wo 2015/058236 A1 [N 0F OO R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/058236 A1l

30 April 2015 (30.04.2015) WIPO I PCT
(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
COIF 5/14 (2006.01) BOIF 3/00 (2006.01) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
COIF 5/16 (2006.01) BOIF 15/02 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. . KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(21) International Appllcatlon Number: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PCT/AU2014/000979 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
15 October 2014 (15.10.2014) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
2013904096 24 October 2013 (24.10.2013) AU TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant: CALIX LTD [AU/AU]; 9 Bridge Street, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Pymble, New South Wales 2073 (AU). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors: SCEATS, Mark; 102/38 Refinery Drive, Pyr- GW, KM, ML, MR, NE, SN, TD, TG).
mont, new South Wales 2009 (AU). VINCENT, Adam; 46 Declarations under Rule 4.17:
Robertson Drive, Newham, Victoria 3442 (AU). — s o the identity of the inventor (Rule 4.17(i)
74 gt%elit:cﬁI;DERdIII:I PTSY {ilT\];/; lsul2t§7$(in2)4 Thomas as to applicant'’s entitlement to apply for and be granted a
eet, Chatswood, New Soul ales . patent (Rule 4.17(ii))
(81) Designated States (unless otherwise indicated, for every — 4 1o the applicant’s entitlement to claim the priority of the

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

earlier application (Rule 4.17(iii))
of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: PROCESS AND APPARATUS FOR MANUFACTURE OF HY DROXIDE SLURRY

(57) Abstract: A method of manufacture of high solids hydroxide slurries

01
T 108

|

108
102+, -
1 10

L

Y

from caustic calcined carbonate powder is described, whereby the properties
of the slurry are its low resistance to shear thinning to facilitate transport,
and a high stability for transport and storage, and ease of reconstitution after
long periods of storage, and, as required, a high concentration of chemically
reactive species at the particle surface. The method achieves these specifica-
tions by mixing caustic calcined carbonate or hydroxide powder with water
in an insulated reactor vessel, and agitating the slurry sufficiently such that
the hydration reaction causes the water to spontaneously boil, such that the
remaining hydration proceeds spontaneously under the fixed conditions of
boiling through the water loss. The mixing process is preferably carried out
by a shear pump. A viscosity modifier, such as acetic acid, is used to thin the
slurry to enable the mixing system to maintain uniform mixing. The reaction
is terminated when the boiling has spontaneously ceased and the temperature
has spontaneously dropped to a set point though the reactor heat losses,
where the processing time is sufficiently long that the slurry meets the de-
sired specifications.
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PROCESS AND APPARATUS FOR MANUFACTURE OF HYDROXIDE
SLURRY
TECHNICAL FIELD

[0001] The present invention relates to relates broadly to a process and apparatus for
manufacture of high solids hydroxide slurries from caustic calcined carbonate
powders that may be produced from calcination of magnesite, dolomite and
limestone and mixtures thereof, whereby the slurries have low resistance to shear

thinning to facilitate reconstitution after months of storage with mild agitation.

BACKGROUND

[0002] Hydroxide slurries are aqueous suspensions of solid hydrated oxides of primarily
magnesium, as Mg(OH),, calcium Ca(OH), and mixtures thereof, in water. They are
widely used in many industrial processes. An example of which is the treatment of water
to raise the pH and eliminate odours, particularly for sewerage treatment, and to
precipitate heavy metals. These slurries are increasingly replacing sodium hydroxide

because of their inherent properties.

[0003] For slurries with a high pH or about 12.0, a hydrated lime slurry Ca(OH), or
dolime slurry Ca(OH),.Mg(OH), is used, whereas for slurries with a pH of about 10.4
when diluted in water, a magnesium hydroxide slurry Mg(OH), or semidolime
Mg(OH),.CaCOs slurry is used. For sewerage treatment, magnesium hydroxide slurry or
semidolime slurry is preferred because any excess magnesium hydroxide entering
digesters does not kill the bacteria, whereas overdosing of sodium hydroxide or hydrated
lime slurry can destroy the bacteria and close down the digestion process. In heavy metal
removal, the pH of the magnesium hydroxide or semidolime slurry is in the desirable
range where amphoteric hydroxides of toxic metals precipitate, whereas at the pH of

sodium hydroxide or hydrated lime, the initial precipitates re-dissolve.

[0004] Hydrated lime slurries are produced using lime, CaO, from a kiln, and the

hydrators for that processes are a known art. Generally, the lime is sufficiently reactive



WO 2015/058236 PCT/AU2014/000979

that the shurry is formed quickly. in typically less than sixty minutes from granudes of the
order of L mm.  The process may include grinding the hme, and generally the process
requires the addition of dispersants to provide the required stability and to assist the
shurry production process. Many of these dispersants ave destroved at high temperature,

s that a lime hydmior is gmwmlly cooled,

L0005 ] Magnesium hydroxids slurties are produced from either precipitated magnesium
hydroxide, or from hvdrating magnesium oxide which has been zenerally produced from

the calcination of the mineral magnesite.

{00061 Preferred properties of hvdroxide shurries may melude-

1o The shurry should contain particies thas can resct quickly when the shary i3, fiw
example, trixed with wasts water, Thus g shurey may be composed of small
partivies with a modian size of § um and 2 low surface area about 4 ncigm (as
msasured by pas abzorptivn metids of the duigd powden) o g median sipe of 28
i and & high surfiee ares shout 20 m7am A wide, or multiple peaked, particke
st di:&:irihutimzﬁ with a sharp cot-ndll 18 mreferable to promuste the shurry stabiiity.

Such a partivie size distribution oy § dg of loss than 1) microns,

ar

2. Fhe chemistry of the surfaces of the particles m the slurry are strongly shependent
on the surface srea of the oxide particles that are hvdrated to form the shurry, and
the range of applications of the slurry depend on these swelace chemical
properiies. Thus ¢ slorry prostoced fon oxide particles that have g surface area of
arser 150 m™em or higher have markedly ditforent exterior chontical surfage
properiies than g shory produced from conventional oxide with s surfhce grea of
20w Without betng bound by theory, oxide particles having a high surface
area have larger amounts of energetic {f’%mmifsai detocts, such as suporoxides and
pevosides, at the orysta) gran boundanies, and these speues lavgady survive
bydeation W conter on the sharry particle surfaces a different degree of sarice
chemisiry that corvelates svith the swrface area of the il oxade wsed 1o o the

shurry,
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The perventags of solids by weight is at least S0%

higher the solids contand, then the Tess waler is vequared to be :sixipmié. However,
the higher Bmit is peneraily the resalt of the requirements that the sharry has a low
resistance w thinning, sud thos g low appareny viscosity @ low shese rates. I dhe

solids faction 1 oo bigh, o gol fends to Sanowhich has o high resisiance tn

thinning and & high apparent viscosity, and 18 pot readily nsable in the

applications deseribed above.

The apparent 'vi_sa.c;:{mz‘y ab ambient fomperature is 30-800 centipuise {ops),
preferably S5 ops at a shear sate of 280 rpim or Jesy with such a fow tesistance
o thinning, the sty s regarded as thin, preferably when the spparent viscosity
ia fess than 100 ¢ The acluevernent of such thin, gh solids, storries generally
roquires 8 viscosity modifieor o facihitate the breakdown of gels with minivm

agiation.  The desrabity of than shurries i that they are eandly handled, and we

maore amenable o the application of snbseguent processing steps that deliver

deniraire propertive such g spraved coatings that have u high strengih boease the
fow viscosity delivers mi ease of application and surface voversge witha low

water content that would othevwise cause cracking andior low strength when dried
due t the exeessively bigh peoneabiliny fron water evaporation dunng dryving.
In many applications, this destrable property of thin sharvtes 13 augmented by the

surface chemistry that srises fom the use of Tigh surfacs arse exide patticles used

3 produee the shurry.

