- 1 COVER GASES FIELD OF THE | NVENTI ON 10 Cctober 2003 The present
I nvention relates to conpositions useful 5 as cover gases for protecting
nol t en magnesi unf magnesi um al |l oys. The present invention also relates to a

met hod for protecting nolten magnesi unf magnesi um al | oy OBREEAdID ART
10 Magnesiumis a highly reactive and-t Bernodynam cally wunstable el enent.

Mol ten magnesiumis readily and viol entl oxi dised in anbient air,
burning with a flane tenperature éxﬁﬁ@pﬁéﬁhﬁately 2820C. Three approaches
have been used to inhibit the severe oxidation process. salt 15 cover

fluxes may be sprinkled over the nolten netal; oxygen may be excl uded
LBgD 1t PHE T BAVENSRIAIN by bl anketing the nolten netal with an
i nert gas such

helium ni.trogen or _argon, or a_ protective cover gas
conposi tion naya§% ugﬁﬁsg% bﬁgﬁﬁg ‘?ﬂerﬁégggﬁ %ﬁiéﬁgﬁﬁfﬁﬁ%ﬁ%ﬁn?ﬁ%ﬁégver
gas CONpEoSi &t ORSveyPi gaddy EORPIH:SE it ngantd Dierc amlgie i any degrest bn smal |
anount of an inhibiting agent which reacts/interacts with the nolten

netal to fAMATi | IR AEVRBFEER Aefal FetrFaR e Mnf CRe Ut s i t
from oxi dat%%e@iﬂ@in%l% 2B TeGhARASHR BY i 2D | nhi biting agents

protect nolten reactive netals’is not well understood. US patent no.
1,972,317 relates to nethods for inhibiting the oxidation of readily
OXidiSab|e.é§&ﬁé§by@gL@&byding magnesi um and its alloys. The patent notes
t hat

10 Magnesium is a highly reactive and thermodynamically
unastable element. Molten magnesium 1is readily and

viclently oxidised in ambient air, burning with a flame

temperature of approximately 2820°C. Three appreaches have
been used teo inhibit the severe oxidation process. Salt

15 cover fluxes may be sprinkled over the molten metal; oxygen
may be excluded from contacting the molten wmetal by
blanketing the molten metal with an inert gas such as
helium, nitrogen or argon; or a protective cover gas
composition may ke used to blanket the molten metal.

20 Protective cover gas compositions typically comprise air
and/or carbon dioxide and a small amount of an inhibiting
dgént which reacts/interacts with the molten metal to form
a film/layer on the molten metal surface which protects it
from oxidation. To this day, the wmechanism by which

25 iphibiring agents protect meolten reactive metals is not
well understood.

US patent no. 1,872,317 relates tc methods for
inhibiting the oxidation of readily oxidisable metals.
including magnesium and its alloys. The patent notes that

30 at the time of its filing in 1932, numercus solutlonsg had
been proposed to the oxidation problem including displacing
the atmosphere in contact with the metal with a gas such as

nitrogen, <arbon dioxide or sulphur dioxide. s 1,972,317



30 at the tine of its filing in 1932, numerous solutions had been proposed to
t he oxi dation problemincluding displacing the atnobsphere in contact with the
netal with a gas such as nitrogen, carbon dioxide or sul phur dioxide. US
1,972,317 1 0 Cctober 2003 - 2 teaches inhibition of oxidation by maintaining
in the atnosphere in contact with nolten netal an inhi bi tih@etpher 2803 ai ni ng
fluorine, either in el enmental or conbined forim Reference is made to many

fluorine containing compounds. with the soljds a ni um borofl uori de ni um
1 eor T uor to e MRORTESHEAN 48° Al ATTR! TR ERELAERL Ot RFE s e
evol ved t her ef ramaspberaeaird ngontheingySelh dmbbr e peeder aed. irMabacthst apdi ng
the issue of US 1,972,317 in 1934, it was not until about the m d-1970's 10
that a fluori nEXGRELRENS WEFFEEnd SLEGRT dBmPerErRE21la S pioTRiEess -

i nhi biting agemferietedceOVes UR%le PEdOMmah9 abDWirifie Bbard9AOng, SRS

di oxide (SQ2) was widely used_as an inhibiting agent in a nmagnesi um cover
gas conposi ¥i owiit washe epl geddddy sarphpiexaf hgscifdeorsdesre) amiost Was
becone the indystr . Typi | SKG. | cover conpasj Li gns
contain 0.2-1%%§§1é8?3§§9§gg6 anghgé%3¥$ﬁerigﬁs suc3E§% ai??acarbon 5%%§?de,
argon or nitrdgenphSEfhhas ithe tHovamagesethatredt therafrohoupbassieating

odour | ess, non-tgxic as ng h can S, US d far Qroﬁgcti 20 eIten e,
nagne5|uninagng§|&ﬁ1§%Vﬁb ‘%Sb?onﬁ pro Uctﬁ8ﬁ oF B??g%?gaﬁgnsﬁﬁﬁy i fdot s
with relativel yygl Qwsd2QsSs7 in 1934, it was not until about the mid-1970’s
10 that a fluorine c¢ontaining compound found commercial
acceptance as an inhibiting agent in a cover gas.

Prior to about the mid-1370's, sulphur dioxide (80;)
was widely used as an inhibiting agent in a magnesium cover
gas compositicn but was replaced by sulphurhexafluoride

15 {8Fs;) which hasg become the industry standard. Typically,
8Fs based cover gas compositions contain 0.2-1% by volume
8F; and a carrier gas such as air, carbon dioxide, argon or
nitrogen. S5F; has the advantages that it is a ¢olourless,
odourless, non-toxic gas which can be used for protecting

20 molten magnesium/magnesium alloy and in the production of
bright and shiny ingots with relatively low dross
formation. However, SFe suffers from several
disadvantages. Its sulphur based decompogition products at
high temperature are very Loxic. It is expensive, has

25 limited sources of supply, and is one of the worst known
greenhouse gases having a Global Warming Potential (GWP} at
a time horizon of 100 vears of 23,900 relative to 1 for
carbon dioxide.

