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Refining Technology and Low Temperature Sumitomo Chemical Co., Ltd.

Properties for High Purity Aluminium Basic Chemicals Research Laboratory
Hiroaki HosHIKAWA
Ichiro TANAKA

Tomohiro MEGUMI

High purity aluminium is widely used in electronics applications such as electrolytic capacitor foils, hard disk
substrates, wiring materials in semiconductors utilizing its controllability of oxide layer and its absence of impurities
or inclusions. It is also used as an electrical and thermal conductor for superconducting magnets at low temperatures.
Here the recent progress in refining technologies for high purity aluminium and its physical properties and appli-

cations at low temperatures are shown.
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.m Measured specific resistivity for high
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IEEELN Diagrams of quartz holders with samples for measuring transverse magnetoresistance (a) and longitudi-
nal magnetoresistance (b), along with geometry of quartz holders, sample mounting case made of GFRP,

and superconducting magnet (c).12

1IN Chemical compositions of 5N, 6N, and 6N8-Al (wt-ppm)

Si Fe Cu Mg Zn Ti Ga Total 1*1  Total 2*2
5N-Al 2.3 0.60 11 0.48 0.22 0.060 0.006 4.0 <48
6N-Al 0.34 0.089 0.14 0.10 0.002 0.027 0.001 0.57 <0.71
6N8-Al 0.003 <0.001 0.016 <0.001 <0.001 0.031 <0.001 <0.020 <0.060

*1: sum of Si, Fe, and Cu,
*2: sum of Si, Fe, Cu, Mg, Mn, Zn, Ti, and Ga.
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LE09

Resistivity at 4.2 K (Qm)

M agnetic flux density (T)

IEEEEN Transverse magnetoresistance at 4.2 K of
0.5-mm-diameter-specimens. Dashed lines
show the results obtained using the delta
mode method, while solid lines show the
results obtained from the use of a DC cur-
rent source. The literature data are also
plotted for comparison as 5N-Cu (ref.) and
6N-Cu (ref.).12

LI RRR of high purity aluminium and copper

at0Tand 15 T1?
purity diameter transverse longitudinal
(mm) 0T 15T 0T 15T
5N-Al 0.5 4100 1300 3700 2500
1.0 3800 1000 5800 3000
6N-Al 0.5 6400 2200 7600 7000
1.0 7300 2300 11000 7800
6N8-Al 0.5 6600 2500 8100 9400
1.0 8600 3600 11000 9000
5N-Cu 0.5 1100 36 1100 240
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Residual resistivity ratio, RRR
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IEPEEN Measured RRR values using high purity
aluminium wire specimens annealed at
773K
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Size effect for high purity aluminium
sheet. RRR,, shows measured RRR values
using 0.5 or 1 mm thickness sheets, and
denotation x shows calculated values
using different measurement results.

purity RRR,, RRR, RRR, c.ritical
/0.5 mm /1 mm thickness
4N-Al 383* 386* 389 0.02 mm
5N-Al 5000 5300 6000 0.32 mm
6N-Al 12000 15000 22000 1.3 mm
6N8-Al 26000* 36000* 54000 2.8 mm

TRIBROEEEEET 201 H 5, RRRAIEMED
N2 I TORRRIE (RRR,) DO8H|F TIK 5% & &
DHRJE % critical thickness& L C/R L 724, Z OffiE
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FRZEAEE D 7L I = A RN TEMRE R )3k
WIZKREL, T, AFMHEE RV, KERT /YA
ZDEMEEME LT LI LRI XIS,

—MREZEEEO#F v ) TIXETFTH . BMR
ERL, B, BTOVPEEE, 5LOETOVY
HHTRICK > ThE 5, BETOTFHAMRITEOEE
RIS, B2 2EAEERIC LK D R, 74
v ORI 3 ICD s KiREE (Bl 2134 K) T
. EENE QMR KMGIZ &K - THET2EEL S
BFOTVHARTESRE NS, /220X &Ik
i COHBIIRE (RAF§ 5 Z EBRE TS,
DL, BERLBEOME, BUAEEDBHIT 5.
Wiedemann-FranzB| 23235, Zh& DIEREARR
Fl, TALF—DENT & /¥ OIHESN R T E X
VIRERHIK T, 7+ / VICK BB TEGELA S &
0. Wiedemann-FranzHI| 23807 L7 < &%, PLED
Z & HAIRTUR COBMBERIL, %=1/ (aT2+8/T)
DOBERTFE D, av fEIMEHZI X > TR E S EH
Thb,

ERIRTOEIREM & U CEEAER/IZOWT, 1000
ROFTIL I = L DOBEYREHL | TWoodcraftiZ & DR X
NT0BY, F@E 7L I =y 4B KON
TldKasahara 5 D5N-AIF & H W2 FEERIC K D DITTORX
ARENTNB19.20,
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1
1.8x10T*+1.1/RRR/T

1
6.2x107°T**+0.53/RRR/T

x(Al) = for aluminium (2)

for copper (3)

»(Cu) =

i b, WEEERRE (7L I=Y4TE12K)
LI b, #9830 KLU T OWREH#iPH T T %,

WA, Tomaru 5 12 & O Y 1E6N-AID{ZEERE Y TIE
2, REUIZODWTHGE S ER20IZDONTBRRS,
£0.5mm x w 2.5mm x L150mm® FE A O 70k 2 T
Longitudinal Heat Flow Method!(Z & 1) 2z & % &
L7 (Fig. 13). PUI3773 KIZTIHER], 773 Kiz
TR ERD 720 DIl AT 5728 DTH S0, D
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K Q) TR L 2B R A X ICFER TR T2, YR
EROFERE L B~ L TW5, BREROY -2
IFHI6KICH D, ¥ — 2 1H40,000 W/m/K& S Hiksd T
EWVERE SN TS,

— RRR12500 (Calculation)

e Sample4 (Annealed in Sumitomo, 773K, 3h)
— Fitting Curve for Sample4 (Below 30K)

m  Sample3 (Annealed in KEK, 773K, 1h)

— Fitting Curve for Sample3

)
T

Thermal Conductivity
x (W/m/K)
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1 2 3 4567 10 2 3 4567 100 2

T®

IEEEEN Measured results for the thermal conduc-
tivity of 6N aluminium annealed at 773 K20
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