The stabiliy of the shury such thet 8 can beoused up o many months after
manuficture.  The cheractensation of slurry stabilily s often somewhat arbitrary

amd may Snvolve Zl“tﬁimi“ amumber of criteria. For examples

{1} one crierion may he that of powcability/ owsbality, so thut mocre thae S0% by
weight, preferabily greater than 0% by weight, of a hulk sample in, say, a 1w

disturbed gravity sottling:

contatner pours off giter 7 days ofw
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{1t} another eriterion may be that after 7 days of undisturbed {unagitated) gravity
seitling, water separation, called synerisis, in a vessel of | o contginer of 1 metre
depth ix loss than 30 millimetersg or in 30 days the svnerisi ts losy than 56

miliinciens

{11t} another criterion may be that the slurey has tess than 196 sediment (“heel™)

after 30 days.

Ny

{iv) ansther criterion may he that the syneresis loss than 3% after 30 days, or

e

preferably 3%

FOGGTT I is recognised that these thin, high solids slurries of variable chemical reactivity

do not have ¢ long intrinsic lifetime, and some degree of sedimentation occurs, Fov many

applications, the wpendahility of the shurry s ok mors critival than long-fonm
slurry hemogenenty, because agifation car be provided at the point of storsge, and if

required such sgitation during tomge may b nlenmiient

[OOOR] The chodees of viscosity modificrs and stabilisers 1o produce stable, thin, lugh
sulids shurrics are gencrally assopiated with the surface charges on the particles, and the
tonic strength of the water.  The viscosity modifiers and stabilisers are generally not

specific 1o the method of manudacture of the shurry.

(00091 The prine art for the production of hydrated Hme slurries from kiln Hme is well
wirderstood, O relovance fo the present invention, LIS Patent No. 3,573,002 discloses a
TWo stage process, and uses steam prassure to pvercome differences in the hydration rates
of lime and magnesig that otherwise cause significant issues in making shuries of mixed
atkaline carth hydroxides. The use of pressure vessels adds to the complexity and cost of
a slomry plant. The kilo Hime 1x generally a buraed lime, 1o which the granoles are sintered
1o give a moderate surface area. This 15 accepiable because the hydration process of lime
causes the granules to break up from the stresses indoced as the particles expand during
ihe reaction to accommaodate the water. There i a need for a process that can produce

hydroxide slurries from wissintered matenials withowt the need for the of high pressore
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processing. Conventional lime hydeator plants, operating at ambient pressure, requirg

inputs of Bme with low magnesiom oxide content.

(00101 The prior art for the production of magonesium hydroxide slurries that meet the
mdustrial requirements listed sbove, 18 characterised by the initial solids materials used 1o
muake the shurry. It s noted that these processes do not generally use the approach of
using high pressure stoam, as disclosed for hydrated lime with magnesia, to aceelerate the
nmagnesia hvdration reactions. The magnesia particles generally do not exhibit significant
fracturing from the bydeation processes. These classes of materials for magnestum oxide

slurries ares-

a)  Precipitated Magnesium Hydroxide (BMH) PMH is gencrally produced by the

precipiiatiom of magnestum hvdresiide from brings by the addition of hydmted

fime. The peior art, described belew, fooussey on the use of (1) viscosuy
muxditiers that thin the 33‘::;'1*3;‘ andd {11} stabilisers thay facibivae the stabslity of the
starry, formed by aghtsting {deflovculating) the washed procipitate wowaler, The

R

spectic viscostly modifiers are selested o deal with the prosence of signifieant

£3

amounix of residual chioride 1ons in the washed provipuate. PMH does not
requine grinding or hydrestion o make the shary hecause the particle sieg of the

PMH s similar to that of the desivable shurry nopedy about 28 nucrons ot less,

Spectiically, Japancse Patent No. $41 50393 desgribes the production of sterry by
grinding dried magnesium hvdrexide fo g spevitiod particle size snd then miking
with water under sgitation. US Pafent No. 5,762 901 and No. 5,514,357 desenhe
the stabilisation of shureies 1o which the shueey contains chlodde ons jn 0.30-
(1.42%, by weight on an MgQ hasis. These desenbe the use of & cationie polvimer,
avad, ¥ repared 8 theckening ageut to stabilise the shavy, so that the ddoery formed
by physical deflocoulalion is slable, 5o that i can be transported and stoved
without substantial agglomeration of the ragnestom hvdronde sohde. The
patent US 3,877,247 deseribes the stabilisation of shuries formed from solid
magnesium hydroxide using a combination of one or move polymeric dispersants

and one or more water-soluble alkall metal salts.  The patent ERPHDOSTIT A4
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discloses the preaduction of stabilized magnesiom hvdreside shury using wet

nulling of magnestum hydroxide granales i give contrad of the modian pardicle
size, vontrotied particle size range, snd controlied surfuce arcs of the

RMg(OH}: solids in the shuny.

The mbdition of viscosity modifying agerds and dispersants to shumies o condrel

visoostly, slability and dispersabiiity, s well eslablished art. Such viscosity

maodifying agents or dispersants can include decompnsabie phosplates (FR

23984R5 carbarylic acid type polymenic surfactants (P S-3088 10 polvanion
and anton of strong scids sueh as HOL HLSG; o0 HESO, (DR 4302539 polymerie

awon dispersant and water soluble aikalt metal aalt (AU 4RTRENS

sulphomethyinted sooyvlanude homopolymers o copobamors (LS 47433596
alkaline salts of a sulfoswecinie ester produet (DE 3323730 alkall metad siltcate
and hydrogide andior nuneral a alts (JOZUHNT439 Y organic or inorgamg

di:‘spez&sa:;ri:: s {I612702 14 xanthan gom and Banin solphonates {CA 11D

(UINTEA ey carhosvmsihylcalhudose (CA 104 (63397298 cationie polvimers

By
o
U-.
i

3 4302483, forroass bvdeeadide v ahaninam bydeoxide (CA THERAHHAR) and

}}a‘;i vacrviates UN 42306101

by Biead Burned Magoesia (DBMy M, generally in granudes of abowt 253 myn oy

fees, s geoerally prodoced by the caluination of the sunetal magnesite. DBEM i
intered, with & very bow specifie surface area, often below (01 m am When

mixed with water, the hydestion of DBM o prochice magnesium hydroxide is very
aliw, over many days and weeke The prior art for slorries formed from DBM i

x

focused on activating the hvdration process, and dealing with the propensitv of
insuiubde magnesium hydroxide o coat the xmall surface srea prosentad, and tn
stow dowss the reaction. The means of sctivation include wet mitiling
regenerate the surface, and preferabily i hot watet to take advantage of the fact
that the hydration reaction is thermially aotivated, and the use of chemical
additives that are associated with fifting the voating from the surface, Gengrally,

viscosity moditiers and stabilisers are used to produce a thin, stable high solids
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sturry, in the same manner required for (a),

Specifically, the US Patent No. 5487 879 A deseribes the process of production
of a stabilized, pressuwee-hydeated magnesium hydroxide shury from ground
DBM. A mixture comprising groond DBM and water 18 pressure hydrated o
provide a pressure hydrated sturry. The pressure hydrated shurry 1s then de-
agglomerated. I deswred, chloride tons and cationie polymer can be added to
further stabilize the shurry. The pressure is preferably 2-7 bar and the temperatore
is preferably that of wet steam at that pressure. The process is catalysed by the
mtroduction of chloride fong. This patent teaches the use of magnesium chloride

to catalyse the hydration of the DBM.

As an alternative to pressure process, the wet milling of the DBM granules 1s
descrtbed 1n the privr art. US Patent 3906804 A and Buwropean Patent Nu,
0772570 B describe a process for producing s stable magnesiun hydroxide
stury, mowhich wet grinding caleied magnesia granales having a particle stze of
about 25 mim or less, and hydrating the finely divided magnesia in a hydration
zone wherein said finely divided magnesia is mixed with water under agitation
and heal g0 a8 t produce a magnesium hydroxide sturry having at least 80%
hydration; and passing the slusry through a second particle reduction zoug so as
to produce slurry particles wherein 90% of said shury particles have a size less
than 50 nyicrong. A viscosity modifying agent is added to ensare a maximum
viscosity of 1000 ¢P. The final product is deseribed as stable, pumpable,
magnesium hydeoxide shurries having a solids content of at least 40%6. The
visgosity modifving agent 18 selected from the group consisting of auher inorganic
acids having a molecular weight less than 130 amu, or inorganic salis thereof
having an alkali metal as 3 sole cation; or carboxylic acids having a molecular
weight of less than 200 anw opticnally containing one or more hydroxyl groups
and salis thereof excluding salts having alkali metal as a sole cation: or polvhydric
aleohols, and carbohvdrates containing two or more hydroxyl groups and having a

molecular weight of less than 300 amu; or alkaline earth oxides, hydroxides and a
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combination thercof. This patent teaches recirculating the parvent (unhedrated

solids) through a loop until the particle is substantially consumed,

Generally, viscosity modifiers and stabilisers are used to produce a thin, stable,

high-sohids storry from DBM, in the sanie mannet required for {8).