It is alsc noted that once magnesium has ignited, the

30 resulting fire cannot be extinguished even with high
concentrations of 8Fg. 80, is even worse in this respect as
it can accelerate a magnesium f£ire. The only known cover

gag for extinguishing a magnesium fire is boron trifluoride



formati on. However, SF6 suffers from several disadvantages. Its sul phur based
deconposition products at high tenperature are very toxic. It is expensive,
has 25 limted sources of supply, and is one of the worst known greenhouse
gases having a G obal Warming Potential (GAP) at a tine horizon of 100 years
of 23,900 relative to 1 for carbon dioxide. It is also notlﬁ%%hhgﬁ 2%5
magnesi um has ignited, the 30 resulting fife.cannot be ext OSRE en with
high concentrations of SF6. S02 is even worse in this respect as it can
accel erate a ma@r$i wumithr gs Jaey ontpeddlionn sl &erygasxiior extinguishing a
magnesium fire is boron trifluoride 10 October 2003 - 3 (BF3) which is very
expensi ve and very %%”“AV%FH&?FV%&%OWP%%}%@% FE§< v4Pd Sdesi r abl e.
SUWARY OF ME IdWENEE Nigliraspect, the present invention provides a 5

cover gas conposition for pr ot ect ng rml ten nmagnesi unf magnesi um al | oy, the
conposi ti on conprisitfig @ Lirabr ias@ecsnt dihd nBreFENbi ENHENEGeNt PARTideBard i er

Botent il (P (L2 or cHEh to T Hcortie O or 20 CarRaRTH oxI'He 4" a

time horizon ofmam&wem/m)agnéshegs & hboy, 503& I@mmpesabhyn t bemprds ind i rg
agent has m ni @ Qzone [g etion 5 é Bt nor e pref abli\é the inhibiting
agent has no ng&gpl %?1]1 %l%%Q%n Pt %m?’r I@n ﬁf‘ﬁ:b?{:l rrc'gf1 dgent

i's non-toxic. kherein each component of the composition has a Global

Warming Potential {(GWP) (referenced to the absoclute GWP for

10 carbon dioxide at a time horizon of 100 years) of less than
5000.

Preferably, the inhibiting agent has minimal ozone
depletion potential, more preferably the inhibiting agent
has no ozone depletion potential.

15 Preferably, the inhibiting agent 18 non-toxic. In
this regard, compounds having a Thresheld Limit Value -
Time Weighted Average (TLV-TWA} (the time weighted average
concentration for a normal 8 hour workday and a 40 hour
workweek, to which nearly all workers may be repeatedly

20 exposed, day after day, without adverse effect) as issued
by the American Conference of Governmental Industrial
Hygienists of less than 100ppm are considered to be toxic,
By way of example, BFs;, silicon tetrafluoride (8iFs},
nitrogen trifluoride (N¥;) and sulfuryl fluoride {(80;F;)

25 discleosed in US 1972317 are toxic.

The composition may include a mixture of inhibiting
agents {(each having a GWP less than 5000) and preferably
comprigses a minor amount of inhibiting agent and a majox
amount of a carrier gas. Preferably, the composition

30 consists of less than 1% by volume inhibiting agent and the
balance carrier gas. More preferably, the composition
contains less than 0.5% by volume (most preferably less

than 0.1% by volume) inhibiting agent.



this regard, conpounds having a Threshold Limt Value - Tinme Wighted Average
(TLV-TWA) (the tinme weighted average concentration for a normal 8 hour

wor kday and a 40 hour workweek, to which nearly all workers nmay be repeatedly
20 exposed, day after day, w thout adverse effect) as issued by the American

Conference of Governnental industrial Hygienists of Iess‘tét&étpgjggﬁﬁ are
considered to be toxic. By way of exanple .SF3, silicon tét (Si F4)

, nitrogen trifluoride (NF3) and sul furyl fluoride (SO2F2) 25 disclosed in
US 1972317 are toxipgeféreblignpesicti ofommyndritc| gfe them xdrpesifidrmnhhdst iang
agents (each havin GNP | ess_than 5000) an r.ef er gbl onprises a m nor
anount of !nhiGr“Ptl gﬁgéémthﬁﬁd%aﬂaj BrTe a‘?%%%‘pa&elya gﬁﬁf’/’l éﬁ?&a&? Breferably,
the conposition 305e@Rsbiks @frdiess §hads 1%y uvel Wier | nbhkbbhngtiagade and t he
bal ance carrier gas. Mire preferably, the conposition contains |less than 0.5%
by vol ume (noSEIeref 8LE&BPHERed8d FRAF12E 0blEFe A une) inhibiting agent. 10
Cctober 2083 .. 4 Regf efablyic i9RCaGAIPoRENt pof dde 0844 0K Ras,,a, GNP of

| ess than 3000, nore'prer?giralbllggcl ess than91500. Sui t abl e carrf’ler%‘Igasu s
include air, cansdwtdnoxiafe,hyxphluaradeotemsandiffisit urleedrdibnsofoetdietse

hydr of | uor ocar BERE | HEED) PRCHFSF| oRberher s "LHEELIoMNG WSt (rasiifdngor
Preferably, theemnthi bialsi ng &a&gedtingaspaiboi |dhg pessit wiard esioattan ¥@eE nore
preferably |l ess than 80C. Were the inhibiting agent is
preferably less than 80°C. Where the inhibiting agent is
10 gaseous at ambient temperature, it may be diffused in the
carrier gas at the desired concentration. Where the
inhibiting agent is liquid at ambient temperature, it may
be entrained in the carrier gas to a desired concentration
by passing a flow of carrier gas over the inhibiting agent.
15 Suitable hydrofluoroccarbons and hydrcfluorcetherg are
ligted in Table 1 below which includes their boiling points
{BP} and their GWP's (referenced to the absolute GWP for
carbon dioxide at a time horizon of 100 years} which have
been sourced from IPCC 1996.
20



