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[0003] Aluminum hydroxide has a variety of alternative names such as aluminum
hydrate, aluminum trihydrate, aluminum trihydroxide, etc., but is commonly referred
to as ATH, and as such, ATH is used herein. ATH particles, finds many uses as a
filler in many materials such as, for example, papers, resins, rubber, plastics etc.
These products find use in diverse commercial applications such as cable and wire
sheaths, conveyor belts, thermoplastics moldings, adhesives, etc. ATH particles are
typically used to improve the flame retardancy of such materials and also acts as a
smoke suppressant.

[0004] Because of the applications in which ATH commonly finds use, the thermal
stability of the ATH is a quality closely monitored by end users. For example, in
printed circuit board applications, the thermal stability of the laminates used in
constructing the boards must be sufficiently high to allow lead free soldering. Thus,

there is a need in the art for an ATH having an improved thermal stability.
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IMMMR E TN ubl e soda content, which is
té\%ﬁ%ly in the range of from about 70 to about B
9iRr 7lopherjnusaipry Rereatehay o pagxpeciesdy dissovered thastiha thewserd stability
content, with the remai nder being sol uble soda. Thus,
t edth Adk it linksd do theospdp conieatsok te ATFH.anWhileempidieel evidence
resin formul ation conprising an ATH having one or
nBfisates,that e isralisipdilisy isphisvked toathel tata)sedapeantent abthy ATH, the
three or nore, of the follow ng characteristics: a dio
i Hvemhers heraefe while petorishingietbechognd by Hisonyt beliexe that the irdproved
in the range of fromabout 1.2 to about 3.0 mm a dgo
i themtab stabiligyeof dfe ATH of thio puaserR ivenigon is linked to the non-soluble soda
content, which is typically in the range of from about 70 to about 99wt.%, based on
the total soda, of the total soda content, with the remainder being soluble soda. Thus,
the present invention relates to a flame retarded resin formulation comprising an ATH
having one or more, preferably two or more, and more preferably three or more, of the
following characteristics: a do in the range of from about 0.5 to about 1.4 pm; a ds in
the range of from about 1.2 to about 3.0 pm; a dgo in the range of from about 2.2 to
about 6.0 um; a total soda content of less than about 0.2wt.%, based on the ATH, a
linseed oil absorption in the range of from about 15 to about 40 ml/100g as
determined by ISO 787-5:1980; and a specific surface area (BET) as determined by
DIN-66132 in the range of from about 2.0 to about 8 m%g, wherein the electrical
conductivity of the ATH is less than about 200 pS/cm, measured in water at 10wt.%

of the ATH in water. The flame retardant resin formulation also comprises at least
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the djo, dso, and dgo, can be practiced by first introducing a suitable water-dispersant
solution (preparation see below) into the sample-preparation vessel of the apparatus.
The standard measurement called “Particle Expert” is then selected, the measurement
model “Range 1” is also selected, and apparatus-internal parameters, which apply to
the expected particle size distribution, are then chosen. It should be noted that during
the measurements the sample is typically exposed to ultrasound for about 60 seconds
during the dispersion and during the measurement. After a background measurement
has taken place, from about 75 to about 100 mg of the sample to be analyzed is placed
in the sample vessel with the water/dispersant solution and the measurement started.
The water/dispersant solution can be prepared by first preparing a concentrate from
500 g Calgon, available from KMF Laborchemie, with 3 liters of CAL Polysalt,/

available from BASF. This solution is made up to 10 liters with deionized water. 100
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of from about 1.3 to about 2.8 um. In other embodiments, the ATH of the present

invention can have a dsg in the range of from about 1.4 to about 2.6 pm.

[0014] Another of the one or more characteristics that the ATH of the present
invention can possess is a dgo in the range of from about 2.2 to about 6.0 um,
preferably in the range of from about 2.5 to about 5.5 pm. In other embodiments, the
ATH of the present invention can have a dg in the range of from about 2.7 to about
5.0 pm.

