WO 2011/047511PCT/CN2009/074584 PROCESS FOR STABILIZING HYPOPHOSPHITE Field Of
The Invention The current invention relates to a process for stabilizing hypophosphite salts and more
particularly W@ 39d@d3sifor stabilizing hypophosphite salts used as flame r&aF/aNI8ESHafter also
known as "FR"). Background Of The Invention Halogen free flame retardant additives are of
increasing interest in reinforced and un-reinforced polymers, more particularly thermoplastic polymers,
for their ability to provide FR properties while remaining environmentally benign. Among those halogen
free flame retardants, hypophaosphite salts or inorganic phasphinates are known as good FR additives
for polymers. Howeyﬁﬁéﬁééc%éﬂaﬁgmf I;GLZJ&[&? hleﬁ%@édﬁéé%'ﬂ&l er to which they
are added as mentioned for example in WO 2009/010812. Moreover, hypophosphite salts are known
to have a tendency to generate phosphine at elevated temperatures at which they are processed, and
phosphine is spontaneously flammable, highly toxic and strong irritant as mentioned for example in US
2007/0:15- az TIHQF]%@Q Hﬂtﬁ)n taught by US 2007/0173572 is to scavenge the generated
phosphrnﬁy‘gg:ﬂg'a'p' “rosplirremppressing additive which can be a specific polymer, an amide,
imide, cYasuwatecpltaspatiomarlengotbes piadiesss. fohe tibilbacgedi ypaiphetiokl e thaltteanother

additive is added to the polymer composition which can only neutralize the phosphine without
preven@r&fﬁmog@rmﬁ&wfrﬂwa%ﬁo@&ms oo Sebians PRIRERSBBYR PAsE1UREsbBRosphites

salts Wiﬁ]ﬂﬁt r tcp@m re instapilify or at a much lower degree. There is a
need to prop%@%??é%l%@éﬁ%@%&%%em y g&%‘ieﬁ’ c?tr'der not to generate a dangerous

amount of phosphine. Detailed Description Of The Invention In fact, after extensive research and
development work, the Applicant has surprisingly found out and developed a stabilizing process for
hypoph&$&HE QR A Lhe lnyention, very least, minimise, the formation of phosphine from
yponneRRBIE AR mRe AR ARl PeIcaon sdRe 06 B RO SRR ARt agrelates
to a process Yor stabilizing a hypophosphite salt, comprising the steps of a) washing the
hypophasghitmsedtiafdrasdopoiiymeaensdemm conpattad wiitly of Ipttcwphaised hetwaere s anfdi 1,
preferably between 5 and 8, sgglj ophosphite sajt.in an aqueous solution and/o;ﬂ] solid state, and
b) cryint G PRy JOHSBRRS 08 LI CRFYBAE P BLLS.FE RBHBHIYS 1Y VORARERIAI b B SRhended
to perfosleRide datdiRaS e TIdinG pariag SRS P oR Shee N herPIRGEEaAENer

comprises after step a), the Step of:
phosphinates are known as good FR additives for polymers. However,

phosphinic acid salts may cause the degradation of the polymer to which they
are added as mentioned for example in WO 2009/010812. Moreover,
hypophosphite salts are known to have a tendency to generate phosphine at
clevated temperatures at which they are processed, and phosphine is
spontancously flammable, highly toxic and strong irritant as mentioned for
example in US 2007/0173572.

The proposed solution taught by US 2007/0173572 1s to scavenge the
generated phosphine by adding a phosphine suppressing additive which can be
a specific polymer, an amide, imide, cyanurate, phosphazine among other
products. The drawback of that method is that another additive is added to the
polymer composition which can only neutralize the phosphine without

preventing the generation of that phosphine.

Thus, there exists a constant need in the market of FR agents in having



al ) washing at least one time said hypophosphite salt with an organic solvent miscible with water. The
organic solvent of step a) is preferably selected from the group comprising acetone, methanol,
isopropanolMet2ahyeTlirane, and acetonitrile. The starting hypophosphite Bal/eN298%03¥34n be in the
form of an aqueous solution, charged in a reactor and mixed with a mineral or an organic acid to

obtain a slurry. whose pH is set at a value of trftwe n 4 and 6.5, preferably 5 and 6. WO

201 L/ORHDAPIOSRI RS0 iise i H0 Mo Répréenasly SSRRMACHSm lgrbhip catrpmaneye
nyPopNasRRRAHS k. cific acith deit it acrliaacid. eilerBydilc apidnd sUBhyiRRdAnd
more preferably, the acid is hypophosphorous acid. According to another aspect of the invention, the
startinghypophosphittessa tsf stefhia) éa thytis¢abrhizeidamaordaus sbhatigenenatgerl dangerotor and
mixed with a minegal .or an organic base to obtain a slurry whose pH is set at a value of between 7.5
and li, SYEYaPHLPE BRASRIM MShat case the base is preferably selected from the group comprising

sodium hydroxide, potassium hydroxide, calcium hydroxide, calcium oxide, Magnesium oxide and
magnesium hydroxide, even more preferably, the base is calcium hydroxide and/or calcium oxide.