Cranudar Caostie Caletned Magoesia (GCUMY) GUOM 18 also produced from the

o)
S

calmnation of the magoesite, GOUM granules may be oxtragted fom g kilnat an

carlier stage of process than DEM. The sweface srea of GUOUM 1s typically in the

ranige of 25-60 mfem.  GOOM is also sintered, but to 1 lesser degroe than DEM,

In the cuse of GUCM, the rate Hantting process for shurry formation s the wet

pry

mitiing of the gravules. The faster hpdration s sasociated with the wse of shorter
fioe puiling processes compared 10 DBM. In conunon with sharies made from
PR and DBM, high solids shunies requore viscosity modifiers and sfabilisers to

prodace g thin, stable, high solids storry.

Specrfically, the prodoction of shavies from OGUOUM 1 deseribed in Japanese

g

Patent N, 279017 and Japaness Fatont No, 32780180 GUOUM which s

trodueed nto @ f’ﬁ}"dl‘a{i{}ﬁ tank equipped with & stiveer oy agitator and which iy

&

simuttancousty milled by steel balls or other form of sbhrading appavatus. Bron ef

~

ad, Chemioal Abstracts {CA) 68(21% SRB4e {1966) refors to the hydealion of
magnesite-derivad Mgl In this vase, mapesium hydroxide was produced during

boiling or short wet grinding of the Mgt with water i a ball sl European

Patent Ny 8590035 descrtbes g process o which GCOM 1 comuinuted in the

wet state with g wet-pulvenser and byvdrated in the presence of an alkabine
agueons medium which incloded sodium hydroxide gt un clovated temperature of
not foss than 70°0, The resultans pulverised matedal i3 classificd it fine and
coarse partivles using a vlassifving mcuns which s generally sef 1o rextrivt the

passage of particlss tw excess of 20 micron. Subseguently the coarse particles are

reoveled 1o the wet-pulventiser, By subjecting GUUM 1o concusrent wat-
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pulverisation and hydration in the presence of 2 bonted atkaline aquenus medium,
magnosiz can be simuliancously corominuted and hydoned under rapid heating to
produce an active magnesinm hydroxide showing a low viscosity even at a high

cotconiratinn

P

South Kerean Patent Mo, 8381256 doxeribeg formation ol active magnesiun

o4

=3

hoadrate made from dght burned magoesite whivh 18 subjseted o wet coushing

with water, sn alkall stabiliser inclusive of sodiom hvdroxide and dispeorsing agent

inchusive of polvearboxylate using resction heal snd crashing heat

(001 1] Generally, viscosity modifiers and stabilisers are used to produce a thin, stable,

high solids slurry from GCCM, i the same manner required for {a) and (b),

(00121 Powderad Caustic Caleined Magossia (FCUM). PCCM may be produced by
stmply grinding GCCM, or may be divectly produced by the flash calcination of ground
magnesite powders may be used, or by drving shuries produced by any of the
aforementioned processes and flash calciming the dried hydroxide. Mupst flash caleiners,
however, generally have the undesirgble property that same particles are exposed to very
high temperatures from the hot combustion gas, and calcine and sinter quickly, so that the
product has vartable specific surface arca, and variable hydration properties. The average
properties of flash caleined PCOM are otherwise similar to those of PCCM from grinding
granoles. Indirect heating, countertlow calciners, as descuibed by Sceats and Horley, for
example in WO007/112496 (mcorporated herein by reference) produce uniformly
caleined PCCM with minimal sintering and a hugh specific surface arga, which can be in
the range of 100-250 m ,crm with the degree of caleination of 90-98%,. Such calcined
PCOM has markedly different surface chemical properties than PCCM produced by

conventional methody

{00131 The production of sturries from PCUM has been previously deseribed. JP-2-
484 14 refers to & process of producing shurry from PCOM baving a solids content of 5~
T wi% at above 530°C under agitation, wherein sorme shary s penodically temoved

and replaced by hot water and magnesia to obtain a untform slorry density, JP 3-252311
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~1D-

refers to a process for preparing PCOM grinding the GUUM o a mean particle size of 5-
10 micron and then subjecting the ultra-fine powder in an acidie reaction. JP-01-212214
refers to a method of manutacture a POCM slurry having 10-50% with Mg(OH); wherein
magnesia having g mean particle diameter of less than 100 micron is hvdrated in the
presence of alkalt metal 1ons and/or alkaling earth metal tons and also in the presence of
the hvdroxide iow, mitrate fon, carbonate fon, chloride fon and/or sulphate fon. DD 272288
which describes hvdration of MgO resulting from MgCl thermal decomposition which is
carried ool by (@) pre-hydrating MpO in oue or more series or parallel connected
hydration reactors: and (b) grinding in one or more series or paraliel connected hydration
reactors. JP 03-60774 refers to the prodaction of magnestum hydroxide shures which
includes the step of slalang finely pulverised light burnt magnesia which s obtained by
firing natarally produced magnesite with water with heating o 85-100°C. Sodium
hydroxide is added as a hydration accelerator. B is known from JP S-20R810 and 1P 3~
252311, for example, that magnesia may be produced by caleination of magnesite
tollowed by particle reduction to obtam ultra-fine particles having a mean particle stze of
S-10 micron which is then hydrated to form magnesium hydroxide starry. The hydration

process can be carried vut i a particle reduction zone,

00141 It is also known to use additives to aceelerate the hydration of Mg(3 1o

Me(OH); and/or to modify the orystal shape of the magnesium bydroxide product during
hydration. Such additives include ctinie acid or roagnesinm chloride (see CA

1124 12156231, short chain carboxylic acids or corresponding salts such as mapneshan
goctale (P 3197315, 0P 01-131022 and DD 280745 anmmonhuny chlonde (13D 241247
magnesium chloride, magnesiom acetate, magnesium sulphate or magnesium mitrate (DD

246871 ); norganic or arganic acids such as HC or acetic acid or their magnesiom salts

b

actd (JF 63-277510), n-bulyne acid (JP 63-277511), and sodium hydroxide (JP 03~
al774).

[OO1ST IP-3-1QF3 15 vedirs to the production of a wiagnestom hydroxide shaey having 3+

70wt and oo preferably 2023wt solids sy an bermediate in the production of
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magresium hvdrosnide coystals having hexagonal plate-like crvstals which are obtsined as

sarc ulibived svn B rotardant,

& final produet of the hydration of magnesia.
IP-1-131022, winch 1 discussed 1y the privy an preamble of JP-5-1973 15, states that the
purpose of addition of magnesium sslts such as magnesium acetaie or organie aoids such

a5 acetin acid, s for controlling the rate of hydrtion or for controlling the growth of

magnestant hydroxade orystals, The crysials that are obtaimed by the hydration procgss of
this reterenee are regulsr in shape therehy avolding the formation of aggiomenies.
[0016] Generally, viscosity modifiers and stabilisers are used o produce a thin, stable,

high selids slurry from POCM, tn the same manner required for (a) (b} and ().