10 gaseous at anbient tenperature, it may be diffused in the carrier gas at the desired concentration.
Where the inhibiting agent is liquid at anbient tenperature, it nay be entrained in the carrier gas to a
desired concentration by passing a flow of carrier gas over the inhibiting agent. 15 Suitable

hydr of | uor ocar bons and hydrofl uoroethers are listed in Table 1 bel ow which includes their boiling points
(HP) and their GAP's (referenced to the absolute GAP for carbon dioxide at a tinme horizon of 100 years)
whi ch have been sourced from I PCC 1996. 20 5 TABLE 1 Chem cal Nanel ndustry NaneFor mul aGAPBP

di f | uor onet haneHFC- 32CH2F2580- 52C pent af | uor oet hanekFg- 125C2HF53 , 200-49C 1, 1, 1,
2-tetrafl uoroet haneHFC- 134a, R134aC2H2F41, 300--28C di f | uor oet haneHFC- - 152a, R152aC2HAF2140- 27C

hept af | uor opr opaneHFC- 227eaC3HF72, 900- - 17C net hoxy- nonaf | uor obut aneHFE- 7100C4F90CH348051C et hoxy-

nonaf | uor obut aneHFE- - 7200C4F90C2H59078C di hydrodec%ﬁ&%rbpent aneHFC- 43- - 10- - neeC5H2F101, 30054C 10 Qct ober

wor k has Chﬁmﬁnﬁilﬂﬂmgd that such a cover gaéuéﬁnpdsmmacn1pﬁqmm¢%s protectﬁ@ﬁ at IeastEEhe equa of SF6

based Cawwﬂmmucromt 2 g éﬁuﬁ ons=ofmhibiting 580 520
pentafluorcethane HFC-12%8 CyHFy 3,200 900
1,1,1,2«tetrafluoroethane HFC~134a, R1i34a CoHa Py 1,300 ~28%C
difluoroethane HFC-152a, R152a | CH.F, 140 -27°C
heptaflucropropane HPC-227ea C3HF 2,900 ~17°C
methoxy-nonafluorobutane HFE-7100 C4FyOCH; 480 61°C
ethoxy- nonafluorcobutane HFE-~7200 | CyFyOC:H5 90 78°C
dihvdrodecallucropentane HFC-43-10-mee CsHaFag 1,300 54°C

£00¢ 1840320 01



agent. SF6 has a GAP in excess of 18 tinmes that of 1,1,1,2--tetrafl uorcethane
and is presently nore than 23 tines the cost of 1,1,1,2-tetrafluoroethane. In
a second aspect, the present invention provides a 10 nethod of protecting
nol t en magnesi unf magnesi um al |l oy, the nethod includi ng bl thKatobgr 20@3 nol t en
magnesi um magnesi um alloy with a cover gas® conposition according to the first
aspect of the presept inﬁenti The net hod accqrding to.the s%cqpq qseqct of

the 15 present i nvenPFSHCFECRpEPYEELTER (O at RaCh G TrEen ©

magnesi un’ magneskuaralib@yet Rade f caAdlr Yirves sgh . SUChERSe fimdntfdTAC avcikd ialsi NQ
casting. In a third aspect, the present invention provides use of an
i nhi biting ageﬁﬁm§§SH€FFﬁ€dRM%qlPB§Beé& F8V?ﬁe3ﬁ%sF°mE@Sh%ﬁ@%tF&P“Pﬁ§s

present invent LeREeEiBhe¥eNt AL OLLE1 BLILSI BY 9] dHdedD RmpPRikeBns and
magnesi un’ magnesi um al l oy. By way of exanple, an inhibiting agent of the
present irfvenceon hay wellseedt tpr dpwier orcoptanhtaeieond darl onrdgribigdingen

ragnesi uny mﬁ_g”%%'g&&@.a' | Oy d“ﬁé{z‘g asaagﬁcaﬁs | -ce%§ Vher %bst he, ,an! b&ﬁﬁg Jgent
i s gaseous at arbient terperature, e sand roul d nmay be purged W
i nhibiting agent,prikecetoapducragtising handdl ien predsnt IYhemeréhechamhi2lj ti ng

ogent e 11U g R SR entaFerpelal o ey e Mg oyl ey be spraved win
molten netal. QO hernsw taddshdreddesis: Of cisi prebdht bi hi-agt 888Nbeootdbbe a
P hod B ‘protecting molten magnesium/magnosin a1loy. the -
method including blanketing the molten magnesium/magnesium
alloy with a cover gas compogition according to the first
aspect of the present invention.
The method according to the second aspect of the
15 present invention 18 applicable to protecting molten
magnegium/magnesium alloy in a foundry vessel such as a
furnace and during casting.
In a third aspect, the present invention provides use
of an inhibiting agent as defined with reapect to the first
20 aspect of the present invention for preventing or
minimising oxidation of molten magnesium/magnesium alloy.
By way of example, an inhibiting agent of the present
invention may be used to prevent or minimise oxidation of
molten magnesium/magnesium alloy during sand casting.
25 Where the inhibiting agent is Ggaseous at ambient
rtemperature, the sand mould may be purged with inhibiting
agent prior to pouring of the molten metal. Where the
inhibiting agent is liquid at ambient temperature, the sand
mould may be gprayed with inhibiting agent from a squeeze
30 bottle or the like prior to pouring of the molten metal.
Other suitable methods of using inhibiting agents of the