Preferabdetind echddes avpp bt e Elle domegiftdaithe reaction of calcium oxide, water and
hypophpsphorous agcid. The process can be batch, continuous or semi-continuoys and be performed
i 8 L8 et ket HUES tt SHHGbIAIE, SRS En oSSR s o R 2 sarbor
dioxideighfistal 7ERRdT DA PERRE SFedRpIRY N igaLiFn P BOCRR ftdhy BRIt
pressure, under pressure or under vacuum. Without linking the current invention'to any theoretical

rationalealtdoskBiite ezt préveptematuat idmabitinyisldast o nve presencéhst drableateait infurities.
Thus it can be interesting to check thehggalit ?f the h ?é)h?['isﬁplgte salts by detecting the remaining
impuritiBs 3h Y e AHSBIOSR %hséé KRBV RAEC LR CedhmBRACAHP PR
(ThermglgGravimetric Analysis). The test can be carried out at any stage during the heating process
described before. Another way to check the quality of the product is to perform a stability test at
elevated temperature on the product alone or mixed with plastic and measure the amount of

Goneratb SR A broHLE B INHE W B 0495 1 PErIER 3004 57 48 U Basfcs such
as polyarysisp HbephYRORAPSRIVR palb in preferally oiohe formula (1):

a) washing the hypophosphite salt at least one time under a controlled
value of pH comprised between 4 and 11, preferably between 5 and 8, said
hypophosphite salt in an aqueous solution and/or 1n a solid state, and

b) drying said hypophosphite salt under reduced pressure to remove
the volatiles.

It is recommended to performed step a) 2 or 3 times.
According to another aspect of the invention, the process further comprises
after step a), the step of:

al) washing at least one time said hypophosphite salt with an organic solvent
miscible with water.
The organic solvent of step a) is preferably selected from the group comprising
acetone, methanol, isopropanol, tetrahydrofurane, and acetonitrile.
The starting hypophosphite salt of step a) can be in the form of an aqueous
solution, charged in a reactor and mixed with a mineral or an organic acid to
obtain a slurry whose pH is set at a value of between 4 and 6.5, preferably 5
and 6.



H2pLO is4 n+ (1) wherein nis 1, 2 or 3, and M is a metal selected from the group consisting alkal
metal, alkaline earth metal, aluminium, titanium and zinc. Preferably M is calcium or aluminium. The
hypophospKe 38lif# e treated can have been prepared by any manufact®GAg PRSI+ e
hypophosphite salts and in particular, calcium hypophosphite, can be prepared for example from white

phosphgrus (Pi) reacted ynder. alkaline conditions with calcium hydroxide or, calcium oxide and water
e gt Rt SEERIS. TEASGIES ASSURINS S5 CaHD LAY BEnH BHAOS) RAGIEN of o
calcium,galt o SIMPlydTaM AR AS SRYghtie Ghiness PaeoH AL 3R388n W IKLIYRAPROSRIGrous

acid. For example the lime suspension is simply neutralized with hypophosphorous acid, the impurities

are renmvédryrilpatiderabdiyththpradudt sbiwpeapihcs phowowsyaesdpreviously described. Finally, it

can alsg be possible to obtajn calcium hypophosphite from other metallic hyphosphites or the acid by
o xR PIBELS. TR e b alcg o RE OB L1 LBl RO SR e for
renderi ALY R RO TROPAI 5P M dlIEBIRRBS iFiBRlY E1RIR A Hcferiant g iVeeton
relates to a flame retardant polymer compasition comprising a WO 2011/047511PCT/CN2009/074584
polymemdtlal 8. nim 8talveityanpergami badsast oo thdtatal aveigit prweosenpidsisicebhé ayyalpieosphite

salt thermally stabili by t rocess of the gurrent invention. The thermoplastic polymers are
preferaé@?’[&y&(‘/’ﬁﬁgnz{ﬁgng“éﬁefs,pﬂgﬁmll? ¥s,§€dl§gi TS, polycarbonates and blends or polymer
blends. Thheset Ieakid RO § Lh MR Pa B IUedsc dORPAMTRE QRYIRPeiSIAY IS8kMENe, Of

mono- or of diolefins with one another or with other vinyl monomers, polystyrene and their copolymers,

halogehgdncainitey poehesswiy. pblydnivxigeenesahiovimtedygsberidsolyacalitemandxide,
polymethacrylates, polyamides.and copolyamides derived from diamines apd from dijcarboxylic acids
o N U o vt o ORGSR AT PRIt RS car
further eamepiae AYercoxiddelni@rsingandigrialsage/or other additives, in order to obtain plastic
molding compositions. The invention is further illustrated by the following examples. Examples

