TI TLE " MAGNESI UM HYDROXI DE SLURRI ES"

FI ELD OF TW@ 96/RBA6NTI ON THIS I NVENTION r ePET/AII95/004a6
magnesi um 5 hydroxi de slurries and is particularly concerned with

high solids content, stabl e, punpable nmagnesium hydr oxi de
slurries and processes for production of such magnesi um hydr oxi de
slurries. BACKGROUND OF THE | NVENTI ON 10

Magnesi um hydr oxi de slurries may be prdBLEBRH from magnesia (MO as a
feed stock. Magnesia may bgaenesI®M @Y%,{IrﬁnstﬂﬁI{ﬁyr al m neral
magnesite (MyCJerr]) or fromsea water or brine. Producti on of

magnesi um hydroxi de  fr oRIELDQF  JHE JNVENTION 51 |y jnvol ves 15
cal ci nation to deconposerpg§€C8 trayvdi@10N h spbsegeent to hidgakkeGmi N

water to onve roduction of ne
hydr oxi de fronf“ég%/g%é %rl\s/g&gg)lgs t#'?%elﬁntpgirltgcdﬂawag Y p?%%??r‘f‘fg‘?g akn th .
qui ckl i me hi6hO swlidy e postensbl y skablelpl i rp&mqrahicd Om'uagnegﬁ')um i me.

Conmrer ci al |y tﬂkarbhﬁéuaéiyr%lgé ec&{{éo It&é;%eem nat) on o gltuh

"synthetic e pr eC| p| tated
magnesi um hydrékpbemagneSJ-mehE@EOm@@rSl§r§é§§ed wi th magnesi um hydr oxi de

to pronote crystal grovwhRcREEoURD! OB PME SRUVENTRGNANd 25 filtering
characteristics of the magnem m hydr.oxi a§8 IpreC| pitate.
§ d&du

floccul alPng agent is aleégngsium hydroxi Tifi%e m?’ésﬂ?tpﬁaduf’ﬁflckened
slurry "is vacgubtin magnekiht Med )t aspradeeedastokker atdgnesid anay nBeabout

)

hydr oxi de. prodBBEALPR: RESREPE Sab i ryrets L hagreRetes (Bcky ere
characteristi céromm t$marr&grt3m um:hyurimede Production of magnesium
hydroxide from magnesite generally involves

15 calcination to decompose MgCO; to MgO with subsequent
hydration in water to convert MgO to Mg(OH),. The

production of magnesium hydroxide from sea water or

brine entails direct precipitation with quicklime

(Ca0) or more preferably with dolime or dolomitic

20 lime. Commercially this is usually a precursor to the
production of ‘'synthetic magnésia" by subsequent

calcination of the precipitated magnesium hydroxide.

The sea water is seeded with magnesium hydroxide to

promote crystal growth and to improve settling and

25 filtering characteristics of the magnesium hydroxide
precipitate. A flocculating agent is also usually
added. The resulting thickened slurry is vacuum—

filtered to produce a filter cake containing about 50%

-magnesium hydroxide. Because nearly all the magnesium

30 hydroxide produced in this way is presently calcined

to MgO, the characteristics of the magnesium hydroxide

precipitate are optimised for solid/liquid separation
rather than for magnesium hydroxide production.

Conventional magnesium hydroxide slurries

35 may be utilised for desirable applications- which

include:~
' (a) use in relation to treatment of



precipitate are optimsed for solid/liquid separation rat her than for
magnesi um hworsenssde producti on. Conventional pERARSS60448
hydroxi de slurries 35 may be wutilised for desirable applications
whi ch i ncl ude: - (a) use in relation to

treatment of 2 2

I ndustrial effluent or waste water; (b) use as a comercia

al kali for pH indusorigbléffluent or waste (Watétpe gas
desul phurisation; and 5

o M absi U nya onP e COBTPBRARA | AV ¢ for BH | °°

or organi c contam nants. control; In this context magnesi um hydroxi de

slurries are preferrfﬁ fofl&@%é&%&%f%t hgﬁd(a) (b) 10

(c) and (d% above rat her an nagne3|a er to av conpl i cati ons
that unconProlled hydrati6®) catsauset adsegphiye heRrapardiifs on @hd

cement fornation, or bec é@ﬂﬁﬁrﬁy&ﬁoﬁidébebtQémﬂﬂaﬂ{ﬁﬁfdaﬂfb
essential to t he de5|redéa8pllcatjon In this regard nagnesia in 15

its reactive form in ontARRants ¢ | ~ becone
hydrated to My(OH) 2 rel atiwetlispoohdartusiagnasdum hydnb:&mm SRPESidéd 1S

desirable to cOpLLop LRELRRCERE use I4BH] R ORRENISIENURAN (fie o red

appl i cati on. nesra in i reacrrve fo wn 20
as causti@ naghesi and &dwsabovecHBChﬁﬁdthnangSME§laoﬁather|tqﬂavdndned

magnesi a has tOcQﬁpﬂié&%ﬂSHéS%Qtf r9eéntroll1&E! Qﬁd&%lt)idﬂ"%hnf 4y,
magnesi a known as ur ned
such as heat generation and cement formation, or

because conversion of MgO to Mg(OH), is essential to
the desired application. In this regard magnesia in
15 its reactive form in an aqueous -environment will
become hydrated to Mg(OH), relatively spontaneously and
in some cases it is desirable to control the rate of
hydration dependent upon the desired application.
Magnesia in its reactive form commonly known
20 as caustic magnesia, caustic calcined magnesite or
light burned magnesia has to be distinguished from a
relatively inert form of magnesia known és dead burned
or inert magnesia.
None of the commercially produced magnesium
25 hydroxide slurries which have a relatively high solids
content (i.e. 50-60 wt%) have been found to have a
combination of high solids -content, stability to
settling and high overall reactivity which are
characteristics. of magnesium  hydroxide slurries
30 produced by the present invention as hereinafter
described. It is common practice in some conventional
slurries, as referred to in prior art hereinafter, to
incorporate a polymeric viscosity modifying agent to
thin and/or stabilise the slurry but this practice has
35 undesirable side effects as described hereinafter.
Reference also may be made to conventional
processes for producing magnesium hydroxide slurries



or inert magnesi a. _ None of the commercially produced
magnesi umw®d 96/0884dr oxi de sl urries which have ‘a rel atively hpgiivavebnoise

content (i.e. 50-60 w% have been found to have a conbi nati on of
high solids content, stability to settling and high overall
reactivity which are characteristig@s, of magnesium hydroxide

slurries 30 produced by the present invention as hereinafter
described. It mlmm’rolarpr acdeseribesone itonvdhiel ondlollowing ur pat¢entas
referred to in r|orf relnafter to i ncorporate a polyneric

vi scosity nodi TS% rgfd %g«? thin and/or stabilise the slurry but this
practice has 35 undesi r(abl eJ® dddTHE agndesct® beb—RéPR1 Haf which

Ref erence also may be nade togeQeygbkl oglalhydratﬁrpcg,zig%gst_-,oroprqq%ltng
magnesi um_hydr oxi de slurries

which aré ~ described in DPugBed ; Jagnfsif pupigk is §'|5’§Ei°ld1“€$@| ons:.-

(a) JP 5-279017 and JP 5438018 hyldirétion tank equipped wiltlscai be a
hydrati on process of light 5 ur.ned ne5| which is

i nt roduced Stiiﬁtrgr h?ﬁr ata}%t‘;?torﬁ( ul ppe tfh as

stirrer or agitator and wsickltageously milled bY steglnbhlidseows| y

mlled by steel balls or qftq}yadlng
apparatus; 10 b) OtFSr f2§414? |ch ré‘fgfersIﬂga a a process of
produci nd 0 magnesi um hydibdxi d8—2748414 which refers to a pasgsaPripl ate
llb Eglcrystal having a producing m&geEs{itm SHYRGXiIFLA 4SSAp Of

g or

hexagonal plate 1like crYstal having a
specific surface area (SSA) of 10m?/g or
less. A slurry of Mg(OH), having a
15 solids content of 5-70% wt$% is formed
as an intermediate in a hydration
process at above 50°C under agitation
and some slurry is periodically removed
and replaced by hot water and magnesia
20 to obtain a uniform slurry density.
This slurry is used for producing high
purity dry Mg(OH), wused for flame
retardant applications;
(c) JP-01-212214 1refers to a method of
25 : manufacture of magnesium hydroxide
wherein magnesia having a mean particle
diameter of less than 100 micron is
hydrated in the pfesence of alkali
metal ions and/or alkaline earth metal
30 ions and also in the presence of the
hydroxide ion, nitrate ion, carbonate
ion, chloride ion and/or sulphate ion.
The magnesia is initially calcined
between 400-850°C before being
35 pulverised. A slurry is formed having
10-50% wt$ Mg(OH),;
(d) Jp 3-252311 refers to a process for



| ess. A slurry of M(OH)2 having a 15 solids content of

5-70% Wt % W 6083usd as an internmedi at ®CTIAU9500446
hydrati on process at above 50[err] C under agitation
and sonme slurry is periodically renoved and repl aced by
hot water and magnesia 20 4to obtain a wuniform slurry
density. This slurry is used for producing high

purity dry M(OH 2 used f@refadrdmg ”act1ve' magnesium r diydirdaniide

appl i cati ons; WHerek 01- &ﬁés }ng nésidet hq% of
25 manuf acture o ma n S|un1 g

wher ei n magnesi a havi ng a neaPif#imed e CalClnlng a di aatueralof

| ess than 100 micron is magnesite ay-_dratgd_-,gmtﬂm)p@esenggd)f

al kal i met al " ions qg/o gaJlne earth netal 30

ions and & so in the presence ently grinding the mﬁ?ﬂ?ﬁk?déoléh
nitrate ion, carbonate mean particlei ®izechbérisdda 0 ofiéhehorand

sul phate i on. e la, .. LS cal |ned
bet ween 400-850[err] C betfl1 e gubﬂg%%q thb Uiiyé fﬁAé’ |? &rised.

A slurry is formed having in an "acldlcJIEQEB@MQM%A@@Q}DEwtaln

(d) JP 3-252311 refers 10 a prRa8S% iignesium hYdroﬁ%Qf
preparlng ‘act 1 ve' nmagnesi um roxi de

4
wherein 1Qight burnt (eWaghEm et sal., Chemical’ Abstraghsi d&R) by
cal ci ning a nat ur al 68(2): 5884e NHIWBH) € refeds to the

850-1100[err]C  and hydration of magnesite derived MgO.
Magnesium hydroxide was produced during
boiling or short wet grinding of the

15 MgO with water in a ball mill and had a
characteristic brucite structure
consisting of hexagonal laminar
crystals;

(£) JP 54150395 which refers to production

20 of magnesium hydroxide slurry by

grinding dried magnesium hydroxide to a
specified particle size and then mixing
with water under agitation;
(g) EP 0599085 which refers to an apparatus
25 and method for the production of active
magnesium hydroxide. In this
specification  coarse light burned
magnesia is comminuted in the wet state
with a wet-pulveriser and hydrated in
30 the presence of an alkaline aqueous
medium which included sodium hydroxide
at an elevated temperature of not less
than 70°C. The resultant pulverised
material is classified into fine and
35 coarse particles wusing a classifying
means which is generally set to
restrict the passage of particles in



5 subsequently grinding the nmagnesia to a

mean partiwb®emsmue of 5-10 m cron and t peiyaudBi6GE i NO
the ultra-fine powder in an "acidic reaction" to
obtain active magnesi um hydroxi de; 10 (e)
Bron et al., Chemcal Abstracts (CA) g 68(2): 5884e
(1966) refers to the hydrati on of magnesite derived
MyO. Nagne&'béabhwtr 020 dRiB@enPr omwwle@lémﬂ the
boiling or short wet grlndlng of the & NH&% ggter in
a ball nill and had a 8arsd® par 16h8F aTF | H9W© &et
structure webrpuivendgserof Bhexagbnebtlngla&nght
crystals; () 50 refer t|

of  magnesi um hydroxi de ﬁﬁfﬁéﬁ 3#%%&!&{{' € f%&AEJyfng dlng drled
magnesi unmBhydr oxi de to a pulverlsa ion %ﬂﬁmlhvéaaﬁapﬂlcF@‘sliéeand
then m xing pre¥ehBeWab£r aUNHEALEd! tAKOne aqueous

(g) EP 0599085 which refers to gn appar at us 25 met hod
for the production of active ium,  magnesia caﬂaéﬁésﬁaﬂPltHVBPHiﬁae

I n this compénutedat iamd mohrateed |wgdér puphad
magnesia is comm nuted in the t at.e

wet - pul veri ser and hydrat ed P%g% ﬁg to produce an ?Ftl ?e@%ﬁEESIBP an
al kal i ne10aqueous hydroxidenshawingi chlmcl\{mImbsmly usven

hydr oxi de t g2 e ture of not |ess

than 70[err]C. The resultagt %ﬁ h Eahégnifﬁﬁfbﬁ mat eri a
is classified into fine 4hd 3BR 9301256 which dQﬁﬁﬁ%R?Sp§?¥mété§n @§ing a
cl assifying actmaans ‘maghddium i Shydgaeer alade S€€rom! O

restrict the passage of partli Et burned magnesite which is

15 subjected to wet crushing with water,
an alkali stabiliser inclusive of
sodium hydroxide' and dispersing agent
inclusive of polycarboxylate - using
reaction heat and crushing heat;

20 (i) DD 272288 which describes hydration of
MgO resulting from MgCl, thermal
decomposition which is carried out by
(a) pre-hydrating MgO in one or more
series or parallel'connected hydration

25 . reactors; and (b) grinding in one or
. more series or parallel connected
hydration reactors; and

(3) JOP 03-60774 which refers to the
production of magnesium hydroxide

30 slurries which includes the step of
slaking finely pulverised 1light burnt
magnesia which is obtained by firing
naturally produced magnesite with water

with heating to 85-100°C. Sodium
35 hydroxide 1is added as a hydration
accelerator.

It is known from JP 5-208810 and Jp 3-



5 excess of 20 m cron. Subsequently the

coarse parw0@éessd@re recycled to the WepCTINUYRIoURE" -
By subjecting 1light burned rmagnesia to concurrent
wet- 5 pul verisation and hydration in the

presence of a heated al kal i ne aqueous 6 medi um magnesi a
can be sinul taneously conmm nut ed and hydrated under
rapi d 252311, for leainpig,t cthxtodnagnasiachkye baghesdudsd Oby

hydr oxi de sho i scosity . : at_a_hj

concentration?ﬁggcenge%bx 8§(h)mgﬁﬁ?@%ﬁiZSGf%%+%%e%esCPYbesp?5€ﬁgﬁ?on of
active nagnesFﬁﬂvchygnatQ optgdan fuldma—fine particles havingd mednir ned
magnesite  Whighticié 4%ze of 5-10 micron Jéﬂxfgiéﬁ%dwﬁxégéggﬁr%%vmth

wat er, an alkall  stabiliser inclusi
sodi um hyar oxi B@TBnP ditPMeI IR adysiroxide slurry. - Thej reydmation of
pol ycar boxyl at protiés8g can be carried out £ACld Opakedtlandr&dusStidyy heat

20 zéﬁ DD 272288 whi ch descri bes hydration of

MO resulting TPom Md 2 t her mal deconposi tion
which is carried out by It is also known to(ajdprve-soodridty nepddfying one or
nor e Seyyl I raly el ne ydratio 5
reactors; anda??%gs r?ﬁdin%ﬁﬁ%ﬁ%ﬁggi .ﬂéi the Qiﬁgrg Eannébégﬁﬁ%es or
paral | el 10 conwbge@eity or dispersabilityhnfi &henerdaproductand Such

(J) JP 03-60f7dcodtit $hmodiehehg agentlsh®r dispersants can if¥ tion
SF rries. which 1 ncludes

e MOneS oo LUSLENPE Phosonaen faee: A 52 APHER) 2o barbmriAn o
nmagnesi a whi chacid obtyperepdlynfermiingsurfactants (see JPna&4zE8810 Pr oduced
magnesite mjthpgf§§ﬂion and anion of strong acids such as HCl, H,S0,
15 or H,80, (see DE 4302539); polymeric anion dispersant
and water soluﬁle alkali metal salt (AU 48785/93);
sulphomethylated acrylamide homopolymers or copolymers
(see US 4743396); alkaline salts of a sulfosuccinic
ester product (see DE 3323730); alkali metal silicate
20 and hydroxide and/or mineral acid salts (see
J62007439); organic or inorganic dispersants (see
J61270214); xanthan gum and lignin sulphonates (see CA
110 (10):7837e); carboxymethylcellulose (see CA 104
(6):39729k); cationic ©polymers (see US 4430248);
25 ferrous hydroxide or aluminium hydroxide (see CA
79(8):44013S) and polyacrylates (see US 4230610).

