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Synopsis:

In the study of non-metallic inclusions in steel, the methods of extracting them are recognized one of the
important techniques of study. In the series of our investigation on the behavior of oxide inclusions in
steel in hot-rolling process, we adopted the electrolytic extraction method using Koch-Sundermann (type)
cells and with neutral sodium citrate solution as electrolyte. This is one of the methods by which it is possible
to extract stably and reliably the oxide inclusions from steel. But, in our investigation, we thought that
it was necessary to examine the adaptability of the electrolytic method in regard to extracting such inclu-
sions as a-ALO;, TiO,, SiO,, MnO, FeO, (Mn, Fe)O, FeO-Al,Oy, 2FeO-TiO,, 2FeO-SiO;, MnO-SiO,
and 2MnQ-SiO,.

Therefore, the steel specimens containing uniformly a certain amount of particular oxide inclusions were
prepared by means of powder metallurgy, and these specimens were dissolved anodically at definite condi-
tions. The extracted inclusions were examined by weighing and chemical as well as X-ray analysis, and
the degree of extraction of the different inclusions were observed quantitatively.

The results were as follows:

(1) a-AlLQO;, TiO,, SiO, and FeO could be extracted almost to the full, but MnO could scarcely be
extracted.

(2) As for (Mn, Fe)O, oxides rich in MnO could not be extracted at all. What was extracted had changed
their composition because MnO in (Mn, Fe)O dissolved selectively during the electrolytic extraction.

(3) FeO-AlO; and 2FeO-TiO; could be extracted perfectly. The extraction percentages of 2FeO-Si0y, MnO-
SiO, and 2MnO-SiO, were between 60 and 80%, but these extracted inclusions had not changed in
quality.

(Received 17 Oct. 1967)
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Fig. 1. X-ray diffraction pattern of manganowistites.
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Table 1. Chemical composition of the different synthetic inclusions.

Mark Kind of inclusions FeO (%) MnO (%) | Al;O3(%) | TiO2(%) | SiO2(%) | Total(%)
MW1 Manganowiistite 84-96 15-85 — — — 100-81
MW2 Manganowistite 57-52 38-34 — — — 95-86
MW3 Manganowustite 29-31 71:07 — — — 100-38
He Hercynite 41-80 — 58-60 — — 100-40

- 48%
Pb Pseudo-brookite gi;ooa 5;, gg* — — 33-67 — 10073
Fa Fayalite 73-90 -— 26-80 10070
Rh Rhodonite — 53-30 — 45-28 98- 58
Te Tephroite — 70-90 — —_ 30-10 101-00
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Fig. 2. X-ray diffraction pattern of several
synthetic inclusions after imm.ersion test.
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Table 2. Immersion test of the different inclusions in the electrolyte used for extraction.

