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colours are helieved to ke ariginated from Fer+ —-(0—
1. Iniroduclion . . .
Fe?t combinations awing to the ferric o ferrous con-

In the stecl industry, the system Fe-Si-0 is of gre- version during the reduction period. “® To obtain the
al 1mportance due to the formation of FeO-Si0y slag ferrous state solely, the reduction to wiisiite was stu-
witl: the fluxing phenomena theresn and many worlks died with diffsrent shapes of hematite. © But because
on them have been reported. @260 E) Byt, most wiigtite is nat stable Lelow 570°C. the method to pre-
of the studies are mainly on either the fusion heha serve the metastable ferrous form is requived. Hence,
viour or impurity eflects on reductson, Adso, fayalite ane of the main pumposes is to stabilize ferrous state
has heen known to be formed above or below the through the formation of stable compound, fayalite.
fusion poinl hithertotl Tayalite, 2Fe0. St or FepSi0y, is the only crysta-

In the caramic ficld, iren oxide has been used as a lline iron silicate campound in the system of FeQ-Si0y
stain in the celadon glaze whose subtle greenish-grev according to Bowen and Schairer who confirmed the
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non-cxistence of FeSi0; as a crystalline system, 0
With forsterite, Mg;5i0y, fayalite makes a continuous
-solid solution to constitute the olivine series, (Mg, Fe)
5310y, where SiQ);~2 groups exist independently, that
1s, nesosilicate, which results in hcp-like dense atomic
packing with rather high hardness and density. Con-
sequently, forsterite has a high m. p. of 1890°C. But,
as smaller Mg fons are replaced by larger ferrous
ions, the cation-oxygen bonds become weaker, Hen-
ce, the m.p. of fayalite is 1205°C,
fayalite will be a suitable constituent in the glaze.

which means

Many methods to form reducing atmosphers have
been developed these days. Bexg used charcoal to ma-
ke a CO generator and dropped 2.5 to 10% methanal
solutien in the furnace. ® Also, Cyg-hydrocarbon in-
stead of liquid vapour was proposed for tunnel kiln
by Metzel et al. @ Ostrovsky sintered fayalite in  the
presence of water vapour. @ A, Gorgeu obtained fay-
alite by heating a mixture of ferrous chloride and
silica in a current of hydrogen charged with steam,
According tv W.A. Bone et al, methanal was deco-
mposed inta CO and Hz in the combustion tube at 800
~900°C, where amall amount of CHy is produced,
too, ‘97

So.in this study, the lately developed method of
Berg'™® was adopted: introducing Ny gas as a carrier
gas saturated with meihanal vapour into the furnace
with the advantage of controling the flow rate of ca-
rrier gas to change the furnace atmosphere with ease.

Hematite has a variety of -, y-, &- and amorph-
ous forms And that, a-Fe;Oy has sphercidel, cubical,
acicular shape according to Stephens. © Differences
among those forms lie in those of the surface area,
which lead to different reactivities, In this study, sp-
herowdal, cubical and acicular forms of hematite were
used with silica as starting materials to obtain the
proper conditions of producing favalite along these

motphological differences,

2. Experiment

As regards Fes(s, Columbian Carbon Co. 's MAPIC
Q was used; Red 567, EGB0 and Red 516-Dark as
spheroidal, cubical and acicular respectively. And
regarding 8i0; Kanto Chemical Ce.’s silicic anhyd-
ride was used. FeyO3 and Si0; were sufficiently mixed
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with the molar ratio of 1 to 1.1. Then, they were
molded under the pressure of 400kg/em? To .exclude
the volatile organic matter, those malded were calein-
ated at 600°C for 20min. Like this,

prepared in the form of a pellet with dimension of

samples were

10mm X 20mm % 5mm and weighed to 0.1mg. with
the chemical balance. Then, samples were placed in
a refractory hoat, which was inserted into the conter
of the tube in the furnace.

Apparatus used for this experiment is just same as
Lim’s device®. Operations were proceded at the gas
flow rate of 0.13 and 0.25//min over a temperature
range of 1140°C to 1165°C during the reduction pe-
riod of 4 to 150minutes. The reduced products were
guenched into the deacrated distilled water(Q) and
dried, then weighted with the chemical halance. Tho-
se products were ground and examined by X-roy di-
firactometer (JEOL) under the same condition wilh 35
KV, 18mA Geiger counter, Mo-Ko radiation, Zr
filter and 2°/min. scanning speed over the range of

20 from 5° to 35°.