It is also known to use additives to
accelerate the hydration of MgO0 to Mg(OH), and/or to
modify the crystal shape of the magnesium hydroxide

30 product during hydration. Such additives include
citric acid or magnesium chloride (see CA
110(24):215623f), short chain carboxylic acids or
corresponding salts such as magnesium acetate (see JP
3-197315, JP 01-131022 and DD 280745), ammonium

35 chloride (see DD 241247); magnesium chloride,
magnesium acetate, magnesium sulphate or magnesium
nitrate (see DD 246971); inorganic or organic acids



with heating to 85-100[err]C Sodi um 35 hydr oxi de

I s addedwae603d46 hydrati on accel er at orpcrT/AU95/00446

It is knowmm fromJP 5-208810 and JP 3-

6 252311, for exanple, that magnesia may be produced by

cal cination of magnesi te foll owed by particle reduction to
obtain ultra-fine particles having a nean particle size of 5-10 m cron

\é\hidch i s then dueh abgd HAL gr afwtmc aachgnes ummydm@ghéeluad wdyts The
Yy ration 0Cess can pe:carfl a : t,J on
s °88 oo i ol L e JBBREREYR ARG (see

zone. VI SCOSI
agents or d|sprmthhtESlm&Qm%ih.rryptr@m'om‘l@l 1@01dVIS((§§§tyJBI’ 63—

‘di spersability, t S SCeE;I1t ents
or di spersants "c);a f(?F eﬁ'gbﬁfpf’y& acis gggel gppt?()ysphat egy)( glegg{éF%%lgg%)

deco

carboxyli®  hydroxide y{mee pif HP T&rfactants (see JP 5-208810);
'afl ya]mS (c)f anfl ani on of Six"io ar%ebdaa&ucméﬁemc% Hseoull 80188 r had dt@rt

err err see ri ¢ ani on_di sper wat er
sol ubl e al kal %%’;L&JP okors )at the ‘ﬂ‘é THL Qf 3
acryl am de hom’wmm (bslydcrolxdldyanes]surry l(asﬂngS347633&® ; andkahone salts
of a Su|fOSUCCIn eknb u (s 2 ~alkal i .net
silicate 20 r?ﬁ,]d)( oglbdéo ';"%% (‘stalﬁiesenée?a%ﬁ :ﬂ!%g)rme?alﬁ? s ﬂ?sejée
J620074399; orgxmductmomnoo@anmégaﬁ§p§msahmﬂngﬂaﬂ Cryrpda 2 g vingint han
gum and |igniny, e? :'é?&?é‘ft gia(:éeﬁlﬁé cryst?h]lQ-: (McﬂBﬂé) obtained as a

car boxynet hyl c ose (6):,39729k); catiaqgnic polgners (see
US 4430248): final product of the hydratlon of’ ‘magnesia.
crystals are utilised as a fire retardant. JP-1-
131022, which is discussed in the prior art preamble
15 of JP-3-197315, states that the purpose of addition of

magnesium salts such as magnesium acetate or organic

acids such as acetic acid, is for controlling the rate
of hydration or for controlling the growth of
magnesium hydroxide crystals. The crystals that are
20 obtained by the hydration process of this reference
are regular in shape thereby avoiding the formation of
agglomerates.
In general, desirable properties that
magnesium hydroxide slurries should possess include:-

i 25 (A) high-solids-content, to allow high reaction
capacity per unit (weight or volume) of
slurry;

(B) high reactivity;
(C) stability to both settling and ageing; and
30 (D) 1low viscosity to enable the slurry to be
transported, sprayed, coated, (slip) cast
and/or dosed by conventional pumping
techniques.
The solids content of a magnesium hydroxide
35 slurry is ultimately limited by its viscosity, which
in turn is influenced by the particle size, shape,
porosity, the number of particles, and the strength



25 ferrous hydroxide or alumnium hydroxide (see CA

79(8) : 440136 ogpsiefo!l yacryl ates (see US 4230610). y LS. al so
known to use additives to accel erate the hydration of Mﬁ%f?gié”ﬁﬁ%
My(OH)[err] and/or to nodi fy the crystal shape of the magnesi um

hydr oxi de 30 product during hydration.g Such additives include
citric aci d or magnesi um  chl ori de (see CA

110(24) : 215623 yngShtud1abe Q'fHebOfSXi‘tfcﬁéJ- Srficle interaedy gnaa'ts
such as magnesi um acet at e SG JP , 01-131022 an
280745), amonthfh 3partdg r‘FéErleEseénteEBC 2@1@47) A0 fRfhesPrpsent

chloride, B8g8¢Si tReaceift fer rrmefg URatdmhat e oh nggnesalin the
nitrate (see DD 246%71) |norgan|§ ani c %igé (and_ th
7 such as9FPRESF addis ¢ A e%r { elrpﬁﬁg BLFTm o8 erefeReas

magnesi um &hl or idéeractiagadshod &bet greatsae the atAAECHING ripOMIONPf
proprionic aci (s 2 Ut AT e
63-277511) andqggdlﬁﬁ'%ggc%l%m ge(ségég'%}os%%?%é&ﬁ%p b the |
particular, r of 4pUREe thRoEPALBE fegkert achieyabley97315, which refers to'

the production of a WRENeatBi RN ¥y0Xi glei AEVnsNcEaY bRy targosm%éed
nor e preferably 20 50 ?6 olids as an hnter | ate |@ .t
production of 2F&ENERANP ?l ez yBikps Shalien partig ag%ﬁ%\?s

pl ate-1i ke0crysaalishibhel auefabeaanedsaﬁauouringfhﬁghgprndmctlmityhe
hydrati on of nagnesi a. 1§?§§§lit Cg;yéé $in ;eéythé%ﬁfg a?sfénétign

ret ardant . JP-1- I'SCu e’ prior
preanble 15  obf)Praxidrdes, asxm.es vhbh t smagdeposdagrtigddis i opiving

greater suspension stability in the absence of
viscosity modifiers.

15 Stability to ageing (i.e. no significant
change in physical properties especially viscosity)
appears to be related to the degree of hydration of

the magnesia. It is known that substantially full
hydration (i.e. greater than 98%) of MgO is difficult
20 to achieve simply by suspending Mg0O in water. When

MgO is hydrated in aqueous suspension, Mg{OH), crystals
tend to form on the surface of the MgO particles,
thereby restricting access of water to the unhydrated
MgO surface. As a consequence, the rate of hydration
25 becomes progressively slower and a non-homogenous
product can result. The properties of the product can
vary with time, as the degree of hydration slowly
increases. When the magnesiﬁm hydroxide is
precipitated from sea-water, the product is,
30 naturally, completely hydrated.

The aforementioned prior art refers to the
use of additives including an alkali metal cation. It
has now been established in experimental work referred
to hereinafter that such additives, in particular

35 sodium hydroxide, sodium acetate, sodium carbonate,
sodium silicate and sodium chloride result in
immediate thickening of untreated slurries or have no



magnesi um salts such as magnesi um acetate or organic aci ds such as
acetic aowgesmssqsgor controlling the rate of hydr at i opcTRUISHEME
controlling the growth of. magnesi um hydr oxi de crystals. The
crystals that are 20 obtained by the hydration process of this reference
are regular in shape thereby avoiding thg formation of aggl oner at es.
In general, desirable properties t hat magnesi um hydr oxi de
slurries shoub&fg&&seaa | Bakudelur?p and thuy suqﬁ1saddutavmmntemb to

al I ow hi gh reactlo p gor volume) of
slurry: (téjblﬁ‘ §o%r 858 25 tg’e‘ll%%st‘}éy %dg? % ?QP‘ut to both
settling and ageing; andt3thas alSO(ngnIQﬁ¢4b%kﬁkﬁ ythQE §h§bP§e oife

slurry 1o bensiymeric v1sé€§§%§porh%ﬁaf%ﬁh%yedaggaﬁhed C¥chp) Gast
and/ or dosed y conventi onal t echni es

The soli &s co@Pé—rYtaQﬂYlétﬁégne%*?w W@P&%F&glﬁ side yeffects, ip .
limted by itone sHeH té/ﬁfé/&u Cfs that a@diuidml@flaf buepaedynntbhexa@artlcl e
si ze, shape, r05|t L%E; cleﬁ,u and the_stre

8 and né:tr{?ree ‘E‘he ctl‘fecrf 5Ad ard 2 P24
particle- carnama|sﬁh§eqnenhty(thnﬁﬂmngwéhenslurry faiépWIDHefunhhemﬁ
being water) eper gr er ticles
(and t her ef 0P8 dg't:%lrﬁtgrfag% (¥ns 1a % he ?&at%?fﬁtlﬁxl??actlvg nsg"'%lrjre of
the int dact i oWy, qmasmlghmolpmnvitscéau ipdusriad slurry production

process. Once a paste has been formed, it would be

difficult to mix in further quantities of polyacrylate
to fluidise the paste. Another side effect is that
following addition of polyacrylate, the slurries were
15 less reactive than the untreated slurries without
polyacrylate. Another side effect is the propensity
of some polymers to precipitate at low pH.
SUMMARY OF THE INVENTION |
It is therefore an object of the invention

20 to provide magnesium hydroxide slurries which are
stable, pumpable, and which have a high solids content
which are commercially effective in use.

~ It is a further object of the invention to
provide processes for such slurries.

25 Surprisingly, it has now been discovered
that magnesium hydroxide slurries having the i
abovementioned properties may now be produced by the
addition of one or more viscosity modifying agents as
described hereinafter which were not previously known

30 for this purpose. The addition of such viscosity
modifying agents provide such slurries with both
sedimentation stability and viscosity stability over
time. - Both of these characteristics are not
interdependent and the production of slurries having

35 both these stability characteristics by the addition
of the viscosity modifying agents could not have been
preéicted from the prior art.



| ower the solids content achi evabl e.

i nf 1 uencecy@yebsags sur f ace

particle si

smal | er par
absence of
(i.e. no
Vi scosity)
t he magnesi

ticles giving greater
viscosity nodifiers.

significant mherebepge i inphysécaaspeoperbfesthepeprabént

2. inPBRELoRnoaHr Sibst RREVARPY  Piraricsitit ThiaPofiae,

The reactivity is

area and particle size, W thpSIYRUIS0446
zes 10 and hi gher surface areas favouring higher

Stability to settling is mainly a function

sygpension stability in the

reactivity.
of particle size, with

15 Stability to ageing

greater than 98%1r@ﬁeb’gﬁ)avsngi thecﬁbua@ingtohanhcbemstwpsy—by suspendl ng

MyO i n wat er. When O is h SUshe o] 2
crystals tend to fo n1on t he égﬁ?ﬁg gﬁﬁé%?partln?f BetWBeht)
thereby ré&stricting access of mateﬂorﬁotM§ﬁwﬁ98F§téH‘ th elﬁﬁ?%ﬁﬁfage. As
a consequence, the rate of hydrati gRe2%1lurk§COMESh Rhegrsskansd Ybeshgwer
and a non-honbgenous product _can result. The properties of the
product can vary with tine, a¥etfitidegree of hydration slowy

i ncreases. When the(llnagne5|uantamyanX|®etweBn 0.pte=idi twtdd
from sea-water, t he pr oduct IS, al ly, onp

hydr at ed. The af orefEnti dhed pr?%#iaﬂ:on§ersb§E85ﬁlty

use of additives including an al kampdifyangcat agent |tor  dhgpersanbeen
established in experinental work rghebhedn thethE h@lQﬁ{t@ﬁetgghr§ych
additives, in particular 35 sodi um hydr oxi d aceta&i sodlum
car bonat e, sodium silicate &ﬁ&e°§S§|un1f%9WCN| e ; esfiPt lowiRg

i mredi at e t hickening of untreated glgapses or have no

15

20

25

30

35

(iii)

(1)

(2)

(3)

(4)

inorganic acids having a
molecular weight 1less than
130 amu and their inorganic
salts excluding H,SO,, H;PO,,
silicic acid and salts having
an alkali metal as sole
cation;

low molecular weight (i.e.
less than 200 amu) carboxylic
acids optionally containing
one or more hydroxyl groups
and their inorganic salts
excluding salts having alkali
metal as sole cation;
polyhydric  alcohols or
carbohydrates containing two
or more hydroxyl groups and
having a molecular weight
less than 500 amu; and
alkaline earth oxides and/or
hydroxides;

being sedimentation stable for at
least 7 days without substantial
agitation; and



9 effect on the slurry and thus such additives are unsui t abl e
for use awopeess ty nodi fying agents. |t hapcphess/deasn
established that the use of polymeric viscosity nmodi fyi ng agents,
such as 5 pol yacryl ates, have undesirable side effects in use. One
side effect is that addition of a pol yacnyl ate has the effect of first
thickening the slurry to a paste and subsequently thinning the slurry
follow ng further afgvyi on ofmpyalnihgt ea vibeosdtpatobHn béss paste

10 may cause a problemin an i n\c,i\%%tri qlooﬁ UE%%?%%*?& .rat§r$fess'

Once a paste has been forned, it Ty be [ O mX 1n Turther
quantities of polyacrylate t 0139 usdcieovhar papexiod mbtater leasie
effect is that fol |l ow ng addiéé&ghq%a 9l yacrylate, the slurries were
15 less reactive than the untreated “slurries without X

pol yacryl 8te. Another sPueferakly jsuehe plepeissstycontains Barkipbeyners

to precipitateagglbnidrfEes of crystals wherein XROPYgLbmdiitédVEATEON
It is therefore an object o{%ige |nvent|gn 0 nesi ym
bl 3

to Brggide, nag
hydroxi de sl ufriB8anunPRRt Size ¢ etyefPanfe2lanBiGRPEn ARCe a
hi gh solids cophepéin  indhveBuale cemystaila |y Hidlandede inusesaid
It is a further _object_ of t L. nyent | Oq 5.3 LDr Qvi roce r such
slurries. 25 agg"t') meraee%u?%‘r’%s%%gldf%% thlﬂléts: lﬁo%yé%gr.edﬁ t?%i égg‘\s'/%%%d
t hat nh@nesi cnystglir dkindpsion| gfr Deg migrom@s dekermined ghyvEnRayi oned

properties my?ﬂff‘ﬂ:&@t?&ﬂd‘ﬁ% bBrblBening. addd+ON pfefRRIAMY,MESCh

vi scosity nodi ylng agents as | described hereinafter whi ch were not
previ ousl y kno@fysbalstaretaf sipregesar ShaRe-addition of such viscosity

nodi fyi ng agents provi depseeErably i ahen t Bghdblerates seavent at i og,,
Stabl 1Ly, and ol sepelt nshall b eRYha more (biBeeranPR! dreglor BEsH
slurriestbavi ng mhcrohothdt lthee inddiilduiay cdrystales iate ckedy thanadditi on
micron and more preferably have a size of about 0.05
micron.
Preferably the solids content is greater
than 60 wt% and is suitably between 60-70 wt%.
20 Preferably the total amount of Mg(OH), plus
Ca(OH), included in the slurry has a value greater than
40 wtk.
The amount of solids other than Mg(OH),
included in the slurries of the invention is
25 preferably less than 10 wt%.
The amount of viscosity modifying agent
{VMA) or dispersant may preferably be between 0.05 and
3.0 wt%. The VMA is selected from.groups (1) to (4)
above.
30 Such VMAs, alone or in combination, have
been shown to be effective in achieving the required
stability characteristics of slurries of the

invention. Such VMAs are also less expensive than
polymeric species. Use of such VMAs also does not
35 suffer from disadvantages such as initial slurry

thickening, reduced slurry activity and precipitation
of polymer under certain conditions as referred to



of the viscosity nodifying agents could not have been predicted from

the prior v ben3sds 10  PCT/AU95/00446
Therefore, in one aspect of the present i nvention there are provided
magnesi um hydr oxi de slurries having the follow ng characteristics:-
(1) having a solids content of betwaen 5 40- 80
wt % based on the wei ght of the slurry with the
bal ance bei ng above in the discussion ofiatke;prior art. (ii)

containing between 0.00zp Q¢;¥4% viscosity , modifying addnts alin |e€ast
one viscosity 10 Todi fylng _a ent or _dispersant
based on the wgrghp ofl1Dheiscdpfde, for example, HC HNQ4roctdCs from

the : fo"°“‘3§um1 ium, ferrlc, magnesfﬁ@PpSca101um and barium

(1) inorganic “aclds havi ng 15 n?5?cular
wei ght |8ss ©paks- Examples of effective meTgsranuo%n&rtcw@

i norgani c include formic acid, acetda tscidcl paiopdohfier rd0] eand,

Herr]PJerr], . \ . Sid. 1 Gi avi ng
an al kal i ngpgyrlgsacgglgqﬂ)thelr.salts. édéﬂ §¥%§lﬂ§g §ﬂbﬁﬁdg
(2) | ow nol ecukcalcweimghtcétate and magnesium acetate. Eﬁ@ggtgﬁgn 200

amu) carboxyl|eﬁlgfgﬁltyomodlﬂ%lJLng agents in GrHEP (gmnfagiﬁdé ceBkai ni ng

one or nore hy ups hei 'r
i norgani 40 sal example, mannitol, mono-,di- angxcquﬁqﬁf}‘gaglt%eq]a§pﬁg

al kal i as sucrose and lactose and waste products containing
sugar-based compounds. |

Calcium oxide and/or hydroxide are preferred
in group (4).

15 Preferred VMAs of group (1) are magnesium
salts which are soluble in the slurry carrier which is
typically water. With magnesium oxide or hydroxide
having a significant calcium impurity, which is
typical of caustic magnesia prepared from magnesite,

20 it may also be preferred that the viscosity modifying
agent’s calcium salt also be soluble.

The aforementioned groups (1) to (4) are
suitably all 1low molecular weight (<~500 amu) and
preferably do not contain phosphate, silicate or

25 sulphonate functional groups. The most common and
cheapest, and among the most effective VMAs for
achievement of the required stability characteristics,
are hydrochloric acid (and magnesium chloride), acetic
acid (and magnesium acetate), sucrose and calcium

30 hydroxide.

Two or more viscosity modifying agents may
be selected from separate groups (1) to (4).

