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Reduction of Iron-oxide Powders with Continuous Decrease
in Water-vapor Concentration in H,-H,O Mixtures

Yoshio NAKANO, Masaru IsHIDA, and Takashi SHIRAI

Synopsis:

By gradual decrease in the partial pressure of water—vapor in Hy-H,O mixtures at 900°C, the powders of
sintered hematite were reduced step by step, i.e., first magnetite then to wustite and finally to iron. The
variations of both the gas composition and fractional reduction were measured simultaneously.

Except in the wustite range, the reduction rates obtained under such continuous changes of gas composition
were found to be nearly equal to those obtained by the reduction of the pre-reduced magnetite under con—

stant gas concentrations.

When the partial pressure of water—vapor at the start of the reduction was low, the reduction rates under
continuous changes of gas composition were nearly equal to those obtained by reducing the pre-reduced
wustite or the original hematite sample under constant concentration.

In the wustite range, however, the reduction rates under continuous changes of gas composition became
extremely low, especially when the change in partial pressure of water—vapor in the reducing gas became
slow. It was found that iron was not produced, when the ratio of partial pressure, Py,qo/(Py,+Py,0), was
decreased very slowly and then kept even for two hours at 0.343 which was far less then the equilibrium ratio,

0.388.
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Hy — F—Hz + H0

1) SCR voltage regulator with program control
2) Recorder

3) Kanthal-wire heater

4) Water with ice

5) Pump

6) Cooling tube

7) Thermocouple

Fig. 1. Details of water-vapor saturator.
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Fig. 2. Variations of the fractional reduction, when
the water-vapor concentrations were decreas—
ed from Py,o/(Pu,+ Pu,0)=0.91 at various
speeds.
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Fig. 3. Variation of the reduction rates of pre-
reduced magnetite, when the water-vapor
concentration was decreased by various
rates from Py,o/(Py,+ Pu,0)=0.91.
Dash-dotted lines show the reduction rates
of the pre-reduced magnetite under con-
stant water-vapor concentrations.
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Fig. 6. Variations of the fractionl reduction, when
the water-vapor concentrations were decreas—
ed from Py,o/(Pu,+ Pu,0)=0.233, 0.505 or
0.653.
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Fig. 7. Variation of the reduction rate, when the
water-vapor concentration was decreased
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show the reduction rates of the pre-reduced
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Table 1. Relationship between reduction rate
and progress of reduction.

C P] ()g] €SS Of

reduction MoW | W | Wo1

I H-oM-o>W— | Slow | Slow* | Slow

M| H— Wol Medium
Y | |
‘ Fast Fast N
111 ﬂ H —— 1 ! ! Fast
oW

* The reduction rate is affected significanily by the rate of the

change in gas composion.

Note : H-Hematite; M-Magnetite; W-wustite; I-Tron. The
concentration of water vapor in Hy-H;O mixtures was
decreased gradually from Prpo/(Pagy+ Prap)=0.91 for
Case I, 0.503 or 0.653 for Case II, and 0,233 for Case I1I.

a% Casel 35L&, Case I OZTLiEEIL Case 1
DIETLREICHTEWERZ & 2Tk, Table 1 oM

>WEDX 5 sbbhb.

S HIT, Xuy=0.27 1T 30) B3R70HE & GRS EH
L OBIte% Fig. 5z Fig. 4 L[ LEHOIH TR
Lic: P oERI—FRERTERD S £ TFe0, 3%
B Fe yON LB EDLEDOERTHS. 2h
SOIENIER TR LIEEITZFE—HL, Z0HAT
%, Table 1 OWElZRT X 5z, Casel OETHE
12 Case ] OFEICH_RTEHWERELLHLELDLND.

wiz, Xui=0.30 25 1.0 DGR DWW T L
THDIT, AR EGEHIE LI EE0EER
R LTw5 Fig. TOESR iz KECSEEH 0,293,
0.220, 0.131 O ETORITRLBITLEHE L © BGY
Theh®, QL SHTIZOTR L. Fig. 7o s
E—RBRIE Fe,Op BBl 2 N Fh FeposO 5001
Feg 500 F CPEEILL, §|fﬁ§—i7k;§ﬁ‘§}ﬂ£kt@4)
ECHNEBLERED L EDERVETLTVS. O,
OLELUROEHIRZIN D EMD B\ id— SRR <
THbh, Zo Casel ORILHEEX Fig. 3 TF LA
Case I DOEFEICHRTEHWEEZRLTWAS. ZOE
'3 Table | W Ifflox 5t édbhs.

3-2-2 KKK ST LD HBALE Lo

Fig. 6 oRun 16-4 TR L72X 51, 900°C T\
T Fe;—yO Lk EDEFHIRAEI H 5 KKK S FELHD.388
X D&V 0.233 > LIKEKGE RTS8 e
i, HchbBE—NIETHBr0L 5 ST RS
Livie. ZOHBERD, EiETE TORILEE QKT
HONT, KEASEHDOET L LB Xip=1.038<
T CigTolaEL

ZOETLREMR L D BRTRIC KT BiBTCHEE dXy/
dt #FHELL Fig. 8 WHEMTHRL, EWWKELATE
A% 0.220, 0.131 OEFE TOBRITE &EITTHE & O
BEThThOk bW OENTR L. —%, Fig. 84
DO— BRI —EKRELASTIELD D & T Fe,Op iz
EESANLBITEEDI L EOFEVTHS. BB
B DKFEGSTELA 0.233 THB T L, # AHKE
EEHVC L S B 7B OEIGHE T £ERIT b DT
— S TR UAEEITISE—FR LTV L i 7.

MBS E R 0.233 5 SEGHTET S & 223154
% Casell L€ Table | [t ¢®»5Lt ko5
5. EY, Xp=0.15 CcRREIRLM->Woihlg e,
Case I DFETTEENI—ENKATTELD D & T Fe,O4
#HEtE Fe-;0 b5WEEHANLETE#D /- Fig. 40
FEHRDOEES* LIt 5. 2T, Table 1 o M—>W i3
TARLTHDH XS5, ZoOfE T Casel & Casel

* HEYRREIOBTOELIEARLTH S,

— 32



kE - AEREE YV ADOKERBELERMICETSEL L *OBILKBHNTFOETRE 1465

74107 —r , . : .
. RN HT—JT};
=< [T=3900° |
A\ \,\\. )
\ o A \\ \3'500
~ N //..
T -2 \0\ 2.
» 10 M RunT64) TS :
C ) ) 3
s b Fx\ N
| T WL \%
3 I \\\;?6 ]
> \D
2‘ | 0 \-:’)\
s - ® \
§1f ¥ ;i\
5t . \]
2 r ]
& i % \\>§‘
H T, |
I/ AN \
i N Y ]
. — - — Step change \'\ . \
10 H Continuous change\r{— 1
[ ] Key B/ (R, * Ryo) .'\\ '\I
o | 0131 4
Jo 0 [ Lo 020 i
Q‘ T 1 T L I L I L
0 05 1.0

Fractional reduction, Xy (-)
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