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Abstract

The mujor threat 1o the <ustainability of Aluminium Industry is its significant contribution 1o globul
warming by way of generation of non eco-friendly gases during its production cycle from Baugite 10 the
finished product, Though reduction measures are taken in conirol and effective recovery of values from pol
room gases, efforls in use of environment friendly additives in the final products production Tine i~
warranted. Tn this line, the present paper describes our efforts in the use of a new generation refining Aux
which apart from helping in effective removal of alkali metals, reduction in inclusions and ensure a betler
ekl cleanliness shall also side in reduction of obnoxious Eases generated during the metal relining
process prior o casting. The aim of the current work was 10 reconcile the praclical resulls with the old
generution [luxes used. Further improvements 10 hring in a better metal cleanliness will atso be discussed,

1.0 Introduction

Process oplimmzalion is of increasing importance 1n order o improve guality. increase production capactiy
and minimize overall costs fior wrought and cast aluminum alloys. For the treatment of aluminum and IS
alloys: various molten-metal processing sieps are necessary -1 addition 10 melting and alloyng. Histone
practices. such as i furnace fluxing for metal refining and degassing are being done in addition Lo ReWEs
iline technologies of degassing. grain refimng and Fltration to obtain the best melt cleanliness. Proper
melt hyeiens 15 essentiul for obtaining sound cast and further good guality downstream products. Therelore
use of Nux for melt refining is one of the important steps of Lrzatment of molten Aluminium. Other ritical
[aelors in managing melt quality processes include pperational costsfeyele tmes, operational health and
<afely. and environmentil impact/ compliance 10 maximize Cast House performance.

This paper discusses the development ol an environment friendly technology for relining of maolien
Alurnimium in the furnace. The environmental and operational benefils of using the new relining flux 10 the
(urnaces Lo remove atkali metals, non-metallic inclusions and hydrogen from molten Aluminium have been
described.

1.1 The need and various measures adopted for refining of molten Aluminium

During the last 15 years metal cleanlingss - specifically hydrogen, inclusions and alkaling elements
emerged a5 the preeminent guality detractors, for premium and commercial erade products in which high
sirength (o weight ratios. machined surface fimsh, fraclure toughness and low cycle fatigue perlormance
are primary design considerations.

1.2 Impurities in Molten Aluminium
The Common lnpurities in the Molten Aluminium can be listed in Tahle — 1 given below:
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Table — 1: Common Impurities in Primary Molten Aluminium

I_ Impurity Concentration in primary Aluminium _|
_Hydrogen 0.1 - 0.30 ppm (0.34 e / 100 g) |
Inclusions 1.0 mm’/ Kg '
_(PoDFA Scale) ‘ ( Mainly ALCy) _‘
Alkali |
= Sodinm 30 - 150 ppm |

—  Calcium 2- Sppm
~  Lithium - 20ppm B

(Source: Waite. 1., Light Metals, 2002, p541)

1.2.1 Hydrogen

It is well known that hydrogen is the only gas that has significant solubility in liguid Aluminium. The
amount of hydrogen in the initial charge can vary due to many influences including the nature af the
charee. the type ol furnace and the atmospheric humidity. Hydrogen geis in to the Molien Aluminium dus
{0 the reaction between Water vapour and the Molten Aluminium':

3H0 + 2 Al 0 AlLOs +6H AN
The Magnesium in the metai also reacts with water vapour to form Magnesium Onide.
H:O + Mg ¥ MegD +6H = a3

Both the reactions are thermodynamically favoured and limited only by the formation of an oxide skin on
she melal surface, which prevents further contact of water vapour with the molten metal

