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Peiletization of feldspar solidwaste tails and its use as slag coagulator during the remelting process oJ'
cast iron was studi-ed. The feldspar solid waste tails powder with dffirent còncentration óf sodium

silicate was formed into pellet via pelletizing technique. The produòèd pellets were characierized by
measuri,ng its compressive strength and dropping resistance. It was found that the compressive strength

and dropping resistance of the pellet increases with increasing lhe sodium silicate content. The
Pgrformance of these ngllets as slag coagulator was determined on the basis of the amount of removed
slag as a result of i1s aldition during the smelting of cast iron in induction furior"t. The removed slag
was characterized by determining its chemical composition and XRD. h wàs concluded that the amount

of slag removed that results frgm its coagulation deòreases with the increase of sodium silicate content up
to 6-wt.7o then it increases thereafter These results rationalized by complete coating of the waste grain

surface by sodium silicate during its pelletizing leading to decrease ìhe stag compònents to eality
penetrates the pellet. This in turn, decreases the ability of the slag to easlty reacts with pellet

constituents. Howeue4 the 
-increase of sodium silicate content above 6 wt.Vo doàsnl only completely wet

- the pellet grains but ít also goes in the interface through the feldspar grains. Excess iodium siliàarc
through 

-the 
grain interfaces in turn, facilitates the pelletfusion when it was subjected to the temperature

of the remelting process allowing to the slag component to react with the-pellet constitueits.
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Electric induction furnaces are either cylindrical or cup sha-
ped refractory lined vessels surrounded by electrical coils
lhat, when energized with high frequency alternating current,
poduce a fluctuating electromagnetic field to heat the metal
ùarge. For safety reasons, the scrap metal added to the fuma-
ce charge is cleaned and heated before being introduced into
the furnace. Any oil or moisture on the scrap could cause an
crplosion in the fumace. The molten metal is tapped by tilt
md pours through a hole in the side of the vessel. Induction
funaces are kept closed except when charging, skimming and
@ping(l). Therefore, the metallurgical processes that uses
frmùrction furnaces aims to produce high purity metal or its al-
Ss with low cost. Cost factors of these processes are sum-

ized under the following headings as follows:
ft- Refractory lining
-Raw materials

Additives

-eoal 
of achieving these tasks (low cost operation with hi-

urity product) depends on the mechanism to carry out the
mg process with low cost and to maximize refractory ser-
life of the induction furnace. It is well known that the
consists of the oxide impurities that must be separated
the molten metal because these oxide impurities affects

the metal properties and the furnace lining. At high tempe-
rre of the smelting process, these oxides react together to

less dense and low viscous slag, therefore, it floats on

refractory lining, facilitates the penetration of the ambient en-
vironment gases that facilitate the oxidation of the metal and
increase of the consumption of the energy by increasing the
heat transfer. Therefore, the addition of materials is necessary
to coagulate the slag i.e. increasing its viscosity to impose a
barrier between the metal and the ambient environment gas to
prevent or minimize the penetration of gases that oxidize the
metal and to conserve the energy by decreasing the heat tran-
sfer. On the other hand, the coagulation of the slag makes ea-
sy its removal during the smelting process, and decreases the
refractory lining by subjecting it to the slag long time i.e. in-
crease the service life of the lining. Consequently, the remo-
val of the slag decreases the drastic effects on the refractory
lining of the furnace and facilitates the floating of the impuri-
ties that wet the metal to separate by decreasing its concentra-
tion on the surface of the metal itself. For these reasons, the
successful materials to be added have two advantages; to
react with the slag and to increase its viscosity by forming hi-
gh refractory phase in order to improve its removing during
the smelting process.
Many materials have been tested in the last few decades to act
as slag coagulators. In this investigation the use of solid waste
tails from the beneficiation process of feldspar to be used as
slag coagulators have been investigated.
In the feldspar beneficiation process a huge amount of solid
waste tails have been produced. This waste has no economic
use and has a particle size of less than 0.074 mm. To reuse su-
ch materials as slag coagulators, it should be frstly agglome-
rated before using. The pelletization of such materials is a
useful process for agglomerating such very fine paficles. The
pellet strength should be high enough to withstand transpira-
tion, handling and charging in furnace. To fulfill the require-
ments of the pellets from the strength point of view, some ad-
ditives should be used. Sodium silicate is regarded as one of
the very useful binder that can develop strength for pellet.
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surface of the metal. The lower viscous slag corrodes the
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Many investigators had worked on the use of sodium silicate
as binder in different foundries.

