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Isolation of Iron Oxides in Iron and Steel, and Change in their
3 ‘ Composition and Form by Heat Treatment.

Mutsumi IHIDA, Teruaki Isuu and Shaji. TSUCHIDA

Synopsis:

- In our study on,ﬂ{odme methanol method and electrolytlc method performed in order to
isolate iron oxides in iron and steel from iron matrix, the behavior of iron oxides during
isolation has been made clear. Then the change in the composition and the form of iron
oxides 'in pure iron by heat treatment with application of the isolation techmque was also»
studied. ; :

The fesults are summarized as follows:

(1) 1In electrolytic method, generally lower values were obtained because Wushte was de—
composed electrochemically during electrolysis, even if the electrolyte was neutral (pH=7);
however, magnetite was not decomposed but recovered almost completely. On the other
hand, in iodine methanol method, both Wiistite and magnetite were recovered completely, and
oxygen values calculated from iron oxides were in-good agreement with those in vacuum
‘ fusion method. The oxygen values in these two different methods having been in good accord
j § with each other, it was presumed that oxygen in solid iron exists generally as iron oxides:

and oxygen in the form of solid solution does not exist or is very little at 1200°C and 500°C.

(2) The composition and the form of iron oxides in iron and steel changed by heat treat—"
ment. The process of its change was almost similar to Fe-O diagram, that is, iron oxides:
in iron and steel existed as Wiistite at the temperature of above approx. 570°C, while as.
magnetite below this temperature.

(3) Iron oxides in pure iron changed from Wustxte to magnetite during heating at 500°C-
for several different hours. . The velocity of change from Wiistite to magnetite depended on
the thermal history of specimen. In the specimen as' cast this change finished in 72 hours,

v while in the specimen which was heat treated with 1200°CX5hr/water quench this change: .
‘K did not finish even in 215 hours. Then from the result of X-ray diffraction or chemical
analysis of iron oxides isolated from pure iron which was heat treated at 500°C for several
different hours after the heat treatment of 1200°CX5hr/water quench, it was made clear that:
this reaction occurred in the following order.

(i) Fe,0— Fey04+Fe,'0 (x<x")
(ii) Fe;O0 — FeO4+a-Fe
(iii) Fe;O — Fe,'"'O+a-Fe (x>x'")

(4) Lattice parameter of Wistite having linear relation with its iron content, the iron

| : content of Wiistite could be found by applying X-ray analysis on the residue isolated from
iron matrix with the aid of iodine methanol method. (Received 18 Nov. 1964)
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| ﬁﬂef of solution

Leveler of - [ 13— Pt cathode
“solution: —— | fg— Diaphragm
/ L™ Specimen
Ouﬂefof/
solution

Condition of isolation
Electrolytic solution: 5% Na-Citrate+
1'2% KBr+0'6% KI+(HCl), pH 6'9 -
Anode current density: 10mA/cm?
Time of electrolysis: 24hr
Fig. 1. Apparatus for electrolytic isolation of

oxide inclusion in iron and steel.

~— Pure N, gas

- Glass

Specimen
Magnetic stirrer

Motor

Condition of isolation
Specimen: 5 g
Solution: iodine 30g, methanol 250m/
Time of isolation: 5hr

Fig. 2. Apparatus for iodine-methanol isolatiori

of oxide inclusion in iron and steel. »
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“Silica #E Y TF LR~ MEAR, 7 ov I UKREBT

1450°C X 3hr HPEARL S & THEDk. %7z Wiistite &
"Manganosite (MnO) OBEENEE Wistite [#lgk
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Table !. Recovery 9% of synthetic Wiistite after treatment in several kinds of

electrolytic solutions and iodine-methanol solution.

