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INTRODUCTION

The contamination of Ductile Iron melts by boron has been reported more and more
frequently in the last few years. Boron was reported to offset the pearlite promoting
effect of copper and, as a reault, the manufacture of fully pearlitic cagtings was made
more difficult in presence of boron. As little as 0.002% boron was reported to be
detrimentd.

It was recently proposed by Dr R. Naro that sodium could be a good candidate for
removing boron from Ductile Iron melts, and an experimenta program was proposed to
DIS. Prior to peform the tests, Rio Tinto offered to cary out thermodynamic
gmulations to verify if the reaction of sodium compounds with boron is theoretically
possible. The results are presented below.

TETSPARAMETERS

The thermodynamic cdculations were run using the FACTSAGE data base of Ecole
Polytechnique de Montréd. Note that this Smulation is purely thermodynamic and does
not incdlude kinetics factors thet may influence the reactions under production conditions.

The chemicd compostion of the iron is liged in Table 1; a boron concentration of
0.002% was taken as the reference levd. The different mixtures injected in the liquid
iron are listed in Table 2. Simulations were run at 1400 and 1550°C.

Table 1 Chemical Composition of the Liquid Iron

Elements | Weight %
Fe A07
C 3.70
S 2.00
Mn 0.20
P 0.02
S 0.01
B 0002

Table2 Mixtures|njected

Test # CaO SO, Na,O Na,CO; kg/t
1 50 % 50 % 0 0 20
2 40 % min 40 % min Upto20% 0 Upto40
3 0 0 0 100 % Up to 100
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30 RESULTS

3.1 Injectionof S’OZ + Ca0

At the sdlected test temperatures, this mixture forms pseudo-wollastonite and remains
s0lid; no reaction with boron is predicted by the modd.

3.2 Injedionof S’OZ+CaO+NaZO

Adding NaO reduces the mdting point of SO,+ Ca0 and the resulting dag can then
absorb B;Os.

The effect of injecting up to 20% NgO in the CaO-SO, mix is shown in Fgure 1.
Boron removd is Sgnificantly more efficient at 1400 °C and aminimum concentration of
about 0.0011% B is reached with a mix containing 5% NaO. Increasing the NaO
content above 5% does not improve boron removal.

When injected a 1550 °C, sodium tends to vaporize as dementa sodium or as
NaO.BO. It cregtes a deficit in sodium that reduces the amount of liquid dag a
equilibrium and its ability to absorb boron.
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Figure 1 Boron Removal by I njection of SO,-CaO-Na0O (20 kg/t)

The effect of dag basdty (%Ca0/%S0,) was veified for a mix containing 20%
Na&O. Increedng the baddity (increesng the amount of CaO) decreases the boron

remova effidency by reducing the solubility of boron in the dag. The effect is seen @
both test temperatures.
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Figure 2: Effect of Injection Mixture Basicity on Boron Removal (20 kg/t, mix containing 20%
Na,0)

The effect of the amount of injected materia for amix containing 5% NaO (optimum as
seen in Fgure 1) with abagcdty of 1 was dso verified. Ve little effect is seen a 1550
°C; however, incressing the injected amount of materia up to 40 kgit a 1400 °C
reducesthe boron content to 0.0008%.
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Figure 3. Effect of the Amount of Injected Mix (5% Na,O) on Boron removal.

3.3 Injection of Na,COs3

Figure 4 presents the effect of NgCOsinjection on boron removad at 1400 and 1550
°C. It shows that Na,COs, when injected at a rate of 20 kg/t a 1400 °C, reducesthe
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4

boron concentration to 0.0004%; injecting 100 kg/t reduces it to 0. As the temperature
is incressed, the efficiency decresses. At 1550 °C, injecting about 60 kg/t is needed to
reach 0.0004% B.
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Figure4. Effectof Na,CO; Injection.
When injected, N&COs decomposes to Na,O and CO, and resultsin the formetion of

aNa,O — SO, dag (dlicon in liquid iron is oxidized by CO,). At high temperature, the
efficiency is reduced due to the vgporization of sodium and other compounds.

40 CONCLUSONSAND RECOMMENDATIONS

Based on thermodynamic cdculaions for boron removd in Ductile Iron mdts, the
fallowing condusions can be drawn:

»  Sodium compounds are efficient to remove boron from liquid iron.

> A mixture of Ca0-S0,-5% NaO injected a a rate of 20 kg/t a 1400 °C
dlows to reduce the boron content from 0.002% to 0.0011%; increasing the
amount injected to 40 kg/t dlows to reach 0.0008%.

> Na&CO;s isvey dficient to remove boron; when injected at arate of 20 kg/t at
1400 °C, the boron content decreases from 0.002% to 0.0004%.

» Inboth cases, increadng the liquid metd temperature decreases the efficiency of
the boron removal process.

S\Produits_Ferreux\Public\20 MEMOS RAPPORTSSORELMETAL-300-310-320-330\320 Services Techniques2003\SM -
03-22.doc