3. Results and Discussion

According to H. Steffe™, the sintering temperature
of iron silicate is around 1165°C and above 1170°C,
fusion broke out according to a preliminary test. So,
1165°C was adopted as upper limit. As a preliminary
test, raw sample, 1000mg of spheroidal Fes(Q4 and Si

O, with mixing ratio of 1:1 was analyzed with TGA
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Fig. 1. TGA analysis of raw sample
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(STANTION, LONDON) at 400°C/hr in the atrmos.
-pheric condition, Over the temperature range of 200
to 1000°C, 1.5mg was lost,

In other words, oXygen was considered to be relea-
sed, because that sample did not include any organic
matter. Hence, in this study, samples were directly
inserted into the tube at the reduction temperatures.
Gas flow rates were determined by means of Orsat gas
analysis in the preliminary experiment, Peoz/Pco ra-
<tio of the furnace atmosphere was plotted in Fig, £2.
Curve A is for 1170°C and 17/min., B for 1160°C
and 1//min, C for 1140°C and (. 250/min, D for
1150°C and @.13//min, and curve E is for 1185°C
and 0. 13!/min.

According to L. S. Darken®™, the range of log Pecog
/Pco hes between 0.5 and 0.4 for the stable phase of
fayalite, which means the lower limit of Pcog/Pco will
0. 13//min, and
0. 250/min. were adopted in the present study. Below

be around 0.4. As gas flow rates,

-the lower himit, metallic iron appeared.

Fig. 3. shows weight loss-teduction time plot in
case of spheroidal hematite with the gas flow rates of
«0.130/min. and 0.25//min. at 1186°C and 1140°C,
-where

F:( ) W'e-ig'nt loss )

Weight of input sample

Oi/ "Pco
O

Pe

05 1.0 1.5 20
Time (hrs.)

Fig. 2. Pcos/Peo ratio of the furnace atmosphere.

F is the number of oxygen molecule lost per 226g
of reactant sample.
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Fig. 3. F-t plot of sphercidal series.
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Fig. 4. F-T plot of spheroidal hematite

By eq. (2), F value which corresponds to the for-
mation of fayalite will be 0.5. while 1.5 correspouds
to complete reduction of FexJy to matallic Fe. For the
reduction time of 20 min and the zas flow rate of
0. 26{/min., F-Temperature piot is shown in casc of
spheroidal hematite in Fig. 4.

Fig. 5. shows F values as a function of 1eduction
period in the neighborhood of .5 in case of spheroi-
dal, acicular and cubical hematite. Cptimum F-value
was found to be (.5 by means of X-ray diffractome-

ter. X-ray patterns are shown in Fig. 6 and 7.
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From Fig. 6 and Fig. 7, the points where I value
were 0.5 in Fig. 3 and Fig. 5, iwere found to be
ig., 6-3 'and Fig. 64 in
7-3 and Fig. 7-4
7-6 and Fig.

7-7 in case of acicular series. On account of rather

hest. It is evident fram T
case of sphermdal series, from Fig,

in cose of cubical series und from Fig.

incomplete quenching, cxcess Si0p of f-quarez  state
was transformed into the a-guartz and wiistite appe-
ared tracely. Hence, from Fig. 5. the best conditions
to produce fayalite were 18 to 27min., 11 to 16min.,
and § to 7 min. in case of spheroidal, cubical and
acicular hematite respectively at the gas flow

0. 13//min. over the temperature range of 1165°C to

1140°C  Also following beheviours can be believed to

acciiLl
SO
2(Fe—0O—Fe4-2{0 =Si=0) (3)
O
o, . /O Fe .
j”l‘l_‘, Fe=0 +Te O O+2(0=51=0)+
\O—Fe/
%—OET (in COy or HiO) (d)

CO Ha
4Fe=0+42{C= Sl—“O)+ 027 {in COy or

He0) (3)

CO H 4[-Fe--C]+2[-0x--5i---0] {6

(40)

CO I_L /O\ _/O\ - .
=% 2{Fe Si- “Fe) o

A ' \O/ 1\‘\0/ &/ @
CD H

1FeL2{0=58i=0)-+20: T (in COz or HzO)

€)

Input thermal energy is dilivered in the form of
phonons inta the sallnple and vibrates Fe-O and Bi-C
bonds. As the dissociation energy of Fe-0 bond (98
keal/mole) is much smaller than that of Si~-O bond
(192kcal/mole) *i A Fo-3 bonds open first so  that:
out and diffuses to the sarface of 1edu-
cing atmosphere. Fgs, {4), (5) and (8)
upon Fiz. 6-2 and 6-3. In eq. (5), Fe-0 and Si-C

bonds open together, befoe [ayalite is {ozmed in eq.

oxygen erupis

ale  hased

(7). Excess reduction of eq. (8) Is shown in Fig.
B8,

By the way, I is the funciion of mixing ratic(X),
gas flow rate (G), temperawre (77, reduction perind
(), shape of hematite {S) and particle size (R).

