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On Floating Zone Melting of High Purity Iron

Yoshio TAMURA, Tadayuki Fujir, and Yukio OHBA

Synopsis:

A study was made of the refining conditions for obtaining high purity iron from re-electrolytic iron by

the floating zone melting technique.

The main results obtained are summarized as follows:

(1) The effect of the specimen diameter on the zone refining was not recognized in a range from 5 to

25 mm dia.

(2) The later the travelling rate or the more the number of passage was, the greater the zone refining

effect was.

(3) A multiple zone refining which was alternately melted in dry H; and wet H, was very effective, and
after seven zone passes in dry H,, wet H, and vacuum the specimen showed the lowest value of resistance

ratio (Ry.2°k/Rges°x =1/210).

(4) From the zone refined specimen, only Co, Cu, Ni and Si were detected as the remained metallic
impurities. O and N were effectively removed by zone melting in dry H, and wet H,, but C was hardly

removed even in wet H,.

(5) The overlap method was found to be effective technique, as compared with an usually zone re—
fining method, for multiple zone refining to protect “melt in” or diffusion of impurities from the unpuri—

fied section adjacent to the starting end.

(Received July 18, 1970)
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Table 1. Chemical compositions of original materials (in wt ppm).

\i;‘\\\\\\\\gﬁfi\\ C N O Al Ma P S Si Note
ample
Vacuum melted re-electrolytic | A 40 23 390 13 25 35 12
iron made by Showa Denko 7
. 10 10 10 Deoxidized by
Co. B 0 30 13 80 30 ~30 57 60 carbon addition
* ISIJ Sample No 95212
7&515‘.73“6%7’:- /a0
LB DR S E & 0-03~10 mm/ min, | © Smms -
FERERE 1~10 B, UREEEEZY 20mpm &L Veo ZIQE:
o, FoRRhOFESIT Pd TREBLUEAKE BA o 22 mm#
—60°C), {8KE (BAE+20°C) FXUEZE (~10-3 Fo© wmme
/80

mmHg) ZFAL .
2.3 FBHUBROHE

HIARME D EENIVE MR He (RE & ER COEREAL
(R4-20K/Ra95°K) Z#EEOE X AR flEL, XD
»DBEMRAFMRERH T L CRESIR 2HEL
721D, ¥ e —EHORPHT OV TR A AW B X O s
WaTkolk.

L HEH VY Honeywell %t Rubicon double six-dial
thermofree potentiometer % i\ T, EE 22 XU 25
mm ¢ P ORBHIFIER L 72 EORABCRIEL 2.
BER 22 X 25mme¢ OFREHNT FHEREE £SH 50
mmiZ PR L 721, B0 I 441, {LEMETC XD
THIB&REEL T SRlERE E Lis. BIEERILR
f# He [BETH 5A, SETHIA 2L, HEEERIRK
#h He {RET +£1x10-V OFETHDK.

SRSk OB E 2 B TR 5 B4, 42°KT
DREEHHEEZ PTTHRS TEMBBH BN TRITDW
THRMEZSRIhcv.
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L OEBRTEHABOEREEY 5~25 mm¢ OFEHR TV 5
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EEOMOHBWHE L5 L IRBEHRCZELTVWDH T L
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SR EEE S X Hh E SR,

Fig. 1 XEfE 5, 10, 15, 22 XU 25mm¢ DK
$HT D\ THFRLEEE 105 mm/ min, FE/KEH 1 EIHEL
BORB O LBIE L BERTHS. T ORRER
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Fig. 1. Distribution of resistance ratio (R4-2°K/R295°K)

for iron bars having different diameter after
one zone pass in dry Hy at the traveling rate
of 1'5 mm/ min.
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1, 2, 3 XK 10mm/ min & L TEKERT 1 BFF
BEOLETHS. REEEOREIIEREIHEVIT L,
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g 0L HBVIEE 0'03 mm/ min, 1 EHEREZOR
BreiiEsite /177 22607z,
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B EELEED 3mm/ min DFPHFWE1IE, SEFBIT
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Fig. 2. Distribution of resistance ratio (R4-2°K/R295°K)
for 10 mm ¢ iron bar after one zone pass in
dry H, at the travelling rate of 0:03 to 10

