs Ao] 7 &40t
SO 2 6 um, 3 um, 1 pm COJOIEER A}t S
u, Asol FAE AYSF HH ZolE AN At
$£=AE 6 um — 3 pm — 1 pm O 2 PSR} =3 WY

2 o] TAlA AR FAE MPFFT FANE Avts
N2 F4E WS FAE SHSE S vHESAT
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Figure 7. Variation in deformed depth over time of P2400 abrasive.
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Figure 8. Variation in deformed depth after polishing about
diamond 6 pm, 3 pm, 1 pm, .25 pm abrasives.

Table 5. Results of Polishing Time and Deformed Depth Measurements for each Abrasive

SiC Diamond
Abrasive Type
P500 P1200 P 2400 6 pum 3 pum 1 um 25 pum
Polishing Time (s) 60 120 60 480 360 600 180
Average Deformed Depth (um) 98.5 59.65 28.66 12.45 7.2 242 1.03

(a) 6 um diamond

(¢) 1 um diamond
Figure 9. Image of depth change of deformed layer using optical microscope (x 1000 Magnification).

pum TholoHRE R A A Y8l 4
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Ae tololZEE o] &3 HAdArE 1 um YA 2717
A AAERTE AT SAA, WIS FA7F 2 um
ol @A = o] o] o H(Etching) EEZAE Fo| = HE
Zo| gol A 59| nA x2S A2 27 AT H

=gl A 4shs] =53, A1324d Al6%, 20184

(d) .25 um diamond

% vk F AYF FA7} 1 um ols7h Hojok 2w
e AxAe DAY 5 AY, o)g A Ul 25

e
ume] ThololEE APAE F7} £918te] | um tololEE
o ofa) Almo] WAR WHES AASATE 284S §
mino] 250, 1.03 ime] A WaZo] 4=k Figure 8
& tololRE AnE ol §3i9e u ARe] F4T W
% W $71E YER Ro|t). Table S A3 Z7te] 2ln
Aol g AnbAZET BAH WEF A 1& £k 2ol
Figure 9% 7} Tholol2 = < w8 g% w78 %
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Table 6. Polishing Process Summarized by Experimental Results
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Abrasive Type Partl(cpl;)Slze P(élll(s)?}llzg F((;\r];e Sp]e)ei(jegzrll\@’ Tgr)le Remark
SiC Paper 15 (P1200) - 15 150, Comp 120 Water Spray
(Grinding) 10 (P2400) - 15 150, Comp 60 Water Spray
6 MD-Dur 15 130, Comp 480 Abrasive Spray Per 30 s
Diamond 3 MD-Dur 15 130, Comp 360 Abrasive Spray Per 30 s
(Polishing) 1 MD-Nap 15 130, Comp 600 Abrasive Spray Per 30 s
25 MD-Nap 15 130, Comp 480 Abrasive Spray Per 30 s
(gi(ﬁ;(l)lcfi’zglijlili:;) 04 MD-Chem 10 10, Contra® 180 é:tr:rs lgeasﬁirt?g tl;)ir 3105 sS before Finish

*Contra :

100 #m

Platen and Specimen Holder Rotate in Opposite Direction.

100 xm

Figure 10. Detection of melted bead information using digital analysis software (x 100 magnification).

Table 7. Statistical Data Obtained from Metal Surface Information

No. Area (um x pm) Maxi pum Length (um) Maxi yum Width (um) % Area
Average 353.301 27.256 12.704 .081
Minimum 3.429 1.843 .000 .001
Maximum 4877.305 174.292 77.840 1.116
Sum 349414.342 26956.200 12564.280 79.920
S dos #99 oAl kit AgEs 574 2
3

5]
M3 FA7 7;3:3 = He

@ 5 gk
QelhE Agsisich sep

=

7] w3 4
s} o PR A WA QoS A, s 5 % b
2 g ake] B8P Wk AR Q8] Ak BW Z|EEY of ArkmlAARtE Bsle MBFS AAHT A=A
o] AXA HEZ 3 min? Avkshch B 3jolof @k, olol wheh ¥ ATelME Tel §5E
Table 62 419 AAE MBOR Fol S8E ol T2 DR $HE AT DAL BAE AN
2 A oItk F Arfell Ael Ak 38 minel ek WEF AAE 915 ArkAl FF/), ARLARE Ankg
Figwe 10 Table 69] W O2 S48 Avler 5 % Aw4S 2ASAT WPFe) FAZ | um o3k} 5=
HEndes onlAs REARE 45T sl AYY = Sl

A7t RS olvlA %
Y5 £ Y= AL G 5

Zo] golste] g HRE
EAD} Table 72 T AHZ 3

=3 w7, 2o o, Ay] Zo| i BA T} ol2jel] ¥
FH3}, B4, AAY 2700 B2 Q8 A(Index)3} 5 THE
3 dolHE g53 4 Y. = 71

Ao A9 SiC P1200 Ar}
21 SiC P500 Akl S AL-g5}
A Boh AulE o] F7FFAT o ©@AIQ] SiC P2400

A% A Aob Ak

A= 1 mingt Arketle W, &S FA7F 28.66 um
Wekow, 1 o2 o3 MEFS T Skt
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Atk o HAE, 6 pm THOJOHEEE ARE-SH= Zo] SiC
P4000 AUHAIE AHESHE AR Avt A& F7hE
Au A GEAZ F UAATE o] F thololEE 3 um,
1 pm SAIE AR & W F FF FAE 242 yim7HA 2

TIkOR 25 um TelolRES
A3 AYS Hd FAE <1 um7]]-

Tl A= SiC ¢9ubA] P1200 2 min, P2400 1 min, TF
ololE= AulAl 6 um 8 min, 3 um 6 min, 1 pm 10 min,
25 um 8 min FAISHE AHEL AvpmAlAnt S AA|
SRt Egk HF DANA 3 min % FEO|IE AT}
04 ym= 33 wAArtE AA o 2R wARZ ] A

BAAE SUA7IE AR A ArpuAldrt Al
Zhe 38 min®] AL W, 7|Eof| AAE AIZE HApE G

st Skt
ol e g BE §§E& 2AUH TF ALY =
Aoy Avppyel Fuxnz 288 F e o=
T oz HAE on|A| 4 £ZESOE &
% TEE F Ade A &

2 AT 20189 AFE AL T] AR =
A7) &8 71 IKETEP) 2] A& who} £33 A7 A
YT No. 20151210000050).
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