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. ABSTRACT

Cold bonding processes have been developed with
a view to conserve energy in pellet hardening step.
The incorporation of the reductant and fluxes in
the pellet also ensures a blast furnace burden
that is homogeneous with resultant smooth opera-
tions of the furnace. The present paper deals with
the studies conducted on the production of compo-
site iron ore pellets using iron ore fines, eco-
char, hydrated lime and natural silica flour as
well as rice husk silica. The results indicate
that the composite pellets with rice husk has
superior strength compared to the pellets with
natural crystalline form of silica. Studies on
Ca0-H,0-rice husk silica reaction system revealed
that a gel like calcium silicate hydrate (CSH-I)
is formed during the steaming operation that is
responsible for the strengthening of the camposite

pellet. The studies on the kinetics of the hydro-
thermal reaction revealed that the reaction |{s
diffusion controlled and the product formed {s

calcium silicate hydrate. The reducibility studies
indicated good reducibility with minimum swelling.

INTRODUCTION

The conventional method of heat hardening of iron
ore pellets for iron production is:%ergy intensive
and is associated with energy consumption  of
1,50.000-2,50,000 KCal/tonne of' pellets depending

the nature of the raw materials. Cold bonding
nave been developed with a view to
conserve the energy requirements of the pellet
hardening step. The {incorporation of reductant
ana flux in the iron ore has the advantage of not
only utilising carbonaceous fines but also in the
production of a composite pellet with the iron
oxides and the reductant in their natural states
witn neither reduction nor oxidation at relatively
low nardening temperatures, characteristic of
the process.

on
processes

reductant inside
invariaoly reduces the strength of
particularly fram the point of view of the verv
. demanding conditions of the blast furmace. However
with tne use of camposite pellets in. small blast
furnaces and low shaft- furnaces, it 1is possible
to produce foundry grade pig iron at competitive
prices. Tnhis would also help to meet the regional
requirements of pig iron for the foundry industryv.

the pellet
the pellet

Incoroorating a

in cold processing, the hardening of the pellet
is ov intergranula{r bonding. By utilising
nydrotnermal reactions of CaO—H20-5102 system
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severi}_aansmpts (mainly by MTU and PIC) nave been
made to produce hard pellets and to study their
reduction behaviour.

The present investigation deals with the cold
bonding of, couposite pellets of iron ore-Leco-lime
and silica utilising the hydrothermal reaction
of Ca0-H,0-Si0, system. The advantage of using
rice huskK ash in the place of natural silica lies
in the amorphous nature of silica present in the
rice husk ash whicn 1s highly reactive towards
lime in the pellet mix. The study assumes grea
importance as it affords a method to exploit the
regional raw materials. The Southern part of India
suffers from high cost of fuel, which renders the
econamics of iron production by means of coke very
unattractive and uneconomical. It is necessary
to use alternate fuels wnich will eliminate the
dependence on coking coals which as® even otherwise
not abundant in India. Lignite char available
at Neyveli, one sucn source of carpon can De
considered for iron production. The paper deals
with the studies on the production of cold bonded
canposite pellets using Bellary-Hospet iron ore
and Neyveli Leco char.

EXPERIMENTAL MATERIALS AND METHODS

Materials The iron ore used in the investigation
was obtained from Bellary-Hospet region of
Karnataka, India. The sample was crusned and

ground to pass through 200 mesh BSS (75 micron:).

The chemical analysis of the ore is indicated in
Table I.

The carbonaceous material (reductant) used in this
work was Leco coke from  Nevveli Lignite
Corporation, India. The Leco lumps were ground
to pass through 200 mesh BSS. The assav of this
material 1is shown in Table II. The limestone of

size 25 mm was calcined at 1100°C, hvdrated and
passed througn 200 mesh BSS. The calcined lime
analysed 90.72%-of available lime.
A river sand from Kerala, was used as a source
of natural silica. The sand was wasned, dried
and ground to pass through 200 mesn BSS. This
powder analysed 95% Sid,. The other form of silica
used in this work is ff‘am rice husk. The raw rice
husk obtained from a rice mill was washed., dried
and ignited at 600°C for 15 hours. The white asn
thus obtained was very fine passing through 300
mesn BSS. The chemical analysis of this ash {s
given in Table III.
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Metnoas The procedure adopted consisted in mixing
the iron ore powder with stoichiametric quantity
of Leco coke, specified amounts of calcined lime
and natural silica flour/rice husk ash in a sand
muller with moisture (100 ml/kg of iron ore).
Then tne mix was taken out and balled in a
~laooratory disc pelletiser. The pellets thus
produced were in a size range of 9-16 mm. These
green oellets were allowed to dry at room
temperature for aoout 24 hours. Then the pellets
were sudjected to steaming in an autoclave at
various temperatures/saturated steam pressures.
After steaming, the pellets were removed, cooled
and tne crushing strengths were measured. In each
experinent a minimum of 12 pellets were tested
and tne average crushing strength was recorded.

reaction of CaO-H,0-SiO,
stainless steel bomb was used as per”

experimental procedure 4 The 1:1
lime and rice husk silica with water
was faxen in the bomb which was immersed in an
oil bDatn. At specified temperature and time, tne
pand was removed from bath, opened.and the reaction
product was analvsed for free lime present in
it.