If only a viscosity modifying agent from
group (1) is selected, the slurry is preferably

35 completely hydrated, i.e. substantially does not
include residual unhydrated magnesium oxide. If this
condition is not met, the slurry will be useful but



nmetal as sole cation; : (3) polyhydric al cohol s

or WO 96/03346 car bohydrates contai ni ng tpgayA6hs/00446

or nore hydroxyl groups and having a

nol ecul ar wei ght | ess than 500 anu; and

(4) al kaline earth oxides and/ or 13 hydr oxi des;
35 (ii1) bei ng sedi nentation stable for at

| east 7 days Wﬁiimnﬁe5y§§§aﬂﬁéﬂ|optimum because it is fOﬁﬁﬁﬁﬁﬁﬁﬁcﬂheaﬂd
11 N G Y . I nt ai viscasity e

t han 1000 cP a’tn’at‘s%)(eja‘F Faig geurry "Eiftbkéhs Y0982 peglﬁg ?ﬁ[qﬁﬁ over
a period of ator eesdks. seven days. 5

wherei n the aggl onerates have e si ze of
micron andl  mawhbeeiemplavedi \alrre betydthans regwiredbdghery do%%g%l

aggl oner at es h:?d@es”inthaﬁehhlehmdséd\ i 80 domhblifakdohadei tho a @fr)bi{pa|(1)
di nensi on of 0.2 g&gron ag rm ne Li ne
b

|
Broadeni ng.  ®br &4pr BPER &F& RS 20% ’E‘?f/ét 3ff§e59év8 & rifhape.
Preferably thehe agipger asemorlea\téxam 95# emydrated. gr E‘husr ddgmee? of cron

o Toee Phorchpdtacsbeor £l heRatty BcHigUER 0% hendilly] Gl ELyS ol S

are | ess than m Cron— an erabl ave a sl ze out 0.05
m cron. 10 magnesia suspensions at temperatures above 60°C.

‘Preferably such slurrigs, sontpi 'ﬁlocﬂqirgt n?aeage tsaggkgmerg{, of( yst al's

The dosage rate for the viscosity modifying
reagent, or for the viscosity modifying reagents
collectively if more than one is selected, is
preferably chosen so as to optimise effectiveness at

15 minimum cost, and depends on the reagent used.

It will generally be understood that the
selection of a viscosity modifying agent or agents,
and the dosage rate, may require empirical enquiry and
will depend on the nature of the feed material, having

20 regard to the general requirement for economic
optimisation. It will typically be preferred to
minimise the residual amount of viscosity modifying
agent and to have regard to the intended application
of the slurry .and whether, or the extent to which,

25 each possible viscosity modifying agent at each
possible dosage might be a contaminant with reference
to the intended application, or might interfere with
one or more downstream processes. The optimal dosage
might be determined by simple stepwise addition of

30 agent. '

The viscosity of the magnesium hydroxide
slurries of the invention are preferably less than 300
cP and most preferably less than 100 cP.

The stability characteristics of the slurry

35 are best defined in terms of observed settling rates
for a particular particle size distribution as well as
a particular VMA which may be utilised. A settling



Preferably the solids content is greater than 60 wt% and is suitably

bet ween 20 Preferably the total anpgirA®hs/00446
l\/g(C]—I)[e?91075%{0%46/0 Ca(OH)[err] included in the slurry has a val ue
greater than 40 Wt % The amount of solids other than
My(OH)[err] included in the sluryies of the invention is 25
preferably less than 10 wt % The anount of viscosity

modi fyi ng agerllat'b o ié@,\@‘)tﬁén dé § PSF S@Btanaylafﬁ{;ebamhmebenbemwaaryso 05
and 2 Q' 'S selectg rou él)ﬁ%vgﬁf)t above.
30 W¥§hﬂ1hﬂﬂﬁs th&Poné iher gnﬁ%ﬁ%tﬁﬁ% n © L&h shown

to be effecti \@%ifﬁhcﬁﬂiﬁﬂ& nga;ﬁ;hﬁogsmué edusing stheéil test clpmomedariest i cs

of slurries Lt ~inventio al_so ensi ve
t han poly4E§9¥9 cP%%ow gh Qﬁéhggﬁﬁé Isoaéggsiﬁo?kgéa %éﬁffer
from di s;jdvaraGgesassing (ase.i Qi aBIO wianans and 50f presing, (Geduced .
slurry activity,apd.pLgg! Pl LRI P0 13kelyOknB®! yd@aréaldegrﬁeasabancwltlons .

as referred to ahove in the
di scussi on of u$edpritor @roduce slurries pritdyt FimidpEcosatFlifgifying
agents in ch¥dPeriddicd nclude, for exanmple, HA, H\O[err],
saits. | Exap mf U i TR R, OB e TS
acid, acepi c agbHceRtapé ovf csédinlentd or sebtilgdi bedgi dnamd stlhainy sia ts.
o Qcts alts my Lnehidde 200 GRECHEMSARA En Y'IneHBAREALY By AGRIY,S
wait the prescribed period time, and then slowly lower
a steel cylinder (2 cm’' diameter x 4 cm height)
weighing 100 g into the slurry and measure the level
15 at which any sediment present wi;l support the weight
of the cylinder. The volume of sediment so defined is
expressed as a percentage (by volume) of the total
slurry volume. _
The slurries of the invention preferably
20 develop a yield stress (i.e. gel) but may be
refluidised with minimal agitation. Such gelling
characteristic may be demonstrated by inverting a
container containing the slurry without the slurry
flowing out of the inverted container as described
25 hereinafter. Preferably magnesium hydroxide slurries
of the invention will also be stable to ageing in that
the viscosity of the slurry does not increase to a
value greater than 1000 cP at a shear rate of 139 sec
over a period of 14 days and more preferably 30 days.
30 Most preferably the viscosity stays. below 1000 cP at a
shear rate of 139 sec! indefinitely.
It is considered that magnesium hydroxide
slurries of the invention will substantially conform
to the abovementioned criteria (A), (B), (C) and (D).
35 Preferably slurries of the invention exclude polymeric
viscosity modifying agents.
Magnesium hydroxide slurries of the



viscosity nodi fying agents in group (3) include, for 10 exanpl e,
manni t ol , woe®s34gi - and trisaccharides such as Sucr 0SecaNU9kR6446S e
and wast e products containing sugar - based conpounds.

Cal ci um oxi de and/ or hydroxi de are preferred in group (4). 15
Preferred VMAs of group (1) are magnesi ufg salts which are soluble in
the slurry carrier which is typically water. Wth nagnesi um oxi de or

Pyd_rOX: def itf}_ae\érﬂﬁora may e f@ﬁ@gsad rfe@abﬁi HAY Ls{maltaig%)e, pz\tdaﬂ'e@b. : SIn ]
ypi cal of caustic nesi a_prepar r om_magnes| i,t -ma 0 be
preferred that e gf%g@(')si?ﬂ‘/ W%arla&lr?é’ Step ayeht %e cgﬁffﬁﬁdsa%{‘f@al o be
sol ubl e. hydratimey megnesiam i axide gktoepevated temperAturard.e.
suttably all | oyl ia Wiehla (Gl 'dpdP G140, 08 hours  Pref erably do

not contain phosphate, sillcate or . ahonate functi onal ﬁgroups.
The nost domon and ThéhedfRERES MY ahpAGCKhdenpSLusEiest i @ VNIRe f or

achi evement of {fieda@H RdyStEdi bbitk iged agtemi SAhES suitabled’®g0 or
hydrochl oric acid (and nag&%glun1chlgr%8e%, ﬁcetlc , acid (and

magnesi um acet AAgNeHHR o R¥185 cFERASGOCKny 4PGipging seawdter or 1y,
or nore viscosispin®di f Hongvegehhe mpaeferred bfosel eft edghnesiume adiale

grours (1) 10 Ul uge ., Eeafpjob CTLY she 3658 ChmRILY  RhofCTs [ "

group (1) is s arry s preferably y F%ted,
i .e. subldanticdisticlomagnesia, usualdyuderaedicrdl bihhyeklgigdinmgeesi um

oxide. 1T thigyitable CRAGAEL DT Solioulid, &1. Shighkstll drssiled but
at a temperature below 1200°C.
Preferably the feed stock is formed from
calcined magnesia obtained from magnesite. Such feed
15 stock may have a SSA (specific surface area) of
between 1-200 m?/g and more suitably 10-60 m?/g. The
feedstock may also contain from 0.5-5% CaO content.
Unlike crystal modifiers and  hydration
accelerators as described above, which must be present
20 during hydration of magnesium oxide to be effective,
the VMAs utilised in the present invention are not so
restricted. In contrast, the VMAs of the invention
may (with the exception of lime which should be added
after hydration), be added to a magnesia suspension
£ 25 before hydration, or during hydration, or may be added
to the magnesium hydroxide suspension between
hydration and particle size reduction eg milling, or
during particle size reduction or after particle size
reduction, depending on the agent or agents used. It
30 is found that in some cases addition of the viscosity
modifying agent(s) before milling may increase the
efficiency of the milling process. In some cases,
addition of the viscosity modifying agent -~before
hydration increases the efficiency of the hydration
35 process. The hydration and particle size reduction
processes can be performed simultaneously,_for example
in a ball mill. The process can be performed batch-



will be | ess than opti num because it is found that the initially thin
slurry thiweeossslser a period of days or weeks. PCT/AU95/00446

Vi scosity nodi fying agents fromgroup (3) 5 may be enpl oyed al one but

t hen require higher dosage rates than when used in conbination with a
group (1) or (2) agent, and are alsoigmore effective if alone if

the slurry is nore than 95% hydrated. This degree of hydration is
readi | y achi evedsen agueaus canftinaoi8 basagnesi a suspensions at

t enper at ures above 60[er e th

vi scosity nodifying #géggaftﬁngarly JJV|S%§§?? ?£?%% rgagents
col l ectively iprepawiag thagnesiim mgdngam%qealurrses JJ‘pﬁ@ﬂ@FéBnyechosen

S0 as to opti %ﬁ%hefﬁrﬁectme@&@ﬁoﬁt a%é AR 1B CBal owand @&e@eﬁéaceast he
reagent used. generally bq§yq9ershgﬁ g

sel ect i on Jof a4§|§@B§QH}Qnﬁ94yfhﬁea§ AResta Rdf'sicres a dt?ﬁeoﬁ 83ge
rate, may requmcéegl risabuetabley ford magnewibl péamdedesn winkchnabwee of
the feed materi_al,, ,havi.ng 20 regard to the general requirenent for
econoni ¢ S& AYELYoR93 TSP "will typically be preferred to

m ni mi se the residual amiontacdomdanosi withodaf \3egpnd aspgeht afdthe have

regard to the LLRAMSUANAlLEBtoRD therd! 16N oibuidan 20 pisidiey . By the

extent to which ac possi viscosity no ent at each
possi bl e dbsag®redgeinge & @éﬁPGWﬁa‘nthW:f'%x*@? erséh’é-?Y mCJf ine theended
application, orgtdpghiofi: aterfere W th one or nore downstream processes.

The optimal dosage ht be det rnlned by s e. st epw se_add t|on of
30 agent. 17The vi s &PgtH%a¥€£%%§ Wﬁg 80-8xi
slurries of the invention are prefpaamhplbessimhanc&OOabout cBrandessst

preferably | ess than 100 cP. han 25 mh¢ g%abél Iftd’ Ssg:th?ngq._gaﬁtl cs

of the slurry 35 are best defined in terns of observe I'ng rates
for a partGcul ar particle size di stedugtioR as &N as whereiry paseidéul ar

VMA which may be utilised. A setidhiRdned magnesia is mixed with
water and ground;

(ii) passing said finely divided

material through a screening means

20 to ensure passage therethrough of

finely divided magnesia having a

particle size of about 2 mm or

less and returning oversize
magnesia particles to said first

25 reduction zone; '
(iii) hydrating said finely divided

magnesia in a hydration zone
wherein said  finely divided
magnesia is mixed with water under
30 agitation and heat so as to
produce a magnesium hydroxide
slurry having at least 80%

hydration;
(iv) passing said slurry though a
35 second particle reduction 2zone so

. _ as to produce slurry particles
wherein 90% of said slurry



14 rate of |less than 5% of total slurry volume in 30 days W th

| ess than wHssRdidgent has been found to be parti cul ar | pyoamsspbdset €
using the test procedure descri bed below. This was achieved with a
grind of 5 90% passing (i.e. d[err]) 30 mcrons and 50% passing (d[err])
10 mcrons. It is likely that coarser grifds can be used to produce
slurries with simlar settling characteristics. A
suitable test for nmeasuring the Vdﬂﬁﬂti&lesFKH&@n&alﬁzéfo&edéﬁﬁﬂthéﬁ
settled bed, in a slurry is (gl ace 200 cnB of slurry in a nmeasuring
cylinder, wait the prescri bed Ste, and then slowy | ower

a steel cylinder (2 cmdi@nkter x¢hdﬂmdgnghv)scositmem@mnﬁyiﬂg)qgémmo t he

slurry and neasure the | evel 15 &_ égﬁ] ﬁgggﬁg seqtpMI
er e Vo

support the weight of the cylin nent so e¥|ned
i s expressed as a percentage (3 véRInDTISAT t e QK afiurlng S$iePy

vol une. The sl urriescpf, thflgnvqmg_b_qndtre{ﬁ;abgb HA: to
develop a vyield stress (i el but

g ed with
mnimal agitation. Such geleﬁfgure %h§?§¥?8?|¥9§8°§&$ﬂx9éi$ o
denonstrated by inverting a capaiare containing the slurry w thout
the slurry flow ng out, pf the i,nvert co er deggni be 25
herei nafter. Preferably ﬁ%’gﬁesium r%%%&]ﬁ‘gge %?érp s@ép %Q' thcejs
inventioni®ill also be stable to ag@ingﬂinprhénct Stabﬂe.V|smumpabl©i t he

slurry does not increase to a mg@“é@ﬁ@&eateﬁyagggiagoo cR@lr& shear

rate of 139 sec[err]
1 having a solids content of at

least 40%.
Preferably, the slurry particles obtained

H

15 from step (iv) are recycled back to the second
particle reduction zone in a loop or back to the
hydration zone which may also function as a holding

tank.
In accordance with a third aspect of the
20 invention there is provided a process for producing a
magnesium hydroxide slurry including the steps of:-

(i) continuously feeding magnesia to a
hydration zone wherein the slurry
is subjected to continual

i,} 25 agitation;
(ii) hydrating said magnesia in the

hydration zone under agitation and
heat so as to pfoduce a magnesium
hydroxide slurry having at least
30 80% hydration;
(iii) adding a viscosity modifying agent
selected from groups (1), (2), (3)
and (4) prior to or during steps
(i), (ii) or (iii) so as to ensure
35 a maximum viscosity of 1000 cP;
and
(iv) obtaining as a final product



over a period of 14 days and nore preferably 30 days. 30 Most preferably
t he vi scogyd d/d364ysS bel ow 1000 cP at a shear rate of pedPacmbsss’ |

i ndefinitely. It is considered that magnesi um hydroxi de
slurries of the invention will substantially conform to the
abovenentioned criteria (A), (B), (O angg(D). 35 Preferably slurries of
the i nvention exclude polyneric vi scosity nodifyi ng agents.
Magnesi um hydr oxi de slurries éﬁablbbe pumpable magne31um

15 i nvention may be prepare ny, suiiabl e cess
form an hydration step may be car %&P tﬁiurrl %ygﬁgfpﬁgﬁnﬁﬁﬁﬁﬁin1

oxi de at elevated tenperature i.e.contentbt@fl@terkdastamDoyer a tinme span of

0.5-5 hours. 5 gng ro rr f. he
i nvention may be obtainé%r?gé#%bg@' gg}gQ %}Q? Eh%a é'ﬁé‘grﬁ%hydromde
f eedst ocksi ncl paissed s ddhwanugh-on partb¢l¢|e re AeRer Per 28d ¥@r m af

magnesi um oxi dér ucef%ﬁ]#%% afefélféé)cl&hb%e&he 60 MONBRALY Lnewpy as 10
caustic magne a, usua pr

oduced CI sui t abl'e
magnesi um conpe@Fkickes. h%@n%ﬁ’cﬁﬁ b’d%/r'a'i gha rg(gq“’af”f Wperat ure bel ow
1200[err] C. SubEé@.i@mab}y the fsdagrst ophritd cllesnesbtamed

cal ci ned magnes obt ai ned fr.om na e . St have
a SSA (spe0|?# er sppfsage 5&5 e paé%&é%é g%ngBIﬁFeggﬁfbmgﬁﬁ nor e
sui t abl y100- 60re@ygled Thack to thedpautKCNeraﬂgctaontmqmqrinni)¥b@96CaO
cont ent. back. to rﬂlté(%eyﬂv%ﬁ(ﬂ{ zor‘[@dkaliéﬁsma§n%l§3’df1§’ﬁé9{bn

accel erators agr descri bed abov nmust be present
as a holding tank.

In accordance with a preferred form of the
above described third aspect of the invention, the

15 viscosity modifying agent may be added to the slurry

after hydration or when the slurry has Dbecome
relatively thick in the hydration zone.

After passage through the particle reduction
zone in the third aspect, the thin slurry may be

20 transferred to a holding zone which is in

communication with the particle reduction zone and the
slurry may be continuously circulated between the
holding zone and the particle reduction zone.

In a fourth aspect of the invention, there

25 is provided a process for producing a stable, pumpable

slurry of magnesium hydroxide comprising adding to a
slurry of magnesium hydroxide a viscosity modifying
agent selected from a group donsisting of the
following groups:- .