{0017} There s ¢ need 6 produce low cmissions intensity shurry provinets o mitigate the

mbensive and

-

“
o

mpact of global warming.  The production of PMH from brines is cnvrgy
uses hydrated Hime that ks geoerally producad in Hime Mins that bave significent OOy
emissions from hoth the cnergy consumed ang

production of DBM angd GUOUM ose enorgy intensive kilns, that alse have hig

M
o

erussicns from hoth the energy consumed ax well gs from the calvmation of magnesite,

ax does the producton of BUOM from tradiional fash celomers

i

(00181 T contrast, the production of PUCM nsing ealemers, of the tvpe desenibad by
Seents and Horley, with indivect hegting of magnesite ontraimed m stvam preduces, after
steam condensation, & pure €O stream that can be Hiquelied, and sequestered, thereby
signtficantly reducing the curbon footprint. Indirset heating, with counter-flow, &8 anergy
efficient, and for the purposs of thix specification, produces & PCCM with a very high
surface ares, 1w the range of HG-200 ,mz,fgm. In additiony, this type of caleiner als
progduces high surfaee sren lime Cald, dolime Cald Mgl and semidolime MGl
Muore penerally, sl cwrbonate roinerads are g nuxture of mestone, dodonite and
sagnesite, and the caloined material from this readior s & posvder mixture of the oxides
and nnreacisd corbonates. These powdered canstic caloimed carbonale powders wee the
teadstock o produce the hydeoxide slurnes descnbad o flug invention. The lugh

surface arcs celcined cacbonate powders are vory eactive, sud there s s nsad fov g

sunefacturing provess that can e such feadstoeks for the production of slurries.
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in the development of this process forsuch high surthce ares matorisly, the process

desoribed berein can also be applied to the formation of slurries from paustic caleined
garbonate powders, sich as PFUOUM, produced ssing traditional flash ealciners ar by
grinding granular caustic caliined carbonaie materials, such as GUUML The priov st

deseribed gbove for the production of slries from PUX

UM csnnot e ased for the wory
roactive powders.  There 18 3 neod for a duryy produchion provess for powdersd caustic
calcined sarbonates that can be apphicd generally to powderad caustie caloined feodstock
produced by any mcans, snd of any composition. The descoription below s based on

POOM because magnesia is the most difficult calomed corbonate mstenial to oy, The

The ivention is gqually apphed to any powdered caloined earth carbonste, wchuding

MRS,

(00191 Allcrnatively, high surface arca POCM can be obtained by deving ¢ magnesium
hydroxide shuery formed by any of the aforementioned processes, and flash calciming thus
waterial at lower tovoperatures, pretorably below 600 U to sapndly debydroyylate the
hydroxides to reform POCRL The lower tenmperatare of detoeraxylaton congparad to
decarbonation woans tha the soteving of the POUM produced by the ealamation of
hydroxude particles 15 signtfieanily reduced, so that the sorface area s further mcreased,
The caleiners described by Sceats and Horely prodecs a very bigh sarfacs aves POUM, of
abond 250 mgm, from a deied vdvoside feed, from an huitial BOOM having & surface
aves of loss than 200 mem. In this approach, the swefree sres of the PCOM s Highest
svhien the starry Bas been produced by hvdrating o high swrface ares PUUM. Ag deseribed
atwove, the awrface particles i shumes produced fom Ingher suvllee avea PCCM are
chavacterized by lgher concenirations of reactive specias such ¢ peroxide and
saperoxide. and i muany applications, these species are bonefividl. Repeating the seps
of debydration, flash caleinstion and hydration allows an moromental morsase in the
surface arey of the FUUM prodused in cach step, and thus the conconteation of reactive
species. The hydiaton process 1 cach of these E’s}-*di‘&i‘ii'}{i steps verpures the use ot the
sharry prodistion process desenbed in tis invention bevause the rate of heat release

becomes G fast By conventional shury production provesses,
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[0020] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

SUMMARY

[0021] PROBLEMS TO BE SOLVED

[0022] The present invention may aim to provide a process, system, device and
apparatus for production of hydroxide slurries from caustic calcined carbonate or

hydroxide powders.

[0023] It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.

[0024] MEANS FOR SOLVING THE PROBLEM

[0025] A first aspect of the present invention may relate to a process for producing a
hydroxide slurry from caustic calcined carbonate powder, comprising the following
steps: mixing caustic calcined carbonate powder with water in a rcactor vessel and
forming a reaction mixture; applying a shearing force to the reaction mixture using a
mixing apparatus; allowing heat of hydration to raise the temperature of the reaction
mixture to near the boiling point, preferably about 95°C, and allowing steam to
evaporate from the reaction mixture as hydration proceeds, to remove excess heat

and control reaction temperature to just below or at the boiling point.

[0026] A second aspect of the present invention may relate to a process for producing a
hydroxide slurry from caustic calcined hydroxide powder, comprising the following
steps: mixing caustic calcined hydroxide powder with water in a reactor vessel and
forming a reaction mixture; applying a shearing force to the reaction mixture using a
mixing apparatus; allowing heat of hydration to raise the temperature of the reaction

mixture to near the boiling point, preferably about 95C, and allowing steam to
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evaporate from the reaction mixture as hydration proceeds, to remove excess heat

and control reaction temperature to just below or at boiling point.

[0027] Preferably, the process is adapted for the production of a high solid fraction
hydroxide slurry from the reaction mixture, wherein the slurry has a relatively low

resistance to shear thinning.

[0028] The process is further adapted for the production of high solid fraction
hydroxide slurry from the reaction mixture, wherein the slurry has both a relatively
low resistance to shear thinning and a relatively high concentration of reactive

chemical species such as peroxide and superoxide ions.

[0029] The preferred process may additionally comprises the following steps: metering
an input of a viscosity modifier to enable the mixing apparatus to maintain uniform
mixing under thin slurry conditions promoted by the viscosity modifier; allowing the
reaction to proceed spontaneously, during boiling, until the water has ceased to boil and
the temperature dropped to a first set point; and quenching the slurry to drop the

temperature to a second set point.

[0030] The preferred powder may include ground particles and wherein said ground
particles are less than 100 microns in diameter. More preferably, said ground particles
have a particle size distribution in the range of 0.1 up to 150 microns, and preferably with

a dgg of less than 100 microns.

[0031] The preferred powder may have a surface area preferably in excess of 100 m*/gm,

and more preferably in excess of 200 m*/gm.

[0032] The slurry may have a final solids content, after accounting for the water loss
from boiling, is in the range of 40-70%. More preferably, the slurry has a final solids

content, after accounting for the water loss from boiling, in the range of 55-65%.
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[0033] Preferably, during the process additional water is added, if required, during the
process to ensure that the final solids fraction meets the solids fraction specification of

the slurry product.

[0034] The preferred temperature of the water during the first step is within a range of
10-25 C. The preferred mixing apparatus may comprise at least one high shear mixer, and
preferably such shear pump being external to the reactor vessel through which the slurry
is circulated by the pump action, and optionally further, a paddle or other similar mixer is

used Lo agilate the slurry in the reactor vessel.

[0035] The process may be configured to be run by a device that continuously operates
all of the steps of the process in a predefined order. A viscosity modifier, including but

not limited to acetic acid, or magnesium acetate, may be added to maintain the apparent
viscosity in the range of 60-300 cP during the process, where the apparent viscosity is

that of the slurry at a shear rate of preferably 200 cycles per second.

[0036] The first set point is after the time at which the temperature has reached a
maximum, and this maximum is preferably above 90 C. Preferably, the first set point is in
the range of about 85-93 C, and preferably about 93 C, with the provision that the heat
losses in the reactor apparatus are sufficiently low that the length of time to reach the set
point is less than 60 minutes. The preferred process may also include a step of quenching
of the slurry at the end of processing is in the range of about 10-60 C and preferably
about 40 C. This quenching may be conducted by transport ot the slurry to a second
vessel that has a temperature and heat capacity such that a desired quenching temperature

is achieved.

