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Productions of Ultra Low Nitrogen Ferrochromium and of
High Purity Stainless Steel with It

Hiroyuki KATAYAMA, Shigehiro KIMURA, Hiropuki KAJIOKA, and Michihisa IToH

Synopsis:

The process of denitriding of low carbon ferrochromium and vacuum melting of high purity stainless
steel with the denitrided ferrochromium were investigated.
(1) A pile of granular ferrochromium can be denitrided uniformly with Mg-MgCl, flux of more

than 70~.90 kg/t without mechanical stirring.

(2) Under the condition that the terminal nitrogen content of ferrochromium is independent of
its size, the influences of temperature, amount of flux, and initial nitrogen content can be explained
thermodynamically as the equilibrium state is reached.

(3) The optimum size of ferrochromium is 1~5mmg.

(4) In VIF, if solid oxide is mixed in granular ferrochromium, the prevention of mitrogen absorption
is possible owing to decarburization during melting. The denitrided granular ferrochromium is a
suitable chromium source for the high purity, especially ultra low nitrogen, stainless steel.
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Table 1. Procedure of expzriment.

4 )
Materials 1st Stage 2nd Stage ( Producl;j VIM
3 " - xtremely low Melting of
eparation of ferro-
Aim Denitriding hp m and nitr ogen 2%5% Cr-4% Mo 1

° nula chromn -

Granular o ferrochromium steel

ferrochromivm 5

N

o Ar atmosphere
o Metallic

) Condition | Tempera ture Soaking in water ﬁ
magnesmum © 900~1000C : (By-product )
o Anhydrous MgsN2 + 6H,0 o Aqueous
magne sium —3Mg (O, + 2NH; magnesium
. . 2N+ 38(Mg). : . chloride
chloride Reaction Mg + 2H,0
— (Mg3N2) ——)Mg(OH)z”i‘Hz o Mag'nesium
L ) MgC¢2 — MgCl,(aq.)] | hydroxide

Table 2. Experimental conditions, Table 3. Chémical composition of materials.

J

Item Experimental condition (a) Granular ferrochromium -
Low carbon Size 0.15~ 6.0m¢ Cr | N 1 ¢ Si S P |Total 0
£ chromi - .
Materials | O™ Initial N 190 ~ 830 ppm - | A | 61.0% 190 ppm|0.009%510.7595|0:00795(0.020%] 0.12%
gh"g;ggus MgCt;, CaCfy, NaCt B 620 (230 0.009 [0.88 [0.006 10.017 |0.20
Mg 5~ B5kg t-ferrochromivm C1l610 i85 0.028 (046 |0.006 |0.082 |0.29 y
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fluxoun ¢ ﬁ}; (ii(;"sus 25~550kgt~ferrochr omium |
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mperae Mg | Fe | Si | Zn | Mn | A
Holding time 60 ~ 300w
A >>99.9025<0.01%<0.01%<0.05%5K0.01%5(<0.01%
2nd Stage | Temperature o 15 ~ 20T, 50 ~ 70°C

(¢) Anhydrous chloride
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Bes 2y n kgt (& LT MeCl, %W MgCt, | >990% ' <2% |
7225, CaCly,, NaCl DDl W) Ths. CaCly | >950 0.008% 10 ~ 15
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Fig. 1. Schematic drawing of the experiment of

1st stage.
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Fig. 2. Distribution of the nitrogen content of
ferrochromium in the container.
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Fig. 3. Influence of the size of ferrochromium on
the nitrogen content after denitriding.
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Fig. 4. Influence of the amount of Mg and MgCl,
on the nitrogen content of ferrochromium
after denitriding. (Temp. : 960~980°C )
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Fig. 5. Influence of addition to flux on the
nitrogen content of ferrochromium after
denitriding.
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Fig. 6. Influence of temperature on the nitrogen
content of ferrochromium after denitriding.
(Solid line : calculated from eq. (12)
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Fig. 7. Results of denitriding with different fluxes.
(Temp. : 960~980°C except the heat shown

in ())
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Fig. 8. Influence of the size of ferrochromium and
temperature of water on the time required
for separation of ferrochromium and flux.
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Fig. 9. Influence of the size of ferrochromium on
the nitrogen and phosphorous removal.
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| Fig. 10. Influence of the addition of Fg,O, on
carbon content of 259, Cr-49;,Mo steel
at melt down.
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Fig. 11. Influence of the pressure on the nitrogen

content of 259, Cr-49, Mo steel at melt
down.
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Fig. 12. Influence of temperature on 4GS of

various compounds of calcium and
magnesium.
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Fig. 13-a. Assumed relationship between activity
of magnesium and magnesium content
in flux.
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Fig. 13-b. Assumed relationship between activity
of magnesium nitride and nitrogen
content in flux.
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Fig. 14. Comparison of calculated value from eq.
(12) with experimental data. (Temp. :
960~-980°C)
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Fig. 15. Relationship between the size of ferro-
chromium and the amount of adhering
water.

5 L7z (Fig. 15). PRZEsBEc 3\ TR b -
=B 70 LABOLRCENTIMELTWADT, BHL L
WAL 7 = v s v b Br EE»SIECIEDS LIRS
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5D DRI BLEMT T v 7 RTEOIEEIE, 5
ERAHRc X 019, KERI () 3 X OEfilA 0) %
FEITNEIVWEEZLNS.
f7E R oc, (L + cosh) e (14)

Te VIZKDBEEH 72dyn.- cm-1 ThH L DIcxt L, R
1t (NaCl, KCl, BaCl,, RbCl, CsCl) 0473 80
~180dyn- cm-t TH 5. FEfidfg ORE|EEIT 7R V28,
K 79y o2k 0°CLUTFEEZLNLDT, (I+
cos 0) DEIEAETILVERILE S, Lizpd>oT, Mg
-MgCl, RIARLT 5 v 7 2OBHTIEKROBED 2 55T
%, Tbb7 vy u sk I~5mm L33 L{ 80
kg/ t BT 5 LHEE SN, Fig 4 KR LAEX S
Hib#os 50kg/t AR CTIET 5 v 2 A8 X bbbl
WZERZXBENTYEBREDOLNTEY, BRI v
2R OHEMEE, FEREBRLE—-FHLTWE. Ik, IE
BECEWOL, BESHIGCTT 9y 2 AE5OK
ZE, B, T2 DRIhbzicky, —@BoEs
MREELTVWEZ &EbHEEINS.
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(1) Mg-MgCl, BRl7 5 v 72k flk7 =0

— 48 —
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7 u AQREZEMIICE VT, 7 xuy o ABORREY
WDBIEETSET7 I v 7 AD 1/3 DIF (19 80kg/ t)
T, 7u2ubBefEiFEs L, BRE2TbRITH
BB RERELSEDLBTES.

(2) EBERZEFHENT = v ¥ o MRFEOREEZIL
WEHT T, RSB ERIC RIETHEFOEE &
MHNCHA TS 2 LB TE 5.

(3) Z2mZuoafiffd LTHE I~mm BE
HTH5.

(4) BERZEFRLE LR =n 7 nald, BE
FeE bz s UCE T SRR B L & REERs 1k
EWIMEEDL T EMNTE, BMERT v AMOEER
e LT#ELTWS.
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