To stede
svstaz., a
the earciier
mixfure of

the hvarotnermal

obtained at the end of the reaction
was wasned well with acetone and then with ether.
Tnis was filtered, dried in vacuun and subjected
tc N-rav diffraction analysis for product identi-
fication along with steamed pellets.

Tne oreduct

RESULTS AND DISCUSSION

Pelletization and strenaethening

Sllect
kg each of
stoi:calametric amount of carbon and Ca0/Si0,
using silica flour and husk ash silica sepérately.
These zreen pellets were kept in ooben in a tray
uncer amoient conditions to study the effect of
curinz time on the strength of tne green pellets
over period of 240 nours. The results shown
in 7aoie [V indicate the advantage with rics husk
asn in wetting superior strengths. Further, the
results indicate that tne strength of the psllet
does not increase appreciably with increase in
curing time bevond 10 days (without steaming) in
tne case of natural silica, indicative of incom-
plete reaction petween calcium hydroxide and natu-
ral/mineral silica and insufficient bonding agent.

of curing time Initially about a
composite pellets were prepared with

|
e

é

In tne case of rice husk ash the silica is in the
amorpnous (reactive) form and reacts easily with
lime  forming more calcium silicate hydrate
resulting in better strength of the composite
pellets. It is well known that this reaction
proceeds faster under hydrothermal conditions.
So furtner pelletisation and strengthening expsri-
ments were carried out under hydrothermal
conaitions.

cfiect of temperature/pressure The effect

of tanperatures/pressure on the strength of the
camosite pellets at 8% Ca0 keeping the added CaO/
Silica 1 is shopp in Table V. From the results
it could be seen that the camposite pellet strength
continue to increase with an increass in
temoerature (steam pressure). This indicates that
tne formation of «calcium silicate hydrate (the

404

.also

chief bonding agent), also Iincreases resulting
in improved strength of the pellet. The results
indicate the high reactivity of rice husk
ash silica with lime resulting with formation of
more calcium silicate hydrate than that with

natural silica.

The effect of lime (keeping added CaO0/SI0
1) The effect of the amount af Ca0O i{n tnhe
canposite pellet on its strength at 200°C is snown
in Table VI. These experiments were conducted
with additions of Ca0 and Si0O, to increase tne
quantity of bonding material (CsH) avaflable for
strengtnening the pellets. Tne results revealed
that the strength of the pellet continuec to
increase with an increase in the addition of CaO
in both cases of natural silica flour and rice
husk ash silica. But the pellet with rice husk

silica always exhibited higher strength campared
to pellet with natural silica. This mayv be
attributed ta. the amorphous silica present in the
rice husk ash However, the increase ir CaO
and Si0, results in lowering the iron content of
the pellets with disadvantages of increased slag
Tne above study revealea that the composite

pellets made with rice husk ash and lime are iar

superior. To understand the strengthening mecna-
nism and the cause for increased strength of tne
pellets, the investigators felt the need to study

in detail the reaction of CaC-H 0O-Si05 (rice husk
ash) system under hydrothermal conditions.

Reaction kinetics and strengthenine mechanisu

Reaction Kkinsetics The reaction betwesen
lime and rice husk silica. under ambient condi-
tions is time consuming whilst under hydrothermal
conditions, the reaction is fast and easy to be
studied and hence it was adopted in the present
study.

The

kinetics of this hydrothermal reaction was
studied at various temperatures viz. 81.5 to 200°C
at C/S ratio 1 A plot of fraction of lime
reacted (o) versus time (t) for the data is snown
in Figure 1. From the figure it is clear that
fron 81.5 to 180° the reaction exhibits two
acceleration periods '~ , but at 200°C the reac-
tion exnhibits only one acceleration period. In
a polysize sample; it is not essential that all
particles will react according to one and the
same mechanism. So a consideration of various
reaction processes like nucleation and growth”

(-1n(1-a )1%/3 - k-t

phase boundary interaction

1/3

1-(1-a) =k .t

T g
and diffusion

kd.t

was attempted. All three models mentioned above
showed linearity with the experimental data thereby
making any one or more of the three processes rate
controlling. From the linear plots figure 2,3 @ 4

the rate constants corresponding to both accelera-
tion periods for all temperatures were calculated

1-2/4 @ (1-a)2/3



presented in table VII. The rate constant
-.des show that diffusion process is slower than
pnase boundary interaction and phase boundary
interaction is slower than nucleation and growth.
Mme activation energy values were then calculated
fron the log k versus 1/T plots and was found
to be between 8-21 KJ/mole which falls in the
range for diffusion controlled reactions.