present invention to prevent or minimise oxidation of



nol ten magnesi unf magnesium alloy will be readily apparent to those of skill
in the art of foundry practice. EXAMPLES 5 The ensui ng non-conparative
Exanples are illustrative of preferred enbodi nents of the present invention

and are not to be construed as |limting the scope of the sen j ntion
in any way. 10 Exanple 1 A crucible furnagce; containing 100P‘E]&§§2£’%$bﬁ%ften

pure magnesium at 680' C was bl anketed with a gaseous conposition consisting
of 0.02% by vohuleed, habnestiamyabbtesoehhaneogndi itihebdakaagel dr wpdlak-en€ood
nol t en magnesi um protection \ 15 qbserved, with the formation of a thin
protective surfF3cehoFe| ff ﬁérfieﬁﬁt & AR UG OHNEKPERFFAER- fi 1 m di d not

i nduce burning of the nolten magnesi um sanpl e. Conparative Exanple |I 20
Conparative Exanple 1 was identical to Exanple 1 with the exception that
1,1, 1, 2-tetraf EX8MBBERane was replaced by SFr,. Good nolten nmagnesi um

br ot ecti on gias N0t oS CLUE ng Al A8nIBOREL UTLIANPL 8 DULRC] iR UL sye

Adequate protection of 't ten maghesi um sanp was only "achieve
t he gaseous comfogittdfen rednsigicedrent®. @806ty yotame SHFéeatnidon henBakaece dry

ir. At thi trati i SF6. _deliberat turj fot f fil
ecul ted in® | BB bd bl ARG BT ( AE. ROPEEA"RaghiEsi ITEnpt e REXHASEERE and

Conpar ati ve Exanrpkatkoflepnshyakg£ythat 3D the inventive cover gas conposition
provi des good protection of nolten magnesiumat a | ower concentration than
an SF6 based conposition.

10 Example 1
A crucikle furnace containing 100 grams of molten pure

magnesium at 680°C was blanketed with a gaseous composition
consisting of 0.02% by volume 1,1,1,2-tetrafluorcethane and
the balance dry air. Good molten magnesium protection was
15 obgserved, with the formaticon of a thin protective gurface
£ilm. Deliberate rupturing of the surface film 4did not

induce burning of the molten magnesium sample,

Comparative Example 1
20 Comparative Example 1 wasg identical to Example 1 with
the exception that l,1,1,2—tetrafiuoroethéne wag replaced
by 8F;. Good wmolten magnesium protection was not obgerved,
and the magnesium sample burned rapidly. Adeqguate
protection of the molten magnesium sample was only achieved
25 when the gaseocus compogition consisted of 0.05% by volume
SF¢ and the balance dry air. At this concentration of S8SFg
deliberate rupturing of the gsurface £ilm resulted in
localiged burning of the molten magnesium sample.
Example 1 and Comparative Example 1 demonstrate that
30 the inventive cover gas composition provides - good
protection of wolten magnesium at a lower concentration

than an 8F; based compogition.




- 8 10 Cctober 2003 Exanple 2 A series of single ingots of both pure

magnesi um and nagnesi um -al um nium all oy AZ91 were cast in an 8kg ingot
nmould within a controll abl e at nosphere chanber. The nolten 5 netal was sucked
under vacuuminto the chanber to fill the ingot nould. V\hiﬁq‘#e ing@@ noul d
was full, the vacuumwas turned off, the. chanber was fill ?R95 %er gas
conposition, and the nolten netal was allowed to solidify. 1In the case of
AZ91 al |l oy t heEzampllegds conposition 10 consisted of 0.04% by vol une

1,1,1,2-tetrafl uoroethane and _ the hal ance dry air. .The cover gas.conposition
for the | pure mmgnedi ARTese: Ty ToMEs BPHS (Phkay BrERe podepi S BRY

tetrafl uoroet hargnagduinhel1bakanes dnYo@i azsSi ngdee | bget s iaf 0t Prguriggot
magnesi um and AZ91 al I,o% 15 were produced tree of burning, with bright shiny
surface fini sRELdwERNGBr ¢ FBREFeveRRIDfaIoENCLH FRAME Mo THEafALEFW t h

boron ni trigle fRyLY Gaal iORedCURRREALLYEURX ANBLE Re2BnERBRR! Bb Y8 1EXaRR © 2

was identical to Exanple the exception that 1,1,1,2-tetrafl uoroethane
was replaced bygsE6émamildh wdbensbteatnghie meed oo ehtliat itdres vaceun) wad% by

volume in dry air _faor 1 alloy and .0 1% by vel, in . .dry air, for pure
magnesi um 25 K& go'%%pr o%%%e a}?an rarrf)”ﬁ‘%' 2(E gggfiom%%gﬁlevael scoc}?oer d8Ss and
had a nore att kagbowe tsohf aeedS ithiesmolllian aeae wasodudetkeldn tGomgarialifye

Exanpl e 2. Exagglet%e case of AZ81 alloy the cover gas composition

10 consisted of 0.04% by wvolume 1,1,1,2-tetraflucroethane and

the balance dry air. The cover gas composition for the

pure magnesium casting ccnsisted of 0.1% by volume 1,1,1,2-
tetrafiuoroethane and the balance dry air.

Singie ingots of both pure magnesiuvm and AZ21 alloy

15 were produced free of burning, with bright shiny surface

finishea, with wvery low levels of drosgg, and with no

reaction with boron nitride mould coatings.

Comparative Example 2

20 Comparative Example 2 was identical to Example 2 with
the exception that 1,1,1,2-tetrafluorcethane was replaced
by SFg which was used at the same concentrations, ie. ©.04%
by volume in dry air £or AZ91 allcoy and 0.1% by volume in
dry air for pure magnesium.

