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chanbey g ”ﬂﬁt%béﬁn mt@how@aesum@eri UKier vaguwni nEtudhiaed eh@mber to
fill the'El& ngjﬂn%%ﬁ, nmoyl d was full., the vacuum was turned
off, the ¢ ﬁﬁé?s s“’f q5| 3 t &°*3&s conposition, and the molten
nmetal was al | owedet compbsilifgn Hhe Havéndgas ceiposid | ofi wabibrothyred by
passi ng O. e r r r t uid 10
met hvxy- no%gﬁh%%ogﬁtggﬁe%%gg%sq%thinyeﬁastlg%rgsgérgng&t 8Ir’me1 PF l(%’ﬂt)jb)gt he
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bur gl ngo hvmaynhuhfl ot shi aﬁr§%5a%sfl nhsmelr\eﬂmlg veﬂyel @wmb@y_e&*ﬁcl,rpr 6dr 0SS
arid with no reaction wt or tri nou f.l 1 &£ A
series of SPRGEET? n%gt]se‘wb?‘f tg]ﬁ"eqr?’ab’ﬁeé’l gﬁﬁ“ﬁ\e’r%"g@?{ ggagﬁng i ngot moul d
within a cheflrotéabtaraerospher e cManberpreéfiegaindlyt entinet ﬁomm%l"sm,fked under
vacuum i nt @ hRgi g0 chamkennt 9 b4l ¥tmrjn@gqhog9ubgefé&¥myt hesé nggdn noul d

was full, the vacuum was turned of t he chanber was filled with a cover
gas conposi®tA8nPY a¥t e ABPERATHRE A95REs al l owed to solidify- The cover
coRposi ti oanSexpatdd-ucedcbycqnmerg @f5chit cespert ipnbae dof GWRyY air
over. 50zc~ Jo of ELJG 41—5’1}33 0‘6”' QOE g)];grmq ecggggolr@pqtg,@@e The resulting
? owe e sin

gas phase mxture to t got casting apparatus_.Single
ingots were produtlrb¥e e62B¥ LK ﬁF‘ﬁ@S verftq%uﬁ‘ﬁl gkt shFAFPSur fa88YH$ ni shes,
with Very |aQ’@oh$Vﬁi§r&jerﬂl{aﬁ&Sm§ﬁduwst heHegebgact i on vmth boron ni Cxl, de

nmoul d Coati ngs A furnace gnt ai ni I ghesi um
at 700C was bl am‘:ét égég\ﬂ)%mag cover ghgY C:)EDITDO%I |%%— %co@l{egr) g&llgm

conposi®i oronas spinglucéd nyyrpdd spnerdrterns t (WRCPer mmféueroetlge’a%y air

over 50m 1 @kpkhe da= e ldugsd rmsdmynon@frls%eegm angne Thank8selAd ng has
phase m xture | owed ~o0 . he furnace Good ,a~o0l e~~~ ~ gé)g é rot ection
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WO 00l 6461$r8%k%@81@9§§3tha4180% i trwGhee f orERLNANLOF i@y t&denddr D¢ ecti ve
surface fil ilibrxate rupturing of the surface filmdid not induce

bur ni ng or 9KHECHBI REN aﬁ‘ﬁgﬁ@m GRMEBRPYE S-S ExahpY alt ﬂlfﬁr‘l‘?ﬁﬁe-rboﬁl?%l ni ng
20kg ofisnoldaeir igrgngsd umrat -heDCavasy dd ankeiced cwht ho@. covethegas the
corrposrtlon The _cove as .co i i,o_n ro passi.n litres
per m nute O g?t*gcyr‘{goeg’er 30%8% ‘ﬁ%i‘:‘e% %g,s %‘>1<y nonarg?gokrg%but a~ne_
|0 The resrﬂ“ttlfﬁgng‘ésibha@'e e XY tG%e ctfilsowe‘tl %o“?ﬁéfﬁ‘%r%“@?)ﬁo%wen
magnesi um protect ion was observed, with the foxmation of a thin protective
surface f,iim Deliberate rupturing of the surface filmdid not induce
burni ng of tk~e nolten magnesi um sanpl,e_ 15 Exanple 9 A furnace contai ni ng
20kg of nohteri nmagnesium at 700C was bl ankeCed with a eovex gas