At 200°C the reaction showed a different trend
conpared to _that of -lower temperatures (where
the reaction exhibited two acceleration periods).
As the temperature increased, the time at which
the [irst acceleration period ended and the second
one begaon became lesser and lesser and at 200°C
a distinction batween first and second
acceleration periods disappeared and the reaction
exhibited only one acceleration period. Further-

more, at 200°C a change in the product of the
reaction was also observed.
Strengthening mechanism One of the basic

comoounds  responsible for the strengthening of
pellets. briquettes stc. and hardening of cements,
mortars etc. has been shown to be calcium silicate
hvdrate. In the present case, the formation of
this gel like compound (CSH-I) has been attributed
to be the reason for the increase in. strength
of tne pellet with increase of temperature. From
the x-ray diffractogram-it was observed that from
81.5 to 180°C. the pure CaO-rice husk ash mixture
snowed a prominent peak around d = 3.03 A (fig..
Sb)l which is characteristic of CSH-I. At 200°C
the product of this reaction was observed to be
Xonalite. The XRD analysis of the iron ore pellet
containing tnese icim;ﬁnents sbowed (fig. Sc) the
formation of ZSH-[™ " alongwith the other campo-
nents present in it which remains yet to be
understood. [n order to confirmm the formation
of CSH-[, tne compound was synthesised by a knouwn
method ~ ana subjected to XRD. A praminent pea<
around d = 3.03 A (fig. 5a) was observed even
over nere indicating the formation of CSH-I during
the steaming process and responsible for
strengtnening of the pellet.

Reduction studies on composite {ron ore -

Leco cnar oeilets

- The composite oellets are reported to show better

reducioility due to intimate contact of the oxide
-particles with the reductant and that only verv
snort reduction times are required for masrtalli-
sation. It nas also been reported that the

canoosite pellets could be metalli(siag;)and melted
in c0 minutes in a hot olast cupola.

Hence tne reduction benaviour of the compasite
vellets w~as attempted. Preliminary weight loss
experiments (TCA as well as neating of the pellets
carried out on the

in  crucibles/boats) were '
conosiie peilets made of Leco char (a) ;n
stoichlometric amount and (b) 10% excess at 20°C

per minute neating rate, in nitrogen atmosonere.
The results are shown in figure 6. It is evident
.. from the curve that the maximum weight loss
occurred from 1000-1150°C evidently due to the
requction of Fe.Jd, which continued till 1300°C.
The cnemical analysis of the reduced products
obtained in pellets in crucible experiments are
indicated in Table VIII which revealed that
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metallisation increased wi th increase of
temperature under the experimental cond{itions.
Systematic studies are being taken up on the

reduction of composite pe“ets at various tempe-
ratures. ?
Conclusions The studies on the production of
composite iron ore Leco char pellets by cold bonding
technique revealed that the agricultural waste
product rice husk ash is capable of strengthening
the composite pellets by the formation
of calcium silicate hydrate. The pellets have good
reducibility.

ACXNOWLEDGEMENT

The authors' thanks are due to Professor S.Banerjee,

Director, National Metallurgical Laboratory for
his encouragement and permission to present this
paper.

REFERENCES

1. M.A. Goksel and W.Provis;
melting of agglamerated
and steel plant wastes;
Soc. (1977) 327.

Cupola reduction and
iron ore concentrates
Trans.Am. Foundrymen's

M.A. Goksel, T.A. Schott and F.T. Kaiser: Hot
metal production fram iron wastes in cuoola
by MIU-pelletecn cold agglomeration process;
Proc. 4th Int. Symp. on agglomeration, Toranta,
(1985).

J. Frank. J.Weiss: Operation of new pellet
nology facility promises more econanical
and steel making process:
Jan (1987) 18.

tecn-
iron
Industrial Heating,

4. K.G.Jolly Kuttyv; Studies on the reaction between

lime and rice husk silica under hydrothermal
conditions: Ph.D. Thesis. University of uaaras,
1989.

5. Available lime index - annual book of ASTM
Standards, Part B, Ceanment., Lime, Gypsum. 513,
(1982) 32. )

6. P.K.Mehta, The chemistry and Tecnnology of can-
ents made from rice husk asn: Proc. Worksnzo

on Production of Cement like materials ‘-om
agro wastes, UNIDO-ESCAP-RCTT-PCSIR, (1872
T13.

7. A. Bezjak and V. Alujevic: Kinetic stuaws -f

nvdrothermal reaction in C.S-quartz sysiam :;
Cem. Concr. Res., 11(1)(19817 -3.