[0015] Another of the one or more characteristics that the ATH of the present
invention can possess is a total soda content of less than about 0.2 wt.%, based on the
ATH. In preferred embodiments, if the soluble soda content is a characteristic of the

ATH of the present invention, the total soda content is less than 0.18 wt.%, more
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ml measuring flask, which is then filled up with deionized water and homogenized by

shaking. The solution in the 500 ml measuring flask is then analyzed with the flame
photometer for total soda content of the ATH.

[0016] Another of the one or more characteristics that the ATH used in the practice of
the present invention can possess is a thermal stability, as described in Table 1 below.
Thermal stability, as used herein, refers to release of water of the ATH and can be
assessed directly by several thermoanalytical methods such as thermogravimetrical
analysis (“TGA”), and in the present invention, the thermal stability of the ATH was
measured via TGA. Prior to the measurement, the ATH samples were dried in an
oven for 4 hours at about 105°C to remove surface moisture. The TGA measurement
was then performed with a Mettler Toledo by using a 70 pl alumina crucible (initial

weight of about 12 mg) under N2 (70 ml per minute) with the following heating rate:
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ii) a specific surface area (BET) as

determined by DIN 66132 in the range of from about 2.0 to about 8m?/g. In preferred
embodiments, if the linseed oil absorption is a characteristic of the ATH of the present
invention, the linseed oil absorption is preferably in the range of from greater than 30
to about 50 ml/100g, more preferably in the range of from about 36 to about
46ml/100g. If the BET is a characteristic of the ATH of the present invention, the
BET specific surface area is preferably in the range of from about 2.3 to about 6m%g
more preferably in the range from about 2.5 to about 4.5 m?%g.

[0018] The electrical conductivity of the ATH of the present invention can also be
one of the characteristics of the ATH used in the practice of the present invention, and

if so, the electrical conductivity is typically in the range of less than about 200 pS/cm.

It should be noted that all electrical conductivity measurements were conducted on a
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characterized as having a soluble soda content in the range of from greater than about

0.001 to about 0.1 wt.%, in some embodiments in the range of from about 0.02 to
about 0.1 wt.%, both based on the ATH. While in other embodiments, the ATH of
the present invention can be further characterized as having a soluble soda content in
the range of from about 0.001 to less than 0.02 wt%. The soluble soda content is
measured via flame photometry. To measure the soluble soda content, a solution of
the sample was prepared as follows: 20 g of the sample are transferred into a 1000 ml
measuring flask and leached out with about 250 ml of deionized water for about 45
minutes on a water bath at approx. 95°C. The flask is then cooled to 20°C, filled to
the calibration mark with deionized water, and homogenized by shaking. After

settling of the sample, a clear solution forms in the flask neck, and, with the help of a
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[0021] Flame retarded resin formulations of the present invention comprise at least

one, in some cases more than one, synthetic resins selected from epoxy resins,
novolac resins, phosphorous containing resins like DOPO, brominated epoxy resins,
unsaturated polyester resins and vinyl esters.

[0022] The flame retarded resin formulation can also contain other additives
commonly used in the art. Non-limiting examples of other additives that are suitable
for use in the flame retarded polymer formulations of the present invention include
other flame retardants based e.g. on bromine, phosphorous or nitrogen; solvents,
curing agents like harderens or accelerators, dispersing agents or phosphorous
compounds, fine silica, clay or talc. The proportions of the other optional additives

are conventional and can be varied to suit the needs of any given situation.
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PL3TeE| 18 anpipagedarng shearing a head m xer nmanufact ured
for exanple by the Silverson conpany. Further
processi ng of the resin-EKAMBEEST X to the "prepreg”
stage and then to the cured lam nate is common state
#XAMBBEArt and described in the literature, for

exanple in the "Handbook of Epoxi de

[0025] In this example, the thermal stability of two commercially available ATH

products, Martinal® OL-104 LE and Martinal® OL-104 WE available from
Martinswerk GmbH, was compared to the thermal stability of an ATH of the present
invention. The thermal stability was measured according to the TGA test. As
illustrated in Figure 1, ATH grades of the present invention possess superior thermal
stability characteristics to those currently available.

