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Abstract

Ultra low oxygen content high-purity oxygen free copper rod castings were prepared using self-de-
signed vacuum melting and continuous casting equipment. The chemical composition, conductivity,
microstructure, and tensile properties of high-purity oxygen free copper rods were tested and ana-
lyzed, and compared with commercial oxygen free copper TU0O. The results showed that under the
process conditions of vacuum degree 1~100 Pa, melting temperature 1150°C~1180°C, holding time
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0.5~1 hour, electromagnetic field current intensity 50 A~80 A, traction speed 20~150 mm/min, and
cooling water temperature 25°C~30°C, the oxygen content of high-purity oxygen free copper was
0.48 ppm, conductivity (%IACS) 102, tensile strength reached 344.4 MPa, and elongation after frac-
ture 3%. All performance indicators were superior to the commercial oxygen free copper TU0O.
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1. 518

W A A R SR ST R G PUB RIS I TR B LT SRR m S R AR R PERE,
FEE RAFFHIRME T T2 R AH[L] [2]. FR BN E L& SRR A B2 m, AS sk, BRE
ARTE A R Z, 455 P REFIN LR B8 1 A BRSO [3] [4]. ERMR KA E s, HS M
P SRANE. TR SRR, BT R R ISR S 2 A B RS R R 2 S
[5]-[7]. BlEE R RANE AR A, [ A A Jo U ) A B Rk By, A\ 100 ppm e A3 328 7+ 2 2
30 ppm. 10 ppm H % 5ppm PARN[2]. JEEAR A T8 £ EAT ESESLIRM L 51E, EREERLE AR
AU S BEAE 100 ppm it B AIEAE PRI G AR A S B AE 10~100 ppm [8] [9]. X WA 7 v A Ak
A EREANEIEFIL0][11], SINTH A0, MEE TR Ae S . sk, 15258 LE 8 m
PERE K] £ 7 VERT T KEWF T, Alawadhi MY 2580 1 S35 R 20 i T S0 P o 5 R 4 S 1k BB [12],
Peng X L S5WF70 T B & 20 o U AL AR ST IR SE A [13], RS T L 5lEs T 254800
T AT PR [ AT A (R 5200 [14] o SXoT- JE 21t oy 0 5 vy J 2 SR P TG 8V S5 6 JB AR, SR B B R 7 VE T
HAE—MERAE 102 Pa LAR[15]. EAMIAASIINTIZI, AR T8 SIS e S o 5, ok
AR AL N S IR A TR R, RS R . SR, H AT E SR AR S S BRI R IS AR R,
FEAERTERTZ], ASEART. ESERRE R, R T ZESEHRE AR AR .

AR SCER WA M R o iR N A G AR R SRR e DL BR MR, W TR — R R T S
R, EPRET AN NRRASE, ERHMBTICE, REIEHRaiGERE, M s = mr S8
PERERIMLIRIE B8, SR S ol 77 = T S BTG S8UH 478 o Rz 1) 193 SRS L A 7

2. SEIG RN E
2.1 LI

P B B RIS FUS R T SRS % i S AT AU, HOR R B ILIE] 1o ikl R g e R
TIVRRIR < DR 2 1 55 B R, et R S5 A IR PR JEC A, ARk 3 2 1R o7 R R PR T AT o7
o HERGMAZ IR, SELEHP TR SRR G SIS SCHEAT AT R sl R,
FERRAL TN AR . AR PE R S8 RS LR PR A, AT ELAE IR R (AN B . R RS KRS E
A SR AL, Horbof B A BRI oK R B . 5 KRB AT RS R EM R, 4
SIFFER R A5 R E
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Figure 1. Diagram of the vacuum melting and continuous casting equipment. (1.
Feeding port, 2. Feeding valve, 3. Copper particles, 4. Vacuum valve of the feeding
port, 5. Melting furnace, 6. Vacuum valve of the melting furnace, 7. Melting crucible,
8. Floating plate, 9. Induction coil, 10. Liquid copper, 11. Supporting rod, 12. Water
cooling device, 13. Graphite crystallizer, 14. Traction device, 15. Traction rod)
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(1) JEAPRIFRALER . W5 B WA 2 R BT K B 1~3 om (AL, FZEMEKIEVE)S, 7E 90°C~110°C iR
PR 1~2 /NI EAT AT AL T