Inclusions Initial wt. (mg) Final wt. (mg) Pct. of recovery (%) X-ray diffraction
M(MnO) 200 182-5 9]1-3 no change
W (FeO) 183 176-2 96-3 no change
MWI 200 1955 97-8 no change
MWwW2 200 196-4 98-2 no change
MW3 200 197-0 98-5 no change
He 146 1420 973 no change
Pb 200 193-5 968 no change
Fa 200 197-5 98-8 no change
Rh 200 188-8 94-4 no change
Te 200 172-8 86-4 no change
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Fig. 3. X-ray diffraction pattern of several
residue extracted from specimens.
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Table 3. Chemical and X-ray analysis of total residue extracted from specimens.
(1]
A Chemical composition (%) .
Mark .K’ild.of X-ray diffraction 4
tnclusions FeO Al Oy TiO; SiO, MnO Total
A aAl Oy 0-81 99-68 — — 10049 | aAl,O4
T TiO, 595 . — 99-68 _ — 105°63 | TiO., TigOys~TisO;
S amor, SiO; 2-59 — — 96-58 — 99-17 | «Cristobalite, aQuartz
M MnO 86°65* — — 16-82 103-47 | Fe O,
w FeO 92-57 — — — — 92-57 | Wistite
* The iron oxide was calculated as being Fe;O,.
{11
Chemical composition (%)
Mark X-ray diffraction
FeO ALO; TiO, SlOz MnO Total
MWI 92-40 — — 7-00 99-40 (Mn, Fe)O '
MW?2 81-80 — — — 1670 98- 50 (Mn, Fe)O ®
MW3 58-42 — — — 35-51 93-93 (Mn, Fe)O
He 42-20 5750 — — — 99-70 FeO-Al,O4
Pb 6680 — 32:65 — — 99-45 2FeO-TiO,
Fa 72-30 — — 28-20 — 100° 50 2Fe0-Si0,
Rh 4-30 — — 4750 49-20 101-00 MnO-SiO,
Te 4-70 — — 29-80 66°00 100 50 2MnO- Si0;
Table 4. Electrolytic extraction percentage.
(1]
Extraction wt. of different inclusions El i .
Electrolyzed amount| Total weight of (mg) . ectrolytic extraction
Mark of specimen (g) residue (mg) percentage
P g g Cal. value (A) Exp. value (B) B/A x100(2%)
A 10-1320 293-5 295 292 99-1
T 10-0746 267-0 293 266 90-8
S 10-2565 250-6 208 242 81-3 o
M 10-5500 16-3 307 2:7 0-
w 9-7087 336-4 282 268 95-2
(@]
Extraction wt. of different inclusions (mg) Electrolytic extraction
. percentage
Mark E;g(l:(t)l:rhlzg? Tg;a}"e:;,gllxgeht Cal. value (A) Exp. value (B) B /A X100(%)
specimen  (g) (mg) AlLO, Al O, Al,O4
FeO | MnO| TiO, FeO | MnO| TiO, FeO | MnO| TiO,
SiO, 810, Si0,
MWI 10-5710 299-7 309 49 — | 277 21 — | 89-7| 42'9 —
MWwW?2 10-4412 186-5 222 | 117 — {153 31 — | 68-9/ 26'5 —
MW3 10-2651 33-4 133 | 212 — 1 19 12 — | 143 06 —
- . ) ) _|{ALLO, . __ AL O, ; Al,O3
He 9-5323 940 39-5 {ng,g 39-7 { 205 | 1005 -{ s,
. i . __|{TiO, = __H{TiOe ) __|{TiO,
Pb 9-4615 90-5 61-8 {s sl 60°5 {51 979 (Va2 °
. . - . i 2 . _ Sioz - _ Si02
Fa 9-2894 720 68-0 {S (2)4,6 521 { G| 7676 { o
. . _ . 10, . .41{S10; . . {810,
Rh 9-7355 740 51 4{3 o 36 4{ . 70 8{ o6
. . _ . 10, . .| [S10, . L4810
Te 9-8641 94-7 103 3{ g 62 5{ o0 60 4{ 0

Amount of Wdstite included in blank specimens : 4'5 mg/g-Fe
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Si0, &HED 3 f5) TdHHHAK%, Puo/Pu, A
10-2'22 Z EE L 7- Ho ZEAH T 1055°C i nBhiRys
T5&, SiO; OEFETRIEAS 1T EAEFHEC ET HRFE
T, $94°4% @ SiO; ILEILSh ThbiLd. KER
CHITLREEEOLEHII LR LR DT, ELSh
72 SiOy HEBHNCRKD D Z LT TE LD, TO
BRI XD TRAZIE Si0: O—E S A %bii:
ZERHETHD.

75 BIMHERZE O X EHT#E R 5> 5, Amorphous silica
Vit plEestrhic aCristobalite & aQuartz CZE LL 7
DT, SiOp T3t Bt I N SOREE ITOWT
RifLicz it 5.

ol R T DEEERET DL,
T 1009% 8 B b o L HEKTT 5.

MnO : REERIC v BAHAHE TR, TS 7%
W EMbhots. bbb AT OEE b BRI
Hs1F 5 MnO OB TTIC S <8k aEE L il
5750 A3, Photo. 1 IT7R L7z X 9 W BERE BRI O BAMBE AL
{2 nl, £#BO MO BNELTE D, @ISR
MnO BREALZIOD I —ESAE . FF
#5650 MnO OETICET A ERBROALLID T &
VEHT E S, RERBOFFE MO i3 XERER LS
VO ThHPE, BROHICESILENNTAMLIZLD
EEZEDREI.