No. 2%k

Kind of solution | Composition of solution pH Time(hr) No. 1¥
. 5% Na-Citrate '
Blectrolytic 1°295 KBr ; 8 100 93
0°6% KI 24 100 21
(HCD
59, Na-Citrate 5 8 100 30
0°2N HCI 24 100 28
49, 12‘6804
3% (NH,4)2S0, ‘
29, FeCl, 5 ‘ 8 100 87
i 19% NH,-Citrate
L . 6 . 100 98
Iodine-methanol 129 1, on » % o

* No.1 made from hematite at about 1000°C in CO-CO; gas.
** No.2 made from ferrous oxalate at 950°C in Argon gas.

Table 2. Recovery % of synthetic complex oxides after treatments in several
kinds of electrolytic solutions and iodine-methanol solution.

. . cre . ' R 3Fe0-2S8i0; FeO-MnO
Kind of solution | Composition of solution pH Time (hr) (FeO)  (SiOs) (FeO) (MnO)
. 5% Na-Citrate '
El:(c):g?ilggw. 1°29% KBr 8 98 — 100 97
0'6% KI 16 95 — 98 97
! (HCDH .
52, Na-Citrate 8 54 66 32 31
0*2N HCl 16 36, 49 9 9
4%, FeSOy :
3% (NHyg) 2SO, 8 70 95 79 63
2% FeCl; : 16 62 95 80 57
) 19, NH,-Citrate
~ Iodine-methanol 12% 1o 8 100 100 100 98
solution 16 too . 97 100 99
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Table 3.

Comparison of Fe?, found as iron-
oxide inclusion in pure (electrolytic)
iron by iodine-methanol method and
electrolytic method.
Method ~ Fe?% found as iron oxide

Todine-methanol 0°502

‘Electrolytic 0°230

Ov.f. %: 0°166

Table 4. Comparison of analytical results of

oxide inclusions in pure (electrolytic)
iron deoxidized by silicon, by iodine-
methanol method and electrolytic me-

thod.

. Method |SiOs% A1,0:% FeO% |Ocal.% | Ov.£.9%
iﬁgé?ej 0°038 0002 0°388 | 07108

ha- | g-038 0v002 0°378 | 07105 :

no 0107

. 0°105

Electro- | 07040 0°002 0°246 | 07076

lytic*

WTERR,

* Electrolyte: refer to Fig. 1
Composition (%) of sample:. C tr, Si 0°03,
Mn 0°02, P 0°004, S 0°005, Cu 0°03.
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Table 5. Composition (%) of samples
Sample: Low carbon rimmed steel.

Sam-| .

ple C Si Al Mn P S Ov.f.
No. 1t} 0°17 tr 0°001 0°40 0°03 0°03 | 0013
No. 21 0°08 tr 0°004 0°30 0°03 0°03 | 0°0l4
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Table 6.

’ Comparison of analyses of oxide inclusions isolated from rimmed steel by iodine~ -
methanol method and electrolyuc method.
Iodine-methanol method - Electrolytic method '
Sample : - Ov.f.9%
Si0:% Al;03% Fe0% Mn09% Ocal?% | Si0:% ALO;% FeO% MnO% Ocal% C
No. 1 0°007 0°001 0*007 0°038 0°014 0°007 ‘O'OOI 0°*003 tr 0°005 0
0°007 0O°00t 0*007 . 0°040 0’015' 0006 0°002 0°003 tr 0°005 ol3
No. 2 0°001 0°009 0°009 0°028 0°013 07002 0°009 0°125 0°006 0°035 .
o 0'00L  0°008 « 0°010 0°032 0°0i4 | 07001 07007 0°131 0°004 0°038 0014

Table 7. Solubiiity of synthetic FeS and MnS
in iodine-methanol solution with or
without iron.