CaHyp@odanabhtiybe stomingdivpapliasnhie satincaigsgfecia dhearsiantioypopresdshitersourced
Hg?te%?&?l ea,“\l)lv%qfe%ngn%]%?f)cgll)fl%as%%notr%ou’s Itadéi%gHypo HT : Cahypo High Temperature (product

The process can be batch, continuous or semi-continuous and be performed in
a close or open system under inert atmosphere.

That inert atmosphere can be for example carbon dioxide, argon, or nitrogen.
The process of the invention can be performed under atmospheric pressure,
under pressure or under vacuum.

Without linking the current invention to any theoretical rationale, it looks like
most of the premature instability is due to the presence of problematic
impurities. Thus it can be interesting to check the quality of the hypophosphite
salts by detecting the remaining impurities using thermal analysis tools such as
ARC (Adiabatic Reaction Calorimeter) and TGA (Thermal Gravimetric
Analysis).

The test can be carried out at any stage during the heating process described
before.

Another way to check the quality of the product is to perform a stability test at
clevated temperature on the product alone or mixed with plastic and measure
the amount of phosphine generated during the test. It is also possible to

measure the amount of phosphine generated when the product is compounded



EXAMPLE1 CaHypo COM (102g) is charged in a reactor and mixed with water (161g). 50%
hypophosphorous acid (349) is then added slowly and the mixture is thoroughly stirred for 30 minutes
and the pH NQahtidEdbetween 4 and 6. Then, the slurry is filtered to affoRCTEGNSIBNHFhis solid is
washed with water (40g) and then with acetone (75g). 57.8g of wet solid is thus obtained to finally
afford 56%5 gé CaHypo HT afteiy vap% ration of the volatiles under WO

2011/0XYBRPATISR 2868/ B8LYAMIAEd pressure overnight at room temperature. EXAMPLE 2
Thermal aging test  2g of CaHypo COM and CaHypo HT (from Example 1) are weighed and placed
in separate glass vials. The vials are then placed into an oven pre-heated to 290r under air. Pictures of

the sambleslayp aphrosgderioselttiragte tmalphreoththentmgewliacolor. The pictures obtained, shown

below, clearly indicate that CaHypo HT does not change color as quickly as the regular CaHypo
commercial grade. The CaHypo COM material starts yellowing significantly between 1 to 5h while the
CaHypo HT did not yellow before 8h. The [elloying of TaHypo is typically due to the formation of red
phosphorus which is itself associated with|the flormation of phosphlne The results are gathered in table
1 below: Table 1 Time Oh Ih 5h 8h 15h N nHtr ated C 'MB

n

(1)

whereinnis 1, 2 or 3, and

M is a metal selected from the group consisting alkali metal, alkaline earth
metal, aluminium, titanium and zinc. Preferably M is calcium or aluminium.
The hypophosphite salt to be treated can have been prepared by any
manufacturing process. The hypophosphite salts and in particular, calcium
hypophosphite, can be prepared for example from white phosphorus (P,)
reacted under alkaline conditions with calcium hydroxide or calcium oxide and

water as taught by US patent 5225052.

It 1s also possible to obtain calcium hypophosphite by reaction of a calcium
salt or simply from lime as taught by Chinese patent CN101332982, with
hypophosphorous acid. For example the lime suspension 1s simply neutralized
with hypophosphorous acid, the impurities are removed by filtration and the
product 1solated in a same way as previously described.

Finally, it can also be possible to obtain calcium hypophosphite from other

metallic hyphosphites or the acid by ion exchange process.
The invention also relates to the use of the stabilized hypophosphite salt for
rendering polymers and more particularly, thermoplastic polymers,

flame-retardant.

The invention relates to a flame retardant polymer composition comprising a



White White Pale yellow Yellow Dark yellow/orange Stabilized Cal-Typo White White White Pale
yellow yellowish EXAMPLE 3 Phosphine generation - Scrubber detection  For this experiment 2g of
CaHypo (CO¥? M ¥4fildi Example 1) are heated to 300r for 30 minutes ufd&yaNrO?878x%on. The
out gases are bubbled through a 5% hydrogen peroxide solution to scrub phosphine that may be

o1 phosBHAIHANbaInd et AP Esi BB aCburftig (A LI SHoSDhetle
detecteddpipeied diPHf a hypophosphite salt thermally stabilized by the process of the
current invention.
The thermoplastic polymers are preferably, polyphenylene ethers, polyamides,
polyesters, polycarbonates and blends or polymer blends. These include
polymers of mono- or diolefins, for example polypropylene, polyisobutylene,
of mono- or of diolefins with one another or with other vinyl monomers,
polystyrene and their copolymers, halogen-containing polymers, e.g.
polychloroprene, chlorinated rubber, polyacrylates and polymethacrylates,
polyamides and copolyamides derived from diamines and from dicarboxylic

acids and/or from aminocarboxylic acids or from the corresponding lactams.

