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Chemical set : 2tetEtE&d H3HA|HE, QLS &)
Table 5. LHZIA{ o] 40| [E HIQIGHO| FF
A LY A LH=EXY

Calcium aluminate cement

Calcium silicate cement

Boron oxide/boric acid
Rho alumina

Glassy frits
Phosphoric acid
Clays
Sodium silicate
Resins
Clays
Resins

= A0 AEEl= Silica A€ WOl = SAtAI(Boron oxide % Boric acid) HFQIE 7t

Of

AEEICE S0l L= A St dg2 HIIHZAM Silica L= Z®el HZX

I

Mol 5=H2 A4 350°C0|H, El7tE Bt 7|le 9gs ot

=

Sth AAZE d2|Ftet B35t 2 24 2| 0| E(borosilicate) S &-d Lt

r>
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Table 6. =L 2t2tE 710 2 Li=HA MZ=ALE BRQIE #E 0|

2 2018 O|H 20184 5 20194
= st 4 o SR 1% 4 SR 2% 4
A Boron Oxide Boric acid Meta boric acid
0.6~1.2wt% 1.3~1.8wt% 1.3~1.8wWwt%
Al Boron Oxide Boric acid Boron oxide
0.6~0.8wt% 1.3~1.8wt% 0.3wt% O]t
DAF Boron Oxide Boric acid Boron oxide 0.3wt%
0.6~0.8wt% 1.3~1.8wt% Boric acid 0.3wt%
) _ ) Boron oxide 0.3wt%
Boron Oxide Boric acid o
[ A Boric acid 0.3wt%
0.6~0.8wt% 1.3~1.8wt% ) _
Meta boric acid
47 Al £2 | 2 HE 27 0j50
=MH -
- Chg ey olgt Hg W
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2.2. Silica O] AHHER

Corson A g3 8HE i A8E= TIIREZEHZ0 = Silica 7|EH2| LHZIXHIF
AL EICE 229 Silica & 24 WEHOM LdE= S8 SO SHEf7 ZA 0] Ofy
A B2t FEISHA ECh Silica 2 #2= &20AM a-quartz 222 ZEX5HL 22
Moo Qlsf 573°CO|A B-quartz E, 870°CO|A Tridymite &, 1,470°CO{| A Crystoblite 22|

o HEfZF O|R0 X|& A= E2{M ot

d(phase)Zt =2H, oty SLF0| ¥EH= HMER M=ROME B2EFE

HAAZE 71222 ohf & ZHK d2o XgouX|Zt AroUHX7t S E%

2E HYSIO|A = Gibb's free energy & AFESH=0, G=H-TS 2 Jo|&|O{, ot A9
A Ko X[Z7F FOE ShFoA XAY M O A2 HESIH(E St 2 "HA),
dG=0 22 HA|slC}

ct

HJQ

d2 Mz € O, G=H-TS 0N 2= LH oigt AR XSl HetE HE =

AeH, M=ol UL AgoUXel HaE ?loi(@PEX[7] o) AEHZ Haot

i

ZOIHCHE e M 2 BH)= AS & & AL, 220 M eHget 4oz Bots AS
SBEft ofCh ot AAXROH K|S BetEo] 00| &= =UM= & 40| YO
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VadP — S4dT = VpdP — SpdT

(Vi — Vg)dP = (84 — Sg)dT

dP  (54—S58) AS
d (V4 —Vg) AV

O] A2 YH-2& =0 EAISHH MEYPN oJHE{O] ZAMEZ HAISHE A0 K[EZ2
O|Z AEHZ (Phase diagram)O|2t11 St Figure11.2 Silica | & E{=O|LC},

1800 Liq_~~
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1600
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1200 HP-Tridymite
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1000

800

Temperature ("C)
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0 10 20 30 40 50 60 70 S0 90 100
Pressure (kbar)