(1) Without iron - ‘

' Time(hr) of Recovery (%) Recovery (%)
dissolution of FeS . of MnS
4 17 0
8 4 0
(2) With iron 5g
Time(hr) of Recovery (%) Recovefy(%)
dissolution of FeS of MnS
4 99 97
8 9 79
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Table 8. Influence of atmosphere durmg drilhng of specunens
(Results of analysis of non-metallic inclusions)
\\ Oxide inclusion : S
At ) \\ SiO:% Al 03% FeOo, MnO2, Ocal.2, Ov.f.2%

mosphere T 3 ’ ‘
L 0°004 - 07009 0°015 0°024 0°015
In argon 0°003 0°009 0°014 0024 0°015

1 0+015

In ai.f 0°004 0°009 0°032 0024 0°019
0°003 0*008" 0°034 0°027 0°019

- Composition (%) of sample (rimmed s,teel): C o008, Si tr, Al 0°004, Mn O'SO, P 0°03, S 0°03
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Table 9. Marks of samples.

L: Original sample cast at about 1540°C. ,

H: Original sample cast at about 1570°C.
L-1,H-1: 5hr, 1200°C in argon/water quench
L-2,H-2: 72hr, 500°C in argon/water quench.
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SR

Photo. 1. Microstructures of iron oxide in pure iron after heat
treatment (No etching x500) (1/2)
2 : Sample T-1, b: Sample L-2, c: Sample H-1-
d : Sample H-2
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"Photo. 2. Microstructures of iron oxide isolated from pure iron after ' %) :

‘heat treatment, by iodine-methanol method. (X500) (1/2)

‘a: Sample L-1, b: Sample L-2.
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Fig. 5. - X-ray diffraction patterns of iron oxide isolatéd from pure iron before or
_ after heat treatment, by iodine-methanol method.

. _,74 .



@e%m@@w@e@mmﬁaﬁrgemnamﬂmz,,%mz;arfﬁmgﬂzm e

LXOTHERHESEL, 2SI X2 TEom
DPFEEEL, ILITET»S J:a‘ﬁfﬁb, ZDlHE
LE ZRVAENE OBR RS HIE & BT L.

YR A— VR EDOCERBr LM L NE

DRSO ST Si0z 0°004%, AlOg 0°002%,
MnO tr. T, ZHSORFITOWVTIIFRBICERIZ
Bodbhinhrof. E-BEREREOCRRE S IIE S B
BRI X0 TELBLL b0tz FRICH L CAEdh
DS VISR X O To 7 VL L7z. Table 11 i©
NEWHOHRT OSHHER 2T . 7tk Table 11 T
BN OSSP ELEAL, FeO, Fe04 XX
Wiistite GEMIBETEETFHL TV BRI OB TH
TETH EEELCEREPOHE LR BREHED ML
7z. Wiistite 13 Fe-O RRBRIC X 5%, OBELT
1% 23°1~25°6% OFFETH 55, B & FHT 2581

“Table 10. Index to the X-ray powder of
Wiistite and magnetite.

Wiistite Magnetite

dA 1/I, hkl dA 71, hkl

2°486 " 80 111 4°86 30 111

2°1563: 100 200 || 2°97 60 220

1°523 60 220 2°530 100 311
2°425 10 222
2°097 50 400
1714 40 422
1615 60 333,511
1484 70 400 -

ZTORECH T B TROMEE LB FTH DD, 1200
°C TI3Y 23°2% THB. Lidio<T 1200°C i\
Tk & T+ % Wiistite @& VISR BT 23°2/76°8 %
FL TRD. ' 3
Table 11 bbb X 5T, NEDHOEEIT1200
°CWBAL 7R L1, H-1 285 d %<, 500°C i
AL 7250k L-2, H-2 2Md i<, oML,
HiImHoREicd 503k L-1, H-1 CiF\. B
VEREEIC X o TRk AR R BYATIC > TELL
TWEBWDT, NEDHOHKE DT LI LSOk LR
ROEPELL 72T L &2ERL, 1200°C X5 hr Tiagk
255, 5oo°C X 72 hr TREKESRDTH L Lodb
nB. ‘
XmEROER, L-1 oMbk Wistite “C&)b, -
L-2 oFk{kgkiz Magnetite TH 5 DT, Table 11T .
BT Lol oAl Wistite, L-2 1ZOBEICIE
Magnetite & L TEREICHETS & * OBNDOO0% 1k
X—FTHL LAbr . FNIKL * * DERDO
%3 H-2 OFBRLLEWEZTL Tn5. R0k 3
iz 500°C 12 351F % Magnetite ARk X BRI 2=+
5T LdHBHDT, H-2 DRPAICIISEAIT Magnetite
Lo TWiEho7eled L Ex bhs. Ei Table 11
DE YRR OB RECIRE 1L 8k DL N ONTEWE 213
Si0;, ALO; DBEDEENTVWHDT, TNSITHEY
THERFREN 0°003~0°004% FETH T LEHRICA
n5e L-1, L-2 510 H-1 O%B4, Bkgkr S5t