[0037] The preferred process is adapted to yield a high solids slurry which, after 1 month
standing without agitation exhibits syneresis of preferably less than 5% of the height of
the storage vessel and preferably 3%, and a toe of preferably less than 1% of the height of
the storage vessel, and which can be remixed and made to flow and pour by mild

agitation.
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[0038] The preferred carbonate material 1s calcined Himestone, magnesite or dolomite,

FO0391 A third aspect of the present invention may relate to a reaction apparatus for
producing a hydroxide slurry from a reaction mixture of at least caustic calcined
carbonate powder or caustic calcined hydroxide powder and water, wherein the
regction apparatus comprises: a regction vessel having a first inlet adapted for
receiving caustic calcined carbonate powder and a second inlet adapted for receiving
water and a controller that is adapted to electronically control the process within the
reaction vessel; shearing apparatus positioned within the reaction vessel for shearing
the reaction mixture and wherein the rate of shearing is controlled by the controller; a
viscosity sensor positioned within the reaction vessel adapted to supply viscosity
information about the resction mixture to the controller: a temperature sensor
positioned within the reaction vessel adapted to supply viscosity information about
the reaction mixture to the controller; and a steam outlet for release of steam from the
reaction vessel, such that in use the reaction is controlled by the controller so that the
heat of hydration may raise the temperature of the reaction mixtare, allowing water
to boil off from the reaction mixture as hydration proceeds, and removing steam via
the steam outlet to rernove excess heat and control reaction temperature at bothing

point.

[0040] A fourth aspect of the present invention may relate to a process and apparatus
for production of hydroxide shuries from caustic calcined carbonate powders, or
caustic calcined hydroxide powders, whether such powder is derived for example
from traditional flash calcmers, from the caleiners deeribed by Sceats and Hodley, ov by

grinding of gramular caleined carbonate or hyvdroxide powders.

[0041] In one form, the disclosure provides a process of producing hydroxide shirry

from caustic caleined carbonate or hydroxide powder, including:

a) mixing caustic calcined carbonate or hydroxide powder with water in a
reactor vessel;

b} shearing the reaction mixture; and
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c) allowing heat of hydration to raise the temperature of the reaction mixture
to a maximum near the boiling point, and allowing water to boil off from
the reaction mixture as hydration proceeds, to remove excess heat. The
maximum and reaction temperature is bounded by the boiling point of

water in the mixture.

[0042] Optional, and preferred, process steps include one or more of:

d) metering an input of a viscosity modifier to enable the mixing system Lo
maintain uniform mixing under thin slurry conditions promoted by the
viscosity modifier;

e) allowing the reaction to proceed spontaneously, during boiling, until the water
has ceased to boil and the temperature dropped to a first set point; and

f) quenching the slurry to drop the temperature to a second set point.

[0043] Preferably the reactor vessel is insulated to facilitate accelerated increase in
temperature of the reaction mixture up to boiling point. The vessel also preferably
has a steam outlet allow escape of ready steam from the reaction vessel, such that the

reaction takes place at substantially ambient pressure.

[0044] Further preferred aspects of control of the reaction include onc or morce of:

[0045] (1) minimising the heat losses such that the hydration heat liberated
spontaneously heats the slurry and accelerates the hydration process such that the
water boils, to provide the constant conditions at the boiling temperature and pressure
to allow the remainder of the hydration to be controlled in a simple self—regulating

manner; and

[0046] (i1) mixing of the water and particles to reduce the formation of bubbles, to
break up the formation of aggregates during the slurry production, and to provide
mixing so that the hydration reaction at the surfaces of all particles can occur at a

fast, uniform rate; and
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[0047] (11i) adding a viscosity moditier to maintain a thin shury during production,
with the modifier being added at a rate and to a degree necessary to allow the mixing
to take place without a substantial change in the energy consumption of the mixing

system.

[0048] The slurey is preferably quenched to terminate the hvdration of residual
magnesium oxide, and cooled to ambient conditions. The process may require no
stabilisers to achieve the criteria for stable, readily thinned, high solids magnesium

slurries,

[0049] A further aspact of the present invention may provide for a reaction apparatus
for producing hydroxide shurry from caustic calcined carbonate powder or caustic
calcined hydroxide powder, including: a reaction vessel having an inlet for the
powder and a water inlet; shearing apparatus for shearing the reaction mixture; and a
stean outlet for release of steam from the reaction vessel, such that in use the
reaction is controlled by allowing heat of hydration to raise the temperature of the
reaction mixture, allowing water to boil off from the reaction mixture as hydration
proceeds, and removing steam via the steam outlet to remove excess heat and control

reaction temperature at boiling point.

[0050] In a fifth aspeet of the present invention, a hydroxide shurry is provided and
whereby 1t may comprise: particles of caunstic caleined carbonate or hydroxide
powder, and water; wherein the particles within the slurry have particle size
distribution in the range of 0.1 to 100 microns; and an apparent viscosity in the range of

60-200 cP.

(00511 In a sixth aspect of the invention, a hydroxide slurry 1s provided and whereby
it may comprise: particles of caustic calcined carbonate or hydroxide powder having
a surface arca preferably in excess of 100 m™/gm, or more preferably in excess of 200
m/gm, and water; wherein the particles within the slurry have particle size
distribution in the range of 0.1 to 100 microns; and an apparent viscosity in the range of

60-300 ¢P.
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[0052] Preferably, the slurry is made by the processes described in the aforementioned

aspects of the present invention.

[0053] Further forms of the invention will be apparent from the description and

drawings, and from the abstract and claims.

9% 6

[0054] In the context of the present invention, the words “comprise”, “comprising” and
the like are to be construed in their inclusive, as opposed to their exclusive, sense, that is

in the sense of “including, but not limited to”.

[0055] The invention is to be interpreted with reference to the at least one of the technical
problems described or affiliated with the background art. The present aims to solve or
ameliorate at least one of the technical problems and this may result in one or more
advantageous effects as defined by this specification and described in detail with

reference to the preferred embodiments of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0056] Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

[0057] Figure 1 depicts a schematic drawing of a process for production of stable,

thin, high solids magnesium oxide slurry from powders of caustic calcined magnesia.

DESCRIPTION OF THE INVENTION

[0058] Preferred embodiments of the invention will now be described with reference to

the accompanying drawings and non-limiting examples.

[0059] The production of a stable, thin, high solids magnesium hydroxide slurry from
caustic magnesia starts from the production of the PCCM. In one embodiment, the

CCM is produced by grinding granules from a conventional kiln to achieve the
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desired particle size distribution, in another embodiment it is produced by flash
calcining pre-ground magnesite powders in a flash calciner. These embodiments
produce powders with moderate specific surface area in the range of 20-60 m*/gm. In
the preferred embodiment, the PCCM is prepared from flash calcining pre-ground
magnesite powders in an indirectly heated, counter flow reactor to produce a high
surface area material, with a specific surface area in the range of 100-200 m?*/gm.
Alternatively, the PCCM is prepared by drying a slurry, and flash calcining the
hydroxide powder in an indirectly heated, counterflow reactor to produce a very high

surface are material, with a specific surface area in excess of 200 m*/gm.

[0060] In this first preferred embodiment of the present invention, the powder is
mixed into a container with water in a ratio to give the ultimate solids/water ratio in
the product, when account is taken of the consumption of water to form the
hydroxide, and the water loss from boiling as described below. The solids and water
are agitated during mixing to prevent clumping. The temperature of the water and

powder may be at ambient, or either may have been preheated.

[0061] The basis for the process is that the energy released from hydration of the
MgO to Mg(OH), by liquid H»O is used to heat the products of the reaction and the
excess water to 100 C, and the excess heat spontancously boils a portion of the
cxcess water.  In the ideal case of a reactor at ambicnt pressurc, with no heat loss
and inputs at 25 C, a 60% slurry can be made in which the heat released
spontaneously raises the temperature to 100 C, and the remaining heat from the
subsequent reaction spontancously boils the water. Thus one tonne of 60% slurry
(containing 600 kg of Mg(OH), and 400 kg of water) is produced at 100 C by boiling
off an additional 76 kg of water. This slurry is made by mixing 415 kg of MgO and
661 kg of water at 25 C. From the known thermodynamics of the reactions, the
hydration of the MgO by liquid water releases 387 MJ of heat of which 186 MJ is
used to heat the materials to 100 C, and 201 MJ is used to heat and evaporate the
water. In the design of the reactor, with inputs at 25 C, it follows that about 48% of

the hydration reaction is complete before the boiling of the excess water occurs. Real
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reactors have heat losses, and minerals have impurities, so these quantities provided
above are for guidance only. In the prior art, the released heat is removed using heat
exchangers, or for very slow reactors the heat is lost by convection or conduction. In
this invention, the evaporation of the water is used to remove the heat, and the

boiling point of water provides a stable operating condition for rapid processing.