25 The ingots produced in Example 2 had lower levels of
dross and had a more attractive surface finish than those

produced in Comparative Example 2.

Example 3

30 A small flow of 1,1,1,2~-tetraflucroethane was
continuougly metersed intc a container that is used to
collect molten magnesium dross. During transport of the

dross from the furnace to the container, the droass



30 Asmall flow of 1,1,1,2--tetrafl uoroethane was continuously nmetered into a
container that is used to collect nolten magnesi um dross. During transport of
the dross fromthe furnace to the container, the dross 10 Cctober 2003
contacted the air and ignited. Upon placing the dross into awer, the
burni ng qui ckly stopped. Conparative Exanpl® -3 5 Conparat i f/%ﬁggrsrgfggggwas
identical to Exanple 3 with the exception that 1,1,1,2-tetrafluoroethane was
repl aced by SF‘.‘DgEﬁCFﬁiﬂsthasé%rt fiad g Rt ednt i YRIEH RIGPHeh ther érosFeili§opl aced
into the ContakﬂsrcoEFQEHEE,3tﬁde&¥Hﬁﬁg |18 15X 37RLped .demonstrate that 10

o}

an i nhibiting agent the present invention 1S able"to suppress the burning
of magnesi um netal /dross. This enables mnimsation of nmagnesiumfune in a
wor ki ng envi r gnnent %ndepﬁgven%iqg of oxidation of the magnesi um netal
content in the dFBREatHEPs*RBWPH® chabl e dross 15 processing operations to
recover valmabl e magpepaust ireé abExagehd ept wakxafdpheidal ngot Exafhpper € maghesi um
were cast in SKgPingot moul ds . 20 on_an industrial -sized ingot casting machine

having a cont FOFl dBFERRIBEpheRe dhdmber - EFhESERLPT RS | HRSwIEP1gFEFat ed

at a casting rate o 3 tpnneaisf aast MBlalaRfs LWiMdd S30plibhr aFcler
mnute dry air_and 33 litres per mnute 1,1,1,2-tetrafl uoroethane introduced
into the 25 ch&sbeg. rPlagetsinerethpe oeRrietifatee of burning, with bright shiny

surface finishes, wylh ueLy sl ayd e¥ghSar VLS8« @iMe 3 demonstrate that

10 an inhibiting agent of the present invention is able to
suppress the burning of wagnesium metal/dross. This
enables minimisation o©of magnesium fume in a working
environment and prevention of oxidation of the magnesium
metal content in the dross, This would enable dross

15 processing operations to recover valuable magnesium metal

content .

Example 4
Ingots of pure magnesium were cast in 8kg inget moulds
20 on an industrial-sized ingot casting machine having a
controllable atmosphere chamber. The casting machine was
operated at a casting rate of 3 tomnes of cast metal per
hour with 330 litres per minute dry air and 3.3 litres perx
minute 1,1,1,2-tetrafluorcoethane introduced into the
25 chamber. Ingots were produced free of burning, with bright
shiny surface finishes, with very low levels of dross and

with no reaction with boron nitride mould coatings.

Comparative Example 4

30 Comparative Example 4 was identical to Example 4 with
the exception that 1,1,1,2-tetrafluorcethane was replaced
by S¥F¢ which was used at the same flow rate and at the game

concentration in dry air. Ingots produced in Comparative



With no reaction with boron nitride nould coatings. Conparative Exanple 4 30
Conparative Exanple 4 was identical to Exanple 4 with the exception that
1,1,1,2--tetrafl uoroethane was replaced by SF6 which was used at the sane
flowrate and at the sane concentration in dry air. |ngot$gQctobeecdodd
Conparative 10 Cctober 2003 - 10 Exanple 4Pexhibited simlar properties to

t hose produced_in %xanple 4._Ex§n§le_4 and Conparative Eﬁanple 4 denonstrate
that the inveRtPTBlIEad exhiiteBsetBHisy R 1886 Yoot hoss pEesEed| 18cal e
continuous progugkiee @f nagnesi umingot. Exanple 5 A series of single ingots
of pure magnesiumwere cast in an 8kg ingot nould within a controllable

at nosphere 10 chanB&pTpTpe 4nvincerComanatiye sStrked unteferanatnntat hake

chamber to fiIkhghe§d¥€ﬁgﬂygncgﬁg%eg heshEQQésﬁ%&ﬁ Wagp1 fUL!, sEhe yaguum

was turned off, the chanber was tilled wth cover gas cohposition, and the
mol ten nmetd wasdugkkdaddstals ot douli fryuoEhemolvert igas ofonmpusesion wagollb
produced by passing 0.5 litres per mnute of dry air over 50m of the HFE

| i qui d net hoxy-nonaf | uorobut ane. The resulting gas phase m xture flowed to

t he single ingekamgast 6Ng apparatus. Single ingots were produced free of
burning, with bright shiny surface finishes, with very |low 20 | evels of dross
and with no reacti of RPEREBoPEN SAPELRIANIREE @LcENERNJEINLRANE wege cast

in an 8ka ingot mould within a controllable atmosphere
10 chamber. The wolten metal was sucked under vacuum into the
chamber tc fill the ingot mouid. When the ingot mould was
full, the wvacuum was turned off, the chamber was filled
with cover gas composition, and the molten metal was
allowed to solidify. The c¢over gas compeosition was
15 produced by passing 0.5 litres per minute of dry air over
50ml of the HFE liquid methoxy-nonaflucrobutane, The
regulting gas phase mixture flowed to the single ingot
casting apparatus. 8ingle ingots were produced free of
burning, with bright shiny surface finighes, with very low
20 levels of dross and with no reaction with boron nitride