Thermoplastic polymers can further comprise fillers and reinforcing materials
and/or other additives, in order to obtain plastic molding compositions.

The invention is further illustrated by the following examples.

Examples
CaHypo COM: CaHypo COM was made from the commercial grade of

calcium hypophosphite sourced from Shanghai lingfeng chemical reagent co.,

Itd.
CaHypo HT : Cahypo High Temperature (product treated)

EXAMPLE 1

CaHypo COM (102g) 1s charged in a reactor and mixed with water (161g).
50% hypophosphorous acid (34g) is then added slowly and the mixture is
thoroughly stirred for 30 minutes and the pH 1s controlled between 4 and 6.
Then, the slurry is filtered to afford 75g of solid. This solid 1s washed with
water (40g) and then with acetone (75g). 57.8g of wet solid is thus obtained to
finally afford 56g of dry CaHypo-HT after evaporation of the volatiles under
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WO 2011/047511PCT/CN2009/074584 phosphine For CaHypo COM, a total of 555.8ppm of
phosphine / g of CaHypo is detected while only 235ppm of phosphine / g of CaHypo is detected for
CaHypo HTWOIP4idtder these conditions the amount of phosphine gendtaleeNRICAHEd HT is
reduced by about 60% compared to the commercial product. EXAMPLE 4  For this experiment 2g of
CaHypo (COM or HT from Example | ) are heated to 298C under a flow of argon. The out gases are
capturetf 6@?5%%’%‘%ﬁ&tﬁ@é&béﬁﬁéﬁ&ﬁbﬁ%‘ﬁ@$@iﬂ€% measured over time using Caltec tubes.
The results (Table 2) clearly indicate that the amount of phosphine generated with CaHypo HT is up to
34 times lower which corresponds to a 97% reduction of the amount of phosphine generated
compared to EXMRaECaRWRenT#bie sreoRRasphine generation Time Total Phosphine generated
(mL) for 2g of CaHypo CaHypo COM CaHypo-HT (Example 1) 0.5 h 0.17 0.01 1.5h 0.79 0.02 3.0 h
2g of CaHypo COM and CaHypo HT (from Example 1) are weighed and

placed in separate glass wvials. The wvials are then placed into an oven
pre-heated to 290 C under air. Pictures of the samples are then taken over
time to compare the change of color. The pictures obtained, shown below,
clearly indicate that CaHypo HT does not change color as quickly as the
regular CaHypo commercial grade. The CaHypo COM material starts
yellowing significantly between 1 to Sh while the CaHypo HT did not yellow
before 8h. The yellowing of CaHypo is typically due to the formation of red
phosphorus which is itself associated with the formation of phosphine.

The results are gathered in table 1 below:

Table 1
Time Oh 1h 5h 8h 15h
Non-treated Dark
White White Pale yellow Yellow
CaHypo yellow/orange
Stabilized
White White White Pale yellow yellowish
CaHypo

EXAMPLE 3 Phosphine generation — Scrubber detection

For this experiment 2g of CaHypo (COM or HT from Example 1) are
heated to 300°C for 30 minutes under a flow of argon. The out gases are
bubbled through a 5% hydrogen peroxide solution to scrub phosphine that may
be generated. The scrubber solution is then analyzed by Ion Chromatography
(IC) to determine the level of phosphate. The phosphine generated is then

calculated by assuming that all the phosphate detected is issued from



2.150.06 2 g sample heated to 298 C with argon,flush.ng at rate 58 mLmins EXAMPLE 5 Water
wash:  CaHypo COM (275g) is charged in 1L plastic bottle and mixed with water (Il 9g) as well as
ceramic balW@B3EP4+THA resulting mixture is rotated for 4h and the pH is cBRFEIRRYWWAWHEERH 4-6.
Then the balls are separated with wired filter. The white solid is washed with water (40g) and then
three times with acetone to afford 2429 of wet CaHypo-HT. The final product is dried WO

ijFf?s‘T% ﬁ?@ ge
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volatile d r . EXA Phosphin iQn measyfi in gas