mm/ min.
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Fig. 3. Distribution of resistance ratio(R4-2°K/R295°K)
for 5mm¢ iron bar after zone refining in
dry H,; at the travelling rate of 3 mm/ min.
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Fig. 4. Distribution of resistance ratio(R4-2°k/R295°K)
for 5mm ¢ iron bar after zone refining in
dry H, at the travelling rate of 1 mm/ min.
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Fig. 5. Change of resistace ratio (R4-2°k/R205°Kk) for melting time on the stationary

melting in dry Ho,.
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Fig. 6. Change of hardness along iron bar for
melting time on the stationary melting
in dry Ho,.
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. 7. Effect of atmosphere on the distribution of
resistance ratio (R4-2°K/R295°K) for 10mmg
iron bar after one zone pass at the travel-
ling rate of 3 mm/ min.
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LOCBRZDEFRREMAHAADLRDIZ LI EDT, FE  FAOFCIIHBEORDEME Johnson Matthey #

Birp 2 LTI/ ORI 1/210 2R 7= OHRSFABERBOERbbbETRLE. Z0fE
3-2 WULORBETNWIER R HIBAFEH T 5 B X Sk FEH T 5 BB L 2

EALZAEL 2—MOFRC OV, FXSHEE HPOBRBELBERMMIE Co, Cu, Nik Xt Si g ET
CHRAGH ROk, ZTORRE% Table 3 iRt . 2T, INLOLBRMMIT Swite 5235 L ok
DETLR T DRITHRED 25D 5 »23 x5 & IR
3 EZLRAWZLBFELZONS. FhEERTHEBERMLL
513 Si BRE IR TwWiwgs, Zhizz otk

'/60 -

/80 | Original material (A) Table 2. Effects of atmosphere on the resistance
ratio (R4 2°K/R2950k) for 10 mmg iron
bar after zone refining at the various
refining conditions.

Resistance ratio { Aok / Ragsex )

1too
Sample Condition of zone Resistance ratio
" No refining*® (R4-20x/ R295°K)
20
A-F-1 W) +D(1) 1/146
A-T-2 | D'(Y+v(D) 17150
140 . ! . . . ; . ) . A-T-3 W(5) +D(5) 1/180
0 02 04 o6 08 10 A-T-4 | WD+DM)+W(2) 1/210
Location (4/2) +D@)+ V(1)

Fig. 8. Effects atmosphere on the distribution of * W : Travelling ratc 2 mm/min in wet hydrogen (Dew point-+20°C)
D : Travelling rate 2mm/min in dry hydrogen (Dew point—60°C)

resistance ratio (R4-2°K/R295°k) for 1

A b (f +2°k/R295°K) fo 0 D’: Travelling rate 1 mm/min in dry hydrogen (Dew point—60°C)
mm ¢ erfl ar aiter one ZOl:le pass at V : Travelling rate 3 mm/min in vacuum (~10-5 mmHg)
the travelling rate of 2 mm/ min. Number in parenthesis show the number of passes

Table 3. Results of chemical analysis and optical analysis.

. . Chemical analysis
Conditions of zone refinin
Sample No 8 (wt ppm)
Tr(amvfrlll/l:lrﬁnr)ate No of passes Atmosphere Ct Nft  Offt
A Original material (A) 40 23 390
A-1-4 1 1 Dry H, 30 5 <10
A-V-2 2 1 Wet H, 30 9 10
A-V-1 3 1 Vacuum 30 20 280
A-Y-3 2 5+5 Wet H;+Dry H, 30 2 <10
J Johnson Matthey Co. (300) (100) (100)
Optical analysis
Sample No P 4
Ag B Co Cu Mg Mn Ni Si
A = = + 2 2 = = =
A-1-4 nd nd + 2 = = = =
A-V -2 nd nd + 2 + = = =
A-V-1 nd nd * + ¥ nd = nd
A-Y-3 nd nd = + nd nd = =
= S 3 = 3
J (<ippm) 24 "4 apm) (<ippm) @ppm) "¢ (<1ppm)