30 (1) inorganic acids having a molecular
weight 1less than 130 amu and their
inorganic salts excluding H,S0,, H;PO,,
silicic acid and salts having an alkali
metal as sole cation;

35 (2) low molecular weight (i.e. less than
200 amu) carboxylic acids optionally
containing one or more hydroxyl groups



20 during hydration of magnesium oxide to be effective, - t he VMAs

utilised iyvolb esent invention are not so restricte rast,
t he VMAs of tﬂgsslﬁénvent i on ‘may (With the exception of | ?%,AWE?’@EIQ&SI’]OW d
be added after hydration), be added to a nagnesia suspension 25

before hydration, or during hydration, or,gmay be added to the
magnesi um  hydr oxi de suspensi on betweén hydrati on and particle
size reduction eg mlling, Orand tﬂg&kngjﬁgﬁdéﬂbel§§l£§dug&bgﬁdgﬁ after
particle size reduction, endi ng on nt or agents use

is found that in sone cases aﬁﬂ%gﬁonhGWlFﬁb Egg?tyme al nAf f yFRge

agent (s) before mlling may iB&tease the efficiency of the mlling

process. In sonme cases Lon of .t cosjty I fyi.ng, agent
bef ore hydr ati on in&?éas@ngﬁ%&E%glcF%ﬁ%%“éf§tH§£hy8g9g %ﬁ gt S
process. 5 The hydration and pantathéngi 2ea educmoge hydrgxypkegsespsan be
‘perfornmed sinul taneously, forag&aﬂgbgng a ndiémbals ﬂéiéht %QESPERSESS can

be perforned batch-
or on a continuous basis. 500 amu; andTwo particularly preferred

processes for prepagihg gagrasi pé hydegdide sl ubkiaed N agad fapce
with the invention are descri One process 5 Is suitable for

e
fine magnesia particles and tﬁﬁgﬁ?ﬁéaes process is suitable for nmagnesia
particl egsowhich are BRIEFi PES@RIPBION. OF THE DRAWINGS | n accordance

s Foe o Pt ot hFarnagno WG, Hi SBELchaRE, 05! 3| BpBrevtAa” °
embodiment of the 1nvent10n as shown in the attached
drawings, wherein:-—

FIG. 1 is an illustration of one embodiment

15 of exemplary apparatus or plant which may be utilised
in regard to manufacture of magnesium hydroxide
slurries of the invention;

FIG. 2 is an 1illustration of another
embodiment of apparatus or plant which may be utilised

20 in regard to manufacture of magnesium hydroxide
slurries of the invention;

FIG. 3 is a photomicrograph (x 10,000) of a
commercially produced magnesium hydroxide slurry;

FIG. 4 is a photomicrograph (x 10,000) of a

25 flame retardant grade commercially produced magnesium
hydroxide slurry;

FIG. 5 is a photomicrograph (x 10,000) of a
magnesium hydroxide slurry of the iﬁvention;

FIG. 6 is a similar photomicrograph to FIG.

30 5 but at a 1,000 magnification;

FIG. 7 is a graph showing the reactivity of
the slurry of the invention with the addition of
hydrochloric acid and also in the presence of
polyacrylate; and

35 FIG. 8 is a similar graph as described above
in regard to FIG. 7 in regard to a slurry of the
invention prepared from a different magnesia feedstock



steps of: - (1) subj ect i ng cal cined magnesi a of a

particle whddosssf about or Iless pcTiA®R084a6mM t O
a first particle 15 reducti on zone wherein

sai d calcined negnesia is mxed wth

wat er and ground, (i) 2pPassi ng said finely

di vi ded mat er i aI through a screening neans 20

L0 ohsur e hassggechber gLiToueh o ric. 7. finely divided
magnesi a havin article size of about 2 nmm or
less and ret ur ning  oversi W magnesi a

particles to said first #he plant as shown in FI&lucti compaises an
(rii) hydrating ajd fingely i_vi,de

magnesia in Mg Oh;ﬁ?éthBﬁperzgﬁé vf%ratl % feeder 11, bal%wplll 13, ' sai d
finely dividéded conduits 17 and Hhgnekom i watieted anéh WMa@r

under 30 respectively drcon%gilt@tﬁ?n iR cdififict iRy §§mth9 and

produce a nagnes sl y y havi ng
at | east gbadl mill 1 conduit 23 14:,W<agnaﬁctlng pump 25

passing  sai dgygpurroy, rét'fli’ﬂghcoﬁdﬁ5t 20 from pump 25 to m@wdw)artlcle
reducti on zone so ce r

=
particles conduit 26 between Dy, &5, &g osEredp %gaucd’n&]“sﬁ% 3
17 10 between screenpal?icard hhydratiome bankes35i hastirrer

assembly 33, conduit 36 interconnecting pump 37 and

attrition mill 39 to hydration tank 35, ‘return conduit

38 between pump 37 and hydration tank 35 and return

conduit 40 between attrition mill 39 and hydration

15 tank 35. The plant shown in FIG. 1 was designed to

produce approximately 1000 L of slurry per slurry
batch.

Mg0 was fed into the ball mill 13 via a

vibrating feeder 11. Water was also added to the mill

20 via line 17 to form a magnesia slurry within the ball

mill 13. The ball mill had an internal _diameter of

0.65 m and a length of 0.95 m, giving it a total

volume of approximately 315 L, and a working volume of

approximately 130 L. It was charged with
25 approximately 82 L of steel balls and therefore had a
capacity of approximately 48 L for slurry. The rate

of Mg0 addition was variable and, as such, was

manually adjusted according to the density of the

MgO/H,0 slurry discharged. The ball mill was generally

30 rotated at 33 rpm. The ball mill discharge was

collected in a sump 19, the contents of which was

transferred to the screen assembly 27 fitted with a

1000 ym screen. Oversize material was returned to the

ball mill feed through conduit 8 whilst undei'size

35 material was routed to the hydration reactor holding
tank 35. |

The hydration tank/holding tank 35 was a



50 mi.crons; (v addi ng a viscosity nodifying agent

sel ect ed womsrogss6ups (1), (2), (3) 5 ' POTVAUOS)004M6i Or tO
or during steps (i), (ii), (iii) or (iv) so as to
ensure a maxi num vi scosity of 1000 cP; and

(vi) obtaining after step (v) as21a 10 final
product stable, punpable, magnesi um  hydr oxi de
slurries steel, essentially hfiVahgbattomeds t¢tenkentfidftesx with

least 40% - parfles (not"™ SAGRAP! Yand NG SLELEYePArsl ol es @Dt ghaedydS
from step (iVv are ‘recycled ac to the_~second artrcle
reducti on zondntemaloopiametREekofo t-H2 m, apddeatheigblonefwdi-&F mw al so

function as adi}ii%it an &PPEctive worki_ng volufed GOk Mhd te By t hi rd
aspect of_the 20 ~‘1nvention there is pr

Vi a progcess fo roduci’ng a
magnesi umd hydr'®8%e Sturry i TRE uditRP th@ steggeof :§t1rrer—b{a3e wag) .
continuously fRgitoddnm@Issi .46 am from the bottom of tihydriadnlon zone
wherein the sl uyrr N . SuUbj eGt . to .
continual 25 eaelto the tank 35 wgaiFgPP%ﬁ?a vid 2!%%‘%% 1TW?SSl°n_
hydrating sailkateagnesdta showni he The pump 37 was connectefdydaattlen zone

under agitati g andyr the hydratio%y%arnk. 5,heq) 5 W,&Pu?f?dgg:gt@%o

magnesi um ' oxi de slurr aving at”| ‘

80% hydrt i on;recirculated and/er; tyransfggaedy &P vEE@o@ittt'y"lr\'ﬂém yiHgL agent
selected fromzggoups (1), (2), (3) and (4) prior
to or during steps

ensure 35 The attritjon; il &&g%8§§#§éég;C&?bag£¥§£§}to
and consistled/) of aolltzarge ngtead fmaméinali whichduat cigar
shaped grinding chamber was vertically suspended. An

15 impellor (not shown), a shaft with steel pins
protruding, created a bed a moving steel balls through
which the slurry was pumped. The grinding chamber of
the attrition mill used had a total volume of
approximately 106 L. Upon the addition of 400.kg of

20 grinding media, the effective volume of the attritor
was reduced to approximately 54 L. Slurry was pumped
from the hydration tank/holding_tank 35, through the
attrition mill 39 and then returned to the hydration
tank/holding tank 35. Note that the attrition mill 39

25 inlet was situated at the bottom of the mill and thus
discharged from the top. Slurry held in the hydration
tank/holding tank 35 was cycled through the attrition
mill 39 until bulk slurry particle size distribution
targets were achieved.

30 After final ©processing, the slurry was
transported off site in approximately 1000 L
containers.

The attached drawing as shown in FIG. 2
depicts a suitable plant for carrying out a preferred

35 embodiment of the method of the third aspect of the
invention. The plant consists of a hydration reactor
12, fed by a vibrating feeder 14, a ball mill 16 and a



18 © stable, punpabl e magnesi um

hydr oxi dewel9go33ses having a solids pcmmsmom at

| east 40% Preferably after step (ii) the slurry is 5

passed through a particle reduction zone so as to produce slurry
particles wherein 90% of said slurry 22particles have a size of |ess
than 50 m crons. Subsequently, the slurry particles obtained
after passage HdYdamgh tiamg particle reducti on zone are 10 recycl ed back to

the particle reduction zone i ?5 tll%g{)cﬁa Kk .pé ‘pggk tgtghellg¥gr %ttl %rl zone

whi ch may al so function
accor dance wi tefssenyriefdyr eﬁla‘mqutttﬁmad]etank fabm@ ﬂetbrbb@dllem ragdaspect

of the inventipng 1%@ d;l Vi $€0%ialay mdéﬂéealaae%mgbevaﬂdﬁg o the

slurry after ation ~or _whe the slurry, has ™ hecone

rel atively thild0Q nLt hMoRy dfast | 6Rd d:ﬁb the top of “the gank piasdde

tlhrough thebpahtuﬁttngedwédém 14. 2Z0ngunp RBe way r@bm@@ﬁd Ebet&m n
slurry may be ransferre zone i C i S
communi cat i on IWsten Phe ?tlhé’%garté‘c?ﬁbtfzaﬂﬂzo%e afdiPe S1urry) (o, bg, be
conti nuousl y @itherateecibetwbated hoia cizrmiidi ng4zamre tnansfierpedt it e’
reduction zong, nits In a fourth aspect of the I nvention, there
25 IS provi eé‘a process for producing a stable, npabl e slurry of
magnesi Uuh@ hydr oxi de conp@n sixeprdddihdalol gnill 153h@dr9 $ptadgvedivme

hydroxi de a viggosigy erdhﬁal L work:m@g%lurﬁ@' st ed3of rpm axtgwso
consi sting of Lhe FoLeoy rI]>glg.rsouel.eav1.n an effectlvg sll1qu."OrganIC
acids havi ng charges Mthrsteel alls, g
capacity of 50 L. It was fed by pump 22 such that the
slurry had a residence time of 5 min/cycle. The
15 discharge from the mill 16 was transferred to the
holding tank 18 by the use of pump 31.

The slurry holding tank 18 had an effective
capacity of 1500 L. It was fitted with baffles, a
stirrer 28 and pump 30. The pump.- 30 was used to

20 recirculate the slurry either directly via line 32, or
via line 34 and the ball mill 16.

In operation, water in the hydration tank
was heated to at least 60°C prior to addition of MgoO.
The water was .stirred and recirculated via the pump

25 30. Stirring and pumping were continued throughout
the hydration process.

FIGS. 3-6 are included in the specification
to illustrate the preferrea morphological
characteristics (i.e. being in the form of

30 aggiomerates of crystals having a mean particle size
as discussed above). Thus FIGS. 3-4 illustrate prior
art magnesium hydroxide slurries and FIGS. 5-6
illustrate magnesium hydroxide slurries of the present
invention which are produced by the procedures
35 referred to in Example 1 or Example 2 hereinafter.

The invention, in its various aspects, is

further described and illustrated by the following



wei ght | ess than 130 amu and their I norganic salts

excluding Plesddsd err], Herr]PJerr], FCTAGdsfoosds d
and salts having an al kal i netal as sole cation; 35
(2) low nolecular weight (i.e. less than 200 amu)
carboxylic acids optionally 23 cont ai ni ng one or nore
hydr oxyl groups 19

and their inorgaghCl s/ & SngXEX M IS . sal ts having al kal
nmetal as sole cation; (3) polyhydric

al cohol s or carbohydrates 5 E’—QM—PL-E--lemtaining two or nore

hydr oxyl groups A 60wt% M@(OHhavs hgray melasc uppeparedhtinl eslset han

500 anmu; and al k .eard i ndZ or
hydr oxi des. 10 laboratory bYBﬂbEF: gbﬁl e %ﬂ}?ﬂ%\ffﬁ&go poadt
Ref erence Bay némobinahile to a (0 efiarkisd a stdmbedi nwoiluse tH€ iwabkerion
as shown in thel&#&f&ffgnggdBSQfa“”gﬂé %@ﬁﬁ%hﬂg slurry boiled d&%g%?l i's

an ‘il lustration™of “one exe ry apparatus or
whi ch may be utthesbeat reliegsedgdnd the nhvidraciore rerCkigResi Lﬁﬁtrgfdr bxi de

slurries of theh'ﬂﬁ@”%lﬁ?ry was transferrefll €o & bdBSl ﬁﬁnlléﬁﬁséféﬁhen' of
anot her enbodlnenth? ugparatus or ﬁlant whi
of

| h ilise In
regard to mankf@Etdre Yimers! dgg 50 sI Lﬁ#‘é‘% of d’f‘ﬁ‘é
i nventionjyo degree of hydratlon ($Mg0 converted to Mg(OH),) was

96%.

The following combinations of viscosity
modifying agents were added to split samples of the
above slurry (% dosage rates based on weight of slurry

15 surface):-
1. no reagents added;
2. 0.4% (c)HC1;
3. 0.4% (c)HCl plus 0.5% sucrose;
4, 0.2% acetic acid;
20 5. 0.2% acetic acid plus 0.5% sucrose.

Four days after preparation, the viscosities
of the above samples at a shear rate of 139 sec! were
as follows:—

1. 1140 cP;
25 2. 437 cP;
3. 85 cP;
4. 70 cP;
5. 52 cP.
EXAMPLE 2
30 The above experiment was repeated except

that hydration was performed simultaneously with
milling in a ball mill in the presence of 0.25% acetic
acid. The viscosity of the resulting slurry at a
shear rate of 139 sec! was 95 cP.
35 : EXAMPLE 3
A 6.00 kg quantity of -100 micron magnesia
was added in 100 g portions, to 8.00 kg of hot tap



FIG 3 is a photom crograph (x 10,000) of a commercially produced
magnesi urgybwghssssde sl urry; FIG 4 is a phopemavssaisaeh (x
10, 000) of a 25 flame retardant grade comrercially produced magnesi um
hydr oxi de sl urry; FIG 5 is a photom crograph (x 10,000) of
a magnesi um hydr oxi de slurry of thezgnventi on; FIG 6
Is a simlar photom crograph to FIG 30 5 but at a 1,000 nagnification;
FIG 7 is a grv?emazshm ?tg)tii@ seagtbvihytofhaintainkd tlher rt;emp‘ertarwre

rventon Vg M sIG OBl ghge BEOUENS8LA BB & iy, 1
graph as descrrémtahovaas allmeégatraj pooEk€d 7fon rﬁégamdnSo a Sthery of
t he I nvent.i on. p lf fer e [ c

20 o't RS o8fos L plof. U i hadRERES! fecdBEsRR a5 g

DESCRI PTIEN follows: MgO-The3§h ari®s0s/68fn AR @- OP%aorﬁﬂQ-s?es?%

MyO feed hopp 0.0 v at -beedaey, 1iox ng Nbh! igRitd fged7g.condui t's
17 and 15 Eﬁ:?zé 0vdva‘p%r Mrﬂ%ng g?/g% ¢ sectl\l;é v oré())n duit 21

i nt er connecting sunp 19 Afker 60 b‘awuﬁ‘r"ﬂ 1 ecéﬁ‘b‘ﬁt WA i SAMR Rt i ng
punp 25 and  andSthe lSolids umntt@mtuuadiﬂste@mmnnapaﬁokmauepy1%0

27 ‘and _hydr ¥¥6n B afke ASELERTY, gt w8 closfy L edl BEER, SF' OO
i ntercomm@ct i ngtegamp 37 albe sluxtny it wes nitherd9 tS(letdr ainbe tdmo35,
return Condmtapproximately 7 kg portions, both of which were milled
at 54 rpm for approximately 1 h in a 20 L ceramic ball
mill containing 12 kg of ceramic balls of
approximately 20-30 mm diameter. After milling, both
15 portions were recombined and intimately mixed. The
resulting slurry contained 58 wt% solids and had a 4,
particle size of 8.9 um.
The slurry was then split into 25 x 400 g
portions contained in 375 mL glass jars. These
20 samples were treated with a range of reagents. The
viscosities of the treated samples were measured over
a period of time. The results are shown in Table 1.
EXAMPLE 4
A 3.00 kg quantity of -100 micron magnesia
25 was added in a single addition, to 4.10 kg of hot tap
water at 84°C. This magnesia was slower to hydrate
and harder to grind than that used in Example 3,
requiring longer milling and hydrétion times. The
hydrating system was externally heated to maintain a
30 temperature of between 90-100°C. The hydration
reaction was allowed to proceed for three hours. The
chemical analysis of this magnesia was: 91.16% MgO,
1.30% Sio,, 0.08% Al,0;, 1.76% CaO, 0.38% FeO; 0.06%
MnO,, LOI 5.44%.
35 After three hours, the slurry was sampled,
and the solids content adjusted to approximately 60wt%
by the addition of water lost in the form of steam.



38 between punp 37 and hydration tank 35 and return conduit 40 between
attriti onwo9dn3ds and hydration 15 tank 35. The pl ant HowwIswokdeG 1

was designed to produce approximately 1000 L of slurry per slurry

bat ch. MO was fed into the ball mll 13 via a .

vi brating feeder 11. Water was al so added to the mlIl 20 vialine 17 to
forma magnesia slurry within the ball mll 13. The ball mll had an

internal di ametigs ofurry wés6bhenandlaeldemdt (54ofrpm Fomappuorimatelbyt ot al
vol une of appr X rratel 5L, n I proxi Lt ely
130 L. h d gé d@l“eﬂm?%"@é&i GhiMq' %@J nin @E g@( g

pr oxi mat Qy st eel
bal I's and ther@émmmablahls of a@&ﬁ@é&ﬂﬂ‘?tﬁl’aﬁﬁr@)@l V"@iq_rfor'rg? urry.