(2) B KPR 1 R RN B SIEE , SRENTT, STHFAEIEROK, B EIKE
3000~8000 L/h, ¥ #17KiE 25°C~30°C; FIHFH I RIS, FHAFEAE 10~100 Pa; HT I HRbr m#iv ey
V8, Bl ERIR AR 1150°C~1180°C, {RiE 0.5~1 /Nit; [RINFFJE 4NN REn R4, FRREH R
50A~80A;

() F5l&E#H: FRfRALI RGTFK, KA A BTG H, 2518 100~120 mm/min,
AHIKIE 25°C~35°C, &M B 23 B AR FFE 10~100 Pa, B w] 15 3 & 2bi Jo A AT -

LIRS, B 1~2 /N DRI — S5O, AU & 9 25 8 1) 1/15~1/10, 42 ER+F
FLASIEIGA T 51 &S T, RIA]S2B s 40 S i i A 7

2.3. ST

FIFH ICAP 7400 HIBHE &5 5 TR R 5614 . ELEMENTRAC ONHp &S X1 CS-206 £14Mikfit
I3 BHASCNT TE S8R BOAL 2 B2 HEAT 3 M, 383 Zeiss Axio Scope 5 W8 H B AL 4, {1 HY-3080 HL 1 /3 fig
A BRI AT TG U HAE o5t S it bz A
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=p*lis, Ry pv I s P HRERA AR, BHR, KM, X FE—8F RS AT =R E =

DOI: 10.12677/ms.2024.149147 1330 PR R


https://doi.org/10.12677/ms.2024.149147

FRHA

o RS THECP R 12 E BB KRR B AR BB N 175 x 108 Qomm, B b (1 HLS A HTAR X S L R
o, BVE BRI KR bR A F PE AR S AT R OB 2 B, AT N %IACS .

3. LWHERSTTiR
3.1 ERSY

TSR A 1 JER— B H AR B AR AR T35 P 20 o2 7 2 A DA s, X SRR 2% I TG 3R B LUV,
— TR HUNT LA ppm, SXEERR BT TC R R 1 IR AR A NS, B T AR G L
WK, MEIF TR EEMLR: O. Py Ag. S. Si. As. Se. Fe. Pb. Bi. Sn. Sb. Mn. Zn. Ni %%,
FEFRAT (N ok R b, ) o 22 B A 2R I B 2 o o6 3 HA AR K IRI52 M, REASE A ko L PR 3 B A8
T WA R REFRAR, JUIL 2 B8 R PR 1) TR . RIS s Al o, HERR R A ia &= 1)
SO & SRR (R BN TT o AEARSEEG R, o S U A BT SR Cu>99.99%, O0<2x1075, HAthzk)i
TCEF BN/ T 25 x 1078, ARG T2 ] 4% 11 e 4l JG SV K Mk G U TU00 A2 i L3 1, ARSRES
AT AR £ B A F) 99.997%, A EAV N 0.48 ppm, T L IEE AR TU0O 458N 99.97%, A& E
95 ppm,  ARSEEG ) ey A AU A B A T R L G 4R TU00,  [£4IK 90.4%.

Table 1. Chemical composition indicators of oxygen free copper

= 1 REEHERDIER

L7 i 1 (%) A A (pm)  HAfA 5 (ppm)
1 (ARS8 99.997 0.48 <25
24# (TU00) 99.99 5 <100

TEEZIRIGEAF T, Bt R M LR R BRI RSB . —SRA moc R (W8 5. 5. iisE)
A AL S 5 T it 1EH AR 10~100 Pa, AR 1200°C {64514 30 r%h, Ialaid 2 re e
WEDIMEFR, AR BRI A 1 BRI IE S M B 77 5 2 At RE AR 0 209 SR A=A b3 93 H 25 Bk,
KGR P ARG R o S ARSRIG 1) = 20 A il G484 TU00 DA K BA AR A4 R (s ic ik e
TR S REIAT TIE, BEAREEE W% 2. Zn, As, Se, Cd, Te iX)JLMicZ W s, fEESE
PRI, X LM RRETER . Ag TGER FREBV/NITRES Ag 5 Cu BARCRILEUFAO%, HAhZemoo
R RE BB, S0 5 8 I ) 277 ppm K4 18.97 ppm, 0T ML 4804 TUOO K 87.5
ppm, R SIEAIE LR AT R TR B .