f9{u- silicate (water glass) has been used industrially as a
binder and adhesive for foundry sands to deteriorate thelntro_
duction of bentonite for at leasi 120 year(2).
D.wivedi(3), reporled that when CO, gas reacts wiîh sodium
silicate solution, two mechanisms aré ì-nvolved:
1) a chemical reaction involving the formation of a silica hy_

dro gel bond
2) a physical process in which a glassJike high viscosity so_

dium silicate bond is formed due to dehydration oî the
aqueous silicate, where both mechanismÀ are operating
gg contributing to the strength developed.

Nicholas(4), suggested that, the chemical reaction between
CO, gas and sodium silicate is rather complicated but in sim-
ple terms it is:

NarO.3SiO, + CO, -+ NqCO, + 3SiO,

Mc Dolald_(5), suggested that depending on the gas condition
and SiOr/Nap rario of the sodium siliòate employed as bin_
der. the dehydration during storage led to eitheianlncrease or
decrease in bond strength.
The aim of this investigation is to evaluate the use of the solid
waste tails produced during the beneficiation of feldspar, in
ore beneficiation plants by pelletization of such very fine ma_
terials using sodium silicate as binder. The effects oî different
percentage of sodium silicate addition (based on the total feed
weight) oLth9 nrglerties ofgreeq and dried pellets properties
were studied. Also, the effect of such an-additión òn the
perfgrmancg of these pellets to act as slag coagulator was in_
vestigated. The total chemical composition witl x-ray diffrac_
togram for each pellet type after slag coagulation wàs perfor_
med.

€xpsRlM €MYAL i{N e pR${g&&i ${s

Materia{
The solid waste tails produced from the beneficiation of feld_
spar were delivered from a beneficiation pilot plant in Central
M_etallurgical Research and Development Inìtitute, (CMR_
DI), Cairo, Egypt. The total chemical composirion oi solid
waste tails was as given in Table 1.

41o:tt type sodium silicate has 56.I5Vo, solid content,
SiOrNarO rafio (2.67/l) and 1.6 gm/cm3 specific gravity was
used.
&pparatus and proeedun*
A laboratory disc pelletizer 40 cm diameter and l0 cm depth

P= [WrnV2] x 100

Where
P = productivity of the green pellets (+4-g) mm diameter,

7a'
Wr = weight of the produced green pellets (+4-g) mm diame_

ter, gm.
Wz = weight of the charged materials to the disc pelletizer,

gm.
Mechanical properties (compressive strength and drop resi_
stance) are necessal-y in order to produce gieen or dry pellets
able to resist the compression load in the péilet bed of the belt
conveyer, drying grate, and during their handling and storage.
The average compressive strength of pellets is-measured 

"by

compressing at least l0 green or dried pellets sample (+4-b
mm) between- parallel steel plates up to their breaking. The
mean value of the tested pellets gives their average compres-
sive strength(6) .

The drop resistance indicates how often green or dried pellets
can !e dropped from a height of 46 cm before they show per_
ceptible cracks or crumble. Ten green or dried balli are indlvi-
dually dropped onto a steel plate until their breaking. The
mean value of the tested pellets gives their average drof num_
ber (7).

9rying of green balls was conducted in air atmosphere for
diffgrent periods of time, and then the mechanical properties
of the dried pellets were determined as was mentioned pre-
viously.
After drying different pellets type (containing different so-
dium silicate contents) they weie used for application as a
slag coagulator. The same weight of (+4-8) mm pellets from
each pellet type was introduced into the induction furnace and
then skimmed and weighed again to obtain the percent of slag
coagulated on each type. This could be obtained using the foll
lowing equation:

K=(M2-Ml)i Ml *100

Where
K is the weightpercent ofcoagulated slag
Ml is the weight of pellets before being introduced to the in_

duction furnace
M2 is the weight of pellets after being skimmed from the in-

duction fumace.