The rate r&&uMRGAd1 biPP WBRt¥INEADISY am_ch; §él§ﬂ|§hanwa$1ad a d,
manual |y adj usted accor 9o slurry

ding to the density o% I\/g%e[
di schar ge®l.  TheaBei¢len pi2Ra®igehdrdl Mp-30 A 'f'%‘f a{“étljllﬁg' YThe -
ml I ) mll dl‘sggargﬂ}lﬁ/vaigto 4%@0@ epbeﬁtlbnsﬁbemmbaﬂtgedt He cafienns of
i ch was transferred o0 the screen asse t
1000 [err]m scILRFS OREPsi ze Matr AP § MEtT n%]}/de%tz éh 1 %aﬁ?e mill
feed through ofondsgents . whi I'Bie wideosity 36f the etirebteds samplesto the

hydrati on reactor ﬁggéﬂged over! #péPiod of time. Theﬂ'i?eé'{}'ﬁs?‘téf@
t ank/ hol di ng tY

st eel , e%ﬁentlahb\ynfiat'l'ml@o%ed tank fitted with. baffl es (not shown)
and a stirrer 33. It hpd ap11 bd Napprlcidite®et €roafl 4. 2Zevienndof

height of 1. 55T2})1es 1-2 that the property of viscosity stability is
independent of sedimentation stability and these two
parameters in some cases are not mutually dependent.
15 EXAMPLE 5
(This Example was performed on the plant depicted in
FIG. 1 above.)
Twenty—eight x 25 kg bags of nominally minus
20 mm MgO were manually charged to the hopper 10
20 mounted atop a vibrating feeder 11 and then directed
into the ball mill 13.
The measured composition of the magnesia
used in this example was as follows:-—
MgO 94.4%, SiO, 0.7%, Al,0; 0.05%; Cao
25 2.2%; Fe,0, 0.04%; MnO 0.09%; LOI 3.0%.
The rate of MgO addition to the ball mill 13
was controlled by adjusting the vibrating feeder 11.
MgO was added over 2.41 hours (5 kg/min). Cold water
was also introduced into the mill 13. The rate of
30 water addition was regulated using an adjustable
flowmeter. 750 L of water was added to the ball mill
at a flow rate of approximately 4.8 L/min over a
period of 2.6 hrs. The solids content of the MgO
slurry discharged from the ball mill 13 was in the
35 range of 50 to 60 wt® solids. During the first
grinding stage in the ball mill 13, a rise in slurry
temperature from 14 to 22°C was observed. Therefore



giving it an effective working volume of approximately 5 1500 L.

The top wid9sr3sdee stirrer-blade was approxi matel y M@gg}of,i,@vm t he
bottom of the tank. Heat to the tank 35 was supplied via a 15

| mer si on heater- (not shown). The punp 37 was connected to the

base of the hydration tank 35, to allow glgurry to be 10 recircul ated
and/or transferred to the attrition mill 39. The

attrition mll¢R8, éxeege! 6?0 tﬁﬁdetEﬁn in ¢@esi bhed Ohidll ayge gigel

frame in which a cig rlng fhanber was vertically
suspended. Ahetseveﬁnb%|hﬁvea§ﬁet ned %ﬂ?b shaft with steel pins

p{otruding created a bethe mmﬂsa@isgeelfﬁumlsthbhrbagﬂ mlllmhﬂBh wﬂﬁ g
slurry was pu indi AN use
UoBlifieed B8 EhbDEcRdCaNATIEhNGL 27 eilihRe i

had a t ot al proxi ma n d@ 400
kg of 20 5 grlaqrﬁgnrredlféwelt?rﬂez%f seét-ﬂv@amrtmé ot*t(h@ atlt“r)l tfm'om thewas

reduced to appggxbagt %h\é %thrne'é Wd ytft@swynmdn mlfertomrtf@stwéﬁétlon
t ank/ hol di ng tank 35, th H&%ﬂ attritian n% §$ﬁgng? $en ret ur ned
to the hydrati®pdersizespn Q$aﬁg t AR 3F0u e tPat Yarakdanni |
39 25 inlet paskphdlaing aankhe3Hott afindr t hdditlibnawst tbheé Mgo to

di scharged fro hel d i n.the tank oId¢

th tl
tank 35 was cygh%dg?iioﬂéﬁaghé &ﬁﬁwqﬂWﬁ+e ed“¢¥ m%ﬂ?ﬁﬁﬁ.t Huf k-G
particl e18i ze flost theut last of thegda® welernyhitevepsg0 through the After

final processhigy ahleintd'"{He HPdration'tZARPR6I&INGOthnkSids — Af

appr oxi mat el y cont
drawi ng as shothisntime, Xthe wakepi £eedatoyithe vibl ahd H@S(ﬁ#ﬁyﬁﬂ@ out a

preferred 35 tggbgglm9ﬂ§19f13hgugﬁéaoaf@f the third aspect of t he

I nvention. The plant copsists, of hydr ati,on, reactor fed a
vibrating feeder 14, a bHUPPRRFER 1515%5Ya ehat' “passed throdgh R
15 screen was routed to the hydration tank/holding tank

35 at a flow rate of approximately 5 L/min. The

hydration tank 35 contained 450 L of water heated to a

temperature of approximately 80-85°C. The water in

the hydration tank was heated using a 15 kw immersion

20 heater. Sixty minutes after the first MgO slurry

addition, the temperature of the slurry in the tank

increased to 90°C (as a result of hydration) and the

immersion heater was turned off. Slurry boiling was

avoided during the hydration reaction by the low and

25 controlled rate of MgO0 slurry addition. After the

final addition of Mg0 slurry, 15-30 minutes were

allowed for the hydration of any residual MgO0 and the

addition of acetic acid. Acetic acid was added at the

dosing rate of 2 mL/kg slurry (3.3 L/1100 L slurry (SG

30 of slurry was 1.5) in order to prevent slurry
thickening during subsequent milling.

After hydration, the slurry was cycled to

.the attrition mill 39. Milling was conducted for two

hours with the attritor on high speed. The average

35 residence time for the slurry in the mill was

approximately 6 min and the final particle size

distribution of the bulk slurry was d, approximately



22 hol di ng tank 18. The hydration tank 12 was a

st ai nl ess vwd 9603346 essentially flat-bottoned tank fittedporialnokedsié es
and a stirrer 6. It had an effective working volune of 5 1500 L.
MyO was fed to the top of the tank via the vibrating feeder 14. A
punp 22 was connected to the base of21 he hydration tank, to allow
slurry to be either recirculated via circuit 24 or transferred to

other units. 105 ym, p@@ogxmaﬁbayy Palgm.m | | Afibehadnil Yixiga) ‘thleune
of 315 L, and a_workin Yol u st eel
bal I's, | eavi ngS&HT&EHf ??vé’u'g\?@%r €874 E‘éﬁt@?‘??roff% %t%F%%%as f &8y
punp 22 such tlifahatl.hesolldsslamt;enmadf ahesisdaroy wase medsubedi @tcycl e.

The 15 di sch 6 t
holedl ng talnicl 3 tvﬁté IrJnse 0 e”k“.xrg% LIl %4 Cyied Q Eos u(g)loé1 ng

urr
tank 18 ha&d an%ﬁ@aﬂme(gelle@épaﬂm%h owas50eagily I?e%ﬂ}%?‘gd

baffles, a %.tldarlr ehgf ’é‘{@n PU”pI'l?@ visbdeiRYPoBO s - §§ﬁﬂr?0 v%ﬁ;
recircul ate the s urry ert |rect via |line 32, or vig ling 34 and
the ball nill E@asured as P gt o%elsé‘ﬁaJn I3Ee ePLi 0 3%heSHGar at iTHE t ank
was heated to al1ur@as 16p[€ydt]hC hieor flaidddianidon gefl Mform wasTheamst er
was stirred and r |rculated via the punp 25 30. Stirring and punping
were conti nued P@d‘dﬁbut the hydration process. FI GS.

3-6 are il uded in the Jyfbexfiveflondising; o the | sdyrrat eregelbhed in
preferred — mypholagifaly s meRAr 86! EileSidtent | tRat DA ond Bar the

form of 30 a Sher at es Yof ystal's having a_nean particle size as
di scussed above;harg'ﬁﬁjsﬂiﬂesio@ g of | shurEY eCpplLgr be invgnte

hydroxide slurgyes sAlry Fl£wing: 6 After 15 days, the slurry
properties remained essentially unchanged, i.e. it
15 could be refluidised with minimal agitation, gelled in
approximately 5 min and had a viscosity of

approximately 85 cP at a shear rate of 139 sec?t.

' EXAMPLE 6

This example was performed on the plant
20 depicted in FIG. 2 above using the same magnesia
feedstock as in Example 5. 1150L of H)0 was initially
heated to 84°C in the hydration tank 12. 725 kg of
nominally minus 100 um caustic calcined MgO was added
to the stirred, hot water over 160 mins. The slurry
25 started to boil after only 20 mins, and continued to
boil smoothly throughout the addition of MgO.
Approximately 675 kg of MgO was added over the first 2
hours but then the slurry became x.rery thick and the
MgO0 addition rate was reduced. After MgO addition was
30 completed, the slurry was so thick that the stirrer
was ineffective. Addition of acetic acid was
commenced and after approximately 2 L of reagent had
been added, the reactor stirrer became effective in
mobilising the slurry. A total of 3.3 L of acetic
35 acid (2 L/tonne) was added over 20 mins. The slurry
was then stirred for a further 60 mins before being
transferred to the holding tank via the mill. The



Il lustrate magnesi um hydroxi de slurries of the present I nvention

whi ch areyopEpsi4eed by the procedures 35 referred to pRnEuedils 1 OF
Exanpl e 2 hereinafter. The invention, in its various
aspects, is further described and illustrated by the follow ng

23 non-limting exanples. EXAMPLE 1

A 60wt % My(OH) 2 slurry was prepared in the | aboratory by adding the

required amun%lﬁ&rwgago‘@%h 5e01r@&9@t@a| |t¥xroug:l=10Q:hé B41MhP11 & n tirred

volume of water itially at The resuyltin

slurry

boi due

to t he heaﬁcmteast@& Wlfiﬁéghferl&t .f&ﬁ @ea@ﬁfd}ﬁr ArhQurs) gl"“ﬁgthe
slurry was traasfeotell tgrindiald milme asd gBouishrs 15 faink han80 &n

particle si zelvg%, d %*rl'\;é'ém% &Sl[ne%ibbrf.. ofThaeprLJ.Qox1m§9q.ﬁe 2é| Flé\%rsatlop I (%90

converted to

conbi nati &ns obfviesseddict \acid andbdi ¥ ykggofigengarweres eadthezh taﬂdasgﬂ i andanpl es

of the abRYGedl Welrbrb a2 M% PUSHARINo o SbHELYdP |

surface): -
(c)HA : for storage. 0 'I}t% (&

%Gu@né §os0lddss©f the slurry 4.

0. 2% acet i c acbﬁrez%easured at 1 5.52 af 259 aselite afééi)éﬂﬂi&rélﬁ% SfigéE Ose.

Four days afte

t he osi ti es of the abov

r _prepacat.i on,
shear rate of féf §§ ?‘&d B fer £oT ie 8s Sige Qfs:13 vm and visco

This stored
slurry, which was now very thin and fluid,

10 of 45 cP at a shear rate: of 139 sec’.

nPI es at a

was

observed after 1, 4 and 24 days. The slurry remained

thin and fluid over this period.
EXAMPLE 7

15 A magnesium feedstock hairing the following

chemical composition on a w/w basis: MgO 92.83%,
0.87%, Al0; 0.06%, CaO 2.72%, Fe0; 0.07%, MnO O
with a LOI of 3.37% was hydrated to form a magnesium

hydroxide slurry as described below.

Si0,
.09%

The magnesia
20 feedstock was passed through a roller to reduce the

particle size to less than 1 mm pfior to hydration.

The hydration reaction was conducted in a 10

litre un-insulated stainless-—steel vessel.

The slurry

25

30

35

was stirred with a paddle that effectively prevented
solids from settling and forming a sediment. However,
no emphasis was placed on homogenising the mixture. A
3.00 kg quantity of the magnesia sa_mple was added, in
a single addition, to 4.1 kg of hot (80-100°C) tap
water. The hydration was allowed to proceed for 1
hour during which time the temperature was 90-100°C.
After hydration the slurry was weighed and water added
to make up for that lost to evaporation and so adjust
the solids content to approximately 60% w/w.

The still warm slurry was transferred to a
20 litre ceramic ball mill charged with 12.00 kg of
ceramic balls of approximately 20-30 mm diameter. The
mill was then assembled and rolled at 54 rpm for 4.0



1. 1140 cP. 25 2. 437 cP. 3. 85 cP:

4. 70 cP; WO 96/03346 5. 52 cP. PCT/AUOSAOAPLE 2
30 The above experinment was repeated except t hat
hydration was performed sinultaneously wth mlling in a ball

mll in the presence of 0.25% acetic 29aci d. The viscosity of the
resulting slurry at a shear rate of 139 sec[err] was 95 cP. 35
EXAVPLE 3 hours. Afb%xﬁ-nﬁ(lllﬁgigluaﬁﬁétylﬁfry 108 sMsRHmPl RONERS | Bhe

was added in 100 ortio to 8. of ta

24 wat er f%%gF Qﬁ?taw?%ttg ‘f‘ﬁgﬂl $ %%i lﬁ%d@h]ﬁ*‘t‘é%érature of
t he hydrating sl urry at %el@)[éﬁﬁ] @ quahbihydraff i the slurepct iaonZGas
allowed to pro f n T 9&3’&; he
magnesi a feegstgg vvasélglﬁ:gdﬂ ?fl IaowgSdl 09‘%%0 %@%@é&h@} ab
A1203- 0. 055 Ca@idedodn increments|apdr rghey. visgosspte- @qm%eimtt%s on

i gni tion)-2.97%ach 1ncrement at AfsergéeH rﬁﬁéﬁlesfaﬁé‘e Si'l%r;g HWess Salpbed,
and the solids content a usted to a I‘OXI mate 60 y the

addi tion of wat®Beasy¥ed; £ nébesem b m compar?ﬁén sP‘&FP?Seﬁ/as
then split insomilap volume&pwmxwaaéel yvei-é<gap@dst added bgd haof4omhi §

mit " contai ni AgeREysy SFCEh8 sTRRFIAR Tl Yyskddhfies mé’ée%%%%%x%’ﬁm ely
20-30 mm HDanet 39 sem‘tsixeam |tatey, both
The sodium polyacrylate used for this
Example was commercially available under the trade
name of DISPEX N40 and is described by the supplier as
a low molecular weight, anionic, water soluble
15 polymer. It is reported by the supblier to be
effective over a pH range of 5-14 up to a temperature
of 100°C without any deterioration in dispersion

efficiency. ~ The chemical composition can be
represented by the formula [CH,CHCOONal,.
20 Prior to the addition of the polymer, the

slurry was a fluid slurry with a viscosity of 440 cp
at 139 sec' with a tendency to gel and with no evidence
of se’étling. With the addition of the polymer, the
slurry thickened markedly to form a thick paste which
25 could only just be moved with vigorous shaking. With
the further addition of polymer, the slurry thinned to
a viscosity similar -to that of the initial slurry.
Further additions of polymer thinned the slurry more.
The gelling characteristic of the slurry appeared to
30 have been lessened by the addition of the polymer.
The volumes of polymer and the resulting viscosities
are shown in Table 3.
The addition of similar volumes of water to
the slurry resulted in a gradual decrease in slurry
35 viscosity. The volumes of water added and the
resulting viscosities are shown in Table 3.
EXAMPLE 8



15 portions were reconbined and intimately m xed. The resul ting
slurry contwoBeobss8 w % solids and had a d[err] partlcll.(_eﬂﬁﬁgs%o@,{s 8.9
[err]m The slurry was then split into 25 x

portions contained in 375 nL glass jars. These 20 sarrpl es were
treated with a range of reagents. The 3p viscosities of the treated
sanpl es were neasured over a period of tine. The results are shown in

Table 1. A magnesium Mabclidé slurry was répard kg
2930 kg of hot vapns theihne Beddaark) en% Brpdeduinedesciabed oher to
hydratg I amxlaxhplelev tngLlsmm tdlasplhm uﬁedh;_ﬁ Blamiye wikre tadded t
requiring |onge a e y [ ystem
was externally %eg% #% rrg?ﬁt Xaf?ﬂatéﬂv%&gt P%ée%pm?%f ur e“Z oq E g;,@ :f@ Y

90-100[ errPC. mL of the malyman g¢sed in Exampilen lws & M\A@@ t%ﬁlmkﬁeed _
for three hour8wasTb§e ared bjewhedlagdidiibn oPf 0l 8 prMednedet e

91. 16% MyO, A)Sl err .08% Al[err]Oferr % 38%
Fe[err]O[err], EOOé&% of] ‘lerF Urgd- 5. %&% _ Hiviel&d C%Afft}é*?s? hr ee
hours, the sl uslyribes saeipéedeterm:.pe_dntfoﬁrhe:omyalrdsamm:etm Wil tesd e t 0
approxi matel y 69%1‘1/%1, anc?y tab;?pxeg)girﬁét? V\a{s@é Iost‘#fg ;Pfﬁ‘;‘{ﬁ‘%&% Chen

st eam _
mlled at184 rpragoesipproxi mately 3 hina?20L ceramic ball mll

containing 12 kg of B ANy g |1|v§tqfesapp&8¥éﬁatn%&/s&d?0 g’gp di ter.
[elr

The resulting slurry containe W % sol I ds _and /a {
particle size o@lﬁﬁo@‘f%?fP]ﬁ?teAﬁFerPﬂmq'lq NBSing e 25 MedAk hYerCh oric

acid. This method involves measuring the rate at
which the acid must be added to a stirred suspension

15 containing the equivalent of 1.0 g of MgO in 800 mL of
water in order to maintain the suspension at a
constant pH of 9.0.