Table 2. Other impurity element components of oxygen free copper (ppm)

2. TREEEMIRITERS (ppm)

TRFE P Ag S Si As Se Fe Pb Bi Sn Sb Mn  Zn Ni Y&
4 0002 11 26 019 059 016 13 047 028 092 077 0009 003 0.65 1897
2# 3 25 15 3 5 3 10 5 1 2 4 0.5 1 10 875
3 35 33 28 16 12 15 3 11 13 22 11 15 12 18 277
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AR T A, R TR WU AT A P R PR SORIN B, AR SR A H BELASGI  JAA  T S1 B 1 26 (0 L
128 mm e 2T AU LA SRR L TG U TU00, ARJS P SR S e, BRI W 3. Mk 3 7]
DA, PR IC SR AT A F R ZE R W 0, e i Ml JE 58 TU00 93 FE AR ik, D9 99 %IACS, T
REHRT BIERE H) &  E 2 0 U ) S R, TR B 102 %IACS. IX— 45 R T R A T ey DA R
M B, RIS BRI A B A AR D, O L IO R D, R R
F AR T D, HRM IR T SDER 1 T 2615 A S AL 2 sl 2 80, <AL,
AL, FRFHREED, REGREEXT T FEUS (N fENE LR EERR, Mgl o s A
AP JESE R TU00 HAT S il ek ge, SR 3%l L.

Table 3. Conductivity of oxygen free copper

=3 REESEMLEE

k7 FHLBH % FHZ(20°C)
Q-mm?/m (uQ-m) %IACS
1# 0.016903 102
2# 0.017415 99
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K 2 NEASR SRR, B AT B e A SR A R L B AU TU00 AR 238 215
AR AT RS, AT A EIAESUIR IO H G R, T R TE AU TU00 T 3 R A ZH 234504
LB &, w2 e A S INEUEs, ToALI . RGO AEBRIE, T Ml JC S0 TU00 U H 3 — L
PR (AL AL Z, XU WTOE I A R SRR o 10 i 2 C U A S R AR AL, T L
R LR A TUOO S RLZEAR A, SX 55— J7 T EIE 17 20 0 S B R A o v 3 PP RE 7T RE X 5
HEz—
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Figure 2. Metallographic structure of oxygen free copper (1) High purity oxygen free copper in this experiment, (2) Commer-
cial oxygen free copper TUOO
2. TEMEHEALR(L) AXESATER, (2) @mlIEHRE TU

3.4. hi{dt4ge

XA AR K ELAE 8 mm @i Jo AR AT R sELs, FE5 1 JC A H] TU00 {EXTLE, 45 31 Rz i
Lo ()TN, N EUHL U SRR BT R R S W KR, L] T BURLR S S WS iR ) B
FrXF LB, i 3(2) . BRI A, ANSZEE H) 4% B = A JC A A Br b aR O 344.4 MPa, Wi 5K % 3%,
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X LR Y TC 4R TUO0O R HLoRE N 303.1 MPa, Wi K3 2%, m&dli oA PiHom 5 b 0 S AH
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Figure 3. Oxygen free copper (1) stress-strain curve, (2) tensile strength and elongation (1#-High purity oxygen free copper
in this experiment, 2#-Commercial oxygen free copper TUQO)

B 3. TRIEQ) NONERLZ, (2) MREERERRKR4-ALESETEARE, 24-ml S TU0)

4, &Eig

1) KA A F RIS T 51 ER B & & IR & B S Al G A TR, TEM IR B
10~100 Pa- #A R 1150°C~1180°C AR [H] 0.5~1 /N LRI L IR 5 % 50 A~80 A &= 5| 38 & 100~120
mm/min. ##17KiE 25°C~30°CHI LEFM T, mai LEH A &&= 0.48 ppm. FHZ(%IACS) 102, Fit
FIoRE 344.4 MPa. K5 (#K% 3%.

2) RIS M FESAEF RS, Sl oA TU00 ML,  BA SN/ ok fl 80
MR Z, S &R 90.4%, FHERSER 3%, PihisREiEm 13.6%, W5 R4t m 50%, KK
ISR N 51 T2 v SR B A R M T AU, 100) e 4l 0 U K s PR Re A & 1) Dol A A 7= B
HIEMHE SRR L.

EL£mAB
i 5] S T RHY R E 4T H (BR Z2Y22096014); T PERHL RS A 4L W (FE R AD23023009) .
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