...:,.:a...:'..... 0. I 8
i:',..i,,,,rì:,- 66.88
t.a::)::..)).,,, t9.79
,ì,r,,ir.i . 0.30

iaii.rtì,,,.,] 0.88
..::...::....)::.:. 0.23

,:,:;;:L :,.' 10.86

Table 1: Chemical
composition of feldspar tails
from spaîofluoro
beneficiation process.
Tabella I : Composizione
chimica di sterili di
spatofluoro dal processo di
arric chimento de I felspar.
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€ffect sf s*di*,ffir s{t'!aat* add{tier: on the pnoperties
of green pellets
Figure 1 illustrates the effect of sodium silicate addition on
theproductivity of +4-8 rnm green pellets. From this figure it
is clear that increasing the amount of sodium silicate addition
leads to an increase of the productivity of green pellets till it
reached a maximum value at 4Va sodium silicàte addition
whereas it decreased thereafter.
The increase in the productivity of +4-8 mm pellets with in-
creasing the sodium silicate addition up to 4Vo sodium silicate
may be attributed to the fact that sodium silicate contains a li-
quid fraction, and it reacts with atmospheric CO", leads to the
formation of HrO according to the following realction:

SiO, + 2NaOH* + CO, -+ NarCOruo + HrO + SiO,

This leads to increase the amount of moisture included in the
charge. The moisture content for producing a good quality
green pellet is quite critical. The indicated optirrrum móisturè
content is that at which water molecules are formed in every
surface pore. Insufficient moisture content will result in air in-
clusions in the ball, which reduce the capillarity effect and
cause a lower pellet quantity and quality. Whilst excess moi-
sture will coat the ball with a coherent film of water which
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was-used for pelletization of the finely ground, (0.074 mm)
solid waste tails from feldspar beneficiaiion. The solid waste
tails were_fed to the pelletize1 and then the predetermined
amount of added water was sprayed onto the rolling bed of
the material in the pelletizer. At the end, the pelletísample
were collected and screened to collect the +4-g mm pellèts
[what does + mean?] which was taken as a measurebf the
p.roductivity of the pellets which was calculated according to
the following equation:

2a Ia metallwgia îtaliana
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Fig. 1 - Effect of sodium silicate addition on the productivity of
+4-8 mm diameter greert'pellets.

Fig. I - Effetto dell'aggiunta di silicato dí sodio sulla produzione
di pellet verdi del diametro di +4-8 mm.

Fig. 2 - Effect of sodium silicate addition on the average drop
namber and compressive strength of green pellets.

Fig.2 - Effetto dell'aggiunta di silicato di sodio sul numero medio
di gocciolamento e forza di compressione dei pellet verdi.

Deutralizes the capillarity effect and leads to the formation of
large size ball with low quality(S).
Figure 2 shows the relation between the amount of sodium
silicate addition and the mechanical properties of green pel-
les. It can be found that increasing the sodium silicate addi-
rion leads to increase average drop number while the com-
pressive strength decreases with increasing the sodium sili-

cate addition. The increase in average drop number and the
decrease in compressive strength with increasing sodium si-
licate addition may be related to the same phenomena. Thus,
increasing sodium silicate addition leads to increase the
moisture content in the pellets making it more plastic which
leads to increase the average drop number. 'Whereas the in-
crease in moisture content leads also to increase the capil-
lary diameter inside the pellets which reduces the capillary
forces between granules making it easier to be cracked and
fail under load(9).

Effect sfscdium silieate add*tiCIn en the *ro!:!erti*s
o{ dried p*[l*t
Green pellets were subjected to dry over one night and over
two nights then the properties of pellets were determined. Fi-
gure 3 illustrates the relation between the amount of sodium
silicate addition and the properties of dried pellets. It was
found that at any period of drying increasing water sodium si-
licate leads to increase in both the average drop number and
compressive strength of the dried pellets.
Also it was found that at any constant sodium silicate addition
(> 2Vo) the increase in drying time leads to the increase in
both the average drop number and the compressive strength.
The increase in both average drop number and compressive
strength of dried pellet with increasing sodium silicate addi-
tion at any constant period of drying may be attributed to the
fact that sodium silicate reacts with carbon dioxide of air pro-
ducing silica gel and sodium carbonate, thus the solid waste
particles were locked together by silica gel surrounding the
particles-(10).
On the other hand increasing of average drop number and

Fig. 3 - Effect of sodium silicate addition onthe average drop
number and compressive strength ofdried pellets.

