CaO-FeO-Fe;:O3 SR ALY 2 AT 54 F OWEICET R 19

7) V. Ciririr and A. Burbpese: Metallurgia ital, and Raw Materials Comm. Proc., 21 (1962),
44 (1952), p. 371~375 p- 299~314 ‘

8) ARMEKRASHRFMENR: 2IERE, $5E _11) A. Kissin and 7. I. LitviNova: Stal in English,
No. 697 (FB#1374128108) (1960), p. 318~323

9) BELHEkASHDRFR: 2IRHRE, BMYE 12) E. MazanNek and S. Jasinska: J. Iron Steel
No, 701 (®B#n37412810H) Inst., 204 (1964), p. 319~324 '

40) R. L. RueckL: Blast Furnace, Coke Oven,

ﬁ@ﬁéﬁlﬁﬁﬁ’%ﬁﬁﬁéﬁ@% B IPGEBECBE 9 B B 5E
B B - b oE

Studies on the Rate of Absorption of Nitrogen in L1qu1d

Iron Containing Surface Active Elements

Takao CHOH and Michio INOUYE

Synopsis:

The rates of absorption of nitrogen in liquid iron containing surface active elements, such as oxygen
and sulphur, were measured at 1550°C and 1600°C.

The transfer of nitrogen across the gas-metal interface was remarkably disturbed by those surface
active elements, adsorbed on the surface of the metal. It was also recognized that the rates of abso-
-rption in those melts were proportional to the partial pressure of nitrogen, when the metal contained
-more than nearly 0°039% sulphur or oxygen. Furthermore, it was observed that the rates of absorption
were inversely proportional to 2/3 power of sulphur (or oxygen) concentration in the bulk contains
‘higher than 0°039;S (or 0°0295,0). These concentrations correspond to the coverage of the surface by
:sulphur or oxygen nearly as FeS or Fe, calculated by the Gibbs’ adsorption equation. It becomes

( dc ) - K. Pyo
dt Ji=o (wt%S or wt%,0)?2/3
‘Consequently, it seems reasonable to regard that in those melts the transfer of nitrogen from gas into
liquid iron may be chemically controlled, namely it is mainly controlled by the rate of nitrogen adso-
rption. It is now accepted that oxygen or sulphur behaves as a poison on the metal surface. Behaviour
-of surface active elements at gas-metal interface could be explained, assuming that they were concen-
trated to the interface as ions, S2~ or O%-. The rate of reaction was also discussed from the stand-
-point of the absolute rates theory.
There is a linear relation between apparent mass transfer coefficient of nitrogen and surface tension
-of liquid iron containing surface active elements, practically no different between sulphur and oxygen.
The activation energy for absorption of nitrogen should decrease as the surface coverage adsorbed by
-oxygen decreases, and is approximately 20kcal/mol at about 0-0012, oxygen. This value corresponds
‘nearly to the order of the activation energy for- diffusion of oxygen in liquid iron. ’
(Received 1 July 1967)
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Fig. 1. Effect of sulphur on the absorption rate of”
nitrogen in liquid iron at 1550°C.
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Fig. 2. Effect of sulphur on the absorption rate of”
nitrogen in liquid iron at 1600°C.
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Fig. 3. Effect of sulphur on the relation between In
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30
/
I
25
) {
20 J’ ///w/
o I'S A/
RS / C./ 0/ 1600°C. laim N,
e £ S ® Pure iron
<10 A . 8
v ® 002%S
V o a Ol %S :
O-q - / -
/% ° 023%S
/r ° 048%S -

0 I00 200 200 400 500 600
F-t/V (seccm')
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Table 1. Effect of partial pressure of nitrogen on
the rate of absorption of nitrogen in
liquid iron containing sulphur:

No. | W% | P | #'x100 (d;/fézbﬂ '3 108
_ S atm |cm - sec™! 9. sec—1 |CMS€C 1
88 | — 1-0 285 2-49 66-3

180 | — 0-8 28-8 2-29 67-9
181 — 06 28-0 1-96 636
182 | — 0-4 27-0 1-52 58-7
183 | — 0-2 ' 26°6 1-12 56-8.
184 | — 0-2 26-0 1-08 54-2
185 | — 0-4 280 156 636
219 [ 0°009] 0-8 270 1-97 587
221 | 0-012| 0-4 23°0 1-23 - 42°6
223 1 0°013] 0-2 20-2 0-82 339

224 |1 0°009] 1-0 285 2-45 663

217 |1 0-023] 1-0 248 2-13 49-2:

218 | 0-024{ 0-8 231 1-66 42-9

220 | 0-020; 0-4 19-8 1-08 32-8.