For thiséé%(%&?r%r e r?? 2@%%&%%8‘%%@8 V\?gl\ﬁ?%g%p@(aﬁ%lg EQS%]PZE m%tgg go %lgSrgﬁmda #bc?w of
argon. feeceutdases atmEppyyedinto Osehads anditie apsenyatdmt i phogrhingis mfrasyfed over
time using Caltec tubes. The results (Table 3) clearly indicated that the amount of phosphine

generaehbosph ey pocHatésl Upytdpddytmoeblibve rodiste dobre syhontet 08 @ @onsparedderiticof the
amount of phos h'?rr‘lllz gengrated compared to commercial CaHypo. Table 3 - Phosphine Generation
Time T E5pl ﬁﬁ?‘é&

Hafkkated (mL) CaHypo COM CaHypo-HT (Example 5)

EXAMPLE 4

For this experiment 2g of CaHypo (COM or HT from Example 1) are
heated to 298°C under a flow of argon. The out gases are captured into gas
bags and the concentration of phosphine is measured over time using Caltec
tubes. The results (Table 2) clearly indicate that the amount of phosphine
generated with CaHypo HT is up to 34 times lower which corresponds to a
97% reduction of the amount of phosphine generated compared to commercial

CaHypo.

Table 2 — Phosphine generation

Time Total Phosphine generated (mL) for 2g of CaHypo
CaHypo COM CaHypo-HT (Example 1)

0.5h 0.17 0.01

I1.5h 0.79 0.02

3.0h 2.15 0.06

2 g sample heated to 298 C with argon flushing at rate 58 mL/mins

EXAMPLE 5 Water wash:
CaHypo COM (275g) is charged in 1L plastic bottle and mixed with

water (119g) as well as ceramic balls (293g). The resulting mixture 1s rotated
for 4h and the pH is controlled between 4-6. Then the balls are separated with
wired filter. The white solid is washed with water (40g) and then three times

with acetone to afford 242g of wet CaHypo-HT. The final product is dried

7



0.5110.36 0.011.5h 2.12 0.02 3.0 11 4.24 0.03 2 g sample heated to 298 C with argon flushing at
rate 58 mL, mins. EXAMPLE 7- Phosphine generation measuring PH; in gas - CaHypo + PA 6.6 In
this experin¥mx26d/6+1N6,6 are charged in a glass tube and heated to 298PCHEMNIAAISHIRY with
argon. Then 2g of CaHypo (COM or HT from Example 5) are added. After that, the out gases are
captured into gas bags and the concentration of phosphine is measured over time using Caltec tubes.

The resitesT arfelug el aplCstiEstedth IARB arf IS REMES piind YRttty et o 4imd

to a 98.7% reduction of the amount of phosphine generated

t

74 timegf(lf

compare
generation with PA 6,6

IS up to

rwhy orf; d
%aﬁgggnﬁgércié?@%@ypo. WO 2011/047511PCT/CN2009/074584 Table 4 - Phosphine

EXAMPLE 6 Phosphine generation measuring PH; in gas

For this experiment 2g of CaHypo (COM or HT from Example 5) are
heated to 298°C under a flow of argon. The out gases are captured into gas
bags and the concentration of phosphine is measured over time using Caltec
tubes. The results (Table 3) clearly indicated that the amount of phosphine
generated with CaHypo HT is up to 140 times lower which corresponded to a
99.3% reduction of the amount of phosphine generated compared to

commercial CaHypo.

Table 3 - Phosphine Generation

Time Total Phosphine generated (mL)
CaHypo COM CaHypo-HT (Example 5)

0.5h 0.36 0.01

1.5h 2.12 0.02

30h 4.24 0.03

2 g sample heated to 298 C with argon flushing at rate 58 mL/mins.

EXAMPLE 7— Phosphine generation measuring PH; in gas — CaHypo +
PA 6.6

In this experiment, 6g of PA6,6 are charged in a glass tube and heated to
298°C for 3h flushing with argon. Then 2g of CaHypo (COM or HT from
Example 5) are added. After that, the out gases are captured into gas bags and
the concentration of phosphine 1s measured over time using Caltec tubes. The
results (Table 4) clearly indicate that the amount of phosphine generated with
CaHypo HT 1s up to 74 times lower which corresponds to a 98.7% reduction of

the amount of phosphine generated compared to the commercial CaHypo.

8



Time Total Phospl ine generated (mL) CaHypo COM CaHypo-HT (Example 5) 0.5h 0.18 0.02 1.5 h
1.06 0.053.0nh 7.420.10 2 g sample 6g PA 6,6 heated to 298C with argon flushing at rate 58
mLOnNins. EXRNALB43SPreparation of CaHypo-HT from CaO and HPA ~ PCT/CN2009/074584

Table 4 - Phosphine generation with PA 6,6

Time Total Phosphine generated (mL)
CaHypo COM CaHypo-HT (Example 5)

0.5h 0.18 0.02

1.5h 1.06 0.05

30h 7.42 0.10

2 g sample + 6g PA 6,6 heated to 298 C with argon flushing at rate 58

ml./mins.