Solubility  of gaseous  hydrogen in liguid aluminum at its melting point (ee0D4%Ty i 22
¢l |00em. Solubility of gaseous hydrogen falls sharply when aluminum solidifies: solid aluminum 3l
melting point contains only (1035 co/100gm). The Hydrogen values of 2.2 ec/ 100em is oo high final
finished product and needs to he reduced. Dissolved hydrogen in molten Aluminium results in porosily, (he
size and shape of which is dependent on composition of the alloy, its solidi fication characterisiics, i
ruetural features and presence of porosity-nucleation Sites. Interdendritic porosity. which 15 encountered
when hydrogen content is sufficiently high (> 0,15 ec/100 g). results in reduced strength and ductility.
reduced resistance to corrosion and fatigue crack propagation, bright flakes in forgings. blisters in anneiled
or solution treated material and ieakage of pressurized casting in service. Control of dissolved hydrogen in
molten  Aluminium  alloys is,  therefore, essential o achieve the desired qualily standards,
Therefore aluminum alloys release excessive amount of hydrogen dunng solidification. This result n
parosity defects distributed throughout the salid metal.

The factors thal encourage these reactions and increase the dissolved Hydrogen in the molen metal
include:

e A high vapour pressure ol waler vapour in the atmosphere (i.e., higher humidity), which drives the
reaction to the right =, _

e Metal Turbulence, which destroys the oxide skin and allows the reaction L continue 3

«  Wet or damp charge material, which make the water vapour directly available 1o the melt.

e In addition o the natural humidity, the water vispour in the Products Of Combustion (POC) [rom
the fossil fuel fired furnaces is also a source of lI}'dmgﬂn""j. As a resull. extended exposure of
metal o POC in transfer ladles can raise the dissolved Hydrogen content in Hot mictal siill further,

e Some alloying elements like Cu. Fe. Si and #n. raise the activily coefficient of dissolved
Huydrogen in the molten Aluminium, decreasing its solubility ™.

1.2.1.1 Methods for Removal of Hydrogen from Muolten Metal

Eor removal of hyvdrogen the following measures are adopted;

916



1.2.1.1.1 Degassing by luxes

sutubility of Hydrogen is low at the melting pomt of the miztal, bul =harply 1k

dsts Wil

wempernture of the meta). Hydrogen that gets dissolved at the higher temperatiie ol miclbing cveie futnan
spersiiumted, When the iemperature drops the Hydrogen gets entrapped i the molien et dad o

aid unid pin-hole porosities due 1o the physical nature of the enrapped  Hydoogen, G awilio
mating the super-saturated Hydvogen is 1o provide suitable scavengers i the formy o ol uses
Nitropert. Chiovine™, Nitrogen plas Chiorine, which facilitale heterogencatis s fention el
[Eguiing Jess mucleation enerey,

Fren under the hest melting conditions. it is ofien impossible 1o prevent hydiosen | o
selt which finally gives rise t pinhole porosity in the cast products. 10 therelive pevessry o e

wich hvdrogen from the melt as possible prior o pourmg. The Depasser producs, f@ioyes |
isitlved hydrogen through the diffusion process. Degassing with Degasser Product 1s sapennd 1 Tshing
with chlorine mis which i associated with problems ol space. equipmment, corrsion health horatids @i

Prezussing tablets offer the most convenient way of carrying oul this opcralion. Same 1 e 1y

prodicts contan gran refining elements also, which funclion as combined degassing wand -
soents, Wherever additional grum refinement is needed as in the cise ol sund cist phik e
further teatment of Use melt with e Nueleant prain vefining product gives the desirest s

1.2.1.1.2 Hexachloroethane/Tablet Degassing:

Aluminium alloys are also degassed by plunging and holding tablets contuining gas evolving salts inlo the
mell. Chlorides of Aluminium or zing, Aluminium fluoride or Hexachloroethane are the most common
inzredients. Tablets containing salt fluxes help wel oxide inclusions within the melt and thus enable sbime
removal of the hydrogen gas associated with inclusions. The use of tablets suffers from the disadvamages
ol inconsistent gas removal. generation of huge amount of dross, high costs and generation of toxic fumes,

1.2.1.2 Advantages of flux injection:

s High effectiveness of flux action due to better mixing with the melt:
* Short [Tux treatment lime;
»  Controflable flux introduction:

e More environmentally friendly method of fluxing.
1.2.1.3 Gas Purging:

A simple mefhod of degassing molten Aluminium is by injecting a purging gas or gas mixture under
pressure through a (lux tube. pipe or lance made up of ceramic coated cast iron. sieel or graphite. A purge
oas serves to collect hydrogen based on the lower partial pressure of the hydrozen imparted by the collector
hithhle versus the surrounding melt. Hydrogen diffuses into the purge gas bubble which rises to the surface
of the melt and escapes into the atmosphere, Purge gas can either be inerl (argon or nilrogen) or réactive
(chlorine). Reactive gases are used in small concentration of less than 104 alonz with an inerl gas,
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Fig. 1: Rotary degasser
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In the rotary degassing method an imert or chemically inactive gas (Argon, Nitrogen) is purged through a
rotaling shaft and retor as showi in Fral.

Enerzy of the rotating shaft causes formation of a large number of [ine bubbles providing very high surface

argi-to valume ratio.
Large surface area promotes fast and effective diffusion of hydrogen into the gas bubbles resulting in
equalizing aclivity of hydrogen n liguid and SUSEOE phases,

Rotary degasser allows achieve more complete hydrogen removal as conmipared 1o the Nux degussing.
Additionally rotary  degasser does nol use harmiul chlorine and fluorine comaming salts

Rotary degasser may  also combine the functions of degassing and flux introdachion.
In this case the inerl gas serves as carrier for granulated [lux. The methiod is called Nux injection

1.2.1.4 Methods of hydrogen content estimation:

«  Slow solidification. In this method a small porion of liguid aluminum (about 2 in'/33 cm) i
poured into a cavity in a heated refractory brick. The alloy slowly solidifies and the relecased
hydrogen is comcentrated in the upper part of the casting in form of frozen bubhles, Quuntity of the
hydrogen bubhles at the sample surface is determined by the hydrogen concentration

e Vacuum method. This quantitative method uses solidification of a sample portion OF the
aluminum alloy in a small crucible at low pressure. Hydrogen dissolved in the alloy starls 1o form
2 gaseous phase (2 hubble} al a certain pressure. When the first bubble is formed both the pressure
and the emperature are measured. These parameters are ased for determination of the hydrogen
content by means of numeric diagrams.

1.2.1.5 Combined Cleaning/Degassing Treatmenl:
This treatment involves the simultaneous removal of soluble (H,, Na. Ca) and insoluble impurities

(inclusions) from Aluminium/Aluminium alloy melts either by addition of special Nux inside the furnace ol
45 the metal fows from the furnace to the casling site.

o1



1.2.2 Inclusions

Many types of inclusions are found in mollen Aluminium, Carbides and oxides are gencraled by the
turbulent electro-mugnetic and chemical activity in the cells and the reactions with the cell linmg materials.
The bath is frequently tapped along with the metal in the crucible delivered to the Cast House. Turbulence
during the wansfer leads 10 oxide and dross inclusions in the metal. Refractory wear in transler ladles also
leads to a risk of increased inclusions,

The mum mclusions found are titanium vanadium horides (TiVB;) titanium hondes (TiBy) from grain
refiner. aluminum carbides (ALC,) and oxide films. The presence of graphiles, spimel-likes and refractory
are also noticed. Spinel-likes arc formed from the reaction between Hguid aluminum and the refractory
materials. This reaction is faster in alloys with higher magnesium content Spinel-like inclusions are highly
detrimental 1o the properties of Alurmnium. The rate of formation increases as the melt temperature nses,
Because of their large dimensions spinel like inclusions can easily be filiered out of the metal.

While the existing types and sizes of non-metatlic inclusions that are present in melting furnaces vary from
foundry to foundry. their removal is essentially done for proper molten metal cleanliness. A number of
commercially accepted melt treatment lechniques are being used by aluminum foundries W remove
nclusions from the melten aluminum alloy prior 1o casting. These include various methods ol fuxing,
degassing, and filtration.