EXAMPLE 2

[0026] In order to further analyze the thermal stability of ATH according to the
present invention, epoxy resin laminates (to mimic printed circuit boards) were
produced, which were filled with ATH according to the present invention as well as

with commercially available grades Martinal® OL-104 LE and OL-104 WE. The



Resins", published by the MG aw Hi || Book Conpany,

which is incorporated herein in its entirety by
woebm@reree. [ 0024] The above description is di PeTUSZ006040241

several enbodi nents of the present invention. Those

skilled in the art will recogni ze that other

enbodi nents, which are equally effective, could be
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he follow ng exanples will illustrate the present
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became clear.

[0029] In addition to the Epikote base resin, a dicyandiamide solution (“dicy
solution”) was prepared by adding 50 g dicyandiamide to 450g N,N-
dimethylformamide (DMF). 2,5 g 2-methylimidazole were added to the clear
solution, which was obtained by using a dissolver from the VMA Getzmann
company.

[0030] The dicy solution was added to the Epikote base resin and the mix was stirred
for 10 min at room temperature. Stock mix 1 was left for 24 h to age.

Stock Mix 2

[0031] Stock mix 2 was based on D.E.N. 438, commercially available from the Dow
Chemical Company, Germany. In order to reduce the viscosity of D.E.N. 438 and to
measure the needed quantity of 500 g, it was heated up in a water bath to in the range

of from about 80 to about 90 °C. Afterwards it was cooled down to 50 °C and
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del am nation of 8-layer lamnates in a tin bath at 288

+/-5 0C follow ng the procedure of the sol der fl oat
woesi7eareerding to | PC 4101 (1 PG TM 650) . [ O02BLT/TiS2006/040241

resin preparation was based on 2 stock m xes,

descri bed bel ow. Stock Mx 1 [0028] Stock mix 1 was

produced by di ssolving 1250 g Epi kote 1001 resin from

t dissobbé Inl 100hpeittiond. The @R FAYstinRd 49 8siflg SATERH %ﬁ‘%}; el Wixer
hel p of a Silverson high speed shearer L4R Arter

SR 4ti309109406f tRdmBtiMuin@eediOl Ut i on (" Epi kot e base
resin') was clear. It should be noted that stirring

t i : ¢ lo
BT LOBRRA U Ol RSO HCOEISRES 0 LAY

WRGing OBt b SAndiithide (RRS) FOhEE & NINDEGENBIFSHERT de Pl he
E%I E Eﬁa% i

In additron'to the ote e ’resin,”a dicyan

e e N S AR R PRI el Bt i
SRR AP AR Lo pTufe R Balsrin £ The i
R e A S R T S R
2P kRO T, BB 08 srmhfibenciods 1R wasrotgings

N. , conmercially available fromthe Dow
%ﬁgﬁggfgfgof‘gﬁg'any, Germany. In order to reduce the

j SCOS].t D.E.EN 438 and to neasure the needed
y&%%ﬁx?@iﬁ%%m%%eated up in a water bath to

I[5‘03t451 Thé g]ﬂl%lenium hydroxide filled epoxy resin was prepared by mixing 100 g of

stock mix 1 and 80 g of stock mix 2 together with 1 g Byk LP W 20037 dispersing
agent, available commercially from the BYK-Chemie, GmbH, for 1 min at 30-40% of
the maximum rotor speed. 50 g of an ATH according to the present invention or 50 g
of Martinal® OL-104/WE or 50 g of Martinal® OL-104/LE was then mixed with the
epoxy resin to form three different ATH/resin mixtures. The addition of the ATHs
was again conducted in the Silverson high shear mixer at 30-40% of the maximum
rotor speed during approximately 5 min. Again, if the temperature exceeded 50°C,
the mixing was stopped, the temperature was allowed to drop by about 5°C, and
mixing was then continued for a total mixing time of approx. 5 min.