F=X G, T 0 5 &) (9)

Particles of 12aciants were ground to pass thicugh
44 mesh screen to fix conslantly. Hence, in the prese-
nt study, X, G and R were assumed to be conslant
Therefore, F=/{T, ¢, &) am

Shapes of pasticles are characterized by those surface
ateas (1) cnd so, {unciions of swrface avea (A).

F=F{T, , A) (1D

Surface aveas (4) o a~Fepls are about 3.0, 10
and B 0m®/g In case of spheroidal. aciculsr and cubi-
cal shapes respectivaly
aof TFig. 3 2nd Fig. 5.

From the figure. log F ie assumed to be a linear fun.

Fig. 9 is the log-log plot

clion af log £
loglF =lagC) +Cs X Jogs {12}
Cy was

for all curves.

found to have a approximaste value of .5

F=0y3 {0<e<C150) (13}
And from eq. {11).
F=F(T, A5 (14)

Surfuce area (A) Is related to diffusion distance
(x), whose depth is shortened as 4 increases, that is,
A is assumed to be funcien of | {1/x). Hence, the
increase of surface area causes more diffusion to the

gurface, which improves the reactivity of the process.
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Fig. 6. X-ray patlemns of spheroidal series ab
(=0 15!/min.
: raw sample
: F==0.291
T F=(.467
: FF=1.535
: Fe=0. 648
: F=0.82b
: I'=1. 065
§:F=1.170
Therefore, the range of synthesis is made narrower.
F=f(T, 1/2)%8 (15)
=Ff(Dy exp 8T, 1/2)20 0 N (18)
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From eq. (16), & dimensionless group.

deduced.
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From eq. (18), 8=1
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serios o G=1 13/ /mir.

1. Cuhwel, F=0 203

Lo

Cubical, F= 1150
Cubiral, F={.457
Crbical, F=-0. 582
Culical, F=0.749
Acicalar, F=0.470
Acicular, F=0.554
Acicular, F=10.865
b= a(—t) x VDExp{—Q/RT) 5 (8)
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Also. surface area, A is given in the dimension of

area per unic mass.

L2 Le , .
A=—F7 = I8, where p is density
1 .
or A== f" {19
Eq. (19) can be rewritten as A=8/z {20)

Substituting eq (20) into eq (18) and resrranging

(413
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Fig. 8. F-t plot in log-log scale

‘them,
F=aA'y Desp(—Q/RT) t"° (21)
Apain, diffusion coefficient, D=Dexp(—Q/RT) is

assumed to be unaffected by shape variation.

From Fig. 8,
F=0.118¢t%5: III with spheroidal at 1165°C (22}
F=0 1545 : VI with cuhical at 1165°C (23)

F=( 2085 : VIII with acicular at 1165°C (24)
As f=aA* VDexp(—Q/RET):

Feopifarfar=(A) (An)’: (Aud)? (25)
and fsp et fu=0.118: 0.154: 0.208(from eq
(22}, (23} and (24))=1:1.31:1.77. (26)

By trial and error, it is assumed that & is 0. 5.
Then, ActAniAg=72fub 0 "
=1%:1. 312:1. 772
=1:1.72:3. 14
=3:15.16:8.42 2N
This ratio has a good agreement with abserved value
of 3:5:10. Therefare,
F=aA'*Dexp{—Q/RT)HH* (28)
‘where « is a proportionality constant,
Differentiating eq. (28),
ar
dt

So, instantanenus reduction rate is inversely propor-

=0. 52 A%5 v Dyexp(—Q/RT) ¢-05 (29}

tional to (. 5th power of reduction time.
4. Conclusion
The reduction rate (dF/d¢) is found to he proporti-
wonal to arround 0.5 th power of reduction period (#)

regardless of shape of hematite and to 0.5 the power
of surface area (A):
dF/dtee %505

Optimum synthetic conditions of fayelite are as foll-
ows: the maolar ratio of Fex(to Si0y is 1:1. 1 and the
gas flow rate, 0.13//min. at the range of 18-27, 10-
16 and 6-7min. in case of sphercidal, cubical and
respetively over the temperature
range of 1185 to 1140°C.
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