1.2.2.1 Alkaline elements

The three main elements thal can contaminate liquid Aluminium are Na. Ca and Li. Depending upon the
alloy being produced each of these can be detrimental 1o the casting process and the finished product. MNas
most commion in smelter metal due to contamination in the alumina or the smelting process. Li is added 1o
the electrolvtic cells to improve current efficiency and Ca can he found as a contaminant in Si metal
additions.

These alkali metals enhance edge cracking of Aluminium plates and sheets. Especially Al-Mg alloys are
highly susceptible o edge cracking if higher amount (= 4 ppm) of alkaline elements are presénl in mollen
Aluminium, while these elements will oxidize to varying degrees naturally over time the levels which can
he achieved are not satisfactory and the fime Ltaken is excessive. In-line reatments, such as SNIF (Spinming
Nozzle Tnert Floatation) Rotary Degasser, can be used to reduce the levels of alkuli metals using low
percentages of chiorine. It is not practical to remove large percentages using this method. To remiove higher
quantities of alkali metals the metal can be treated between the Cell House and the Cast House ¢ither by an
active chemical reaction with chlorine, or a reactive sall for example AlF;, or hy pouring it over charcoal,
In-lurnace wreatments are probably the most popular and these can be achieved using fow percentages of
chlorine gas in an inert carrier (1.e. Argon or Nitrogen) or using reactive. nof-10xic, chemicals.

1.2.3 Fluxes for Aluminium Cast House and Foundry Processes

Fluxes composed of chlorine and fluorine containing salts are used for degassing molten aluminum alloys,
Degassing Muxes are commonly shaped in form of tablets. Degassing operation starts when a flux tablet is
plunged by a clean preheated perforated bell to the furmace bottom. The flux components react with
aluminum forming gaseous compounds (alurmnum chloride, aluminum fluoride). The gas is bubbling and
rising through the melt. Partial pressure of hydrogen in the formed bubbles is very low therefore il diffuses
from the molien aluminum into the bubbles. The bubbles escape from the melt and the gas is then removed
by the exhausting system. The process continues until bubbling ceases. Degassing [ux may also be
introduced by an injection method. In this case the inert gas serves as carrier for granulated ux. Besides
the degassing effect the degassing treatment allows to remove non-metallic inclusions suspended i the
melt (cleaning effect).
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2.0Development of the eco friendly refining fluox

The most common method of reducing hydrogen in molten Aluminium 15 by addition of Hexachloroethune
in molien metal. During degassing molten Aluminium with Hexachloroethane huge amount of toxic fumes
are evolved. The alternate methods of degassing using gas lancing, gas purging th: cugh a mechanical
degasser and combined methods of degassing have been reported in the literature''. These equipments
circulule molten metal. Accordingly, these are applicable to large sized lumnaces and can be ulilized as
molen metal circulation system. It was confirmed that pre-fused granular [ormed refining flux, is
aptimum as refining flux for injection and was almost smokeless and odorless. It is also acknowledzed lh.:l
the Flux" has the effect of removing alkaline earthfalkali metals such as Sodium. Calcium, ete. and non
metallic inclusions. Furthermore, AICL; and molien salts geperated in mollen metal abserh inclusions: foat
up and form dry dross, Thus, it can be expected that these fluxes also enables casy dross off operation in
addition 1o inclusion removal effect. Melting point of the new generation Fluxes is 470 PC. Tt changes 1o
molten sall readilv, that absorbs inclusions and contributes to reduction of alkaline metals in molten metal
und does not readily emit non-reacted hydrogen chloride.