Fig. 3 - Effetto dell'aggiunta di silicato di sodio sul numero medio
di gocciolamento e forza di compressione dei pellet essiccate.

compressive strength with increasing the time of drying at
any constant sodium silicate addition may be attributed to the
fact that increasing time of drying gives more time for the
reaction between sodium silicate and carbon dioxide causing
locking the paficles. Also, it may be due to the fact that in-
creasing time of drying leads to the deposition of a thin dense
crust at the pellet margin(10).
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pettets as siag coagui.ator
Figure 4 illustraies thé relationship between the amount of so_dium silicare addition, and rh" ;;"rr';'rhg coagutated withpet ler conraì n in s di fferenii"Ji 
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Table2 -Totalchemical
composition of pellet with slag

ajter coagulation.

Tabella 2 - Composizione
chimica totale del pellet con

scoria dopo coagulazione.

Pellet
contalntng
2% sodium

silicate

Pèilèt
ll
\IJ

lr
Ih

Constituent contaiùíng
47a:,grùdfuln
r.',,.isiliCAtè rrìi.,.

slag coagulator indicate the efficiency of feldspar tails pellets
as a slag coagulator where the coagulated elements are incor_
porated in the structure of feldspar minerals especially Al, Na,
Ca, and K.

esr'{fLtJsrsr,;

The following conclusions could be derived from this study:_
l- Th9 rygdgctivity of +4-8 mm diamerer green pellets incrLa_

sed with increasing sodium silicate addition till it reaches
maximum at 47a addrtton and then decreased thereafter.

2- The averages drop number of green pellets increased with
increasing sodium silicate addition while the compressive
strength of green pellets decreased.

3- |gt av-9ragg drop number and compressive strength of
dried pellets increased with increasing the period of àrying
at any constant sodium silicate addition and also increaseé
with increasing sodium silicate addition at any constant ti_
me of drying.

+ the performance of feldspar solid waste tails pellets as
slag coagulators decreased with increasing sodium silicate
pellet content till it reaches minimum at 6% sodium silica_
te owing to the lower amount of coagulated slag at this per_
centage while it increase beyond 6% sodium sllicate 1at g
and 1O7o content) owing to fusion and sublimation wùúch
occurred to the pellets at this sodium silicate contents.
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E'stata studiata la pelletizzazione di sterili solidi di e loro im_
piego come coagulante della loppa nella rifusione deila ghisa.
Polveri di steili solidi di spatofluoro con diverse concentra_
ioni di silicato di sodio sono state trasformate in pellet me_
diante tecniche di pellettizzazione. I pellet così prodotti sono
stati caratterizzati mediante misurazione della jorTa di com_
pressione e resistenza al gocciolamento. Si è riscontrato che la
forza di compressione e resistenza al gocciolamento dei pellet
aumentano con l'aumentare del contenuto di silicato di sodio.
ln prestazione di questi pellet come coagulanti deila loppa è
stata determinata in base alla quantità di descofficazioÀà co_
tne conseguenza della loro aggiunta durante la riduzione della
ghisa infomi a induzione. ln descorificazione è stata caratte-
izzata determinando la composizione chimica deila loppa e

mediante XRD. Si è concluso che la quantità di descorificazio-
ne ottenuta come conseguenza della coagulazione diminuisce
aumentando il contenuto di silicato di sodio fino al 6Vo det pe-
so, mentre aumenta da questo punto in poi. euesti risultati
sono stati valutati sistematicamente mediante la ricopertura
completa della supefficie del grano degli steriti con silicato di
sodio durante la pellettiuazione, che porta qd una diminuzio-
ne dei componenîi degli scarti in modo da penetrare facilmen-
te nei pellet. Ciò a sua volta diminuisce la capacità della loppa
di reagire facilmente con i costituenti dei pellet. Tuttavia liàu-
mento del contenuto di silicato di sodio al di sopra det 6 Vo del
peso non bagna completamente i grani di petlet e inoltre si in-
sinua sull'interfaccia attraverso i grani di spatofluoro. però
l'eccessiva presenza di silicato di sodio attraverio l,interfac-
cia dei grani hafacilitato lafusione dei pellet quando questi
sono stati sottoposti alla temperatura del processo di rifusio-
ne, in quanto ha permesso ai componenti della loppa di reagi-
re con i costituenti del pellet.

l|t

U
(!

ln

la metalluryia italiana 3 f_


	Pelletization
	Pelletization_0001
	Pelletization_0002
	Pelletization_0003
	Pelletization_0004