mould coatings,

Bxample 6
A gseries of gingle ingots of pure magnesium were cast
25 in an 8kg ingot wmwould within a controllable atmosphere
chamber. The molten metal wasg sucked under wvacuum into the
chamber to fill the ingot mould. When the ingot mould was
full, the wvacuum wasg turned off, the chamber was filled
with a cover gas compogition, and the molten metal was
30 allowed to solidify. The cover gas composition was
produced by passing 0.5 litres per minute of dry air over
50mi of the HFC liquid dihydrodecafluoropentane. The

resulting gas phage mixture flowed to the single ingot



A series of single ingots of pure magnesiumwere cast 25 in an 8kg ingot
mould within a control | abl e at nbosphere chanber. The nolten netal was sucked
under vacuuminto the chanber to fill the ingot nould. Wen the ingot nould
was full, the vacuumwas turned off, the chanber was fillggoMbhar 3069ver 9as
conposition, and the nolten netal was 30-allRowed to solidif@I '#%e cover gas

conposi tion was Eroduced by passin S51litres per mnute of dry_air over
50m of the HFECRBE4NE aRHYROFecaf %}@ﬁéﬁemms THEre; graducRy ghkepnhade

m xture f|0“edb59nﬁﬂs swagheb&@gak %h19y0%59?35e299318ﬁé£'ngléﬂp%@%§uiow5'ng|e
ingots were produced free of bdrning, With i ght shiny surface finishes,

with very | ow leggéps off dross amd \Wwith naor @&@ﬂﬁé@nwwwfbob'@ﬁcml pitaddenoul d
coat i ngs. Exanggglé Dgggﬂage cont ai ni ng 20kg of nolten magnesi um at 700C was
bl anketed with a Cover gas®conposi tion. The cover gas conposition was
produced bys passing 0.6 litres per mnute 10 of dry air over 50nml of the HFE
i qui d nmet hoxy;, non fI or obut ane. The resulting gas phase m xture flowed to
the furnace. GBH n nagne5|un1protect|on was observed, with the

formation of a thlnAp%%gﬁ VEo§ giﬁfﬁ O@&?Le f%%ﬁ“é%ﬁ#&giﬂﬂrgl‘ﬁod%ﬁ

surface filmdid not uce urnln ten maghesi um sanpl e
Exanple 8 A fuwaac@la@hhaed|wgtBOhgc@&ewogaencmmgnestmanat TbeCcowas bkanket ed

with'a cover gas composition, The fover

l‘%{aspassing 0.6 litres per minute
16 of dry air over 50mi of the HFE liquid wmethoxy-
nonafluorobutane. The resulting gas phase mixture flowed
to the furnace. Good molten magnesium protection was
observed, with the formation of a thin protective surface
film, Deliberate rupturing of the surface film did not

15 induce burning of the molten magnesium sample.

Example 8
A furnace containing 20kg of molten magnesium at 700°C
wag blanketed with a cover gag composition. The cover gas
20  composition was produced by passging 0.9 litres per minute
of dry air over 50ml of the HFE liguid ethoxy-
nonafluorobutane. The resuliting gas phase mixture flowed
te the furnace. Good molten magnesium protection was
obaerved, with the formation of a thin protective gurface
25  film. Deliberate rupturing of the surface film did not

induce burning of the molten magnesium gsample.

Example &
A furnace containing 20kg of molten magnesium at 700°C
30 was blanketed with a cover gas compogition. The cover gas
compeogition was produced by pagsing 0.9 litres per minute

of dry aixr over 50mi of the HFC ligquid



20 conposition was produced by passing 0.9 litres per mnute of dry air over
50nml of the HFE |iquid ethoxy- nonafl uorobutane. The resulting gas phase

m xture flowed to the furnace. Good nolten nagnesium protection was

observed, with the formation of a thin protective surface i % ber at e
rupturing of the surface filmdid not induce burning of tﬁgcﬁgkggﬁgﬁg%nesium
sanple. Exanple 9 A furnace containing 20kg of nolten magnesi umat 700C 30
was bl anket ed dithidzodeveflgascrempaig 1 i ofihe Thesebvenggass pbapesitixénrRas

produced by passing.0.9 litre [ .o nut f ir_qver. f the HFC
oo 1 0 e Sberdgosd | tAESTuBRRCE: idoad mPllef IaBHEL AR babi kT ol
phase m xture whkowslkséovédie fuirhacehe Cofisna iicen sdgnesithirpr glretkcad vewas

observed, with the for i on of thin protectjve urface film | i her.ate
FUptur i ng of  AUTEAFPACELTT | nPal Do Bt I il GPHERE S BN i
magnesi um sanphge ExaiBkepdPnfnd Usnages G:Q{lt@rﬂhﬁ@n%_gligmoéaﬁ?iéen magnesi um at
700C was bl anketed with a gaseous conposition consisting of 0.4% 10 by

vol une difl uoroethane and the bal ance dry air. Good nolten nagnesi um
protection wasgghgeryedo with the formation of a thin protective surface
film Deliberate Tupturing of the surface filmdid not induce burning of the
mol t en magnesi um saAplFarnibe Coshbadhing EXefpbe ddlten magnesium at 700°C

was blanketed with a gaseous composition consisting of 0.4%
10 by volume diflucroethane and the balance dry air. Good
molten magnesium protection was observed, with the
formation of a thin protective gurface £ilm, Deliberate
rupturing of the surface £ilm did not induce burning of the
molten magnesium sample.
15
Comparative Example 10
Comparabive Example 10 wag 1identical to Example 10
with the exception that difluoroethane was replaced by SF;
which wag used at the same concentration, Good wmolten
20 magnesium protection was observed. '
Example 10 and Comparative Example 10 demonsirate that
an inhibiting agent of the present invention provides
aequivalent protection of molten magnesium metal compared to
SFsg.
25
Example 11
Magnesium squeeze-cagtings were produced by hand-
pouring molten magnesium into the ghot sleeve of a vertical
injection squeeze casting machine. Prior to pouring the
30 melten magnesium into the shot sleeve, a small volume of
pure 1,1,1%1,2-tetrafluorcethane was introduced into the shot