[0035] For the preparation of the epoxy laminate, a vessel with a width of 300 mm
was filled with the ATH/resin mixture. Eight pieces of woven glass cloth (210 g/m?)
were cut to é dimension of 180 mm x 250 mm and one end of every layer was stapled
with 2 strips of wood (5 mm x 10 mm x 220 mm) at the top and bottom of the glass

cloth. The prepared glass cloths were individually dipped into the ATH/resin mixture
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of from about 80 to about 90 OC. Afterwards it was

cool ed down to 50 OC anddi ssolved in 100 g acet one.
woheoruxs28as stirred by using a Silverson hi ghPenaaroos/o40241

m xer L4R at 30-40% of the maxi num speed. [0032] A

second di cyandi ami de sol ution ("second dicy solution")

was prepared by adding 15 g dicyandiam de (dicy) to

280 v@rdadditiinamt briéHee Wthel A THRME midlR Hlokder k& §1Y¥?a§1tee that
stirred by using a dissolver (fromthe VMA Get Znann

GEYTRRSIY klasiVldth wad€arSalgUhd REinVRSs lﬁb(ﬁ[ﬁgng é%]elqz thS%ass cg)ths.

2-nmet hyl'i m dazol e were then added. e con

CIOOB\GQ T8 Hhhroshaa$1RIA6E WL é’fx at ilgod}lato@%gan?gsgﬁ?l{lg 5 was

and the mxture was stirre or m n-at

LERBRA aJy%ﬁin% 0 Found rﬁ?tglEngs)s( g/\ye%@%ysu?@ceugfeth E%Sr%gl%%% ks

(;f 24 h’ Preparation o | esin Lani na
S A L5 0 S RO R 5098y
3 8l oy S 95 DD BB RN FO0EE o v o
SRy SR gl S S R s
BRI B eeef e T LB o rolest sl BBt o o
AP ebrotof 0 Wit KritoSma Bt it et 3 Alenat Teds,
POpiEr R ot R g b i 8t o Ao o ifeon
SEADEH B8 AR o P Mot T st
1. Xing was then continued for a total mxing tinme of
Fsg?hng o, to[ropm Spmpssatukerige plispaf Zedla® weret wwoegsoThe
lreasglitigga %ﬁéye?la\rél?nsa%ee}lladve\x/i rgsri]n ?on\é\gn? gfh in ?}Ee rgr?g% orpgr]om about 38 to about
42 wt.%, and a thickness of 0.8 mm.
[0037] Each 8-layer cloth was then cut into 9 test sections measuring 40 mm x 50
mm. The thermal stability of the 8-layer epoxy resin laminate was investigated by
measuring the time to delamination of each test section as follows. The test item was
fixed in a holder that was dipped into a stannous bath at 288 +/- 5 °C. The time was
measured until first delamination occurred. Delamination was detected by an impact
on the holder and afterwards confirmed via visual control. Delamination was caused
by the endothermic decomposition of aluminium hydroxide into alumina and water.
Epoxy resin laminates which were produced according to the above-mentioned

procedure and which did not contain aluminium hydroxide did not exhibit

delamination after 10 min.

12



was filled with the ATH resin m xture. Eight pieces of

woven glass cloth (210 g/n2) were cut to a di nension
wohRo@da73ren x 250 mm and one end of every | ayer PG@AIS2006/040241

stapled with 2 strips of wood (5 mm x 10 nm x 220 nm)

at the top and bottom of the glass cloth. The prepared

gl ass cloths were individually dipped into the

ﬁdg@kﬁ%& ﬂlfﬁgﬁja{t&atﬂg rel§ivE€ ni%grg tlh’l::e g@ g%lg%lgﬁ{lééig&ﬁﬁ% }@sli %gtlons

resin mxture in or
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as det 1 ned b i ghi t he prepared gl ass cl ot.hs
Sty BED ToiGer st oM A Bt MEBIRS SBrT R eroimg asthe
between 38 wt. % and 42 w. % The glass cloths were
eheverBeniopeRIASIBE- of 150 mm x 200 mm 8 layers were
piled and 2 plies of Tedlar(r), comercially avail able
190G Bagbavn mEighreld GRKYAESIE FRININEES Usiee B ﬁﬁ?ﬁ AFHpagicles
cut glass cloths. The piles were pressed for 2 h at
fmr%@ i the rresspicnyention grhibiyshaemal sebilitigs: e deteyalinadgby the
down to roomtenperature the plies of Tedlar(r) were
MR tigg o felamingtien. sinsgorgo thpperesing apniginias kemyeatiqgnakAHHs as
content of in the range of from about 38 to about 42
Milledy, and a thickness of 0.8 nm [0037] Each 8-l ayer
cloth was then cut into 9 test sections neasuring 40
mm Xx 50 mMm The thermal stability of the 8-1ayer epoxy
resin | am nate was i nvestigated by nmeasuring the tine
to del ami nati on of each test section as follows. The
test itemwas fixed in a holder that was dipped into a
st annous bath at 288 +/- 5 0C. The tine was
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measured until first delam nation occurred.