Figure 11. Silica &E{=

2.2.2 Silica

—

Silica £ A& d&2 521%& AtXlotl Mg dzet F7|M=zo| F J=20] &=

Silica = Y w2 g4 =011 gd& HArils DU E(BEMmEL)0|0A

SYHEO| OHTHS] A (5x1077/°C), A0 &g #2 Ot 2t LS d(MEEmH)0l
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Silica 2| EXIZF2 6008 0| S=ME 1743°C =& 2950°C O|Ct YHIMO| At

—

L1 =AM Silica = M HEfZ EXSCL 2|7t 89| Ly 2YF=xS

Figure 12.= Silica @At2| #xE AT 2 LIEILRACE Silica 2| HHEHE HE| T oLt

MYS TAHSHE Si ARE ABINS BXHE SAMD b AsfiRel 3RZBE
0|21 Utk silica Z O1RL stetAEol 4L Ao 00| I HYHQ SHolct

Silicate Molecule

The Silicon-Oxygen 02"

Tetrahedron
Si#*

o

The basis of most rock-forming

minerals, charge - 4
02

Figure 12. Silica &Xto| 1=
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223  Silica 9| ArtHEN

Silica(SiO2)= Si-O ZATO0M SFZT49%)2 O|2ZATGI%E AMHM FAZE dd

oLt 4 7He M F0|22 AtEAQl HXFO| X5t 1 7He| Si O[22 AtEAL

AH

of

ol AXIStL. AFEAC] 4 el HXIE R W7t CHE AFEAC] EX[FHat SRot=

7tof mekE AtEAZEe] Zt=of M2l a-quartz, B-quartz, Tridymite, Cristobalite &

M

tgst 42 LIEHWHCE Figure 13.2 Silica &70|2] CHEX A @l o-quartz 2 B-

. 37 20 WS oA Hch ol

gs o Silicas 220 W2t CHE &S 7HK[A =Lt

Bond angle of « phase Bond angle of § phase

Figure 13. a-quartz 2 B-quartz 2| 470 ZAE
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Zb Mol Ax, &, Z™YFAXE Table 7. O LIEIHRA=H, a-quartz o EZ2 P3221

-

B-quartz 2| ET2 P6222, Tridymite 2| Ex2 P63/mmc S & = U2Q, 2129

gdxol 2

A4
mjo
HT
|
anl
r2
O
w
[\
~
10
oY
Ho
o[t
s
oA
il
oA
0

ol SHHEF 2[FAl 3 = OiFO|

CHE0l 22 LEtUE 62T S, S0 320=, ZM20= 22 THF0| EMSts A=

= 7 A2H 0| a-quartz Off H|SH B-quartz 7t &= HEMEZ 7HEICH=E A2 & =+

Aom, O|et ZE O|FE B-quartz Off HIS Tridymite 7t =2 HEEES 7HEICH

Table 7. Silica Zt 9| %, A& 9 A™H41=x

Phase Structure Space Group Crystal Strucutre
a-quartz
R-quartz
Tridymite
L= .q-.%;-" o e L )
..n: .u. .a: .‘f &
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ok

quartz o RIO|-&F ZATO|HX| 2= (ZhLDA :GDA)0| LtEHHRUCE 2=7t S7Ho|
2l a-quartz 2 ZOHX[= ROX|A =l=0l, Ol B-quarzt of ZEo|HX|2t S
SiAl= XIEHO| 2dSHA &2, LA Kt OEX 2EHUAM MHzes 8 JEiZ Ztes

1

ZEe A ESE, o e

=
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HEE IHXl= B-quartz 2 HTO0|7} LUSHA &=
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Expansion (%)
o ) o
I

o
o

1

1 | 1
17 220 513 982
243F 428F 1063 F 1800F
Temperature (°C)

The Jow 10 lugh (a to B) temperane
modificahons of quatz tndymle and
cnstobalite take place rapedly. Above S73°C
(1063°F). the volume of all forms of salica
remains relatively constant Thss 15 why
Minro-Sil  lmmps  show  ocutstanding
ressstance 10 thermal spalling and crackmg
above this temperature.  When a high
percentage of mdymste and cnistobalite is
formed i the sintered Lnung, the fumace may
be dramed and cooled for close inspection
without any dfficulty.