Table 11. Fe% found as oxide in pure iron (electrolytic iron) and calculated oxygen
value (%) corresponding to FeO, Fe;04 and Wiistite.

sample| P07 % | Arerse v [ 0% coron. [0k cornen® [ 0% eomzn. | 0 i
L g.008 sz 0° 144 (0°152) 0°192 | ouee
-1 | Q518 os7 0148 0°157% 0°198 oL
L2 g:ﬁl‘f oa1s 0°119 — 0°159% 0.8
H g:gg; 0551 | 0°158 (0°167) - 0°210 0°175
CEL | 98 o 0°166 0* 176%* - 0221 0178
H2 | 0.7 07494 0143 0 189%* 0°175

(1) Oxygen content in Wiistite being in equilibrium with Fe at 1200°C is 23°2%.
(2)  Oxygen value as iron oxide is 0°004% less than Ov.f.% because of presence of S102,A1203 etc_
R Each pair of oxygen values is expected to agree. :
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Comparison of analysis of iron found

Table 12.
: as iron oxide isolated from pure iron
" pefore or  after heat treatment, by
jodine-methanol’ method and electro-
Iytic method.
\ S Fe%
Specimen Todine-methanol | Electrolytic
method ) r_nethod
o 0°502 0°230
s : - 0°515 0093
Lt 0°519 0-075
: 0°419 0°392
L-2 0411 0404

ﬁbh@?ﬁté%%@&®é@f1@E@*%?éz
‘éﬁbﬁé oFhavk =7V 3 — viEH— L ST
‘ @?& I oT%h,1200°C X5 hr Ok L- 1, H-1 &
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h%,~EWWCXDth%+L2@&m%@iu
s=aqz Magnetite & U THET 5 L & 2R T &/,
SEC SO R EMETREL T EDZ
%%L,%@¢®%i%%ﬁbtﬁ%%av§7w:—
UHNOB A & L. £k Table 12 R
FrbbLEAETIE L-1 OBLKIIE L A S Sh
e EHLT, —F L-2 gtcilEEsaic s b
g, LRk B o STV B T E A0
o, oF DEMIET LHIFETR O Magnetite IRIE5REA
CHUHT X B3, Wistite lUE LA EHBITE R0 2w
5 G E REROVE D, Fiscuer'® &5 AT Tl
H U7 BR{b8k B 5 EE LM RE & HZRTE OB R
BT, WESEICEWETH O ERARTND D
13, CoBkYCRERSSECRSTEND. Fi

oFOBmtgkEa vRT VI ~VEETHEL, The{t
RO B\ T XIRAHE L B L
SRR OERIC X 54 Wiistite TH 5 2 L 0NE
WEIhThD, ZOBEkE L TOEKEIT 0°517%TdH
5ﬁ;zmﬁhh@wme*%ﬁ#éa%@ﬁimﬁ&

» LT U 0°412% Bk T H 5. L
“’%*ﬁ@%*%‘%% Fig: 6 [C/RS. $REH 0°517%D L&
Wiistite 100%, 0°412% @ & &% 0% (Magnetite &.
LT 100%) T 5%,  Wiistite &:Vﬁﬁa’éi@%ﬁé%.
OB B O THEE & I Wistite % TEbER
FRTHENCRBILR L L TR 28R (%) 2>
TH5H. ERXBINOERE Fig. 7 WRT.