EXAMPLE 8 Preparation of CaHypo-HT from CaO and HPA

Calcium oxide (39.2g, 0.7mol) is mixed with water (398g) under inert
atmosphere. 50% hypophosphorous acid (129g, 0.98mol) 1s added slowly at
room temperature while the pH is monitored. The pH 1s adjusted to 5-7 and the
solution boiled for 3h. Then, the mixture is cooled down and a portion of it
filtered to obtain 284¢g. This filtrate is pH adjusted to 6.5-7 and water 1is
distilled off under reduced pressure to afford 252g of distillate. After cooling
down the solution is filtered to afford 8.6g of CaHypo-HT. The product is
dried under vacuum at 90 C overnight.

The product thus obtained is tested for phosphine generation by heating
2g of material to 298 C under argon while analyzing the off-gases for
phosphine. The results indicated that after 30 minutes the total amount of
phosphine generated is as low as 0.007mL which is 51 times lower that the
amount detected for CaHypo COM in the same conditions. Overall, the

phosphine generation is reduced by 98.1% compared to commercial CaHypo.

EXAMPLE 9— Recrystallization treatment:
CaHypo COM (418g) is dissolved in water (3012g) under inert

atmosphere and heated to reflux. The pH of the solution is adjusted to 9-10

9



Calcium oxide (39.2g, 0.7mol) is mixed with water (398g) under inert atmosphere. 50%
hypophosphorous acid (129g, 0.98mo1) is added slowly at room temperature while the pH is
monitored. PHe I&4Z3Usted to 5-7 and the solution boiled for 3h. Then, tREFHN87d8Hed down
and a portion of it filtered to obtain 284g. This filtrate is pH adjusted to 6.5-7 and water is distilled off
under reduced pressure to ﬁfford 2529 of digtillate, After coolin solutjon is filtered to afford

d the
8.6g of ¢sigpbe. #RE pthauBisianEd tfidexGdedom %hgoé%@%vrvﬁna@ﬁﬁng THMPodOcE &

e . . . f o _ i '
anatyr o b BT AR IR IR G ST oy St e B v o
phosphiegrheratgdiig 2s30VAh9-H8pMbsphisFoied ladiesdawetieat thidtameling %@iﬁctem@r

CaHypo COM in the same conditions. Overall, the phosphine generation is reduced by 98.1%

it bidil @aH! d- Radystakdatied &l
comparezstd teognterbidl @aHyp o EXAENIFAEd- stalidhtigdirgaessnre  vDaHypatioM(4180)
is dissolved in wate (?;%%Zg) uggfr inert/%a%nosp%gr.e ag heated to reflux. The pH of the solution is
adjusteBYECPLR & /697sh 1PesT RRIHRRID 19 5HAGER fite Ahd o0& ARSI ED or 2h.
After canh OV 10 5P m et IHtionyis filiered iIatRis & ' 0
RS S R L S N S R T
concentiatE2UOdefgedhic2d ppessyeoditit tGaHypeaprécipitated. The solid thus obtained is filtered out
at room temperature to afford 307g of wet material. After drying the product under reduced pressure at
120 t for 6h 2979 of product is in hand. EXAMPLE 10- Phosphine generation measuring PH3 in gas

For this expefiqe l:J 0 fted to 298 under a flow of
argon. The ottt Sl hine is measured over

time using Cae hes TG Rfle TLakle ©)pleap indiestd (brt tre amapniol Ahpsehing generated

with CaHypo HT is up to 70 times lower which corresponds to a 98.6% reduction of the amount of
phosphlreagethemte @ & drnpanett toah @ampfieacizd .aHiyeo oTiahia £es Pires phiner ged anatoorgdsme

Total Phosphine generated (mL) CaHypo COM CaHypo-HT (Example 10) 0.5 h 0.36
ags and the concentration ‘of phosphiné is measured over time using Caltec

tubes. The results (Table 5) clearly indicate that the amount of phosphine
generated with CaHypo HT is up to 70 times lower which corresponds to a
98.6% reduction of the amount of phosphine generated compared to the

commercial CaHypo.

Table 5 — Phosphine generation

Time Total Phosphine generated (mL)
CaHypo COM | CaHypo-HT (Example 10)

0.5h 0.36 0.01

I.5h 2.12 0.04

3.0h 4.24 0.06

2 g sample heated to 298 C with argon flushing at rate 58 mL/mins.