2.1 Our Experiments

A pew generation flux W reduce the generation of toxic fumes an alternative degasser was developed. Tnitially
laboratory scale studies were carried out 1o establish the effects of this allernale degasser on reducing
hydrogen in molien metal. After successful laboratory scale trials, degassing with the alternare degusses
instead of Hexachloroethane degassing was carried out in 18 casts of Foil stock in Foundry. Withoul using
Hexachloroethane and using only this degasser comparable hydrogen and inclusion contents of producis al a
lower cost of production was achieved. The quality of the products remained the sume and no increase in
impurity wus ohserved.  Customer’s feedback on the quality of the material for use as feedstbck 1o
Aluminium Foil for Pharmaceutical applications was positive. After this & muonth long frial was carmed oul
where all the foil stock casts were degassed with this degasser insteud of Hexachloroethane. Mot only
comparable hydrogen and inclusion contents of products al a lower cost of production in an environment
friendly manner were achieved, but at the same time reduction in dross generation and mell loss could be
achieved. Due to the number of advantages of the mnovative method of this new degassing fux ove
Hexachlorocthane degassing this degassing method has been made a part of the Standard Operating Practice
i Foundry, A month long trial was also conducted in Cast House I1. Here also comparable hydrogen and
mclusion contents of products were achieved. After the successful tnal and positive customer feedback
Hexachloroethane was replaced by the new refining flux in Cast House 11 Hexachloroethane was substituted
by this new flux in August 2008 and since last | year the quality of the rods produced at Cast House T1 wus
found to huve tmproved.

2.1.1 Unique features of the eco friendly degassing flux:

Puring degassing of molten Aluminium no fumes are generated,

Simplified and less labour intensive degassing method.

Mear rero HO and particulate in stack emission.

Reduces Na in mollen metal.

Onie om the surface, prevents hydrogen pick up.

. Reduces melt loss and dross generation.

Keeps the lurnace, launders, in-line degassers and casting nozzles lree from dross build up

LA L B

=

2.2 Results of laboratory scale study of the eco friendly refining flux

Laboratory scale trial of the refining flux™ was carried out in August 06. The study revealed that degassing
with the new refining flux was more effective in reducing inclusions and porosity than Hexachloroethane
degassing (Fig.2 and 2a).
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Fig. 2-Hexachlorocthane Degassed. “ig. 2a =New refining Tux degassed.
Lot of inclusions and porosities observed. Few inclusions and porosities observed.

3.0 Plant Trials

Foundry trials of the refining flux in Foil Stock — Ist Phase (Belore installation of SNIF in-
line rotary degasser):

In March (17, in 5 Nos. of casts of Foil Stock no degassing using Hexachloroethune was done in meltmg
and holding furnace. The new refining flux was added in all the 5 casts in holding furnace. The hydrogen
and inclusion contents of the casts were measured and the results are given below in Table 2 and Table -3:

Cust Holding ' Location Hydrogen content l Inclusion content
M. [urnace imld 100 2n) PoDFA Index
No. : (Kg/sg. mm) _{
A1 841 2 Afier CFF Top- Q215 Top- 0.0790 |
i E Bottom - 0,164 | Bottom - 0. 1086 ol
2-1797 FC1 Aler CFF L 190 0.1329 |
52029 | FC2 | After CFF 0.209 (.0761 |
- = |
| 52032 | FC2 | Afer CFF 0.153 (.1528 |
| 31902 | FC2 | Aher CFF 0.147 3 0.1236 |
L I s
_ Table-2- Degassing with new flux
Casl Holding Location Hydrogen content | Inclusion content
No: furnuce (/100 zm) PoDFA Tndex
No. p (Kofsg. mum) 4
2-1880 FCl After CFF 0178 0.1 164 [
2-1882 FCl Alter CFF (.202 (L0780
1884 | FE2 Alter CFF 0.206 {1133
31920 | FC2 | After CFF 0.221 ' 0.1412
19346 | FC2 | Afier CFF © 0166 D.1584
= I

Table-3- Degassing with Hexachloroethane
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3.1 Observation:

It hus been ohserved that without using Hexachloroethane in melting [urnace and holding furnace wnd by
addition of the relining flux in holding furnace quite low levels of hydrogen and inclusion conlenis were
achieved in the €asts,

3.2 Foundry trials of the refining flux in Foil Stock — 2nd Phase:

Alier suecessiul laboratory scale trial and encouraging small plant scale trial ‘2 month long trial of

degassing with the new refining flux was carried out in Foil Stock casting in Foundry. in March 08, for

replacing Hexachloroethane. Several combinations of flux addition and gas purging trails were conducted:
|. Casting through SNIF (in-line degasser with pure Nitrogen) through RE1 (18.5 T casling stanion}

In some casts degassing by Hexachlorocthane in both Melting and Holdmy furnaces (MF+HF).