sleeve. This protected the molten magnesium in the shot



Conparative Exanple 10 was identical to Exanple 10 wth the exception that
di fl uor oet hane was replaced by SF6 which was used at the sanme concentration.
Good nolten 20 nagnesium protection was observed. Exanple 10 and Conparative
Exanpl e 10 denonstrate that an inhibiting agent of the prii bnv?gb on
provi des equival ent protection of nolten negnesi um netal ﬁ%&? ar SFs
25 Exanpl e 11. Magnesi um squeeze-casti ngs were produced by hand- pouring
nol t en nagnesi afeeneo d4md shetvesiedvetind anoldmni cmhgnesjent i fomms qbeeneng
casting machine. Priof,to rin 30 mulfen magnesiuminto the shot
sl eeve, a smal ﬁu%?ﬁr’réh%ffggﬁ%%g %é%ﬁﬂoé‘r@r&afl uor oet hane was i ntroduced into
the shot sleeve. This protected the nolten nagnesiumin the shot .. 13 10
COct ober 2003 sl eeve_and prevented the nolten magnesi um from burning during
the filling of BEAEPABuULE. Exanple 12 5 various nagnesi um conponents were
produced usi ng the yhpysss MeabneashinGohPeRBhEse weltlel Prdduddd | hfgng hene
i nvestment casting shell with nolten magnesium the shell was purged with
pure 1,1, 1, 2-t énvastuenbet RaAEIinThi sechpbyent ed t Reigtignesi ukhifdéngbuithieng
whil e solidifyin insi shgl . i.ng, I I
renoved. The nﬁaggégﬂﬁngagt%fq l}tllgjjdﬁgxhhe':?]f)c"'“lltle ghgg%%%ét}?f%%%?e$%’shmg Snbis

wag purged with pure 1,1,1,2-tetrafluorcethane. This

prevented the magnesium from burning while solidifying

10 inside the shell. Upenn cocoling, the shell wmould was
removed. The magnesium casting exhibited a goed surface
finish.

Example 13

15 Various magnesium components were produced using the

sand casting technique. Prior to filling the sand mould

with molten magnesium, the sand mould was purged with pure
1.1,1,2-tetrafluoroethane. Thig prevented the magnegium
from burning while solidifying ingide the sand would. Upon
20 cooling, the sand mould was removed. The magnesium casting

exhibited a good surface finish.

Example 14
A melt furnace having a diameter of 1.6 metres and
25 containing 4 tonnes of molten pure magnesium was blanketed
with 60 litres per minute dry air and 0.6 lityes per minute
1.,1,1,2-tetraflucroethane. Good molten magnesium
protection was observed, with the formation ©of a thin
protective surface f£ilm.
30
Comparative Example 14
Comparative Example 14 was identical to Example 14

with the exception that 1,1,1,2-tetrafluorethane was



Exanpl e 13 15 Various nagnesi um conponents were produced using the sand
casting technique. Prior to filling the sand nould wth nolten nagnesium the
sand nould was purged with pure 1.1,1,2--tetrafluoroethane. This prevented

t he magnesium from burning while solidifying inside the s Q,EEB on 20
cooling, the sand nould was renoved. The +raghesi um casti ngwex |E*’?ggb{g good

surface finish. Exanple 14 A nelt furnace having a dianeter of 1.6 netres and
25 cont ai ni ng Fepdaned &Y S5kt ah PufEenbpmel] o vakedt ankbeedlow ratgoofitres

per i nute dryqalr and Qo8 |hA1es ARa TLRULE dalrls Jdetpablugr oet hapg. Cood

nol ten magnesi u protection was observe mation of a thin
protective surfredeehi IMmagBs: iConprratéveidxampe difiyConphiatede #Exaapl SF4 was
identical to Eggr’rale %4 \ﬁn%h the exception.that 1,1,1,2-tetrafl uorethane was
1 0 October 2003°Y 1% ?eg a eg:i;L §G%F%e e | ng flowrates. The flowrate
of dry airswas nai Bkainped at 8Ad| ComesrPelver Bl Caad damriserat@gftasi-um
protection vvast%gly achieved at an SF6 flowrate qof 2 litres r mnute. 5

Exanpl e 14 and npaf'é'l’?’%iﬁanﬁoé(eﬂ d%%nstct"&’é’é’stlﬁéf’n_ t HeEY i v&"@@ver_
gas conpositionnpnavik-das geade bRduskeish seakglpeAt Aehhenieh BBl hendmgnesi um

at a lower concentration than an SF6 based conpositi on.
concentraticn than an SFs based composition.
In the claima which follow and in the preceding
10 description of the invention, except where the context
requires otherwise due to express language or necegsary
implication, the word “comprige” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
15 not to preclude the presence or addition of further
features in various embodiments of the invention.

It is to be clearly understood that although prior
art publication{s) are referred tc herein, this reference
does not congtitute an admisgsion that any of these

20 documents formg part of the common general knowledge in

the art in any country.