[0062] The kinetics of hydration plays a very important role in the formation of
slurries from DBM and CCM. 1t is well established that the initial reaction rate (a)
scales proportionally to the surface area of the solid particles, and (b) has an
activation energy of about 60 kJ/mol This means that the hydration reaction rate at
50 C, 75 C, and 100 C is, respectively, 4.3, 18.1 and 57.6 times faster than that at 25
C. However, it is often observed that the rate of reaction slows down significantly
before the reaction is complete, and this is attributed to the low solubility of
Mg(OH),, such that Mg(OH), crystallites coats the pore surfaces. This is particularly
evident from dead burned magnesia. The solubility of Mg(OH), also increases with
temperature, so this effect become less important at higher temperatures. For dead-
burned materials the very low porosity is such that it is believed that the Mg(OH);
crystals formed during the reaction are separate from the parent particle. Wet milling
of DBM will remove any coating, and expose new surfaces, on the particles. While
the grinding process of DBM is essential, the prior art also describes the use of hot
water to increase the hydration rate. The milling conditions then determine the time
to produce the slurry. In contrast, for very high surface area CCM particles, the
specific surface area may exceed 100 m*/gm, and there is little evidence of pore
blocking effects. Without being limited to theory, migration of water to such CCM
particles is probably not a rate limiting step becausc of the high porosity of the
particles. The most important observation is that the hydration reaction of CCM, in
a well stirred thermally insulated reactor, exhibits thermal run-away. For example,
using a material with a surface area of 190 m”*/gm, the temperature of the well-stirred
reactor initially rises spontaneously to 50 C over 30 minutes, and this is followed by
a fast process in which the temperature spontaneously rises to 100 C within 10

minutes. The heat released by the initial hydration increases the water temperature,
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which increases the reaction rate so that heat released further increases the
temperature. This is thermal run-away. Importantly, the boiling point of water is
reached preferably within thirty minutes, and the temperature stabilizes, such that the
remaining reaction can be completed, say, with an additional 120 minutes of
processing at a fixed temperature through the release of steam. In this invention, the
boiling of the water circumvents the need to control the temperature of the reactor to
avert damage or hazards. Furthermore, the signature that the reaction is substantially
complete is that boiling ceases and the temperature begins to fall, at a rate determined
by reactor heat losses and residual hydration. It would be appreciated by a person
skilled in the art that PCCM produced with a high surface area, in the range of 100-
200 m*/gm will be preferred as a source of PCCM, compared to PCCM with a
surface area of 20-60 m*/gm because the processing time will be shorter, and less
susceptible to heat losses that might otherwise result in the slurry not reaching the

boiling point of water.

[0063] The slurries produced by a fast reaction at high temperature are characterized
by particles that are bonded aggregates of small crystallites of magnesium hydroxide.
These crystallites support a range of defect centres at the boundaries, which is
believed to contribute to the reactivity. The higher the initial surface area of the

PCCM, the higher the concentration of these defect centres.

[0064] For reasons considered below, to terminate the production, it is preferable that
the reaction is rapidly quenched to below about 60 C when the desirable degree of
reaction has been reached, ie as determined by monitoring the drop of temperature
described above. It has been demonstrated that the properties of such a quenched
material does not change significantly over months. For most applications, the
performance of the slurry is not impacted by a small amount of residual oxide
material, so there is no absolute requirement to achieve complete hydration. When
the set point is achieved, the slurry can be quenched. In a preferred embodiment this
is simply achieved by transferring the slurry batch to a steel vessel with adequate

heat capacity and/or cooling, to quench the product to below about 60 C.
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[0065] In summary, the evaporation of water, releasing up to about 7% of the initial
water, provides a simple means whereby the slurry can continue to hydrated to the set
point for completion without the need for external control or heat transfer systems

during the reaction.

[0066] In the description above, a condition for the reactor is that the slurry must be

well stirred to achieve uniform kinetics.

[0067] There are several other requirements, which require more detailed

consideration of the mixing process. Thus the mixing:-

[0068] A) rapidly mixes the water and the particles so that the hydration reaction

occurs quickly.

[0069] B) rapidly mixes the water and particles so that concentration gradients do not
develop, which would otherwise slow down the reaction and reduce the productivity
of the plant. From a quality control perspective, the removal of concentration
gradients gives a uniform product because all particles have the same temperature,

and see the same aqueous environment;

[0070] C) breaks down aggregates of particles that otherwise form lumps which lead
to the collapse of the slurry. There is a strong tendency of particles to agglomerate at
high solids fractions, and the mixing is required to shear aggregates of particles. It is

noted that aggregation leads to concentration gradients, which are to be avoided;

[0071] D) prevents the development of bubbles of steam in the mixture, which
otherwise leads to foaming which also leads to an inhomogenous solids-liquid

environment and concentration gradients; and

[0072] E) comminutes the particles, so that a broader particle distribution is

developed. Comminution occurs when the particles are subject to high shear forces.
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It is noted that the hydration process weakens the structure of the particles as the new
molecular configurations are developed. During this process, the initial particles can

fragment if subject to strong shear forces.

[0073] Notwithstanding the concepts described above, experiments show that the
formation of a stable slurry is facilitated by the use of a high shear mixing apparatus
which is capable of inducing each of the mechanisms described above. In more
general terms, the formation of a stable slurry is rendered more difficult to achieve
without the use of such a high shear mixing apparatus. In the preferred embodiment,
the shear mixing pump is external to the reactor and draws the slurry from the base of
the reactor and returns the sheared slurry to the top of the reactor. A smaller pump is
used to agitate the slurry in the reactor. It is observed that the reaction rate can be
moderated, if required, by the settings of the high shear mixing apparatus. It is
stressed that an objective of the current invention is to minimize the use of dispersion
agents and the like, because the prior art describes instances in which these agents

inter{ere with the applications of the slurries.

[0074] The comminution of the particles during the slurry production process has
been observed during the process by sampling and measuring the change of the
particle size distribution during the course of the reaction. It is believed that the
stability of high solids slurry is ecnhanced if the particle size distribution is broad.
This broadening has been observed during the slurry formation using the high shear
mixing apparatus, and is likely to positively contribute to the stability of the slurry.
Preferably, the particle size distribution of the raw feed should be a broad

distribution.

[0075] In summary, the mixing of the solids is preferably accomplished using a high
shear mixing apparatus that substantially dissipates concentration gradients,

agglomerates, steam bubbles and induces comminution.

[0076] All high solids magnesium hydroxide slurries exhibit non-Newtonian

viscoelastic properties, as shown by the formation of a gel, to some degree. The



WO 2015/058236 PCT/AU2014/000979

5.

requirement of the gelled slurry is that it exhibits little resistance to thinning, and to
that extent it can be classified as a thin slurry. During production, the slurry must be
agitated sufficiently to break down the gel structure so that the slurry can feed to the
high shear mixing apparatus, described above. Post production, the slurry must
exhibit a low resistance to shear thinning so that gentle agitation thins the slurry, to
enable the slurry to be pumped or poured for application. The means of thinning of
magnesium hydroxide slurries is well described in the prior art, and for high solids
fraction slurries, the approach of using a viscosity modifier or dispersion agent is
common to all the processes previously described. That is, the use of a viscosity
modifier is a factor to be considered independently of materials and method used to
form the slurry. The preferable viscosity modifier is one which is low cost, and
added in small amounts, typically <1%. The prior art shows that soluble salts are
commonly used for this role. It is noted that the solubility of magnesium hydroxide
is low, and at the pH of 10.4, the ionic strength of the water is not very high. A
preferred approach to increase the ionic strength is to use an acid, such as acetic acid,
which reacts essentially completely with the magnesium hydroxide to form
magnesium acetate ions, which act as the viscosity modifier. The pH of such a
slurry is lowered to about 9.5 as a result of the ionic strength, and this pH increases

back to 10.4 when the slurry is diluted.