conpsxCi ori- The cover gas conpositz4n was produced by passing 0.9 litres
per m nute of 20 dry ai r over ~prr1L of Che HFC i qur d
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dianeter of i.6 netres and containing 4 tonnes or nolten pure nmagnesi um was
bl anketed with 60 litres per mnute dry air and 0.6 |litres per mnute 10
1,1,1..2-tetrafl uoroethane. Good nolten nmagnesi um protection was observed,
with the formation of a thin protective surface film ConparatWa Exanple
~. 4 15_CDQRQEQE?V%aE%ﬁﬂP'Sfléa%@§e£d%QE'Q@ErtQﬁEKaﬂmhﬁnk4n&ﬂ%@eBEe
exception that I,Z 1,2-tetrafluorethane was replaced by SFs at differing
flow rat esSUIFROE BYAT A B FdrPoar 2RA sty M laiareg t At 80215 tresePer
m nut e. Caod Tawkli£nl NBghesi winl X ol eCludes Warse 0Nl o Alditige vednat aBPSF; fl ow
rate of 2 Lid ras 30 fgk ke, kxagple ido and. Sorparald e, Exanphe 14
denonstrate a he I nventive coveér gas ~nposztion provides good
i ndust Bi aldiogdalee &t ok e€EMEn horigeP. Gex11MdgHesrain ahigh| saee Psen '
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r CTi AUCD~00393 1. A cover gas conposition for protecting nolten
magnesi unf magnesi um al | oy, the Conposition including a 5 fluorine
containing inhibiting agent and a carrier gas) wherein each conponent of
the conposition has a d obal Warm ng Potential (GAP) (referenced to the
absolute GAP for carbon dioxide at a tinme horizon of 100 years? of |ess
3.En S000. 10 2. A conposition as claimed in claim1 wherein the inhibiting
nt has no ozone depletion potential. 3. A conposition as clainmed in
claim1 or claim2 whexei.n 15 the carrier gas is selected fromthe group
consissting of air, carborn dioxide, argon) nitrogen and m xtures thereof
4. A conposition as clainmed in any onee of the preceding 20 cl ai mrs wherei zt
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 from25 the group consi sting of
hydr of | uor ocar bons, hydrofl uoroethers and m xtures thereof. 6. .A
conposition as clainmed in any one of the preceding clains wherein the
i nhibiting agent has a boiling point 30 of |ess than 100C. 7. A conposition
as clainmed in any one of the preceding clains whereinn the inhibiting agent
is selected fromthe group consistingng of difluozonethane) 35
oent af l uoroethane. 1.1 1.7?-terrarl uoroethane, difl uoroethane. '
hept af | uosopr opane. net hoxynonaf | uor obut ane, et hoxv-nvr. aZl uor obut ane.
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f CTI AUD0100393 _ |5 _ di hydxpder af |l uoropentane and m xtures thereof. 8. :1
conposition as clainmed in any one of the preceding clains wherein each
conponent of the conposition. has a 5 Gwp o0 Less than 7.500. A conposition
clainmed in any one of the preceding clains wherein the inhibiting agent
iS$1, 1.. Z. 2 tetraf luoroethaz~e and the carrier gas i.s dry ai.x . 10 10.
A conposition as clained in any one of the preceding clains containing |ess
than 1% by volune inhibiting agent. 1.5 11 _ A conposition as clained in
c7.ai,m10 containing ~.ess than O _ 5% by volune i.rlh,~ biting agent
12 A conposition as clainmed in claim11l containing | ess than 0.1~ by
vol une inhibiting agent. 20 13. A cover gets conposition substantianlly as
herein described in arty non~conparative Exanple. 14- a nethod of
protecting nolten magnesi um magx~esi um ~5 al |l oy, the nethod i ncl udi ng
bl anketi ng t he magnesl um magnesxum all oy with a cover gas conpositior~ as
clainmed in any one of the preceding clains. 7.5 _ Use of an inhibiting
agez7C as defined in any one of 3Cl clains 112 fox preventing or mnim sing:
oxi dati on of nolten, magnesi um nmagnesi ~umalley. 16. :1 nethod of
ext i ngui shing a nmagnesi um magnesium alloy fire, the nethod including
exposing she fire to an 35 atnosphere of an inhibiting agent as defined in
any one ~f clainms 1-12. .Ay.A2. A A A AAAA.AA2 A2 A A A9,
?Zoq} SUNK c} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cMa] c™a] ca] ca] ca] ca] c”a] caV] c&a] ca] cal] ca] ca! #$li | %, < CE
Fdez} '
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
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emons;rated chat such a cover gas compostlon provides
protection at least the equal of SF, based compositions and
can be utilised at lower concentrations of inhibiting agent.
SF, has a GWP in excess of 18 times that of 1.1.1.2-
tetrafluoroethane and is presently more than 2% times the
cost of 1,1,1.2-tetrafluoroerhane.