In the clains which follow and in the preceding 10 description of the
i nvention, except where the context requires otherw se due to express
| anguage or necessary inplication, the word "conprise" or variations such as

"conprises” or "conprising” is used in an inclusive sense, s5im&. cify
the presence of the stated features but 15 ot to preclude1pﬁgﬁﬁpégg§§§ or
addition of further features in various enbodinents of the invention. It is
to be clearly di@&Mst ood that although prior art publication (s) are referred
to herein, this reference does not constitute an adm ssion that any of these
20 docunents forns part of the common general know edge in the art in any
country. - 1s..1.CLAIMS 18 ededer ga@03cdmpdsDOMR Fas Ccpaposttid falten
protecting nolten rmagnesi unl nmagnesi um all oy, the conposition compnisin%'a 5

fluorine cont alRERGS HAY BRENRFLIEGem It a r FEPPEEST 100 r BTRF i

conponent of g ueQpPESI bRhldsnd ThAPBEtiNQr g tPoh et izal 4P r (IRfser enced
to the absolute GAP for carbon dioxide at a tine horizon of 100 years) of

| ess than 5000hergin peehnpesinorentasc| dhredcprpesili vl Waer et n Glnbal
i nhi biting age ng epkebi on,.pe a3 gﬁﬁﬁg it QR ai med
inclaim1l or %ﬁhﬁg fgé\%{gg?gi ISlbt E?a gg?r%]gé;ﬁ%%i tfcg ts}% ecte treo(r%ﬁk{ hzfogjr oup
consi sting of a@arpbotardboxideoxtde, tamgohorizsén cgenl Endrears} of less than
5000.
10
2. A composition as claimed in claim 1 wherein the

inhibiting agent has no ozone depletion potential.

3. A compogition as c¢laimed in claim 1 or claim 2
15 wherein the carrier gas is selected from the group
congigting of air, carbon dioxide, argon, nitrogen and

mixtures thereof,.

4. A compogition as claimed 1in any one of the
20 preceding claime wherein each component of the composition

hag a QWP of less than 3000.

5. A composition as claimed in any one of the
preceding claims wherein the inhibiting agent is selected
25 from the group congisting oF hydrofluorocarbons,

hydrofluocroethers and mixtures thereof.

6. A compogition as claimed in any one o0f the
preceding ¢laims wherein the inhibiting agent has a boiling
30 point of less than 100°C.

7. A composition as claimed in any one of the

preceding claims wherein the inhibiting agent is selected



m xtures thereof. 4. A conposition as clained in any one of the 20 preceding
cl ai s wherein each conponent of the conposition has a GAP of |ess than 3000.
5. A conposition as clainmed in any one of the preceding clainms wherein the
inhibiting agent is selected 25 fromthe group consisting

hydr of | uor ocar bons, hydrof | uoroet hers and ygxtures thereo?éc%#OE?EaﬁB%sition
as clainmed in any one of the preceding clains wherein the inhibiting agent has
a boiling 30 gebmt ofthess tduwedud 00Ccohsiltiagposi éfon aki fihaiyte@dkuhana)y one
of the precedin clﬁins wherein the inhibiting agent_is seI%Fted 16 fromthe
gr oup pentale&%&@? HRECELRANP yor oet hane, nonhf f ubrddRERE I VRF 2003

consisting of difhuer-oaehlage, 1,1, 13}1%ﬁt%tfﬁ§BEBPEQ§&HéDe1 hept afydépiapr.opane,
met hoxy- et hoxy-nonafl uorobut ane, 5 di hydrodecafl uoropentane and m xtures

thereof. B. A oompédnprehubanelai med in any one ofthowy -rnmmafddiarpluitanes _
wher ei n each Cﬂqﬁgpﬁg e?£f§98r8§39g$ﬁ%;éyh 3G e r@kebgss than 1500. 10 9. A

conposition as C n-any one

B. A compogition as c¢laimed in any one of the
preceding claims wherein each component of the composition

hag a GWP of less than 1500.

10
9. A composition as claimed in any one of the
preceding claims wherein the inhibiting agent is 1,1,1,2-
tetrafluoroethane and the carrier gas is dry air.

15 1o, A compogition as claimed in any one of claimg 1 ~

8 wherein the inhibiting agent ig 1,1,1,2-tetrafluorcethane

and the carrier gas is either nitrogen or carbon dioxide.

11. A composition asg claimed in any one of the
20 preceding claims containing lesg than 1% by volumé

inhibiting agent.

i2. A composition as claimed in claim 10 containing
less than 0.5% by volume inhibiting agent.

25
13, A composition as claimed in claim 11 containing

less than 0.1% by volume inhibiting agent.

14. A cover gas composition substantially as herein

30 described in any non-comparative Example.

15. A method of protecting molten magnesium/magnesium

alioy, the method including blanketing the



preceding clains wherein the inhibiting agent is 1,1,1,2- tetrafl uoroethane
and the carrier gas is dry air. 15 10. A conposition as clainmed in any one of
claims 1 -- 8 wherein the inhibiting agent is 1,1,1,2-tetrafl uoroethane and
the carrier gas is either nitrogen or carbon dioxide. 11. e&qgﬁééé' as
clainmed in any one of the 20 preceding cl aims containing ﬁ%ss an %@?by
volunme inhibiting agent. 12. A conposition as clainmed in claim10 containing
| ess than 0. 5%wyneslumimagidium ngl kgenwitRsalFovk agpositipossichapesed in
claim 11 cont aLpLm e?l e fsallt‘?acpneo.#%tq_ye %%lf%%gihnhhgh%r'ngg agent. 14. A cover
gas conposition substantial1y™as herein escribed Th any non-conparative
Exanple. i5. A nethod of protecting nolten magnesi uni magnesi um all oy, the

met hod i ncl udi bl anket,ing the 10, Qctober 2003 - 17 esi magnesi um al | oy
Tih s cover (A8 conpost 19eroheat CRERHRHET IS dP9eRnead| SERTIS oLBaRE. EPEI b,
16. Use of man bphidiidiimg POENt £88 @ebivBadihg Y MIEimisielg cbaidst dod 3cEor

preventing or mnimsing oxidation of nolten magnesi un’ magnesi um al | oy.
molten magnesium/magnesium alloy.