Del am nati on was detected by an inpact on the hol der
wand7aktaswar ds confirmed via visual control. PCT/US2006/040241

Del am nati on was caused by the endothermc

deconposition of al um ni um hydroxide into alum na and

wat er. Epoxy resin | am nates which were produced

aﬁgﬂﬁgbﬁ&n&ﬁ the above-nentioned procedure and which
|

ai n al um ni um hydroxi de did not exhibit

51 R0 AL TR LORRL Fi gure 21111 ust rates

ative mean t am nation of the test
il RAT DR BErhy e st L g P61 e
ther ey RIS 78 e ahs Rlet Bhedr PhE (Hiq et 14
the a0t iDs Maah e BReEO RS “Find Bbtu EhiBhaDs Fayie
cPown R PEFOREPB A e oY Soar 0 altgiaLRertig of 5ot Hen
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parth&les accor di 0 the present invention exhibit

gt i
t her mHPMAPAY; 15;tp iaE%u,t 9l 8P ans Mo By sperliyanface pise in e
del am nation, superior to those resins containing
convefiEoFomagut 3.0 deatkout §nayg aphat is Aained: 1) A
flame retarded resin fornul ation conprising: a)
al Ut #deAshengrsysehetic resimTH' ) particles having at | east
one or nore of the follow ng characteristics: i) a dio
it heWheipigdhatleatiicsheqnduitvitp obthe 4 Tibis dass thau abavk 200 jiY/cra.
d50 in the range of fromabout 1.2 t o about 3.0 mm;
i2) i fheflagnggetarded rrsin farmdatish ateapding boeleinp], Wherimpodi ATH. Has
mm; iii) a total soda content of |ess than

a soluble soda content of less than about 0.1 wt.%,

3) The flame retarded resin formulation according to claim 2, wherein said ATH has
i) a dyo in the range of from about 0.6 to about 1.0 pm; and/or ii) a dso in the range
of from about 1.3 to about 2.8 pm or a dso in the range of from about 1.4 to about
2.6 um; and/or iii) a dgo in the range of from about 2.5 to about 5.5 um or a dg in
the range of from about 2.7 to about 5.0 pum.

4) The flame retarded resin formulation according to claim 3, wherein said ATH has
a total soda content of less than 0.18 wt.%.

5) The flame retarded resin formulation according to claim 3, wherein said ATH has
a total soda content of less than 0.12 wt.%, based on the ATH.

6) The flame retarded resin formulation according to any of claims 3-5, wherein said

ATH has a TGA profile of:
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about 0.2wt.% based on the ATH, iv) a linseed oil
absorption in the range of from about 15 to about 50
waol0z/0e?338 and v) a BET specific surface area PATAIS2006/040241
range of from about 2.0 to about 8nR/g; and b) at
| east one synthetic resin, wherein the electrical
conductivity of the ATH is | ess than about 200 nS/cm
2) Thel ¥1.BMSA €Car ded r es2 wt.yOTGNI(@)i on according to
claim 1, wherein said ATH has a sol ubl e soda content
of | esgoihgn about 0.1 w2P2%233) The flane retarded
resin formulation accordfng t o claim2, wherein said
ATH haS i) a diQin the range of from about 0.6 to
about 1.0 mm; and/or ii) ad o in the range of from
@bout 1.3 to about 2.8 mmor a dso in the range of
fromabout 1.4 to about 2.6 mm ; and/or iii) a d9 in

t he rWo P Et | 575 mmor a ds>o
in the réﬁ)geGo rom abo ? '@T?g(eggout 5.0|mm . 4)
The f{=t et-arded—restn Hat+on—accordiing to

cl ai mg(ﬁv\ger e| n said AT—?%WU %%a total soda gontent of
| eSS l. IIU.II \J J.U VVt . (}/U 5} IIIC fl GIIU I Ct U.I dcd reS| n
formul ati on according to claim3, wherein said ATH has
a total soda content of less than 0.12 w.% based on
the ATH. 6) The flame retarded resin fornulation

ATH h
?’CGZo:)ﬂdYti/PgGéf(:§ or 7) TR 14 T6A CX ar ded {esin =

formil.ation accordi ng to claim6_wherein said ATH has

a |ind&Edidi|l absorption|H2He range of from greater
than!30 to about 50 ml/100g

7) The flame retarded resin formulation according to claim 6, wherein said ATH has
a linseed oil absorption in the range of from greater than 30 to about 50 ml/100g.