Figure 15. 2 Z7t0| W2 Silica o FUWH J2f= (WX HZE A )
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3.1.1. & Pipe & AFE%t Silica LH2IAH| Al H

—

UL Coreless Furnace 2F L3t ZHE F3SH7| I8 Cu 75wt%, Ni 25wt%2| His

2

Pipe Of LHSIXH M= A Ate| LHSIHE FE 3t F Forking I} Vibrating 2 A AIS}
srfe] 2322 %|A%SI¥OH, 0|2 Box ZO|A 900°CHHA| £t 100°C T =

AlgEHE F=ot0] dels Tdsigier 1 Ak Figure 16.2t ZCE
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Figure 17. Ht
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3.1.3. YAtS Coreless Furnace 2| Silica i3I =2

=2 HAl © Coiltll 228 54 % WMol A WX|SH7| 28 Coil L0 AlS
gt Coil Cement2| It {2 E HE oF £ Ha A E=E HABCL Coil Cements &4
L2t 0|22 Gas HLHZE 24A[7t O] S&3| AXBHCY,

ZE2 ™ 2 UHS RO0| Ha 3t CF2 Coil Cement0f =H| = M2t8jZE ™ HO|=
2 07350 REASE T leak QHHILIE MX[BICE 2 OHIE WelXlE HEE &0
320~330mm7tX| E(110m/m x 33| O3] =8 {X| U Forking MA|StD HHEH 2HA
= THIE AESIY T2 T™t LS Over head crane= 0|8250] VibratorZ 15~25
= RP.M : 4600~650022 Fs= 7I8f S oot S O = =0| ¢F 310mm &

ZOAM 10mm "X AHZF Z 300mmO|A FormerE QFX| SiHCL,

b

% L=

rir

ASHEI|IE 0|85t LHtA £t SA|0| Forkings AHAISHH &
HENX U E £ X STSHCE DAENX| LWt £ X Forking0| 242 &l 2
Over head crane® O|23}0] Vibrator2 15~2527t RP.M : 4,600~6,500, &7|&f

7~8kgf/cm? 20~25&7t Zl&E 7t 7 ot OiX|ZHo 2 oEh 70~80mm 4t

M
o
ot

MetSlZE RSt 278 SHEs U=IE ME8010l 98 =2 oo
2
o

=l A Coreless furnace =2 AFRIO|LCE,

Figure 18. &4t& Coreless furnace H£
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3.1.4. YASE Coreless Furnace 2| Silica LHSHRH A ZA

-

=2 22 = T Yo 2ZE 28l Figure 19.2F Z0| Former LT A F3} HiE

>

4point Of 2EAE XL 22 ME2s Y LEE =07 fldl #HEs 2Tt

gHd J2|2 HM7|S= Former 2| d=1t SLOHA Cu75wt%, Ni 25wt%’t T8 =2

+

0
H1
Jpu

el

ot

FSho] & QISED Figure 20.2] £ Schedule 8 &30 2 474 $trt.

Figure 19. &4 2&7 2% ?/X|

|
1,250°C 6hr

1400

1200

1000

800

600

400

200

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35

Figure 20. Coreless Furnace 2| Silica LH2tA 22 schedule
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315 2 HIE W3Rl 25 =
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YEHS WL Figure 21.1F 20 EX| HESHY 25 EESIALY.

MK 2 HHA 2CHE Former 2| HEE Center 20| Hole 732 o = 7t&

Figure 21. Silica {2t X{E =Z3t Coreless Furnace HFEF2 |
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Coreless Furnace

2. YA

3.2

24 Schedule & T5tM Figure 23.1t
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Coreless Furnace

323. 8XT0| T2 Ly

Corson A

2 H[0f| A

N X=X
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20ton Furnace ECLC} 2ton

SE=L
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=
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4. A A1}

4.1. Silica LH=ZIXHS| &FF O Zat

A7 ARE APTS HE 3 3 AZE LSS 2US MBS0 XRF 2T 24

—

rel

ZAHE Figure 25.0 LtEFLHRACE.