In a second aspect, the present invention provides a
mechod of protecting molten magnesium/magnesium alloy, the
method including blanketing the molten magnesium/magnesium
alloy with a cover gas composition according to the first
aspect of the present invention.

The method according to the second aspect of the
present invention is applicable to protecting molten
magnesium/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 respect to the first
aspect of the present invention for preventing or minimising
oxidation of molten magnesium/magnesium allov. By way of
example, an inhibiting agent of the present invention may be
used to prevent or minimise oxidation of melten
magnesium/magnesium alloy during sand casting. Where the
inhibiting agent is gaseous at ambient temperature. the sand
mould may be purged with inhibiting agent prior to pouring
of the molten mertal. Where the inhibiting agent is liecquid
at ambient temperature, the sand mould may be sprayed with
inhibiting agent from a squeeze bottle or the like prior to
pouring of the molter metal. Other suitable methods of
using inhibiting agents of the present invention to prevent
or minimise oxidation of molten magnesium/magnesium alloy
will be readily apparent to those of skill in the art of
foundry practice.

In & fourth aspect. Cche present invention provides a
method of extinguishing a magnesium/magnesium alloy £ire.

che method including exposing the fire to an atmosphere of

rrrs
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inhibiting agent.

EXAMPLES

The ensuing non-comparative Examples are illustrative
of preferred embodiments of the present invention and are
not to be construed as limiting the scope of cthe present

invention in any way.

Example 1

A c¢rucible furnace containing 100 grams of molten pure
magnesium at 6B0°C was blanketed with a gaseous composition
consisting of 0.02% by volume 1,1,1, 2-tecrafluoroethane and
the balance dry air. Good molten magnesiwm protection was
observed. with the formation of a thin protective surface
£ilm. Deliberate rupturing of the surface film did not

induce burning of the molten magnesium sample.

Comparative Example 1

Comparative Example 1 was identical to Example 1 with
the exceotion that 1,1,1,2-tetrafluoroethane was replaced by
SF,. Good molten magnesium protection was not observed, and
the magnesium sample burned rapidly. Adequate protection of
the molten magnesium Sample was only achieved when the
gaseous composition consisted of 0.05% by volume SF, and the
balance dry air. At this concentration of SF, deliberate
rupturing of the surface film resulted in localised burning
of the molten magnesium sample.

Example ! and Comparative Example 1 demonstrate that
the inventive cover gas composition provides good protection
of molten magnesium at a lower concencration than an SFE

based composicion.

0
5 - 616928 [)l)rsﬁAo>V
109@2& () - Oﬁﬂbéd@_M}L, Iﬂiiéopkbserﬂ.tﬂ"/&&e@):iﬁnlom ()i1@ ﬂ.rfa%z&é(ge 040026 () -0
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mé@g{‘g&i&rﬂ;ﬁKxQZﬁilQm'l@»‘ QZHA%Z$e €9 - Qast im an 8kg 1ngot
mould within a controllable atmosphere chamber. The molten
mecal was sucked under vacuum into the chamber to fill the
ingot mould. Wwhen the ingot mould was full, the vacuum was
turned off. the chamber was filled with a cover gas
composition, and the molten metal was allowed to solidify.
In the case of AZ8) alloy the cover gas composition
consisted of 0.04% by volume 1.1,1,2-tetrafluorcethane and
the balance dry air. The cover gas composition for the pure
magnesium casting consisted of 0.1% by volume 1,1.1,2-
tetrafluoroechane and the balance dry air.

single ingots of both pure magnesium and AZ91 alloy
were produced free of burning, with bright shiny surface
finishes, with very low levels of dross, and with no

reaction with boron nitride mould ceoatings.

Comparative Example 2

Comparative Example 2 was identical to Example 2 with
the exception that 1,1,1,2-tetrafluoroethane was replaced by
SF, which was used at the same concentrations, ie. 0.04% by
volume in dry air for AZ91 alloy and 0.1% by volume in dry
air for pure magnesium. '

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

A small flow of 1.1.1.2-tetrafluoroethane was
continuously metered into a container that is used toO
collect molten magnesium dross. During transpoxt of the
dross from the furnace to the container, the dross contacted
the air and ignited. Upon placing the dross into the

container. the burning quickly scopped.