[0077] The stability of the slurry is, as described in the prior art, an important
characteristic. Measurements during the production of the slurry show that the
stability of the slurry increases during the hydration process. That is, samples of
slurry extracted from the reactor during the early stages of hydration immediately
collapsc, while samplcs taken at later stages take progressively longer to scttle, and
towards the end of the reaction, the slurry does not settle on the timescale of months.
These characteristics do not apparently change during cooling of the sample. The
evolution of the slurry stability is a complex process that is linked to the degree of
hydration, the mixing process, especially shear, and the use of viscosity modifiers.
Importantly, there is no adverse effect of boiling water on the slurry characteristics

provided that the water content is managed to account for the loss.
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[0078] The embodiment of the process shown in Figure 1 shows a batch reactor for
the production of a magnesium hydroxide slurry from PCCM. The batch process
starts with filling the reactor vessel 100 with preferably cold water 101, and then the
PCCM 102 is metered into the water, preferably over a 10-15 minute timescale. The
reactor is preferably insulated. The slurry 103 is stirred by a paddle 104 and a
portion of the material is sheared by a shear pump 105 after routing through valve
106 at the base of the reactor. The sheared slurry is returned to the reactor near the
top of the slurry surface at 107. As the reaction proceeds, the temperature of the
slurry in the reactor rises due to the exothermic hydration process. As the slurry
begins to gel, a viscosity modifier, such as acetic acid, 108 is metered into the reactor
the apparent viscosity, so that the amount of modifier is just sufficient to maintain the
apparent viscosity at a sufficiently low level that the paddle stirrer 104 and the share
pump 105 can operate within their specifications. In addition, as the reaction
proceeds, the water approaches the boiling point, slightly below 100 C, and steam
109 is ejected from the reactor through the stack 110. The mass loss of steam is
preferably measured. The viscosity, at one or more shear rates is measured, along
with the temperature, and the mass flow of slurry through the shear mixer. When the
reaction is nearly complete, the boiling ceases and the temperature in the reactor
begins to fall. Samples of the slurry may be taken and important properties, such as
the stability, zeta potential and the viscosity are measured to determine that the
reaction has progressed to the point that a thin, stable slurry have been obtained. The
shear pump is turned off, and the slurry 111 is drained from the reactor at the base
through valve 106. The slurry is preferably quenched during transport to a vessel
(not shown), in which the transport pipes and/or the vessel has either the required
heat capacity, or is cooled, so that the slurry rapidly cools to below 60 C. When
quenched in this manner, the thin, stable high solids slurry is formed with the

desirable attributes. The slurry can be left to cool to ambient temperatures.

[0079] Process control is thereby simplified, and costs reduced, by using boiling
point as a bound to control the process temperature, and optionally by using a simple

quenching mechanism to stop the reaction.
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[0080] The simplicity of the process allows the establishment of transportable slurry
plants that can be conveniently located relative to the site of production of the
magnesium oxide powder, and the sites of consumption, to reduce the costs of
transporting slurries over long distances. For example the invention may be
embodied in a compact apparatus that can be stationed in processing plants that are

distant from the source of production of the magnesite powder.

[0081] The slurries can be produced from a wide variety of caustic calcined
carbonate and hydroxide materials, and mixtures thereof. Such slurries can have
substantially different chemical properties that depend on the surface area of the

powder.

[0082] Preferably, the slurry forming part of the first preferred embodiment of the
present invention may include a slurry of a predetermined viscosity. Spccifically, the
viscosity of the slurry may be sufficient to allow for the slurry to be sprayed onto the
walls of a sewage pipe so as to coat the interior of the said pipe. Preferably, the
viscosity of the slurry is sufficiently high enough to allow the slurry to adhere to the
walls of the pipe without falling off, whilst maintaining a maintaining a viscosity low
enough to allow the slurry to be pumped and applied to the said walls by a pumping

apparatus or spraying machine.

[0083] In this specification, the word “comprising” is to be understood in its “open”
sense, that is, in the sense of “including”, and thus not limited to its “closed” sense,
that is the sense of “consisting only of”’. A corresponding meaning is to be attributed

to the corresponding words “comprise, comprised and comprises where they appear.

[0084] It will be understood that the invention disclosed and defined herein extends
to all alternative combinations of two or more of the individual features mentioned or
evident from the text. All of these different combinations constitute various

alternative aspects of the invention.
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[0085] While particular embodiments of this invention have been described, it will be
evident to those skilled in the art that the present invention may be embodied in other
specific forms without departing from the essential characteristics thereof. The
present embodiments and examples are therefore to be considered in all respects as
illustrative and not restrictive, the scope of the invention being indicated by the
appended claims rather than the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to
be embraced therein. It will further be understood that any reference herein to known
prior art does not, unless the contrary indication appears, constitute an admission that
such prior art is commonly known by those skilled in the art to which the invention

relates.

[0086] Although the invention has been described with reference to specific examples, it
will be appreciated by those skilled in the art that the invention may be embodied in
many other forms, in keeping with the broad principles and the spirit of the invention

described herein.

[0087] The present invention and the described preferred embodiments specifically

include at least one feature that is industrial applicable.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for producing a hydroxide slurry from caustic calcined carbonate
powder or caustic calcined hydroxide powder, comprising the following steps:
a) mixing the powder with water in a reactor vessel and forming a
reaction mixture;
b) applying a shearing force to the reaction mixture using a mixing
apparatus;
c) allowing heat of hydration to raise the temperature of the reaction
mixture to near the boiling point, and
d) allowing steam to evaporate from the reaction mixture as hydration
proceeds, to remove excess heat and control the maximum reaction

temperature to by near to the boiling point.

2. The process of claim 1, wherein the process is adapted for the production of a
high solid fraction hydroxide slurry from the reaction mixture, wherein the

slurry has a relatively low resistance to shear thinning.

3. The process of claim 2, wherein the process additionally comprises the following
steps:

€) metering an input of a viscosity modifier to enable the mixing apparatus to
maintain uniform mixing under thin slurry conditions promoted by the
viscosity modifier;

f) allowing the reaction to proceed spontaneously, using evaporation to
balance the heat release , until the water temperature has reached a
maximum and the temperature dropped to a first set point; and

g) quenching the slurry to drop the temperature to a second set point.

4. The process of claim 3 in which the maximum temperature is the boiling point of

water in the reaction mixture.
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5. The process of claim 3 wherein the term ‘near to boiling point’ means a first set
point in the range of 85-95°C.
6. The process of claim 3, wherein the powder includes ground particles and wherein

said ground particle distribution has a dyg of less than 100 microns.

7. The process of claim 6, wherein said ground particles have a particle size

distribution in the range of 0.1 to 150 microns.

8. The process of claim 3, wherein the slurry has a final solids content, after

accounting for the water loss from boiling, is in the range of 40-70%.

9. The process of claim 8, wherein the slurry has a final solids content, after

accounting for the water loss from evaporation, in the range of 55-60%.

10.  The process of claim 3, in which additional water is added, if required, during the
process to ensure that the final solids fraction meets the solids fraction

specification of the slurry product.

11.  The process of claims 1-10 wherein the process is adapted for the production
of a high solids fraction from the reaction mixture, wherein the slurry has

a relatively high concentration of chemically reactive species.

12.  The process of claim 11 in which the concentration of reactive species in the
slurry is enhanced using caustic powers that have a surface area between
100-200 m?*/gm, and is further enhanced using caustic powders that have a

- 2
surface area in excess of 200 m~/gm.

13.  The process of claim 2, wherein the temperature of the water during step (a) is

within a range of 10-25°C.
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14.  The process of claim 2 in which the mixing apparatus comprises at least one high
shear mixer, and preferably such shear pump being external to the reactor vessel through
which the slurry is circulated by the pump action, and optionally further, a paddle or other

similar mixer is used to agitate the slurry in the reactor vessel.

15.  The process of claim 2, wherein a device continuously operates steps (a)-(g) in a

predefined order.

16. The process of claim 1 wherein a viscosity modifier is added to the process to
maintain the apparent viscosity in the range of 60-300 cP during the process, where the

apparent viscosity is that of the slurry at a shear rate of preferably of 200 rpm.