Flormal_3000
Hormal_400C
Marmal_S500C
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Intensity (counts)

S—
romonon 1]
|mm:_ 800°C
- .
700°C e

Figure 25. Silica W2tA| &~Z 2= A[FHO| XRF 2|HEM At

XRF 3|E2M ZAqt Silicall O|2X A0 29l 573°CE X1}$t 600°C 0|49

9l Boric acid 7} 300°CH M= BHEFE|LE

ro
m
4}
o}
=
[nmy
ro

2Z 0N B-quartz 40| =
0|2 O|2X ==l 350°CE =1t A HOIMFE = 2HE & =7} giCt Al HO

AMEE W3R = Meta boric acid 2 H7|E|Lt AKX HRIEH= Boric acid 7t A& = QAL

—
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4.2. Silica W3IRHO| UAtS

HH= Former & AF23}I0] Coreless furnace Of Silica LHBHRHZ =2 3t =

Coreless furnace 224 Al LEHg}

7o
==

HAISHAH EX[SH 4 point 2| 25 =HQI5IRALN I ADHE Figure 26.0 LIEFLH ACE
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Figure 26. Silica LHZIX| &~Z Al Z 2 L 23}
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4.3. 224 Schedule B4 Z Coreless furnace &4 Al 2 H3}

LAt Coreless furnace O Silica Li2tA 22 Test A1t Figure 19.2] &4 shcedule 2
HFEF LHSIXH 7t B-quartz A2 29| MO|E RLEdts A EXHESI2E Figure 24.9|
B

ZME 7Hte 2 AA schedule & Figure 27.2F 20| HAGIY OO, 4 0= Table 7.9

LHEFL RACE.
1400 1,350°C 6hr
14k 1,050°C 10hr
40°C/hr X Thr
1000 f
800 HIS 2% 600°C X|H
600
400
200
0 75°C/hr X 15hr

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35

Figure 27. #H4%t Coreless Furnace 2| Silica LH2HXf &7 schedule
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Table 7. HASE A4 schedule O 2 2 | 2% H3|

EREIPes
950°C 1,100°C 1,145°C 1,154°C 1,170°C
=2
HFS) L =}y &9
330°C 600°C 747°C 984°C
25 HE A

52 &5 14 holding F, 5F A7 &8 2L At M2 A| 2 B AZL2L 950°C
Ofl Al HFEF LHZIX 2&+& 330°CE 7|E CHH| 2 110°C 7t & R
=227t 600°CO| =2 & M 2 Ho| 2 7|EN S5, 7[E Tridymite 22| &
Mol 2= ™ 220| MM = o gisl 984°CUtX| SE0| WMEX] pAfenz J|E

CHH| HIEH LSS AZA O A 0| SFAF = 74 &
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4.4. 22F0| X2 Coreless Furnace O] A2 A| 2 H3g}

2X™2F0| 18ton @ Coreless Furnace OfM AZ AlHE

S
o

rot

A= Table 8.0

LIEFLY RLCH.
Table 8. X 2F 18ton Furnace 9| schedule Off [HE 2 I 2= H3}
ERpe”
950°C 1,068°C 1,191°C 1,222°C 1,251°C
ey
HFEH L SHRY g%
e 375°C 600°C 744°C 1,020°C Mz A
2 8 2 950°C £ Al HIE UW3IX| 2&2= 385°CE 20ton Furnace 2| AZAL
HFSE LiStR 2E7F 600°CO| EE & [0 2 B9 2