F811



23102801 12:37 GRIFFITH HACK » PB@11653336303
10028 ()-0 109Z& ()-0 109Z& ()-0A0>V U + 109Z& ()- 0A0>V

 NO.999
1092Z& ()-0

1092& ()-0 109@Z& ()-0 109&Z& ()-0nCh 109&Z& ()-0 109&Z& ()-0 109%&Z& ()-0
109@& ()\pg ‘%’8@ ' ()-0 109&& ()-0 109&& ()-O0P65 109@& () - PlorMh00HA9ZE () -0

1092Z& ()

'()-0 109&& ()-0nT: 109%& ()-0 109%&Z& ()-0 109%&Z& ()-0

109@& ()-0( 109%&Z& ()-0 109%&Z& ()-0 109%&Z& ()-0j P6: 109%&Z& ()-0 109%&& ()-0
1092& ()-0A0>V ( 109&& ()-0 109&Z& ()-0oU; 109&Z& ()-0 109&Z& ()-0 109%&Z& ()-0
10928 ()-0 109%&Z& ()-0 109%Z& ()-0 10928 ()-OpQR; 109%Z& ()-0 109%Z& ()-0

1092Z& ()-0 109%& ()-0 109%Z& ()-0Ao>V  P6; 109%Z& ()- 0AO>V
10972&' () - OCQAWOFR Y(Lve0 EXDBRKE

1092& () -0

-0 nO0 109%Z& ()-0 10%Z& ()-0 10%&Z& ()-0
1092& ()-0( 10%Z&cE)aditOIZRaNPp:O 10%EE ()eOHEkdl Ocd 0B&E (- ¢ POYEL () -0

10%2&’()_Otaggg%%éafﬂ&ﬁoﬁxét i.1.1,2-recrafluorcethane was replaced by

SF,. In this case. the dross continued to burn after being

5 placed into the container.

Example 3 and Comparative Example 3 demonstrate Chat an

inhibiting agent of the present inventlon 1is

able to

suppress cthe burning of magnesium metal/dross. This enables

minimisation of magnesium fume in a working environment and

10 prevention of oxidation of the magnesium metal content in

the dross. This would enable dross processing operations to

. recover valuable magnesium metal content.

Example 4

15 Ingots of pure magnesium were cast in 8kg ingot moulds

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 per

20 minute 1,1.1,2-tetrafluoroethane introduced into the

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.

. 25 Comparative Example 4

Comparative Example 4 was ldentical to Example 4 with

the exception that 1.1.1l.2-tetrafluoroethane was replaced by

SF, which was used at the same flow rate and at the same

concentration in dry air. Ingots produced in Comparative

30 cxample 4 exhibited similar properties to those produced in

Example 4.

Example 4 and Comparative Example 4 demonstrate that

the inventive gas can successtully replace

SF, for

industrial scale contipuous produccion of magnesium lngot.

12
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Ofﬁ23£e§? 1Q&ESQAQKEQQ %ggg¥y$£§(éucked under vacuum into the
chamber to fill the ingot mould. When the ingot mould was
full., cthe vacuum was turned off. the chamber was filled wich
cover gas composition, and the molten metal was allowed to
solidify. The cover gas composition was produced by passing
0.5 litres per minute of dry air over 50ml of the HFE ligquid
methoxy-oonafluorobutane. The resulting gas phase mixture
flowed to the single ingot casting apparatus. Single 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.

Example 6§

A series of single ingots of pure magnesium were cast
in an B8kg 1ingot mould within a controllable atmosphere
chamber. The molten metal was sucked under vacuum into the
chamber to fill the ingot mould. When the ingot mould was
full, the vacuum was turned off, the chamber was filled with
a cover gas composition, and the molten metal was allowed to
solidify. The cover gas composition was produced by passing
0.5 litres per minute of dry air over 50ml of the HFC liguid
dihydrodecafluoropentane. The resulting gas phase mixture
flowed to the single ingot casting apparatus. S$ingle ingots
were produced free of burning, with bright shiny surface
finishes, with very low leveis of dross and with no reaction

with boron nitride mould coatings.

Example 7

A furnace containing 20kg of molten magnesium at 700°C
was blanketed with a cover gas composition. The cover gas
composition was produced by passing 0.6 litres per minute of
dry air over 50ml of the  HFE liquid  methoxy-
nonaf luorobutane. The resulring gas phase mixture {lowed Co

“he furnace. 700d molten magneslum protection was observed,
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Example 8

A furnace contalning 20kg of molten magnesium at 700°C
was blanketed with a cover gas composition. The cover gas
composition was produced by passing 0.9 litres per mihute of
dry air over 50ml of the HFE liguid ethoxy-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 induce burning of the molten

magnesium sample.