8) The flame retarded polymer formulation according to claim 7, wherein said ATH
has a BET specific surface area in the range of from about 2.3 to about 6 m*/g.

9) The flame retarded resin formulation according to any of claims 4 or 5 wherein
said ATH has a soluble soda content in the range of from about 0.001 to about 0.1
wt.%, based on the ATH.

10) The flame retarded resin formulation according to any of claims 4 or 5, wherein
said ATH has a soluble soda content in the range of from about 0.001 to less than
0.02wt%.

11) The flame retarded resin formulation according to claim 9 wherein the non-
soluble soda content of said ATH is in the range of from about 70 to about

99wt.%, based on the total soda, of the total soda content.
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8) The flanme retarded polynmer formul ation according to
claim?7, wherein said ATH has a BET specific surface
wanem/Mrs28 he range of from about 2.3 to about €CTRKSZ06/040241
9) The flanme retarded resin formul ati on according to
any of clains 4 or 5 wherein said ATH has a sol ubl e
soda content in the range of from about 0.001 to about
. e - The if.
1Pl e e LGl h socbng B FE, (i S50 Are

Forifar adi en "o
r R 8 B o oS R R "o 0 1)

léhﬁaefﬁ%l%éﬁiﬁﬁﬁrgﬁﬁ é&ﬁ%k%‘lé iR B ke DR T E i o prn
ATHis in. 70 %
b SheH cobba Tyde g phgopabai Bl Y1)

he flame refarded resin forpul ation according to
1) 2 flayng jetardediedip foraglafoneREsi8an el ectri cal
conductivity of less than about 100 nB/cm 13) T :
£ PR R e drsider A DI Ghleas ooF B lﬁaretog b pying
10, wherein said ATH has an el ectrical conductivity in
the Fhamsteristiost P @ hodp dhisirangs of frogmhort U6 taahoptd-0 gy iije dso
flame retarded resin fornul ati on conpri si_ng[: a) an

al unimienrangel ebipriabeut APHO)abpgh A gma ) s in thiygngs ofdiena
of the follow ng characteristics: i) a dio in the

r angebayt 27 toahabd O umpiiy atejakandrueontenpoinpss than;apow Ogldwyt-Pa
t he range of fromabout 1.3 to about 2.6 nm; iii) a
dci obasad phther/skigév)orlinseadrnildberption in thegangsidros aborigS to
iii) a total soda content of |ess than about 0.12wt. %
bas edbai 50 e/ 140, anidw) aaBET spesafit sirfaca brserip tieorngenof fiem
range of from about 15 to about 50 m/1 0Qg; and v) a
BET sipextRfitcalsut frag aadea in the range of from

b) at least one synthetic resin,

wherein the at least one synthetic resin is selected from epoxy resins, novolac
resins, phosphorous containing resins, brominated epoxy resins, unsaturated
polyester resins and vinyl esters, the electrical conductivity of the ATH is less
than about 100 pS/cm, said ATH has a soluble soda content of less than about 0.1

wt.%, and a TGA profile of:

1 wt.% TGA (°C) 2 wt.% TGA (°C)

210-225 220-235

15) The flame retarded resin formulation according to claim 14 wherein said ATH has

a TGA profile of:

1wt.% TGA (°C) 2 wt.% TGA (°C)
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about 2.0 to about 6n2/g; and b) at |east one
synthetic resin, wherein the at | east one synthetic
woesim4irssel ect ed from epoxy resins,
phosphor ous contai ni ng resins, brom nated epoxy
resins, unsaturated polyester resins and vinyl esters,
the electrical conductivity of the ATH is I ess than

about fcm—sai dATHAH sotubte—soda; cont ent
of |ec5¥?%4§ about 0.1 mﬁjgﬁzggd a TGA profile of: 15)