3. V. Alujevic. A.Bezjak and A.Giasnovic: X
studv of hydrothermal reaction in CaQ-
system; Cem.Concr.Res., 16 (3) (1986) 333,

¢. Melvin Avrami: Kinetics of pnase cnanzas o,

7(2)(1939) 1103:

Chem.Phys; [T ibid 8(2} [1:49)
212; III ibid 9(2) (1941) :177. '

0. S.Anand and R.P.Das; Treatment of extraction
curves which mav simultaneously follow ooth
diffusion as well as chemically controlled
models: Trans. IIM 41(4) (1988) 335.



VI(A).3

11. James Jose and M.Subba Rao:; Reaction product TABLE 1V
of lime and silica from rice husk ash; Cem. _——
Concr. Res. 16 (1) (1986) 67. Effect of curing time on the strength
d 2 of the green pellets
12. James. Jose and M.Subba Rao; Reactivity of rice B )
husk ash; Cem. Concr. Res. 16 (3) (1986) 296. Conditions : Leco char - Stoichiometric
: CaO/SiO2 -1
13. H.G.Midgley: Hydrothermal reactions in the Ca0 - 8%
lime rich part of the system CaO-Si10,-H,0;
Magazine of Concrets Res.12 (34) z[1 0) 19. S.No. Time Strength of green pellets (kg/p)
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Jae 1 Natural silica| Rice husk silica

Chemnical analysis of iron ore

1 24 13 12.5
= 2 48 16 26.8
Constituent % 3 96 20 45.0
4 120 22 51.5
Fe (Total) 64.60 5 144 23 54.0
FeQ 0.22 6 192 27 57.4
5i0, 2.32 7 240 29 67.5
2.87
AlqBy , TABLE V
TABLE 11 Effect of temperature/pressure
: : Conditions : Leco char - Stoichiametric
Chemical analysis of Leco char —— e CaO/SLOz -1
- Ca0 - 8%
Constituent %
= - Sl. Temp. Pressure Strength of pellets (kg/p)
. No. °c kg/am?
1 .
Lgijt?;: ma tter l?iflig approx. Natural silia|Rice husk silic
Fixed carpbon 70.16 1 80 ~ 26 ° 68
sn e 2 100 1 40 81
e tere) BT 3 w20 3 45 105
4 140 4 57 ° 126
TABLE 111 S 160 6 72 132
6 180 12 115 148
Chemical analysis of rice husk ash 7 200 19 120 179
constituent % TABLé VI
5i0, 93.91 Effect of lime on the strength of the pellet
¢ = Conditions : Leco char - Stoichiametric
&,0y 004 Ca0/si0, - 1 :
'\1'_‘03 2.10 Temperature - 200°C
Ca0 0.40 Pressure - 19/cn?
MgQ 0.36 .
WI 2.54 S.Nao. Ca0 % Strength of the pellet(kg/;

Natural silica |Rice husk silic

1 2 20 28.0
2 3 85 72.0
3 4 47 82.3
4 5 63 110.0
5 6 82 144.0
6 7 90 202.0
7 8 99 258.0
8 9 110 340.0
9 10 125 N.A.
10 12 130 N.A.
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TABLE VII

Rate constants for.the nucleation, phase bound
interaction and diffusion for the reaction at C/S=1

si.|Temp. | k. | x k. |k K K
No. |- oK By Sl Y| My S| 9
x10° [x10* [x10* |x10|x10? |x10%
1 354.5 0.95 3.77 0.79 -  0.97 0.253
2 373.0 1.11 4.60 0.98 - 1.09 0.328
3 383.0 1.15 6.03 1.27 - 1.38 0.417
4 412.0 1.27 7.59 1.80 - 1.74 0.634
5 433.0 1.47 B8.75 2.37- - - _
6 453.0 1.63 12.70 2.78 -  3.57 1.540
7 473.0 0.73 6.07 2.87 - - N
TABLE VIII

Chemical analysis of reduced pellefs
2
43.37% & Fe“" = 0.36%

Raw Pellets : Stoichiometric carbon : Total Fe

10% excess " : Total Fe = 41.16% & Fe2' = 0.32%
Stoichiometric 10% Excess

S.No. | Tamp. t-—=———-7--- ———rm e —r————————
oc | Total Fe2+ Fe® Meta%li— Total Fez+ Fe® Meta}li-

Fe zation Fe zation

% % % % % % % %

1 1000 52.96 17.04 2.40 1.37 50.16 17.45 .33 7.04
2 10745 59.98 45.59 14.46 22.96 56.99 43.96 16.06 28.18
3 1150 70.94 59.72 45.63 63.05 68.94 59.13 49.13 7137
4 1225 72.54 62.79 48.00 66.16 71.34 65.16 53.34 ° 74.80
S 1275 75.90 64.71 54.13 71.40 71.64 69.78 55.00 76.76
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