EXAMPLE 11 Phosphine generation measuring PH; in gas — Grinded

sample
CaHypo HT obtained in Example 9 1s found to have a particle size

superior to 100 microns. Some of this product is grinded using wet ball milling

10



0.011.5h 2.12 0.04 3.0h 4.24 0.06 2 g sample heated to 298 C with argon Bushing at rate 58
nit/thins. EXAMPLE Il Phosphine generation measuring PH3 in gas - Grinded sample CaHypo
HT obtainedMR BYAMIELD is found to have a particle size superior to 100 nR&rbRN28WAESF4his
product is grinded using wet ball miling WO 2011/047511PCT/CN2009/074584 to reach a particle
size inferior to 50 microns. The materjal thus obtained is then tested for phasphine evolution hy

heatingt®g'&558¢ DABEEL YR AraS akinl the ofRlasesher piatepahdhpscabiapedrds

=9 | _ Ded i )
concii e e A S O, BRI LN oS S S
correspepdachly 2ih 3He RLigAsea TR BH (R phe o NTRer ¢l HoNES. SiierBspesindent Jadwe that

adjusting the particle size of CaHypo HT does not alter its performance. Table 6 - Phosphine
generatoralline TotpaPtdsphirndgeresalésl @btpined with CaHypo COM in the same

conditions. The amount of phosphine generated 1s 35 times lower with
CaHypo HT which corresponded to 97.3% reduction compared to the
commercial product. This experiment shows that adjusting the particle size of
CaHypo HT does not alter its performance.

Table 6 — Phosphine generation

Time Total Phosphine generated (mL)
CaHypo COM | CaHypo-HT (Example 11)

0.5h 0.36 0.02

I.5h 2.12 0.05

3.0h 4.24 0.12

2 g sample heated to 298 C with argon flushing at rate 58 mL/mins.

EXAMPLE 12 — Compounding and injection molding of CaHypo HT

A sample of Example 11 (grinded CaHypo HT) is tested on an extruder
and injection molding machine to verify that it is safe to compound. The
product 1s compounded in polyamide 6,6 containing 30% of glass fibers with a
maximum processing temperature of 260°C. Two formulations have been
tested, 10% of CaHypo HT and 20% of CaHypo HT. In both cases, the
extrusion went well without any issues. During the experiment the phosphine
level 1s detected using Caltec tubes with a detection level of 0.05ppm. When
samples of vent gases are analyzed no phosphine could be detected indicating
that the level of phosphine is inferior to 0.05ppm.

The two formulations are then inject molded to prepare 0.8mm specimens
with a temperature of 270°C. The phosphine is also measured during this

process and found to be inferior to 0.05ppm.
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CaHypo COM CaHypo-HT (Example 11) 0.5h 0.36 0.02 1.5 h 2.12 0.05 3.0 h 4.24 0.12 2 g sample
heated to 298 C with argon Bushing at rate 58 nit/thins. EXAMPLE 12 - Compounding and injection
molding of CaHvpo HT A sample of Example 11 (grinded CaHypo HT) is tested on an extruder and
injection molding machine to verify that it is safe to compound. The product is compounded in polyamide
6,6 containing 30% of glass fibers with a maximysy pipgessing temperature of 260 C. Two formulations
have been tested, 10% of CaHypo HT and 20% of CaHypo HT. In both cases, the extrusion went well
without any issues. During the experiment the phosphine level is detected using Caltec tubes with a
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during this process AR ISR BF BXF L3P s2a ¥ veen 4 and 11, said hypophosphite

salt being in an aqueous solution and/or in a solid state, and step b) drying

said hypophosphite salt under reduced pressure to remove the volatiles;

wherein the hypophosphite salt is of the formula (1):

O

I
HQP_O M

n
(1)
whereinnis 1, 2 or 3, and
M is a metal selected from the group consisting alkali metal, alkaline
earth metal, aluminium, titanium and zinc.

2. The process according to claim 1, wherein the pH in step a) is
controlled between 5 and 8,

3. The process according to claim 1, wherein step a) is performed 2 or 3
times.

4. The process according to any one of claims | to 3, further comprising
after step a), the step of:

al) washing at least one time said hypophosphite salt with an organic
solvent miscible with water.