A quantity of magnesia or magnesium

hydroxide slurry equivalent to 1 * 0.01 g was weighed
20 into a dry 1000 mL beaker. An 800 mL quantity of

water was added and stirred for 1 min to disperse the

sample. Titration was commenced and the volume of

acid recorded as a function of time. The shape of the

resulting plots, shown in FIG. 7, indicated the
25 differences in reactivities between the samples.

The slurry without reagent, that with acetic
acid, and the magnesia powder were found to have
essentially the same reactivities. However, the
slurries with polymer added were very much less

30 reactive but similar to each other. Thirty minutes
stirring followed by ultrasonic agitation of a slurry
containing 12.0 mL of polymer, for 5 minutes prior to
testing, was found to improve the reactivity of that
slurry only slightly as shown in FIG. 7.

35 EXAMPLE 9

The experiments reported in detail in
Example 7 and Example 8 were carried out with slurries



was split into 400 g portions contained in 375 nL gl ass jars. These

sanpl es wppoebizgated with a range of reagents. The pcpRawSsbossef t he
treated sanpl es were nmeasured over a period of tine. The results are

10 shown in Table 2. It will be appreciated froma review
of Tables 1-2 that the property of 34 scosity stability is

I ndependent of sedinmentation stability and these two paraneters in
Some cases arQoEﬂbd””E%éh' aﬂ@ﬁh@&enhaghésla feedstock having theXAVPLE

5 Th d t.h G 1
Spove.) | ° eSHISRAEG AR LE] RGOSR AT SRR elal:
20 mMm MyO wer @3n8BR&3l Is;io;hargéa t alp0e hdfi¥ar Qa0 20. 64%muﬁeé1i &t-39%
-vi brating feegp P dlkeq&?ﬁ 2. 99% |rn§iﬁl pal, hQ%i&u%3was
B0 5% (6, BF B g e by

The neasured ghesl In this exanple was as
fol | ows: 5 observed mlvg@emrsﬂ% tg qséuﬁqn@sw/&iempfadr] 6rem | thissyy cao
25 A@S %ﬁfht Fef@édétg@i r hso v%s% ndRER 0. £33N sl—@fr§e9%ﬂer1ved

T
The rate of ion to the 13 ontrol] ed
adj usti ng t he E¥oBy e?tﬂ@?&!@ed%?e §t°° use%%&*ﬁﬁ@“d ’gvé}‘dz A‘f’“ﬁ’ s (5

kg/min). Col g wat @he quan¥@biéssSof npobgnerd useid wéeenis.l0 1BL anthe rate
of 30 wat er di ulated dju
fl owret er. 756 SL% f“&wat ét'theweffsé{ég.’gd s tgr%q'%b Iqln %’éﬂl% 4 %‘h%b%%(; °f I80'W rate

of appraxd mately 4.8 L/min over a EXAMPBEiBY of 2.6 hrs.  The solids
content of the MO B, Shibhsdlchayaedxiaem s1rspl ludd | priparey i n the
35 range of 50 to soli1d During the “first gri ndi ng

stage in the msinan thelzane r feedsgoskyragd PIocedyrgerd@IFELIPEEmitY t o
22[err] C was qhamipied.7. Theveef¥fgents shown in Table 5 were added

in the amounts shown to 400 g samples of the slurry.
15 It is noted that reagents which have an alkali metal
cation, such as sodium carbonate, sodium acetate,
sodium hydroxide and sodium chloride, had the
undesirable property of immediately thickening the
slurry. In contrast, the other reagents which
20 comprised calcium hydroxide, calcium acetate, calcium
chloride, aluminium chloride and acetic acid thinned

the slurry.
EXAMPLE 11
A magnesium hydroxide slurry was prepared
25 using the same feedstock and procedure described for
Example 9. The same reagents as used in Example 10
were added to 400 g samples of this slurry and similar
results were obtained. These results are shown in
Table 6. N
30 EXAMPLE 12

A magnesium hydroxide slurry was prepared
using the same feedstock and procedure described for
Example 9. The reagents aluminium nitrate, barium
nitrate, calcium:nitrate and ferric nitrate were added

35 to 400 g samples of the slurry. It was noted that all
of these reagents thinned the slurry. The results are
recorded in Table 7.



26 the extent of hydration in the ball mll 13 was

bel i eved twolvgmsssbeen negli gi bl e. The dischatgavesiomas t he
ball mll 13 was punped to the screen assenbly 27 fitted with a 1000
[err]m5 screen. Oversize solid material (+1000 [err]nm) fromthe
screen was returned to the ball mll inlej,wilst the undersi ze
material was routed to the hydration t ank/ hol di ng tank 35.
After addition of the MgOto the ball mll 13 was conpleted, 10

m nutes was allowed 10 for the last of the I\/gO slurry to pass through the

mll and into the hydratio fark/hnld. =1 this tinme, the
water feed to the mll 13 yas ,dud 13 turned off.
Magnesi a slurry that $ef § @18 $ Egl's outed to the
hydrati on tank/ hol di n | S at a rate of apI‘OXI mately 5
L/ m n. The hydripgi ®n tar 5 cont a| ne 450 L of wliter heated to a .
t enper ature of approxi 3Iy;8(-8 (1 v Whe @@;Ol’o loNe the hydration
tank was heat ed using B K i r% 9226- e®.9 € Slixty minutes after
the first MgO slurr adg t he terrperature of jt he slurry in the
tank i ncreased tof9of®TTI 4 ) and the
i mrersi on heater was tjrned of f avoi ded during
the hydration reactionj by the | pntrol | ed rafje of MJO sl urry
addi ti on. After the fingl MyO sl urry, 15-30 m nutes were
al l owed for the hydratff on of aﬂy eugd PO and the addi ti on of
acetic acid. Acetic acfd was aqded @ the £ 2BRR®ing28fle of 2 nL/kg
slurry (3.3 L/1100 L sf es®} (SG 3 ,:,_oicsl;y BVE ghas g} in order to
prevent slurry t iazgéni nd 8{rd i ﬁ% lgentgziﬁlg Bq.
After hydration, the sfeggy wag S.ci atha o gErgana&tgg fon mll 39.
MIling was conducted ff @efwo | 3| BEAES $iIhaba Bt B2gr on high speed.
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35 residence time for -the slurry in the mll was

appr oxi Mg ¥efasig N and the final particle size di st redmAUSID0846 t he
bul k slurry was ?P[err] approxi mat el y

27 25 [errlm d[err] approximately 7 [err]m After mlling, the
"slurry was punped to a container for storxje. The final solids
content of the slurry was neasured at 61.5 % The slurry devel oped
a yield stress upon 5 standing (gelled) which was easily refluidised

W th mninmal agitation. The viscosity of the slurry was measur ed

as 85 cP at a shear rate

139 seclerr] - y slurry in both the

fluid and gel foffm was [non- o settling. {10 Af ter
refluidising, tHe-slurlry $pge %gggSgg @& Bately 5 min, to the
extent that a 37 —| charged™wi t H 500 g slurry coul d be
I nverted w thout Hofr-y—fowrTTg- Aftery 15 days, the slurry
properties renai I i Nudchagigedlio |l mas T RIS coul d be :
refl ui di sed with n? taf (o, ® Fetv ed' | pproximately 5 nin
and had a ' b approxi cP at a shear rate of
139 secferr]. Thi s
exanpl e was perf the pfant 20 , depj ¢fed FIG 2 above using
the sane nmagned) - feedptock @BE n Exkanfl e 1150L of Herr]o was
initially 1o 84[efrE@ BB Bhe DY@ RLi gy tank 12. 725 kg of
noninal Iy ninus 1p@ Lerf]m qaust® & 3 & péell y® yasl| added to the
. 5] Q @ =] c .
stirred, hot wat 5) er} 160 |ng s@wg@gglg'@g@-g started to boil after
only 20 nins, and| &patihued t8| 655E£g2s| 55 2s
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boil snoothly throughout - the addition of MO Appr oxi mat el y

675 kg of My9smesss@dded over the first 2 hours but t heskévsibsds’ Y
becanme very thick and the MyO addition rate was reduced. After MO
addi ti on was 30 conpleted, the slurry was so thick that the stirrer

was ineffective. Addition of acetic34acid was commenced and
after approximately 2 L of reagent had been added, the reactor
stirrer becane effective in nobilising the slurry. A total of 3.3 L
of acetic 35 acid (2 L/tonne) was added over 20 m ns. The slurry

was then stirred for a further 60 m ns before being transferred to
the holding tank via the mll. The

28 slurry was then r all mll and back
to the holding tank for a fwthef «72 0l RSB b Vi 89 a total grinding
time of 8 hours 15 mins anfilz® 2| © shverad® ®ti®e n nill" of approximately
22 mns. 1 L5 of acet @gqﬁ aff—+5—g—of—sugir were then added and

m xed before the slurry ardhsfep egi&@c&gcogta ner for storage.

ryv v™ Ypnere freasured at 1.52 and 59.5
Wt % r espectivel y. The rticle size of 13 [err]m
and a viscosity 10 of 45 cP at nea ratg of 1[B9 se[err]. =~ This stored
slurry, which was now verylthin pnd {I uid® s 2 observed after 1, 4 and
24 days. The slurry renmikel t i n:ﬁé 8|1 UEd Ppver this period.
EXAVPLE 7 15 . negi um fe&d&t®gk Bavfing the fol | ow ng

The final SG and % sol i ds

cheni cal conposition on a baki s: | 386 %583% i 2
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0.87% Al[err]O[err] 0.06% CaO 2.72% Fe[err]derr] 0.07% MO 0.09%

wth a LOWODb6/@333&7% was hydrated to forma magnesi um hyor/axbsisoasd urry
as described bel ow. The magnesia 20 f eedst ock was passed through a
roller to reduce the particle size to less than 1 nmprior to

hydr ati on. The hydration r¥action was conducted in a 10
litre un-insul ated stainless-steel vessel. The slurry was stirred

with a paddl e TABLEeBf ecViavdbhfipnewdntweis&@isitywobitds podymeet tlddig iand
form ng a sedinent. Howfwer Examplend enphasi s was placed on honbgeni sing

the mxture. A 3.00 kg quantity of the nmagnesia sanple was added, in
a single addition, to 4.1 kg of hot (80-100[err]C) tap water. The
hydrati on was allowed to proceed for 1 30 hour during which tinme the
tenmperature was_90-100[err] After hydration the slurry was wei ghed

avirsTozTeys atelj ust
139 HlesHEaR | war m

'I! qle®r)ged W th
440 i

was sanpl ed and the spl i ds
[o-—a—400-g-guantity
a sodi um poljyacry2&@e pol yner
Ty neasuredjarcer gach

and wat er addefl voLumio208kd wpstosrthaarifosvorome apor
the solids con|poryMBERAGRAL)X| MatBYYs66% W|W.WATER (mL)
slurry was trapsferred to a SSSHERE (ePle ceram c ball
. 12.00 kg of ceramchatrs—of—approxtT
mll was then hssenbl®d and frol | ed

29 hoursj Aftey mllijng, tRgey urr
content was de] } 601 Yo WL\
of the slurry,
was 5 added

a 20%5

increment at 1 rrl Thal pH was _al so- neasured pt
these tines. For cagpari son PUNHRAEE “
10 375 10 200
12.5 370 “ |
15 282 | |
20 244 _ 20 135
25 210 1]
30 193 | 30 98
35 176 |
40 160 | 40 74
50 144 |




simlar volunes of water were al so added to a 400 g quantity of the
slurry anwa %6003846scosi ties neasured at 10 139 sec[err] sheavauvesiossds

The sodium polyacrylate wused for this Exanpl e was comrercially
avai |l abl e under the trade nane of DI SPEX NAO and is described by the
supplier as a low nolecular weigBhe, anionic, water soluble 15
pol ynmer. It is reported by the supplier to be effective over
a pH range of TABREEuUH t ovariztiei abfir eiscosity WaGjherpdiymvest hadd i &iyn
deterioration in dispersfen Exampls {9 ci ency. The chem cal _
conposition can be represented by the fornmula [CH err] CHCOONa ). 20
Prior to the addition of the polyner, the slurry was a fluid slurry
with a viscosity of 440 cP at 139 sec[err] with a tendency to gel and
with no evide of settling. Wth the addition of the polyner. the

slurry thi ckenedyoBomedzos t ¢ ViisoosaTyhiaak| pagosuMbi oh 25viscosity oty j ust
be noved with |vPooYMER GhKI|Ng.139Wdde! WATERI(mI)r |atigot sdnswEARGl yner,
the slurry thijnned to SHEABS(lop)si i | ar to that pf theckhiti al
sl ur ry. trtrer—addrtpns—of pujl—yllr;l T ) : The
gel ling charadteristi®% of the sl M appefaired to®30  hlave bdd60| ess¢ned by

the addition gf the golyner Z@g vol "mes of polynmef and the resyglting
Vi scositi es are shoun iln T:\?—\] 2 The addition n%
(

simlar volunmgs of water to #Bi3e slurfjy resulted inf a gradual degrease
in slurry 35 VI SCOST tY- TTe—vyOotr unes 3
resulting visdositi e are shown iR 'Tabl e
EXAMPLE 8 7 55

10 61 1 10

15 71 | 880

20 72
25 25 _ 672

30 71 ﬂ




30 A magnesi um hydroxi de slurry was prepared using the
sane feedsWsx96/03s4$¢ pr ocedure descri bed for Exanpl e 7. PUT/AE3/09448pl i ts
of this slurry were added separately the follow ng reagents: 12.0 niL
and 36.0 5 m. of the polyner used in Exanple 7. A third sanple was
prepared by the addition of 0.8 nL of aceBffc acid to 400 g of the
slurry. The reactivities of these slurries were determ ned for
conpari son w t HPABHE éat e®ffectss| of r $hearafidi tign oef nwiealipus- h¥agemtisr on
powdered 10 magnesi a. in Example 10 The reactivities were neasured

by the di ssolution rate at pH 9.0 using 2 nol/L hydrochloric

acid. This nethod involves neasuring the rate at whi ch the acid
mmust be added to a stirred suspension 15  containing the equivalent of 1.0
g of MgO in 809 nL of WEHEAGENT Of de/ISCOSITH| @ttH9n { heOBSERGATHGNSN 4t a
constant pH of {9.0. ADDED f quariect' ySHEABf gnesia or

magnesi um hydr oxi de s Lfrf{’g%%&g vehRPhraify 1 W ¢ was wei ghed 2(

into a dry 100Q¢ mL beaker. AN 860 nl quantity pAays | water was add¢d and

the volume of | No ag@iidoperor dBP-as af funt?d on pf Ptine] PREL hFBELDt fhe
resulting plotg, shown in FIG 7, indjcated the]25  diffengiiRiohn
reactivities be-t—wee-n—_(—he—eﬁ"?‘p:es. FHre—sirtt-ry—mtHout—

reagent, that \itlfadem c %adi d, hnd tte neSf a poRaeidopd gifound to
have esseft i ¥he| same reaktivities. HOWBY @K wid BB oot

slurries with gol yner added were very} nuch | ess}| 30 r achiter BOItmidi mil ar

to each other. Ty Tt e T g o ooy W rasoryT
agitation of afsl Lﬁé&ﬁéﬁi‘ con? ani ng 12.8'nt o pgﬁﬁrimmg‘ﬁi o

stirred for 1 frrato—crspeprse—tire ai sane: FrtratTomrwas—commeregd and

p—

S
prior to tlesting, was{ found to ipprove thel reacti Vit \evodeddaabs
slurry only slijghtly as shpown in FIG} 7. 35 ' settling or EXAMPLE
9 The expefiments repborted inl detaill ingelling

Sodium 0.05 n.d. - n.d. Thickened
carbonate _ immediately to a
thick paste
Sodium 0.10 n.d. n.d. Thickened
acetate immediately to a
thick paste
Sodium 0.10 n.d. n.d. Thickened
hydroxide immediately to a
thick paste
Sodium 0.10 n.d. n.d. Thickened
chloride immediately to a
thick paste
Calcium - 0.05 420 550 Pseudoplastic,
chloride thickish fluid
upon agitation
Aluminium 0.10 270 230 Pseudoplastic,
chloride thin fluid upon
o agitation
Hydrochloric 0.20 560 750 Mobile paste,
acid thick fluid upon
_ agitation
Acetic acid 0.20 65 76 Pseudoplastic,

thin fluid on
agitation




Exanpl e 7 and Exanple 8 were carried out with slurries

31

foll owi ng chem cal
Al[err]O[err] 0.10%

1.12%
with an LOL 2.
slurries deri

WO 96403346f r om anot her
conposition on a ww basi s:
CaO 1. 64%
behavi our wag 5

magnesi a feedstock as was noted for

99%
ved

Sim
from

this

| ar

magnesi a

f eedst ock

MyO

Fe[err]O[err] 0.35%
observed

havi n@cIrAe9s/00446

93.62% SiOf[err]
MhO 0. 06%
in regard to

slurries deri VBKBLE 6 f Rfiffietdgnesf atheedsididkiarsedf i vabioms ereagant£xanpl e

8.