t: By combustion conductmetry, 1f : By spectrophotometry, 11t : By vacuum fusion method
* : Marks show the relative intensity of spectrum lines and the intensity grades are as follows : nd (not detected) <E<E <<+ <2(+ +)
<3(+++)<4~--7--<10. Al, As, Bi, Ca, Cd, Cr, Mo, Nb, Pb, Sb, Sn, Ti, Ti, V, W, Zn, and Zr were not detected.
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Fig. 9. Distribution of resistance ratio (R4-2°K/R295°k) for 8 mm ¢ iron bar after overlap
zone refining in dry H; at the travelling rate of 1 to 10 mm/ min.
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FOREORNRSENT EMNBFEXT Si 28 80 L1LT
BEEINLTDLELNED. o N, O ¥k
FHRRTHEBARFHATD X<BETESH, CIRE
WEHRERPEWIZ D b bTRETE Y, BKERH
KR TORYLEDE VRS, DHD. COTEOR
EREF L’ 10ppm DIT O IMbOFEIOT X 5
EONBFROLSTELS.

3.3 Overlap F&ZOWR

ZDEEERE Suites 5T XD TRESNICDHDT, %
FEFRBE TR S SV, WIARBIAINE CRERH S ©
BT A B CEHARRIEECE [ < 720, BItAIRER CARKEYD
IBEENINEL LD IS>CHBERTVS. F Dbl
DR REFHES» S 1 BIEH ORI EEHER~, 2EHBD
AR 1 B E O SRS > B TR T~ E R 2
BiHIEs. cocn ]l MHORMES L 2EBE OIS
D DRI R IR E M IT I b A M i B S —ERiC 7
5.

&3 Table 1 O BEAVC{Thbhizs, X
DFERE Fig. 9 WARLTH%5. R OEIHMORH
IREEVE SMILE 5DASERIRENC FENT L TS 5 1R
LIFIERICEmME L, Y X5 iRTshRE2RL 7.
Fig. 10 1 3RBEEKOLHR % — HRHIEREOEE L
L IKERT, overlap PRTIRIEHFTHDBEAFEM & AV
RICb b b, —HHERE L D EVIEG 28
BT EMTETR. Zhid overlap 3EDF| S5 b bR
B ORT AL, BEFRRIKHORE 2BV 2 dic
ROTJORWEIRBAREL ok EFEzbh, 4%
ESRL A 477 5 AT overlap B50SERTH 5 2 L %2R
LTWwW5.

4 &

4'2°K TOBZTIEHOBIED X Vs, 700~1 0000e D
MGz F T bW % RURHLE B A LTt
(Rmint-2°K/R295°K) & T L 7&1018, FEZHD— A
TTIHE L2 X 5 ITHEEE O (R 20K / R295°K)
& ORA%Ix Fig. 1l iR L .

4. B

ISR EIERIC X > T HEBMSk D, b E MBS e
L, FESHREE IFTHEGEOEEIC OW TR
L. #DEBRRSEDOLBYITHS.

(1) #EmetR s LCER 25 mmé ORBHE TR
WARETH oM. EHEEE 5~25 mm ) DRI
X BFEHBHEOBNIIRD SN POR. :

(2) BKEDOEHERML CIIAIEE (0°03~10

i

mm/ min) BBVME E, FIRREE Q~10E) A%\
E ERRRIShER ML 7.

(3) HiAROFEK & LTHEdRITKEREITE
RIEROHFEE R L. UL LIBKREDLTORRIITIX D —
JEHRMITH D, FRiKER XOBKEZLZBR AL
IRV 5 SR EISh R T, BKESD, #KEF
BXOEZERTEE 7 BHR L 50T 1/210 Rt
ERLT.

(4) WAMBOBERHWIE Co, Cu, Ni XU
Si lg EThofc. O& N BEKEE TEKEROR
Bz X DT, £DOKREHEBRETE . L L Cikigxk
FHRCTHBREETE LI OR.

(5) Overlap pEV3EH O—J Wi G Rl ted LT
i Va PR BA IAYHT T RSB 5 OFRT & AL R pEEL %
<78, RWEhRBHED X Sitdbbiv, SEKERFHRL
TAPEVEIL SR TDS.

AR, BT RITICH A DL TRV v 72y
MEFROE HEEE, LO5UORFEEA—EECIEL #ME
BRLET.
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