Degassing by Hexachloroethane in only Melting furnaces (MF}and

Degassing by the new refining flux in Holding furnace (HE).

The hydrogen contents of the casis are shown in Figd -5.

o
3
;
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Fig.4 : COMPARISON OF DEGASSING EFFICIENCY
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3.2.1 Observation:
It has been observed that when Hexachloroethane degassing was done the hydrogen content varied from

(0.096-0 191 ml/100gm, where as when degassing was done with the new flux the hydrogen content yaried
(rom 0.102:0.195 ml/100zm. This indicated that the two methods of degassing were equally eliccuve
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3.3 Foundry trials of the refining flux in Foil Stock - 3rd Phase:

I lue 8. it was observed that the hydrogen content of AA 8011 Foil Stock casts made 185 T casting
station with Hexachloroethane degassing was showing an increasing trend and number of casts were
downgraded 1o General Engineering Quality (GEQ) casts as the hydrogen contents were above (he: norm.
As 1 corrective measure Hexachloroethane degassing was stopped and degassing with the new relimmg Nux
was sluried.

Fig. &€ :DEGASSING METHOD - HEXACHLOROETHANE -
18.5 T Casting Station .
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Fig.7: DEGASSING METHOD- NEW REFINING AGENT
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3.3.1 Odhservation:

Remarkable reduction in hydrogen contenls were observed by following the new degassing method. So il
wis recommended that for casting Foil Sock, the new degussing method instead of Hexachloroethanes
degassing should be carried out and this was incorporated in the SOP.

2.4 Cast House trial of the refining flux in Continuous rod casting:

After successful implementation of the new refining [lux in Foundry for Foil Stock casting, o rial wis
conducted in August 0% in Cast House for replacing toxic fume causing Hexachloroethane degasser with
the eco friendly degasser in continuous rod casting.

The resulis of the wals are given in Table .4

Table.4: Results obtained on Trail of new Refined Flux in Cast House

N, N, Period of Degassing method Furnace Mill | Hydrogen Hydrogen
L= . Lriul 1 N No. | mi/100 gm ml/ 100 zm
= . 4 | Average | Std. Dev.
1.5.08 MNew refined degassing- H3 1 (1349 o
4808 | 17 trial 118 e
2 1.8.00% - New refined degassing- H3 . 0371 | . 0052
1 | 4808 | 1" trial = A
3 16,808 — | New refined degassing- HY I (1333 0.05]
| 19808 2™ 1rial
4 16.8.08 — New refined degassing- H: 2 0336 0058
| 19808 2% trial -4 =5 ]
] __ 5.8.08 — Hexachloroethane H3 1 0367 (1044
- B.8.08 £ degassing g
6 5508 - Hexachloroethane 13 | 2 (L1309 (0.031
et i 8808 degassing )

3.4.1 Observation:

1, Mechanical properties and conductivity obtamed in casts produced by the pew generalion degasser was
comparable to those ubtained in casts produced by Hexachloroethane degassing.

2. Though all the quality tests carried out revealed that the quality of the casts produced using the new
seneration degasser was comparable o that of the Hexachloroethane degassed casts, for ensurng
proper wire drawing of the wire rods produced using the pew generation reflined desasser. wine
drawing of 2 Nos. of coils was carried out at M/s Rajputana Cables, Korba, India. The wire drawability
ol the coils was found 1o be satisfactory by the customer.

4.0 Conclusion

»  Degassing with the new refining flux was found to be as efficient as that with Hexachloroethane,

»  Reduction in pollution causing gases resulted in improved working atmosphere.

*  Low cost of degasser resulted in improved profitability.

e Tess huzardous and less labour intensive degassing process made degassing operabion more
convenicnl for the furnace operalors,

s  Due to sencration of less corrosive gas there will also be reduction in repairing cost of the
structures made above the furnaces.
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