Examnple 9
A furnace containing 20kg of molten magnesium at 700°C

was blanketed with a cover gas composition. The cover gas

-composition was produced by passing 0.9 litres per minute of

dry air over S0ml of the HFC liquid
dihydrodecafluoropentane. The resulting gas phase mixture
flowed to the furnace. Good molten magnesium prorection was
observed, with the formation of a thin protective surface
£ilm. Deliberate rupturing of the surface film did not

induce burning of the molten magnesium sample.

Example 10

A furnace containing 20kg of molten magnesium at 700°C
was blanketed with a gaseous composition consisting of 0.4%
by wvolume difluoroethame and the balance dry air. Good
molten magnesium protection was observed. with the formation
of a thin protective surface film. Deliberate rupturing of

the surface film did not induce burning of the molten

magnesium sample.
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: was used at the same c¢oncencration. Good molten magnesium
S protection was observed.

Example 10 and Comparacive Example 10 demonsgtrate that
an inhibiting agent of the present invention provides
equivalent protection of molten magnesium metal compared to
SF,. |

10

Example 11
Magnesium squeeze-castings were produced by hand-
15 pouring molten magnesium into the shot sleeve of a vertical
injection squeeze casting machine. Prior to pouring the
molten magnesium into the shot sleeve, a small volume of
pure 1,1,1,2-tetrafluoroethane was introduced into the shot
sleeve. This protected the molten magnesium in the shot
20 sleeve and prevented the molten magnesium from burning
during the filling of the meuld.

Example 12
Various magnesium components were produced using the

. 25 investment casting technique. Prior to filling the
investment casting shell with molten magnesium, the shell
was purged with pure 1.1.,1,2-cetrafluoroethane. This
prevented the magnesium from burning while solidifying

inside the shell. Upon cooling, the shell mould was
30 removed. The magnesium casting exhibited a good surface
Einish.

Example 13

(WA

Various magnesium components were produced using the

w7

csand casting cachnigue. Prior to filling the sand mould

with melten magnesium, the sand mould was purged with pure
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Example 14

A melt furnace having a diameter of 1.5 metres and
containing 4 tonnes of molten pure magnesium was blanketed
with 60 litres per minute dry air and 0.6 litres per minute
1,1,1,2-tetrafluoroethane. Good molten magnesium protection
was observed, with the formation of a thin protective

surface f£ilm.

Comparative Example 14

Comparative Example 14 was identical to Example 14 with
the exception that 1.,1,1,2-tetrafluorethane was replaced by
SF, at differing flow rates. The flow rate of dry air was
maintained at 60 litres per minute. Good molten magnesium
protection was only achieved at an SF, flow rate of 2 litres

per ninute.

Example 14 and Comparative Example 14 demonstrate that

)-0 109%Z& ()-0 109&Z&
dowiéwa"“?‘}e‘i‘) 1095 “(51”6&69‘{7 Ca‘%%&- ()-0

the inventive cover gas composition provides good industrial.

scale protecrtion of molten magnesium at @ a lower

concentration than an SF, based composition.
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- magnesium/magnesium alloy, l:he composition including a
5 fluorine containing inhibiting agent and a carrier gas,
wherein each component of the composition has a Global
Warming Potential (GWP) (referenced to the absolute GWP
for carbon dioxide at a time horizon of 100 years) of

iess than 5000.

10
2. A composition as c¢laimed in claim 1 wherein the
. inhibiting agent has no ozone depletion potential.

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

thereof.

4. A composition as claimed in any one of the preceding
20 claims wherein each component of the composition has a
GWP of less than 3000.

5. 'A compogition as claimed in any omne of the preceding
claims wherein the inhibiting agent 1is selected from
. 25 the group consisting of hydroflucrocarbons,

hydrofluoroethers and mixtures thereof.

6. A composition as claimed in any one of the preceding
claims wherein the inhibiting agent has a beiling point
30 of less than 100°C.

7. A composition as claimed in any one of the preceding
claims wherein the inhibiting agent is selected from
the group consisting of difluoromethane,

35 pentafluoroethane. 1.1.1.2-cerrarfluoreoethane,
difluorcethane. heptafluoropropane. methoxy -

nonaflucrobutane, ethoxy-nonafluorobutane.
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fire, the method including exposing the fire to an

35 atmosphere of an inhibiting agent as defined in any one

»f claims 1-12.