The f l'amre—retarded—+esin—fornutation—aceordi g to

cYaim 14 wherein said ATH has a TGA profile of:or 16)
The flI[angk.9%aGA @€y T esi N 3 imT@Al(@) accordiing to
cl ai m{15, wherein said ATH has a |l'inseed oi
absor pLijgp1§ N the range phrfggm greater tian 30 to
about |50 m /1 00g. 17) The flanme retarded pol yner
f or rul=atiomaccordimy to ctarmm 16, whererm—sai d ATH
has a BET specific surface area in the range of from

bo t 5 to about, 4,5 nR/g The flane retard

zsﬁﬁ: ﬁ%}?wt%{fi«‘rdoﬁ%cfe@wﬂtwa a@@r%zﬁg t flapp dﬁn’ghemn@aldﬁTH
mhereln sai d ATH has a_ sol uble soda content in the

r antfs Gotingepd Ril Avsurptian mothe rangg s ufrony ereajgr than B éeabayh 50
the ATH. 19) The flanme retarded resin formul ation
acc®BlHil8g to any of clains 15 or 17, wherein said ATH
has a sol uble soda content in the range of from about
d7pbe flamq retgeded palymer fpwplotiomagyorting t4 ¢laime 6, ethareitedid ATH
resin fornulation according to claim19 wherein the
nontesladi Tespecific surface area in the range of from about 2.5 to about 4.5 m%/g.

18) The flame retarded resin formulation according to any of claims 15 or 17 wherein
said ATH has a soluble soda content in the range of from about 0.001 to about 0.1
wt.%, based on the ATH.

19) The flame retarded resin formulation according to any of claims 15 or 17, wherein
said ATH has a soluble soda content in the range of from about 0.001 to less than
0.02wt%.

20) The flame retarded resin formulation according to claim 19 wherein the non-
soluble soda content of said ATH is in the range of from about 70 to about
99wt.%, based on the total soda, of the total soda content.

21) The flame retarded resin formulation according to claim 19, wherein said ATH
has an electrical conductivity in the range of from about 20 to about 45 uS/cm.

22) An epoxy laminate made from the flame retarded resin formulation of claim 21.

23) An epoxy laminate made from the flame retarded resin formulation of claim 14.

24) ATH having a djo in the range of from about 0.6 to about 1.0 um; a dso in the

range of from about 1.2 to about 3.0 pm; a dyy in the range of from about 2.5 to
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soda content of said ATHis in the range of from about

70 to about 99wt . % based on the total soda, of the
woab@lo4zasgla content. 21) The flane retarded reBCW/US2006/040241

formul ati on according to claim19, wherein said ATH

has an el ectrical conductivity in the range of from

about 20 to about 45 nS/cm 22)An epoxy | am nate nade

f omohh@g g@%otm%a; dsebok Sisffe& tﬁa{@gh ; .'t\sa{%%%sgd @{e e ArH,

;
23) An e 'am nate made fromt ane tetar

et 1aioa SHB it oFy P O rofbinetl [ BT b0 48 1B s
t neC ERARaZy 1500 SEEND: dua HEBE Ayt BT g Gyrnhes
s BENALE.AF o FRSRhAn PR a2 335% S
e deeagb ety QOEATIE e lief el PR o, gured in
2 0¢5 HB0ut s HE AT REPE ' the of cotrical

T eyt Semr bl heteBr S ALPRP F AW ac compht of
The A'I;Eanz%cor(g]ioﬂg to claim?24, wherein said ATH has a

sol 58 a4t nt of less than about 0.1 wi.% 26)
e ATH accordi ng tog claim 25, wherein said ATH has a

g%bﬂilw\?ﬁécwaﬁg% Qi aivBergin saided T hagsndi im the rapge obfrgm

The ATH according to claim26, wherein said ATH has a

dsobquh0-Ofigaboyh B 8% from about 1.3 to about 2.8 nm

28) The ATH according to claim 25, wherein said ATH
The A58 ap¢ording tor drige2foivheremriridli has a1dsp én tb eange of fom

m about 1.3 to about 2.8 pm.