5. The process according to any of claims 1 to 4, wherein the organic
solvent of step a) is selected from the group comprising acetone,
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CLAIMS 1. A process for stabilizing a hypophosphite salt, comprising the steps of: step a) washing the
hypophosphite salt at least one time under a controlled value of pH comprised between 4 and 11, said
hypophosphite salt being in an aqueous solution and/or in a solid state, and step b) drying said
hypophosphite salt under reduced pressure to remove the volatiles; wherein the hypophosphite salt is of

the formula (1): mgﬂgéd})ﬁﬁ%rgﬂ%mg%wg@ﬁ%w@ﬁe; grﬁ_f &@aﬁiMﬂé‘,_a metal selected from the group

p
consisting alkali metal, alkaline earth metal, aluminium, titanium and zinc 2. The process according to
claim 1, wherein the pH in step a) is controlled between 5 and 8, 3. The process according to claim 1,
wherein step a) is r or 3.1i cgordi ong of ¢laims. 1 to 3, further
comprising aﬁergtgﬁﬁg,ﬁ}?&%p&%ﬁ gﬁ?ﬁ%gﬂﬁgﬁaﬁgﬁ? cﬁ)rn?% Elrrl]Eg r;‘tgilg?/ r@é.r%lp f)hs%k#[e saft with an organic
solvent miscible lwiffopleaephife Tdadt podcstep agrdediing thearfigrof ctdiran latgudouweshsddintithe organic solvent

of step a) is selected frgm the grqup comprisin tone, methanol, isopropano],.tetrahydrofurane, and
acetoﬁitri)le C arge8 In'a Feactor and |xeogv9ﬁﬁaminerafor an orggnl(?am to ogann

a slurry whose pH is set at a value of between 4 and 6.5.

7. The process according to claim 6, wherein the pH of the slurry is set at
a value between 5 and 6.

8. The process according to claim 6 or 7, wherein the acid is selected
from the group comprising hypophosphorous acid, citric acid, maleic acid,
acetic acid, chlorhydric acid and sulphuric acid.

9. The process according to claim 6 or 7, wherein the acid is
hypophosphorous acid.

10. The process according to any of claims 1 to 5, wherein the starting
hypophosphite salt of step a) is in the form of an aqueous solution,
charged in a reactor and mixed with a mineral or an organic base to
obtain a slurry whose pH is set at a value of between 7.5 and 11.

11. The process according to claim 10, wherein the pH of the slurry is set
at a value of 8 and 10.

12. The process according to claim 10 or 11, wherein the base is selected
from the group comprising sodium hydroxide, potassium hydroxide,
calcium hydroxide, calcium oxide, magnesium oxide and magnesium
hydroxide.
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6. The process according to any of claims 1 to 5, wherein the starting hypophosphite salt of step a) is in
the form of an aqueous solution, charged in a reactor and mixed with a mineral or an organic acid to
obtain a slurry whose pH is set at a value of between 4 and 6.5. 7. The process according to claim 6,
wherein the pH of the slurry is set at a value between 5 and 6. 8. The process according to claim 6 or 7,
wherein the acidis seigetef Jra the geRCABIRIZING MyPaRheraRctANS R itdgRrigh maleic acid,
acetic acid, chlorhydric acid and sulphuric acid. 9. The process according to claim 6 or 7, wherein the
acid is hypophosptitieigeaantl/arocarei!yeedde. according to any of claims 1 to 5, wherein the starting
hypophosphite salt of step a) is in the form of an agueous solution, charged in a reactor and mixed with a
mineral or an organic base to obtain a slurry whose pH is set at a value of between 7.5 and 11. 11. The
process accordifidg toltleiprdcesstemeinding pid ahth@bltireypsesedang eklirasf\8randinthd 2. The process
according to clai%‘E 0or %1 wﬂereinhtEee base is seleﬁted from thﬁﬁﬁroup gom'or.ising sodium hydroxide,
potassium hydro /Al ',ntgal }{HR A e,sé IS 8%?&5@ it SR %@gt%(é m hydroxide.

13. The process\ggrarginpHppdphosphord@seitidhe base is calcium hydroxide and/or calcium oxide. 14.
The process according to any of the preceding claims, wherein the starting hypophosphite salt comes
from the reaction of calcium oxide, water and hypophosphorous acid. 15. The process according to claim
1, wherein M is qaCiumpOr GfgpasyURLcAflihge # CeREPACCOTdiRBIFIan Is WiagerimMdg calcium. 17.
The flame retardant polymer composition comprising a polymer and 0.1 to 30 weight percent based on
the total weight 8l4R&iRBIBosition of the hypophosphite salt stabilized by the process as defined in any of
claim 1 to 16. 18. The flame retardant polymer composition according to claim 17, wherein the polymer is

a thermoplastic selected from polyphenylene ethers, polyamides, polyesters, polycarbonates and blends
or polymer blend®). The process according to claim 1, wherein M is calcium.

17. The flame retardant polymer composition comprising a polymer and
0.1 to 30 weight percent based on the total weight of the composition of
the hypophosphite salt stabilized by the process as defined in any of claim
1to 16.

18. The flame retardant polymer composition according to claim 17,
wherein the polymer is a thermoplastic selected from polyphenylene
ethers, polyamides, polyesters, polycarbonates and blends or polymer
blends.
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