FeO: KAEBORER»DITLAETLCHHETES T
Lot THRBEL T, HEE, A, HOW®
&1 X 5L, R DARK L7 Wistite (REBRICHW
BB RN Z) OB HixEAR
OHOEER T, EfRD pH 5 7 OBERIITEALY
B L. L L BREBIERL I Migkhic &5h 5
Wistite OBFHM T, —8HS 35 BHET HDTE
Lz ENT E v & BTV, KEEBIC AV BAF
Weo> pH 11 82 Thotz k&, WEkdicgEns
Wiistite [IGRMNTEMTH 505, FHHIHLOEBEE
EEEPAELADOTHA S . AEROFEATIE Wastite
HESLEMCLRETHEENWI L ENTELY, &
SLg P Rk L7 Wastite @ X 5% OARAENSR
h &, iz b b ocERe b b T b A
V.

(Mn, Fe)O: Table 2 ZRUZFER2 S, TOHK
WA L TILERICIRETDHH EELLND
#5, Table 4 [INICRLAFERICE D &, BRILFEAIC
WEARZE THIHER» R VKL< K%, /4 MnO 5o
EUR T FeO s ORIRBIZHENTEL <K<, MnO
MBIRIICIBIE Lo &b b, 2O ERHMBEE

Si0; @

@ X-ray diffraction pattern %#Z.T%, 4% peak DAL
BErVTRY FeO BTN TWEEEL —FHT 5. &

5 MnO €804V 0iEE, MnO OXZix 5§
FeO mEINZEHETTHZ LIFEETRELLTHS.
MnO &H &5 50% LA LD O3 AERSEIUL T & 7oy -
FeO £FEDO BV DRI BLOMMBIL HETF LD B
KEMBETHET S5 ENTES.

FeO-AlLO; 35 X (8 2FeO-TiOy : {LEMIC L EL(LEE
M D EET, KEBRICHA VI EFETIEE A EEL T
HTELZ EMnbrolk.

2Fe0O-Si0s 35 X 8 MnO-Si0; : EGLFHIIC LR
LET, RHETRTETHBETER V. BB T
L OMERELD L, wThd SiO XD FRERETHD
FeO & %5\ i3 MnO O RN WELZFL T
5. L LEDIKIRALCATIAED EMEERED X-
ray diffraction pattern % H~N5B L, EHilEDALE
{enstsviin B FeO & 5 ik MnO 25, T & & 53R
BRLI-LELDBIEIXTERR V.

2MnO-SiO; : MnO-SiOg 175 & BN HEHNTIEE
7 Silicate TH 5 EHE 2 5D, BREMHBOERER
BFHEABROFERD SO TLLA BRI TV s
Aot LaLESRERIRENS Z LWL TH
5. ‘

S T—RICE MR EOE SR D 1 DDk
Arbin & LT, TNEMTIRTELEAEBRELLVWE S
FEMEBILDEEATV TS, ZOBESE LD OE
HERICUE, ThMYICIEREL, BB LWIE % OERE)
BRI HE DALV T &7,

4. 3

RE DBE{LMFRNED O L 2H— SR/ T 28 &
P& L, Koch-Sundermann RBVEAFEEE, it iFIK
ERVT, FENENOTFHEE AR LR, 2
ED LR LMD,
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Spectrochemical Analysis of Oxide Inclusions in Steel with Solution Method

Minoru Krravama, Motosige IWAMOTO and Nobuhiro NISIKAWA

Synopsis:

Solution spectrochemical analysis using special electrode which is named simplified reservoir cupped
conical electrode(simplified RCC electrode)was studied and the isolated oxide inclusions with Iodine-
methanol, Hot nitric and acid Slime method etc. were determined with this method.

The slight sample (100 pg up) is fused by fusing mixture (Nap,CO;-K,CO;3-Borax) in a tiny platinum
crucible, dissolved by the aliquot volume solvent(Co—citric acid-hydrochloric acid),poured into the sim-
plified RCC electrode, excited by the high voltage spark source and taken each spectrum on the dry plate

with 3.4 m—Ebart type spectrography.

The simplified RCC electrode is made of the rod type carbon electrode (4.6—5 mmg) and polyethylene

cup (stopper of a pound reagent bottle).

The merits of this method are not to require an expensive electrode such as rotating disk electrode, to
be able to determine eight elements simultaneously from slight sample, to be superior both repeatability
and accuracy and to be take shorter time(1/2)and be cheaper(less than 1/2)the cost of analysis than usual

chemical analysis.

(Received 15 Dec. 1967)
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