The quantities of pdlrymyampled VMere 5.0 nl and

15.0 nL. The

results are given-in Table 4 and FIG 8. 10 EXAMPLE
10 A magnesi um hydroxi de slurry was prepared: using the
same feedstock_and procedure described in Exanple 7. The reagents
shown in Tabl ¢ 5 were added REAGENT N Lharmnus}nms@am\/m t ooEdkRvArIoRNspl ¢s of
the slurry. 15 It is no ed BPR lP reagent%ﬁq/\/rﬁf@mhave an al kali netal
cation, such 3s sodiumc 3 odlxwﬁ. galt sodi um hydroxi de
and sodium g¢hloride, ha h’ g %fbﬁm) operty of inmediately
t hi ckeni ng t hd stor T Tm—cpmtTras It rer T eagents—hi ch
20  conpri sed ¥ReftHIPRY roxBife cal il gcet tTg7°°ca Ci 35t4| ofi de,
al um ni um chl qri dRiengk aceti coao d t hi nnsab 1630 S urry Thin
EXAMPLE 11 hydroxide | A nagnesi um hydr oxi slurr ’él(mépatmj 25
using the sang feedstock and procedule described for flui =% reny | The
same reagents|as used in Exanple 10 wer e jadded to 46?)adgl§ Fes|of
this slurry anpe—s+mtar -
Calcium 0.20 49 43 Thin fluid
acetate immediately, no
evidence of
. settling or
gelling
‘Sodium 0.05 n.d. n.d. Remained a thick
carbonate paste
Sodium 0.10 n.d. n.d. Remained a thick
acetate paste
Sodium 0.10 n.d. n.qd. Remained a thick
hydroxide paste
Sodium 0.10 n.d. n.d. Remained a thick
chloride paste
Calcium 0.10 <20 25 Thin
chloride pseudoplastic
fluid apparent
30 min after
addition
Aluminium 0.10 <20 <20 Thin
chloride pseudoplastic
fluid apparent
30 min after
addition, no
evidence of
settling
Hydrochloric 0.20 <20 39 Thin non-gelling
acid fluid, settles
slightly
Acetic acid 0.20 <20 <20 Very thin non-

gelling fluid,
settles
significantly




resul ts were obtained. These results are shown in Table 6. 30

EXAVPLE 12VO 96/03346 A magnesi um hydroxi de slurry was PCPABYSIOI46
usi ng the sane feedstock and procedure described for Exanple 9. The
reagents alumniumnitrate, barium nitrate, calciumnitrate and
ferric nitrate were added 35 to 400 g s¥hples of the slurry. It was
noted that all of these reagents thinned the slurry. The results are
recorded in TaBABLER 7  Eéfepts dfertle adfletipn of various reagents
35 TABLE 3 Variation &t BragBéety2with pol ymer addition for
Exanmple 7 _
REAGENT VISCOSITY @ 139 sec’ | OBSERVATIONS
ADDED SHEAR
(% mol/mol
Mg(OH),) INITIALLY | AFTER 7
DAYS
No addition n.a. n.d. . n.d. Thick paste
Aluminium 0.04 <20 33 Very thin
nitrate non-gelling
fluid settles
slightly,
however,
sediment is
easily
dispersed
Barium 0.04 38 55 Thin non-
nitrate gelling, non-
settling
fluid
Calcium 0.05 43 65 Thin non-
nitrate gelling, non-
settling
_ fluid
Ferric 0.04 <20 40 Very thin
nitrate non-gelling
fluid settles
slightly,
however,
sediment is
easily
dispersed




VOLUMVE 20% VI SCOSITY AT VOLUME OF VI SCOSITY AT POLYMER (i) 139

sec[err] WOWOUBBH (nlL) 139 s[err] SHEAR SHEAR s D446
(cP) 0 440 0 440 1
>1400 5 >1400 5 280 6
>1400 8 >1400 10 40 375 10
200 12.5 370 15 282 20
244 20 135 LBGENDS 210 30
193 98 35 176 40
160 igBLE 1 74 50 144

n.d - not determined, in view of the appearance of

the product, the viscosity was obviously

5 greater than 1000 cP at 139 sec’

* - all % w/w based on weight of Mg(OH),

n.a - not available

TABLE 2

n.d - not determined because, in view of the
10 appearance of the product, the viscosity was

obviously greater than 1000 cP at 139 sec’.

TABLE 5

n.a. — not applicable

n.d. - not determined
15 TABLE 6

n.a. - not applicable

n.d. - not determined

TABLE 7

n.a. - not applicable
20 n.d. - not determined

FIG. 7

Volume of 2M hydrochloric acid added as a function of
time to maintain 9.0 pH for Example 8.
-0- Magnesia powder
25 —o0— Slurry - no reagent added
—-A— Slurry with acetic acid
—v— Slurry with minimum Dispex N40 needed for
dispersion '
—%— Slurry with minimum Dispex N40 and additional
30 prior agitation
FIG. 8
Volume of 2M hydrochloric acid added as a function of
time to maintain 9.0 pH for Example 9.
-0~ Magnesia powder
35 —o— Slurry - no reagent added
—a— Slurry with acetic acid
—v— Slurry with minimum Dispex N40 needed for

SUBSTITUTE SHEET (RULE 26)



36 TABLE 4 Variation of viscosity with polyner addition - for
Exanpl e 9w0 96/0334¢OLUVE 20% VI SCOSITY AT VOLUME OF VI SRORIAIUOSAD4480L YVER

(m) 139 secferr] WATER (L) 139 s[err] SHEAR

SHEAR (cP) (cP) 0 1100 0
1360 1 >1400 3 40a 83 5 51
5 1210 7 55 10 61

10 15 dispkrsion 880 20

72 ' 25

—O—- Slurry with threéﬁkimes minimuﬁ7gispex N4 needed
for dispersion

71

SUBSTITUTE SHEET (RULE 26)



37 TABLE 5 Effects of "the addition of various reagents
i n Exanpl é¥QO6/03346 REAGENT VI SCOSI TY @CBAU95/00446
CBSER%NH43%S————————— ADDED sec[err] SHEAR
96nDI/ My(OH)[err]) | NI TIALLY  AFTER

”"IH(I“}HH’I ”“l‘n . a. 4465 n.d. Mbbi | e paste,
f|UI agitation
Cal ci um - 110 CIZIMS Pseudopl asti c, hydr oxi de
thin gelling 1 Magnesium hydroxide slurries havi%% fkgsd.
appar ent . . atfter mn
Cal ci um fpligwing charaggeristics:gg Thin fluid acet at e
|nngd|atel¥, no (i) having a solids content of betweenI
evi dence et |ng
o ) 40-80 wt% based on theggﬁ:]q;bt Lk
Sodi um - 0.05 n.d. the mlairry with Thhekdedthnceabbdngt e
i Mmedi ately to a t t hi ck
. paste Sodi um 0.10 watery q. Thi ckened
acet at e (ii) containing h%@&ﬂaté?‘)pl'cﬁep wtd
t hi ck paste Sodi um 0. 19¢ at nlgast ohed. v1scos]hyckened
hydr oxi de . nyed|atel

10 modifying agen 1spersant

based on the weight of the slurry
selected from the following
groups:-—

(1) inorganic acids having a

15 molecular weight 1less than
130 amu and their inorganic
salts excluding H,S0,, H;PO,,
silicic and salts having an
alkali metal as sole cation;

20 (2) low molecular weight (i.e.
less than 200 amu) carboxylic
acids optionally containing
one or more hydroxyl groups
and their inorganic salts

25 excluding salts having alkali
metal as sole cation;

(3) polyhydric alcohols or
carbohydrates containing two
or more hydroxyl groups and

30 having a molecular weight
less than 500 amu; and

(4) alkaline earth oxides and/or
hydroxides;
(iii) being sedimentation stable

35 for at least 7 days without
substantial agitation; and

(iv) maintaining a viscosity of less



t hi ck paste Sodi um ' 0.10 n.d. n.d. Thi ckened

chl ori de WO 96/03346 I mredi at el y RCX/AU95/00446

thick paste  Calcium 0. 05 420 550

Pseudopl astic, —~ chioride t hi cki sh

fI ui 42 upon agitation

1“'"":""""'"""'"“" 270 230 Pseudopl asti c, chl ori de

n 9 ui® than 1000 cP at a shear rate of

gg: gat i on Hydrochl oric | 0.20 139 gec! Qﬁ;gtrhi%kp?r g of aﬂbeEalset past e,

agitation Acetic acid 0.20 seven dayss Pseudopl astic,

thin fluid on Magnesium hydroxide slurrles g 25 claimed in

agitation TABLE 6 Ef fects

of the HdditGlHn ol GRMRGIAELNG cREERiC1E agglomerat}%ﬁ ER&anpfeyaals

REAGENT WHREEINT Yt K8 138glomera EBSERSAE! @\Snean particle sizeARRED

sec[err] SHEAR % ol /

NI TI ALLY l-_lﬁé}:yeen 2-50 mléron anrg)I wherein 1nd1v1dua£g%:q§%}§i;)

included in said agglomerates have an upper limit in

regard to average crystal dimension of 0.2 micron as
10 determined by X-Ray Diffraction Line Broadening

3. Magnesium hydroxide slurries as claimed in

Claim 2 wherein the crystals are of irregular shape.

4. Magnesium hydroxide slurries as claimed in

Claim 2 wherein the agglomerates have a d; greater
15 than 3 micron. _

5. Magnesium hydroxide slurries as claimed in

Claim 4 wherein the agglomerates have a d;, greater

than 6 micron.

6. Magnesium hydroxide slurries as claimed in
20 Claim 2 wherein the upper 1limit of the individual

crystals is less than 0.1 micron.

7. Magnesium hydroxide slurries as claimed in

Claim 6 wherein the upper 1limit of the individual

crystals is less than 0.05 micron.

25 8. Magnesium hydroxide slurries as claimed in
Claim 1 wherein the solids content is greater than 60
wts. |
9. Magnesium hydroxide slurries as claimed in
Claim 8 wherein the solids content is between 60-70

30 wts. .

10. Magnesium hydroxide slurries as claimed in

Claim 1 wherein the total amount of Mg(OH), plus

Ca(OH), has a value greater than 40 wt%.

11. Magnesium hydroxide slurries as claimed in
35 Claim 1 having a Mg:Ca ratio greater than 4:1.

12, Magnesium hydroxide slurries as claimed in

Claim 1 wherein the amount of solids other than Mg(OH),



R | 1T TR -

pseudopl asti c fluid
appar ent 30 mn after
addi tion Cal ci um 0. 20 4319 43 Thin fluid
acetate I mredi ately, no

evi dence of is less than 10 wt%. settling
or 13, Magnesiym hydroxide slurries as &Ffhih&dd j

Sodi um 0. 05 agn n}d. Y n. d. Renal ned a tﬁ?éi ) caﬁﬁbnate
past e Sofl@km 1 whegeip the amgunf of visposityngodddydneni ck
acetate agdent or disgersant is betweeﬁ 0.5 aﬁddmasx g:t%. Sodi um

0. 10 4. : .Remai n a, thic roxi_de . .

paste  Ssodiifn  MagnessOR RASEGRAD! GurdVE U Tatained i o)
chl ori de Claim 1 wherein viscosity modifying agents seleCdled um
0.10 2 . Thy ¥ or e .

. 1 lud ¢, Hi¥oY, O heko :
pseudoplastlc:fgg% group ?1) include p P 10, and tqﬁlgld
appar ent aluminium, ferric, magnesium, calcium and 3Panium after
addition Al wgjddm 0.10 <20 <20 Thin
chl ori de . . Epseudoplastip )
£l uid aﬁﬂhrent15- Magnesium hydroxide slurries as claimed imy pin
after Claim 1 wherein viscosity modifying agentfddidliedtedno
evi dence of . . — . . settling
Hydrochl ori c from , grpup (2) lflgrlru]dfo formic 3§'CId’Thiaﬁer¥(}r?- g@lqlldﬁg
aci d propionic acid and butyric acid apiduitdheigetsaldss. _
slightly Acetjg acid  pagridsd®m hydroxidél slurries?ls c1dfhdatn non-

15 Claim 15 wherein the salts include calcium acetate and

magnesium acetate.
17. Magnesium hydroxide slurries as claimed in
Claim 1 wherein viscosity modifying agents selected
from group (3) include mannitol, mono-,di- and
20 trisaccharides such as sucrose and lactose as well as
waste products containing sugar-based compounds.
18. Magnesium hydroxide slurries as claimed in
Claim 1 wherein viscosity modifying agents selected
from group (4) include calcium oxide and/or hydroxide.
25 19. Magnesium hydroxide slurries as claimed in
Claim 15 wherein the viscosity modifying agent is
acetic acid.
20. Magnesium hydroxide slurries as claimed in
Claim 1 wherein the viscosity is less than 300 cP.
30 21. Magnesium hydroxide slurries as claimed in
Claim 1 wherein the viscosity is less than 100 cP.
22. Magnesium hydroxide slurries as claimed in
Claim 1 having a settling rate of 1less than 5% of
total slurry volume in 30 days with less than 1%
35 sediment. '
23. Magnesium hydroxide slurries as claimed in
Claim 1 wherein the viscosity of the slurry does not



gelling fluid,

settles WO96/03346

39 TABLE 7
in Exanple 12
OBSERVATI ONS
mol / ol

[

jgn

Effects *of¢ tthe™ addition of various reagents

REAGENT VI SCOSITY @ 139 se( e
ADDED 44 SHEAR
My(OH)[err]) I NI TIALLY  AFTER 7

DAYS No addi tingrease t@. a value greatdr than h080 cP &hi ek gasire
ratd-d¥ 139 sec! ober'h B8riod of a%3least e hi N

Al um ni um
nitrate

fluid settles
slightly,

sedi mantc#' S
.di sperse
nitrate
settling

10

15

20

25

30

35

n-gellin

24, Magnesium hydroxide slurrles as claimed in
Claim 1 excluding polymeric viscosity modifﬂﬁgﬁf
Y n 0.04 38 55 Thi n
25. A  process for producigf}!|i g, MNYynesium

hydroxide -slurry including the steps of:-

(i)

(ii)

(iii)

(iv)

(v)

subjecting calcined magnesia of a
particle size of about or less
than 25 mm to a first particle
reduction zone wherein said
calcined magnesia is mixed with
water and ground; .
passing said finely divided
material through a screening means
to ensure passage therethrough of
finely divided magnesia having a
particle size of about 2 mm or
less and returning oversize
magnesia particles to said first
reduction zone;

hydrating said finely divided
magnesia in a hydration zone
wherein said finely divided
magnesia is mixed with water under
agitation and heat so as to
prbduce a magnesium hydroxide
slurry having at least 80%
hydration;

passing said slurry though a
second particle reduction zone so
as to produce slurry particles
wherein 90% of said slurry
particles have a size of less than
50 microns;

adding a viscosity modifying agent
selected from groups (1), (2), (3)

PCI/AU9sfood4nt | y

rr]

(%
ver,
easily

non-



fluid

settling
Ferric
non-gel | i ng
settles
however,
easily

40

Vi scosity was

Cal ci um 0. 05 43
nicrate wossosses | INITANNIIN
’ * c i M $ ¥
‘<20 -

gel l'i ng, FCIVAU9S/00446

0.04 40

45

65 Thin non-

e

Y,

and (4) prior to or during seshsrent

(Rhenbit): (Ad @ () go ST,

determned, in view of the appear sgesub¢ a maximum viscosipy @mfodlR20 the

obviously 5 cp; andrfeater than 1000 cP at 139

M

i's

sec[err] * - al; % w w based, on meight of gg(cg)z n.a -

not- avai | &bl e TABLEVD eptpining gfteqe; §EAPnedVibe@is® in

view of the 10 appefimare plodbetpr adiatile,t hepymp#iobe f y was

by qusly gpearer than 1000 F ol dBaSRRLE, s apme B © sruecled
having a solids content of at
least 40%.

10 26. A process for producing a magnesium
hydroxide slurry as claimed in Claim 25 wherein slurry
particles obtained from'step (iv) are récycled back to
the second particle reduction zone in a loop or back
to the hydration zone which functions as a holding

15 tank.

27. A process for producing a magnesium
hydroxide slurry including the steps of:-

(1) continuously feeding magnesia to a
hydration zone wherein the slurry

20 is subjected to continual

agitation{ '

(ii) hydrating said magnesia in the
hydration zone under agitation and
heat so as to produce a magnesium

25 hydroxide slurry having at least

80% hydration; _

(iii) adding a viscosity modifying agent
selected from groups (1), (2), (3)
and (4) prior to or during steps

30 (i) or (ii) so as to ensure a

maximum viscosity of 1000 cP; and

(iv) obtaining as a final product
stable, pumpable magnesium
hydroxide slurries having a solids

35 content of at least 40%.