17.  The process of claim 2 , whereinthe first set point is in the range of about 85-
95°C, with the provision that heat losses in the reactor apparatus are sufficiently low that

the length of time to reach the set point is less than 60 minutes.

18.

19.  The process of claim 2 or claim 11 wherein quenching is conducted by transport
of the slurry to a second vessel that has a temperature and heat capacity such that a

desired quenching temperature is achieved.

20.  The process of claim 19, wherein the quenching of the slurry at the end of

processing is in the range of 10-60°C

21.  The process of claim 19, wherein the quenching of the slurry at the end of

processing is 40°C.

22.  The process of any one of the previous claims, wherein the process is adapted to
yield a high solids slurry which, after 1 month standing without agitation exhibits

syneresis of less than 5% of the height of the storage vessel, and a toe of less than 1% of
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the height of the storage vessel, and which can be remixed and made to flow and pour by

mild agitation.

23.  The process of anyone of claims 1 to 22, wherein the powder is calcined

limestone, magnesite or dolomite.

24. A reaction apparatus for producing a hydroxide slurry from a reaction mixture
of at least caustic calcined carbonate or caustic calcined hydroxide powder, and
water, wherein the reaction apparatus comprises:

a. areaction vessel having a first inlet adapted for receiving caustic
calcined carbonate powder and a second inlet adapted for receiving
water and a controller that is adapted to electronically control the
process within the reaction vessel;

b. shearing apparatus positioned within the reaction vessel for shearing
the reaction mixture and wherein the rate of shearing is controlled by
the controller;

c. aviscosity sensor positioned within the reaction vessel adapted to
supply viscosity information about the reaction mixture to the
controller;

d. atemperature sensor positioned within the reaction vessel adapted to
supply viscosity information about the reaction mixture to the
controller; and

¢. a steam outlet for release of steam from the reaction vessel, such that
in use the reaction is controlled by the controller so that the heat of
hydration may raise the temperature of the reaction mixture, allowing
water to boil off from the reaction mixture as hydration proceeds, and
removing steam via the steam outlet to remove excess heat and control
reaction temperature at boiling point.

25. A hydroxide slurry comprising: particles of caustic calcined carbonate

powder, and water; wherein the particles within the slurry have particle
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size distribution in the range of 0.1 to 150 microns; and an apparent viscosity

in the range ot 60-300 cP.
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AMENDED CLAIMS
received by the International Bureau on 13 March 2015 (13.03.2015)

1. A process for producing a hydroxide slurry from caustic calcined carbonate
powder or caustic calcined hydroxide powder, comprising the following steps:
h) mixing the powder with water in a reactor vessel and forming a reaction
mixture;
i) applying a shearing force to the reaction mixture using a mixing apparatus;
j) allowing heat of hydration to raise the temperature of the reaction mixture
to near the boiling point, and
k) allowing steam to evaporate from the reaction mixture as hydration
proceeds, to remove excess heat and control the maximum reaction

temperature to near the boiling point.

2. The process of claim 1, wherein the process is adapted for the production of a
high solid fraction hydroxide slurry from the reaction mixture, wherein the slurry has a

relatively low resistance to shear thinning.

3. The process of claim 2, wherein the process additionally comprises the following
steps:

I) metering an input of a viscosity modifier to enable the mixing apparatus to
maintain uniform mixing under thin slurry conditions promoted by the
viscosity modifier;

m) allowing the reaction to proceed spontaneously, using evaporation to balance
the heat release , until the water temperature has reached a maximum and the
temperature dropped to a first set point; and

n) quenching the slurry to drop the temperature to a second set point.

4. The process of claim 3, wherein the maximum temperature is near the boiling point of

the reaction mixture.

5. The process of claim 4, wherein the term ‘near the boiling point” means a first set

point in the range of 85-95°C.

AMENDED SHEET (ARTICLE 19)
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6. The process of claim 3, wherein the powder includes ground particles and wherein

said ground particle distribution has a dgg of less than 100 microns.

7. The process of claim 6, wherein said ground particles have a particle size distribution

in the range of 0.1 to 150 microns.

8. The process of claim 3, wherein the slurry has a final solids content, after accounting

for the water loss from boiling, is in the range of 40-70%.

9. The process of claim 8, wherein the slurry has a final solids content, after accounting

for the water loss from evaporation, in the range of 55-60%.

10.  The process of claim 3, in which additional water is added, if required, during the
process to ensure that the final solids fraction meets the solids fraction specification of the

slurry product.

11. The process of any one of the preceding claims, wherein the process is adapted
for the production of a high solids fraction from the reaction mixture, wherein the slurry

has a relatively high concentration of chemically reactive species.

12. The process of claim 11, wherein the concentration of reactive species in the
slurry is enhanced using caustic powers that have a surface area between 100-200 mz/gm,
and is further enhanced using caustic powders that have a surface area in excess of 200

m?/ am.

13. The process of claim 2, wherein the temperature of the water during step (a) is within

arange of 10-25°C.

14. The process of claim 2, wherein the mixing apparatus comprises at least one high
shear mixer, and preferably such shear pump being external to the reactor vessel through
which the slurry is circulated by the pump action, and optionally further, a paddle or other

similar mixer is used to agitate the slurry in the reactor vessel.

AMENDED SHEET (ARTICLE 19)
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15. The process of claim 3, wherein a device continuously operates steps (a)-(g) in a
predefined order.
16. The process of claim 1, wherein a viscosity modifier is added to the process to

maintain the apparent viscosity in the range of 60-300 cP during the process, where the

apparent viscosity is that of the slurry at a shear rate of preferably of 200 rpm.

17. The process of claim 3, wherein the first set point is in the range of about 85-95°C,
with the provision that heat losses in the reactor apparatus are sufficiently low that the length

of time to reach the set point is less than 60 minutes.

18.  The process of claim 3 or claim 11 wherein quenching is conducted by transport of
the slurry to a second vessel that has a temperature and heat capacity such that a desired

quenching temperature is achieved.

19.  The process of claim 18, wherein the quenching of the slurry at the end of processing

is in the range of 10-60°C

20.  The process of claim 18, wherein the quenching of the slurry at the end of processing
is 40°C.
21.  The process of any one of the preceding claims, wherein the process is adapted to

yield a high solids slurry which, after 1 month standing without agitation exhibits syneresis of
less than 5% of the height of the storage vessel, and a toe of less than 1% of the height of the

storage vessel, and which can be remixed and made to flow and pour by mild agitation.

22.  The process of any one of any one of the preceding claims, wherein the powder is

calcined limestone, magnesite or dolomite.

23. A reaction apparatus for producing a hydroxide slurry from a reaction mixture of
at least caustic calcined carbonate or caustic calcined hydroxide powder, and water,

wherein the reaction apparatus comprises:

AMENDED SHEET (ARTICLE 19)
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f. areaction vessel having a first inlet adapted for receiving caustic calcined
carbonate powder and a second inlet adapted for receiving water and a
controller that is adapted to electronically control the process within the
reaction vessel;

g. shearing apparatus positioned within the reaction vessel for shearing the
reaction mixture and wherein the rate of shearing is controlled by the
controller;

h. a viscosity sensor positioned within the reaction vessel adapted to supply
viscosity information about the reaction mixture to the controller;

1. atemperature sensor positioned within the reaction vessel adapted to
supply temperature information about the reaction mixture to the
controller; and

j- asteam outlet for release of steam from the reaction vessel, such that in
use the reaction is controlled by the controller so that the heat of hydration
may raise the temperature of the reaction mixture, allowing water to boil
off from the reaction mixture as hydration proceeds, and removing steam
via the steam outlet to remove excess heat and control reaction

temperature at boiling point.

24, A hydroxide slurry manufactured by the process of claim 1, the hydroxide slurry
comprising: particles of caustic calcined carbonate powder, and water; wherein the
particles within the slurry have particle size distribution in the range of 0.1 to 150 microns;

and an apparent viscosity in the range of 60-300 cP.

AMENDED SHEET (ARTICLE 19)
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