222 | 0-021f 0-2 16-0 0-62 23-5

203 | 0-051f 0-8 15-9 1-27 23-3.

204 | 0-055| 0-4 11-0 0°63 14-1

205 | 0-046| 02 79 0-34 94

199 | 0-12 | 0-8 88 072 10-7

200 | 0-12 ) 0-4 68 040 79

201 | 0°14 | 02 46 019 51

202 {011 ] 10 9:6 0-85 k-6

187 | 0-23 | 0-2 2:7 0-15 2-8

188 | 0:23 | 0-4 55 0-30 6-1
197 10:26 | 1-6 57 0-49 64
198 | 025 | 0-6 39 0-26 o 42

243 1 0°24 | 0-8 50 0-41 55

244 10-23 | 1-0 5'6 0-48 63

245 {048} 10 39 0-30 4-2

246 1 041 | 0-4 2°3 0-14 2:4

247 (048 0-2 20 0:09 241
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Table 2. Effect of partial pressure of nitrogen on
the rate of absorption of nitrogen in li-
quid iron containing oxygen.

No. | W% | Pax | &rx10s ((A/8De=ol 41108

Q | atm jcm-sec~! % sec—1 cm - sec™!
206 | 0039 0'8 95 0-82 11-7
207 | 0.038] 0-4 8-1 0-46 9:7
208 | 0039 0-2 4-4 0-18 - 4-8
209 10039 10 12-3 1-07 16-3
210 | 0-063; 0°8 7-6 0-60 9-0
211 { 0-058] 0-4 61 035 7-0
212 1 0°062] 02 3-6 0-16 3-9
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Fig. 22. Relation between k'; and nitrogen partial
pressure, Pyo. - :

. Mass transfer coeff, 4" (cm-sec’)

L7z,

4. BABOBZERILEEEEEEND
BRICDINT

41 Fe-S RH XY Fe-O ZFBDEFERIGEE &
KEBRNEDOBERICONT
SO E RPILEE P RE GRS OFFITHE KF
THEZEBRELMERDIDT, SHICEERBGERE L
KHERN EOMFRERDD ZEiT L.
WEBKOERRENC S XIETHRECHIEOEE >
Wit Kozakevitch L,VOBE|IEEXFERA T2 &l
T S ORIEIBE 3L dAKERIRE & —F L Tv
BWOTHEHBEAFEDS ETHIELZ. TibbERR
NOME T HIREI X HIIEIXASK RaMsay, SHIELD
DRI X BHRETH DD, WMEREEILEAINS
O TELCENCEEIR TIRE O LT X o THEBITE
FTHadhoeEimil, ROBEMRRICX>THREL K.
g=am[l —@(t—ty)] ceeeeererrenrennnnn CH))

7oL o IHRE t Wk HRMEES, om/TIARIRE tv
CHT ZRMERS, o TIRERETE OMEIX Fe-P RiF
FOKMHENCHE X ETHREORZED X WD/ 47X
10-¢ % L of-.
EFRECILGHECT — 2 2 S FE L L 1550°C
kD Fe-S RiFgkOKMEN 0 & &' OBKR (LI
ZOBGEE “k-0 BIRE” X S)ETRTE Fig. 23 0
X5 b, {ERFEUFRIC DWW THE|E L 7= SCHENCK
503 X O PEHLKE 5ODEIZ2WTH i b DERSE:
Bk XUEERNBRL D & OERXFELCRHRICS
oy kL7

—75 Fig. 24 13 (4-1) i X DHIEL K 1600°C o>

3

x10
40 - N :
2 Fe-5:1550%C } Present work
® Pure iron (0007 %0): 1550°C
301" Fe-0:1560°C } ScHeENcK, HeEnEMann ya
® Fe-S:1560°C | FroHeere @/
A

Fe-0:1556-1561°C PenLke, ELuiott /
20 -
x /
10 /
,s;:j/n/

ol=—"_| ‘

800 1000 1200 1400 1600 180
Surface tension, ¢ (dyne-cm')

Fig. 23. Relation between apparent mass transfer

coefficient and surface tension for liquid

iron-sulphur and iron-oxygen melts at
1550°C. .