28. A process as claimed in Claim 27 wherein
after step (ii) the slurry is passed through a
This Sheet Has Been



n.a. - not appl i cabl n.d. - not det er ni ned TABLE 7
n.a. -  WOMH60aH! i cabumﬂ i”l l Hmj” !m not deternined PCITIAD95/60446
Vol ume of 2M hydrochl or'fy ! 48l a function of time to maintain

9.0 pH for Exanple 8. -[err]- Magnesi a powder 25 -0- Slurry - no
reagent added -[err]- Slurry with aeetic acid -v- Slurry wth
mnimum Dispex N4O needed for di spersi on -t- Slurry

Wi th mini mrum Piaspiebel40 msthcididint | onae 30so  as  tpri prodgickat isturry FIG

i nt i 5.0 BAFEA e I 508 Sl ity bk Elothe jpavel 57 1©

Slurry - no r sdgenofades$ than Jlemicrong.urry with acetic acid -v-
“Slurry with @ nimum R spexoddld neged F¥auci .
40a di spersion -[err] Q@%Sl urry with tthee tmes ni n rrur%algnsepsel%WO

needed 5 f@wqmqﬁﬂy%l%%prry as ‘claimed in Claim 28 wherein said
slurry particles are recycled back to the particle
reduction zone in_a-loop or back to the hydration zone
which functions as a holding tank.
30. A process for producing a magnesium
10 hydroxide slurry as claimed in Claim 27 wherein the
viscosity modifying agent is added to the slurry after
hydration or when the slurry has beéome relatively
thick in the hydration zone.
31. A process for producing a magnesium
15 hydroxide slurry as claimed in Claim 29 wherein after
passage through the particle reduction =zone slurry
which is relatively thin is transferred to a holding
zone which is 1in communication with the particle
reduction zone and the slurry is continuously
20 circulated between the holding zone and the particle
reduction zone.
32. A process for producixig a stable, pumpable
slurry of magnesium hydroxide comprising adding to a
slurry of magnesium hydroxide a viscosity modifying
25 agent selected from a group consisting of the
following groups:-—

(1) inorganic acids having a molecular
weight of less than 130 amu and their
inorganic salts excluding H,S0,, H,PO,,

30 silicic acid and salts having an alkali
metal as sole cation; _
(?) low molecular weight (i.e. 1less than
200 amu) carboxylic acids optionally
cdntaining one or more hydroxyl groups
35 ~and their inorganic salts excluding
salts having alkali metal as sole
cation;



1. Magnesi um ' ' les having the foll ow ng
char act er Wt 96(03346 ' "Tm" I” “m havi ng a sol i ds eoTLAUYS/00d46
* [ L " -

bet ween 5 wt % based on the wei ght of

the slurry with the bal ance being wat er ;

(i) containing between 0.01-5.0 %% of

at | east one viscosity 10 nodi fyi ng agent

or di sper sant (3) polyhydric abeehobs tbay weiaghohfdnates| urry
selected from the foll tining two or more hydroxygrﬁwﬁﬁﬁs

(1) inorganic acids havi ng a 15 . ecul ar
weight less than and having a moleculaggwgighi,dasfeithan

i norgani c 500 amu; andalts excluding Herr]SJerr],
Herr]Pgerr], . ilicig. a alts_having an
alkali metal as sole catibh; dhkatine earth SXI?%S | ovP M foI%cul ar.
wei ght  (i.e. hydroxides. | ess than 200 anu) carboxylic

aci ds optionajdy contaNyffcess as claimed in glaiﬁ\ 31 whe¥ L@l €
hydr oxyl groups and their 1norganic salts
25 '

amount of viscosiky| n@diSvdao fgank mhighkais added to

nmetal as sol e @@ iPMirry is between %;%]i?dt3.0(ﬁ9%1p9|yhydric ~al cohol s
or | car bohydrates .containing,.tw .
or nore Wdrox3A: groups An@ro§ess as dlafmed in’'claim FLyivhprein

mol ecul ar weigidcosity modifying agents seleckeds fham Sffowpru;(end
include HCl, HNO,, HCl0, and their aluminium, ferric,
magnesium, calcium and barium salts.
35. A process as claimed in Claim 31 wherein

15 viscosity modifying agents selected from group (2)
include formic acid, acetic acid, propionic acid and
butyric acid and their salts.

36. A process as claimed in Claim 35 wherein the
salts include calcium acetate and magnesium acetate.

20 37. A process as claimed in Claim 31 wherein
viscosity modifying agents selected from group (3)
include mannitol, mono-,di— and trisaccharides such as
sucrose and lactose as well as waste products
containing sugar-based compounds.

25 38. A process as claimed in Claim 31 wherein
viscosity modifying agents selected from group (4)
include calcium oxide and/or hydroxide.



(4) alkaline earth oxides and/or ' . BEEN hydr oxi des;
(i) WO 96/03846ng  sedimentation; ss B EEAEQS PCT/AU95/0044
for at least 7 days w thout | _AMENDED < R_P_ ~Jsubstanti a
agi tation; r@dived by the Interhatﬂbﬁ§} Buread"8h M RipBk&iberat 9UsS ¢Ppi1bYg5)0f | ess

than 1000 Criglin®l eNefls B3I Sended; remaining claims unchanged {BPag€rt over a
period of at l|east

. v d o .
Magnesi um hydr oxi de slurrﬁgg ago%ygyﬂgacinalééidié a?#?l 88%%?Pg$ﬁates
particle aggl onerates of crystabstaining twer edn mogeadurdraspl egrbaps a
mean particle size of bgh¥etlvin OdﬂdﬁfabﬁﬁHkVWEHéﬁ@llégéV£HH§|

crystals I ncl uded in said aggl onérates have an upper Iimt In
regard to average crystal di neA9PoAM8f A9 nicron as 10 determined by

X-Ray Diffrsaction Line BrgagenalGaline 3.earth Magesde® hydagd Asr
slurries as claimed in ﬁ%ain12 wherein the crystals are of irregular
‘'shape. 4. Magnesi ﬁ?ﬁ?8§§de slurries as claimed in.

Cl ai m 2 wherei n38Bhe aggl okepabessaas zldigved igr dBtaim 3% wheébein 3thecron

5. Magnesiy mdro%i‘ﬂfsaigwy SodPefldl "Behl which i AdddaWpgrein
the aggl onerates have a d[errr] greater an m cron. - ;
Magnesi um hydr okh@e sdngryi és betweannBdSi and28.0 €£&i-m 2 wherein the upper

limt of qghe i3ndividual o process Vsl €1h3mb@SSidhANLHindl BF2C" QRerein
viscosity modifying agents selected from group (1)
include HCl1, HNO;, HClO0, and their aluminium, ferric,
magnesium, calcium and barium salts.
35. A process as claimed in Claim 32 wherein

15 viscosity modifying agents selected from group (2)
include formic acid, acetic acid, propionic acid and
butyric acid and their salts.
36. A process as claimed in Claim 35 wherein the
salts include calcium acetate and magnesium acetate.

20 37. A process as claimed in Claim 32 wherein
viscosity modifying agents selected from group (3)
include mannitol, mono-,di—- and trisaccharides such as -
sucrose and lactose as well as waste products
containing sugar-based compounds.

25 38. A pfocess as claimed in Claim 32 wherein
viscosity modifying agents selected from group (4)
include calcium oxide and/or hydroxide.

—_—
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AMENDED SHEET (ARTICLE 19)
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7. Magnesi um hydroxi'de slurries as clainmed in Claim 6 wherein
t he upper wowmén3s4eof the individual crystals is | espcf,hg%,&‘,ggi

m cron. 25 8. Magnesi um hydroxi de slurries as clained

Claim1 wherein the solids content is greater than 60 wt% 9.
Magnesi um hydroxi de slurries as clai rredww Claim8 wherein the
solids content is between 60-70 /0 10. Magnesi um
hydroxi de slurries as clainmed in Claim1 wherein the total anount of
I\/g(O—I)[err] pl us Ca(OH)[err] has a value greater than 40 w %

Magnesi um hydroxide slurries as clainmed in 35 Claim1 having a
|vg. Ca ratio greater than 4: 1. .12, Magnesi um hydroxi de slurries
as claimed in Claim1 wherein the anount of solids other than
My( OH) 2 43 is less than 10
wt % 13. Magnesi um hydroxi de slurries as clainmed in CaimJl
‘wherein the amount of viscosity nodifying agent or dispersant is
between 0.5 and 3.0 wt% 5 14. o Magnesi ym hydrgxj de slurries as
clainmed in Claim 1 wherein viscostty nodi fe ts selected
fromgroup (1) include HO, HNJerr], eir al um ni um
ferric, rmagnesium cal cium and ba um 10 15.

Magnesi um hydroxi de slurries as cl ai paé aim1 wherein viscosity
nodi fyi ng agents sel ected fromp ude formc acid, acetic
acid,
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propionic acid and butyric acid and their salts. 16. Magnesi um
hydr oxi dewel9¢ps34es as clained in 15 Cl ai m 15 wher ei n t he PeaIATSIoMIsUde
cal cium acetate and magnesi um acet at e. 17. Magnesi um
hydroxide slurries as clained in Claim1 wherein viscosity nodifying
agents sel ected from group (3) gllrgl ude mannitol, nono-,di- and
20 trisaccharides such as sucrose and‘l-actose as well as wast e
products containi ng sugar-based conpounds. 18. Magnesi um

hydroxi de slurries as clainmed in Claim 1 wherein viscosity nodifying
agents sel ected fromgroup (4) include cal cium oxi de and/ or hydroxi de.
25 19. Magnesi um hydroxide slurries as clained in Claim 15
wherein the viscosity nodi fying agent is acetic acid. 20.

Magnesi um hydroxi de slurries as clainmed in Claim1 wherein the
viscosity is less than 300NCP. 30 &3. © Magnesi um hydroxi de slurries
~as clained in d ai m @ Wkerein te vi siddsity is less than 100 cP.

22. Magnesi um hydroxi de s\urries| as _clajnmed in Claim 1 having a
settling rate of |ess than 5% og R Lo s volune in 30 days with
| ess than 1% 35 sedi nment . 23. Masi um hydr oxi de slurries as
clainmed in daim1 whereilh the \iscosit S ll he sl urry does not

and (4) referred toin daiml prior to or
during steps (i), © Oii), (tii) or (iv) So as to
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ensure a maxi nrum vi scosity of 1000 5 cP; and

(vi) wWolslopsaeg after step (v) as a- PCT/AU95/00446 fi nal
product stable, punpable, magnesi um  hydr oxi de
slurries : having a solids content of at 10
| east 40% 26. A  process for producing a nmagnesi um
hydr oxi de slurry as clained in Caim23/bherein slurry par ticl es
obt ai ned AP S ’ - TRE L [P
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80% hydr ati on; ' (rii) addi ng a viscosity nodifying agent

sel ect edwo s3g46oups (1), (2), (3) PCTARPS(08446pr i or
to or during steps 30 (1) or (ii) so as to ensure
a ' maxi mum vi scosity of 1000 cP; and

(1v) obtaining as a final pro%ucg stabl e,
punpabl e magnesi um 51 hydr oxi de slurries having a
solids 35 content of at |east 40% 28. A
process as cl aisR a—Cl-ad<m Mr-e—ai- b o =¥° — t he

slurry is passqd through a 47
(3) polyhydric alicohols or carbohydrates centai ning two
or nore hydr &yl |groups and havi ng a nol ecyil ar wei ght
less than E'20 500 anu; and 5 4l kal i ne
earth oxi @@s and/ or - R33. A
process as cl@ingd in Caim32 wherein th ,_3,;-‘_,;'},- dsSity

nodi fyi ng ageat ich is added to gy i s between 045 and 3.0
W% 10 34.5 15 A process as cl gt in Caim32 wherein vi scosity
nmodi fyi ng agegts {sel ected fromgaesfld (1) i nclude HG , HNO[jerr],

' gt erric, magnesi um cal ci unjand bari um
($¢€s as clained in Caim 32 whepekr
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bubywlc ~acid and their salts. 36. A process as clained in Caim
*35 wher ei i nclude cal cium acetate and magnesi um acetate. 20
37. Dmmwuaummm“ll med in Caim32 wherein vi scosity nodifying
agents sel ected ¥ ram grotp (3) i nclude mannitol, nono-,di- and
trisaccharides such &s sucrose and 47act ose as mell as maste products
cont ai ni ng sugar - based conpounds. 25 38. A process as clained in

C ai m 32 wherein vil3eospeyyhpdri¢i nglagbais s@ﬂéct@%ﬁb@h%@@@b@% (4)

i ncl ude cal ci um oxi de and/ or R} ELPXiH§- two or more hydroxyl groups
47 (3) polyhydric alcohols qr carbohydrates

containing two or nore hydroPf §eydpg @ molecular weight lgss hEhamg a
nol ecul ar wei ght | ess than 500 amu; and 500 anmu; and 5

(4) alkaline earth oxXi and/or . [ oxi des.
33. %A process as cl(gl)rreaq‘ir?ld%?m 31°%A grhel n ohxeldes am?u%

vi scosity nodifying agent whhyldrpgiddded to the slurry is betmegn 0.5
and 3.0 wt % 33? |n34 rd%e%rsogg.s%laﬁnféda'ﬂp‘é dith Cﬁzﬁ'%{é‘e &gn

vi scosity nodi gents sel ect fromgrou ( i nc
HNO[ err], HClefmeuy afd‘th%ms:amnmwhﬁﬂlrf%rwént wthhag‘tﬁes@Q#ﬁdcﬁpcu um
and barlun1sakhg slurry3®s betwe@nPbQSeafdas. ¢latged in Cla|n131 wher ei n

15 Vi scosi t nDdlfylng ents selected frpn1 rou i ncl ude
formic ddd Metic aci b BFOEFERi AScrdaingd o whergitnai
salts viscosity modlfylng agents selected from group (1)

include HCl, HNO;, HCl1l0, and their aluminium, ferric,
magnesium, calcium and barium salts.
35. A process as claimed in Claim 32 wherein

15 viscosity modifying agents selected f£from group (2)
include formic acid, acetic acid, propionic acid and
butyric acid and their salts.

36. A process as claimed in Claim 35 wherein the
salts include calcium acetate and magnesium acetate.

20 37. A process as claimed in Claim 32 wherein
viscosity modifying agents selected from group (3)
include mannitol, mono-,di—- and trisaccharides such as
sucrose and lactose as well as waste products
containing sugar-—-based compounds.

25 38. A process as claimed in Claim 32 wherein
viscosity modifying agents selected from group (4)
include calcium oxide and/ox hydroxide.



as cI ainmed in C;La_m 35_wher ei __t___he salts include
cal Ci un‘”w&ﬂgj F esi um ace ﬁ% . 4/ 7 A process as clained
in Cainy vi scosi t (5' *“?rg ' isel ected from group (3)
i ncl ude mannitol, m)no- di- and t |D§% C aJAN‘ as sucrose and
| act ose as weII as waste proguct s “d{’niljng sugar - based
med in Claim31 wherein

conmpounds. 25 38. A process as cl

viscosity nodi fyi ng agents sel ect ed fror&n Proup (4) i ncl ude cal ci um
oxi de and/ or hydroxi de. 4] refexmgdpdighyidri Claiaphal s or

car bohydr at es ' poihdRI NEBY oM QurHS hggégéyl n@r)oupz 5
‘an

and having a mol ecul ar wei ght Iess(ﬂ_]g r(111) or (iv)
(4) alkaline earth oxi des t/ o _ iv) so agdr(bd des.

33. A process as claimed in (Rmm:@ZaV\/nammni hﬁscos:.l?gm
.viscosit® nodifying agent which i Scﬁ‘ddﬁiﬂd the slurr ngn 0.5
and 3.0 wt% 10 34. A process as claimed in Cla|m32 V\/nereln

vi scosity nodifying agen‘tvs’-)sel ect édoi#axmrg oupfEéyr stepl Ncfwyde L,
gnesi um cal cium

H Ha 0 d th | '
NGferr], HOO[err] and their al Ugftdin fegshge  orgfaonesium cal Gium

and bariumsalts. 35. rocess
15 viscosity nodifying agents LYY frbydrgxdde (2)slurribkgcl ude

fornic acid, acetic acid, propionihawigig apd solidfut ¥ X'wh% &%I d and ‘_tﬂr_]elr

salts. 10 36. A process aslcl aimed._in C am35
salts include é:al ci um acet ate and e&0%¥m acet at e. _
. A  process for produc1ng a2 magnesium

hydroxide slurry as claimed in Claim 25 wherein slurry
particles obta:.ned from step (iv) are recycled back to
the second particle reduction zone in a loop or back

15 to the hydratlon zone which functions as a holdin
tank. >
27. A 'process ~ for pProducing a magnesium

hydrox:.de slurry :|.nclud1ng the steps of:-
, | (i) continuously feedlng magnesia to a
0 hydration zone where:Ln the slurry
is | subj ected to continual

agitation; '

(ii) . hydrating said magne's:.a' in the
e hydration zone under agitation and
. . heat so as to produce a magnesium

hydroxide slurry having at 1least
_ 80% hydration;
- (1id) adding a viscosity modifying agent |
Ny selected from groups (1), (2), (3)
| . and (4) referred to in Claim 1
prior to or during steps ' (i) or
(ii) so as to énsure a maximum
viscosity of 1000 cP; and
\ {iv) obtaining as a final product
5 . stable, pumpable magnesium
- hydroxide slurries having a solids
content of at least 40%.
28. A process as cla:.med in Claim 27 wherein
after step (ii) the slurry is bassed through a
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(54) Title: MAGNESIUM HYDROXIDE SLURRIE\S/
(57) Abstract

Magnesium hydroxide slurries having the following characteristics: (i) having a solids content of between 40-80 wt.% based on
the weigth of the slurry with the balance being water; (ii) containing between 0.01-5.0 wt.% of at least one viscosity modifying agent or
dispersant based on the weight of the slurry selected from the following groups: (1) inorganic acids having a molecular weight less than
130 amu and their inorganic salts excluding H2804, HaPOy, silicic acid and salts having an alkali metal as sole cation; (2) low molecular
weight (i.c. less than 200 amu) carboxylic acids optionally containing one or more hydroxyl groups and their inorganic salts excluding salts
having alkali metal as sole cation; (3) polyhydric alcohols or carbohydrates containing two or more hydroxyl groups and having a molecular
{ Weight less than 500 amu; and (4) alkaline earth oxides and/or hydroxides; (v) being sedimentation stable for at least seven days without
substantial agitation; and (vi) maintaining a viscosity of less than 1000 cP at a shear rate of 139 sec™! over a period of at least seven days.