Fig. 6 it X % & 5hr % CRR{tekogk &g basis

2, 10hr DLETIRADIIAE 503 % O IIEEE T 2000

hr JN#A L C b 7ndk Wiistite 23R4 L T\ 5. —5Fig.
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Z g:iP% ghf\/ 5@(, g_@a'l: Eﬁﬁnﬁﬂr@?ﬁlﬁ'
.Ekaof%gé FBHT b

ﬁ%ﬁrxofégk<bbmﬁm®&%ﬁ%mf

© %7-. Fig. 7 \3#fflifilc Wistitef 2 Magnetite o X g
SREEEL (o Wistite O XiRigE, 7 #1C Wistite:

+Magnetite O XRREL &%), HEICEBLEEL T
TETH5%E (%) 2L0ThH5. 470 v hOBESIL
Fig. 6 070y hOFS LMWL TR, 24k Fu
vk OBFIE Wisstite OBTFERKERTLOTHBH

#Bih o X 5 iz Wiistite @fﬂ%mﬁ@ieébm&ﬁiéﬁi@, ,

BRI L TWw .
Wustlte 7>5 Magnetite /\@fjjt @;Fg%% LTI,
o FexO—Fe;04+Fex'O --eevvee oo (1)

(x<x!)

2 v H7 v~ VR EEREEECDI BT L siite
v ¥ o Tk Wistite & Magnetite %3 100 %
E jgg;%[zzué‘été?bf%%. . 2 0.5/7 42D
as B BRLEOWistite 5 509500 B
Megnetite NDEREICDNT § ®\,' » j
L NE TOERI Lo THERROBLEITE 8 . f\\\\\; ;
| $ 1% Fe-O FHRAEMICLIAVERES (570 Roaso IR : |
°CHBLET Wstite, Z N PUF T Magnetite 3 O (\\\ ®
Y LCHIET 5 T L9007, & b Wiis- § e
" tite 2>5 Magnetite -~, % 5\ ik Magnetite /\;a‘;ieme 50 ‘. — @Q{ " sa T z00
100% Time: of’ ke.at (Hr)

7B Wiistite ~DZRED ﬁﬁ:%’%’f@ DN

i#ﬁﬂkbfulllumex%m % g o
Vs, 500°C TREx ORFEMEHRIKEw L TX

rﬂﬁ L. . gxygen value of each: sarhple i8-0°167%..

®: number of experiment
Process of change from Wistite to magnetite in

pure iron during heating at. 500°C for various times..
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Relation between composition of iron ox1des in pure iron

and X-ray mtensﬂy ra‘uo .
FexO—FesO0ta-Fe cvvernninnas (2)
1Fexo.—>Fey(;''O_l_oz‘.Fe : = (3)

(x>x") ‘
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fLiE7s v, Fig. 7 0 Fa vy bOBTRICHAY T 528, %
nizE e Wistite ORTEROBMNS BRI Sh
TWb. FERG(2) Tk Wistites»5 Magnetite ~Z5{k
T BB a-Fe ZHTHT 2, ZoOBEIE X MkEL
DEA L LbIT, WL a-Feia vETva — ik
CRIRTHDTREDOE DD ES. Fig. 7D o v b
QM NICHYT 5. KIS (3) iz Wistite Dgk B H3
LU a-Fe ZFHTERIGTHD. COBEXBBELL
OZALIIFE ST A, Wiistite OBRTFEEIIHA L, &
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Hh@}im@f%%%ﬁ@‘%@‘Z) L, ¥F 5hr ¥Tom
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Q- 429 -
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A=1002KX.

Fig. 8. Relation between lattice parameter  °
and composition of Wiistite.
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