—. 99 —



30 L%k & W

% 54 4 (1968) 12

x10°
40 '
© Fe-S:1600°C \ -
. Fe-o=|soo°cv}~ Present work 4
v Fe-S:1606°C | peye. Elliorr oy
30 A Fe-0: |606°C} 1 | . ) 4
o 2 .

20 A

P

- "800 1000 1200 1400 (600 1800
: " Surface fension,"d (dyne-cm')

Mass fransfer coeff, 4'(cm-sec”)

Fig. 24. Relation between apparent mass transfer
coefficient and surface tension for liquid
iron-sulphur and ~ iron-oxygen melts at

"1600°C.
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Fig. 25. Relation between apparent mass transfer
coefficient and surface tension for liquid
iron-sulphur-oxygen melts at 1550°C.
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Fig. 26. Effect of chrcmium on the relation between
In[(Cs—Co0)/(Cs—C)] and F-t/V for li-
quid iron-carbon melts (2°30~3-002,C) at

1650°C.
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Fig. 27. Apparent mass transfer coefficient in liquid
iron-carbon-chromium melts at 1650°C.
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Méssbauer Effect Study of the Iron-Carbon Martensite
and Its Tempering Process

Hiromitsu INO, Takeshi MORIYA and Eiichi FujJita
Synopsis:
We have measured the Méssbauer effect of 57Fe in iron—carbon martensite and its change. after tem-
pering. - The resonant absorption spectrum in martensite was resolved into several components arising
from iron atoms, which are the lIst, 2nd, 3,4th neighbors to the carbon atoms and remnant iron atoms.

A carbon atom causes localized changes of electronic states of the surroundmg 1ron ‘atoms,: especially
affecting the Ist nearest neighboring iron atoms.

The internal magnetic field at nuclei of the Ist neighbors is 265 KOe, which is far less than 330 .
KOe of pure iron. Variation of the isomer shift and appearance of a large positive quadrupole effect '.

- were’ also observed. It is suggested from the Massbauer measurement that the bonding between.the
carbon atoms and the Ist neighboring iron atoms in martensite may be accompanied, possibly, by the
covalént’ admixture of wave functions.

Internal magnetic fields and isomer shifts of the 2nd and 3,4th neighbors also deviate slightly from
- those of pure iron, but the sign of the deviation is opposite to'those of the lst neighbors. Their qua-
drupole effects were nearly zero, which means that the positive charge of the carbon ion is almost
screened out within a distance of the order of 2A by the additional electron clouds.

The localized nature of the effect of the carbon atonr permlts a’ parallel dlscusswn between the iron-
carbon martensite and the a- sohd solution. :

" From the’ changes of the Méssbauer spectrum after tempering of martensite, we have concluded that
the bondmg between the carbon atoms and the iron atoms in the coherent e-carbide formed at the
stage I is essentially the same as the bondlng in the martensite or the a-solid solution.

We have also evidence that ‘the X-carbide is formed at the stage T a of tempering, the formation of
which has not been fully proved in the previous x-ray or magnetic measurements. The mean internal
magnetic ‘fields after the heat treatments change from 194 KOe due to mainly ¥-carbide (at 220°C)
to 208 KOe due to cementite (at 52060).

The reduction of the internal field of the 1st neighboring iron atom in various Fe-C systems, irrespective
of their crystal structure such ds the solid solution, the e-phase, the X-phase, the #-phase (cementite),
is roughlyproportidnal to the number of their nearest neighboring carbon atoms. Decreases in the
internal field of an iron atom per carbon atom are about 60 KOe. These localized and additive be-
. haviors suggest that the bonding nature between the carbon atoms and the neighboring iron atoms in
the above structures can be understood on a common ground.
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