HCE 2F 40°C 7t =1,

SLotH, 1,020°C7HX| &

re
oz
0x

of £2

o

oF

0
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= T

A M

JE K|
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5. &

5.1. Silica LZtAH S| 2= H3I0| CHE ATO|

=27 Forgol meEl £ 2Z0M Silica 2 dFEOo[7 WS EHe= A

mjo

SHOISIRALE, Silica= =% #H30f| 2t a-quartz A0AM B-quartz 2422 573°CO| A 1 At

HO|7b LMETD Tridymite 4229 2 A MOl= 870°COIA 2|1 1,470°COIA

-

Cristobalite AAQ 20| MO|7} SMEICtD 22X QJAOL}, Silica LHBFAICl AE A 600°C

-

O[¢fo] 2=0|A B-quartz &0 ¥d &= € =+ URUALE 2|2 T0le HE= 3T

Binder 2| H&2 Boric acid &2 & = A2L} 0|2 &Z4 ZIAMO|Al Boron 4t2=0|
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5.3. 224 schedule
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abstract
The purpose of this study is to develop a precipitation hardening copper alloy to
simultaneously improve electrical conductivity and mechanical properties for application
to connectors for electric, electronic and automobile. Among domestic copper alloys, the
most commonly used for connectors is a precipitation hardening copper alloy, which is
C64750 (Cu-1.8Ni-0.3Si-0.3Sn). This material has a tensile strength of 650 MPa and an
electrical conductivity of 48% IACS, which is low in strength and electrical conductivity to
respond to the characteristics of parts required by electric vehicles and autonomous
vehicles. If the content of Ni and Si is increased to improve strength, it would not be
possible to avoid a decrease in electrical conductivity, and bendability is degraded due to
the coarsening of precipitation. In order to solve such a problem, research is being actively
conducted to replace a part of Ni with Co. As a representative copper alloy, C70350 (Cu-
1.5Ni-1.1Co-0.6Si), a tensile strength of 830 MPa, and an electrical conductivity of 48%
IACS are shown. However, electrical conductivity of 50% IACS or higher is required for an
increase in the number of pins and effective heating control of highly integrated parts. In
addition, since all C70350 alloys rely on imports, it is urgent to develop alternative alloys.
This paper researched the effect of electrical conductivity and mechanical characteristics
according to aging heat treatment conditions using a Cu-1.1Ni-0.9Co-0.55Si-0.1Cr alloy to
develop a copper alloy that satisfies the properties required by industry. Specifically, the
solid solution treatment method and aging heat treatment method of supersaturated solid
solution after solid solution were studied. The experimental results of hardness, electrical
conductivity, and bendability for each manufacturing process were measured and
compared by applying a single aging(SA), a double aging(DA), and thermal mechanical
double aging(TMDA) process. The solid solution treatment was performed at a temperature
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of 750°C to 950°C for 10 to 60 seconds, and the optimal condition was confirmed at 950°
C x 40 seconds. The 2" phase particles consisting of Ni, Co, Si, and Cr chemical
components were better dissolved inside Cu as the temperature increased. However, the
increase in temperature easily coarsened the grain size. The grains that grew in this way
did not change even after precipitation, and became a source of deepening surface
wrinkles along the grains during bending processing. When the supersaturated solid
solution was aging, hardness and electrical conductivity were more pronounced in the
double aging than in the single aging. As a result of aging of supersaturated solid solutions,
hardness and electrical conductivity were more pronounced in a DA than in a SA. This is
because DA processes using two temperatures (high and low) were more effectively
precipitated because the precipitation priorities of Co and Ni differ depending on the aging
temperature as a result of observing the component changes of (Co, Ni),Si precipitation
through thermodynamic simulations. In the case of TMDA, less time was aged than DA,
but higher hardness and electrical conductivity were obtained. Finally, a tensile strength of
845 MPa, hardness of 256HV, and electrical conductivity of 51% IACS were obtained at
TMDA (450°CxT1hr-Rolling (Red. 30%) - 380°Cx2hr). This result is due to the increase in
nucleation sites by intermediate cold rolling processing, effectively increasing the density
of precipitation. On the other hand, in the case of bendability, the DA was excellent. This
is because further cold rolling processing reduced the ductility of the material and reduced
the cube texture of (200) peak, which makes bendability bad. If a technology that controls
texture of materials is developed additionally and thus bendability is improved, it is
expected that it could be used for electric, electronic and automobile by sufficiently

replacing Cu-Ni-Si alloy and Cu-Ni-Co-Si alloy.
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