28) The ATH according to claim 25, wherein said ATH has a ds in the range of from
about 1.4 to about 2.6 um.

29) The ATH according to claim 27, wherein said ATH has a dg in the range of from
about 2.5 to about 5.5 pm.

30) The ATH according to claim 28, wherein said ATH has a dgg in the range of from
about 2.7 to about 5.0 pm.

31) The ATH according to claim 29, wherein said ATH has a total soda content of less
than 0.18 wt.%.

32) The ATH according to claim 30, wherein said ATH has a total soda content of less
than 0.12 wt.%, based on the ATH.

33) The ATH according to claim 25, wherein said ATH has a thermal stability, as

determined by thermogravimetrical analysis (TGA) of:

1 wi.% TGA (°C) 2 wt.% TGA (°C)
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29) The ATH according to claim 27, wherein said ATH
has a d O in the range of fromabout 2.5 to about 5.5
womo73@)528he ATH accordi ng to clai m 28, wherei RCTAISAN06/040241
ATH has a d90 in the range of fromabout 2.7 to about
5.0 nm 31) The ATH according to claim29, wherein
said ATH has a total soda content of |ess than 0.18
W . % BZpoikre ATHaccord lgztot_% ctarm 30, —whenein said
a en

ATH has otal soda cont of less than 0.12 wt.%
e AT 33)y—The Ataccording—to.cl aim

ol R RGO o 0t T R SR LT B ¥ gl Sy, as

det er.mi ned .by, t her nogravi netri.c lysis (TGA)

of - S4fPe SRR RSt ORIE Wher et n omi d ATH

has a thersal —abi-Hty—3 : ﬂ by

t her ng 0 al anal ypf e ATH

accor di ei n_sai-d A as_a t hernmal
st abi ||i %€ nogr avi netri gal

anal ysis (TGA) of: 36) The ATH according tao ¢laim 34,
Wby ATELAGOMINg aideitn 33, ndeein orid ATBE bR Flsmmalrstabies, as
range of fromgreater than about 30 to about 40 nl/1
00gdetgminefiby theppogrevimetticakpnelysie (B@M &6, wherein sai d
ATH has a BET specific surface area in the range of
fromabout 2.3 to about 4.3n2/g. 38) The ATH according
to claim34, wherein said ATH has an el ectri cal
condydtwivi TEAC) ess t haj abWEGAPC)nS/ cm  heasured in
water| at 10wt . % of the ATHin water. 39) The ATH
accor|disagig o claim 35, wmHAe28 sai d ATH has|an

el ectlrical conductivity s in the range of about 20 to
about 45 nS/cm neasured in water at 10wt.% of the

14

36) The ATH according to claim 34, wherein said ATH has a linseed oil absorption in
the range of from greater than about 30 to about 40 ml/100g.

37) The ATH according to claim 36, wherein said ATH has a BET specific surface
area in the range of from about 2.3 to about 4.3m?%/g.

38) The ATH according to claim 34, wherein said ATH has an electrical conductivity
of less than about 100 pS/cm, measured in water at 10wt.% of the ATH in water.

39) The ATH according to claim 35, wherein said ATH has an electrical conductivity
is in the range of about 20 to about 45 pS/cm, measured in water at 10wt.% of the
ATH in water.

40) The ATH according to claim 38, wherein said ATH has a soluble soda content in
the range of from greater than about 0.02 to about 0.1 wt.%, based on the ATH.

41) The ATH according to claim 38, wherein said ATH has a soluble soda content in

the range of less than 0.02wt%.
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ATH in water. 40) The ATH according to clai m 38,

wherein said ATH has a sol ubl e soda content in the
woangm4u28f rom great er than about 0.02 to abourc®uk2006/040241
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38, wherein said ATH has a sol uble soda content in the

range of less than 0.02wmt % 0/ 2 42) The ATH accordi ng

t) Th@'zﬁm}fzgcdmﬁ{%ionclﬁiﬁﬁﬁ‘ e 4! n%BQ@]SCs%HE %Elﬁ)tarﬁfof said

said ATH is in the range of from about to a
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cont ent.
the total soda content.
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