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Previous attempts to improve the properties of rice hull ash for molten

steel insulation have met with limited success. Attempts have been made to

20 produce agglomerated rice hull ash insulation products in the form of pellets,
briquettes or simply agglomerated with a variety of binders. Binders that have
been proposed in the past include bentonite clay and starch, starch, cement
dust with starch, lime and molasses, rice flour and rice bran, sodium silicate,
wood or paper pulp, and lignosulphonates. Examples of several types of rice

25 hull ash insulation materials that have been produced can be found in US
4440575 and US 5073281.

Unfortunately, a number of problems were exhibited in the prior art
products due to the binders used. These problems include lower melting
points causing crusting from the use of sodium silicate. The insulation

30 material does not break down during use which inhibits spread and reduces
the insulation effectiveness. Some binders cause excessive smoke or even
flame during use which is particularly undesirable. Other binders introduce
undesirable elements into the steel including elements such as sulphur. Many
of the insulating products are of low density which may be ideal for insulation

35 but result in increase in weight over neat rice hull ash causing higher transport
costs.



35 but result in increase in weight over neat rice hull ash causing

hi gher traré@88/§268%st s. 2 The present inventors have rec®§AVALSI/00196t
there is a need for an inproved thermal insulating material which addresses
many of the disadvantages of the prior art rice hull ash insulation
materials. Disclosure of Invention 5 In a first aspect, the
present invention consists in a granular thermal insul ati ng materi al
conprising rice hull ash, ceram c clay binder, bran (preferably rice bran),
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granul ar ther mal gigim rl terial Sl rice hul qi. ceram c cl ay
bi nder, bran VRPIEY rmnalipgulaging mﬁﬁani)wlma ﬁreési%ma&m cjh%gent such
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granul es are Gmeﬁemblmmhmnb@lnldeqrseﬂphatxagggemhe i nvention further
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set out in Taplg, he dispersion of the material prior to expansion. Preferably the granules
are in the form of pellets or disks.
The invention further consists in a granular thermal insulating
material comprising 70 to 95%, preferably 85 to 95% by dry weight rice hull
20 ash, 2 to 20%, preferably 5 to 15% by dry weight ceramic clay binder, 1 to 10%,
preferably 2 to 7% by weight of bran (preferably rice bran), 0.1 to 10%,
preferably 0.2 to 5% by dry weight exfoliating agent, and 1 to 10%, preferably 1
to 5% by weight water.
Ceramic clay binders suitable for the present invention fall within the
25 definition of “refractory clays” having appropriate ranges of the following
elements:
Si0, < 55%, Al,0,>20%, K,0<1%, Na,0<0.5%
A suitable ceramic clay is Bentonite. An other ceramic clay suitable
for the present invention is Clay Ceram"™ made by Commercial Minerals
30 Limited. Typical formula of this ceramic clay is set out in Table 1.




3 Table 1. . Typi cal Chemical and Physical Properties of Cay CeranlM

Conponent For mul a Content Silica Sigerr]

52. 6% MagnesP §3/42630 MyO 0. 4% Al uni na PCT/AUS 00196
Alferr]Jerr] 32.3% Ferric Oxide Fe[err](err] 0.7% Li me
CaO - 0. 1% Pot ash Klerr]O 0. 5% Soda
Na[err] O 0.2% Titanium Dioxide g Tigerr] 1.0% Loss on
ignition (1000[err] © 12.0% 5 Bran is generally defined

as the outer coating of a cereal grain. Rice bran is particularly suitable
for the present invention and is the brown | ayer rermved froma rice grain
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any exfoliating agen LI cause |t nul 4r i nsul ati ng
material to exfoliat ,(‘tn_npw,gt"r B-eakte fl" 1 C&Hgﬂm‘e of tenperat ures
of 1000[err]C or nor ¢Siiech form a finer S]ﬁ]’zt i cul af &2c8%eri 4l woul d be

sui tabl e. Exanples o h.exfoliating gnt s I Ng graphite, vermculite
and perlite. The prefée gélds%at erial, ho%ver S 1§d£% extoliating

graphi te. Wien verni ¢@luméner perli te |A1203ed i n|38e3%r esent invention,

approximately five t SidPiEde/er M cul[igeopr perlli fgezdps required than
graphite as their ex{oliating activityl | | ¢ Adt as great as|graphite. In a

nore preferred form {h&M8ranul ar ther né¥@@nsul atijn@- W@t erifal conpri ses
about 85% by dry wei glpbtdshce hul |l ash,| glgput 5% By odgs wei ght 20 ceramc

oo
clay binder, 5%rice about 0. 35% ry weilght,.exfoliating graphite,
and about 4% by wei gh S°aéte In a seco‘ﬁécgspect, ?We‘}%pr egent invention
consists in a nethod fIti)tanﬁtlimIDioﬁtﬁlmt i ITi@, a grarjulzogt hejmal insul ating
mat erial conprising {he steps .of .- (a) XII‘ rice hiill ash, ceramc
clay binder, bran (pli&ﬁ%ﬂ@p %Lpn hm“(\mg %zc,\. e+ati ng agent;

5 Bran is generally defined as the outer coating of a cereal grain. Rice
bran is particularly suitable for the present invention and is the brown layer

U™

)

removed from a rice grain to produce white rice. Although rice bran is
preferably used for the present invention, it will be appreciated that bran
derived from other cereals would also be suitable.

10 It will be appreciated that any exfoliating agent that will cause the
granular thermal insulating material to exfoliate (expand or breakdown) in the
presence of temperatures of 1000°C or more and form a finer particulate
material would be suitable. Examples of such exfoliating agents include
graphite, vermiculite and perlite. The preferred material, however, is

15 exfoliating graphite. When vermiculite or perlite is used in the present
invention, approximately five times more vermiculite or perlite is required
than graphite as their exfoliating activity is not as great as graphite.

In a more preferred form the granular thermal insulating material
comprises about 85% by dry weight rice hull ash, about 5% by dry weight

20 ceramic clay binder, 5% rice bran, about 0.35% by dry weight exfoliating
graphite, and about 4% by weight water.

In a second aspect, the present invention consists in a method for the
production of a granular thermal insulating material comprising the steps of:-
(a) admixing rice hull ash, ceramic clay blnder bran (preferably rice bran)
25 and exfoliating agent;
(b) adding water to the mixture to form a slurry;



(b) addi n water to the mxture to forma slurry; 4 (c) form ng
t he sl urryv‘ff:'(fTJ f¥ into granules; and (d) substanti al | y 8€¥iAVg7/p0186
material. In a preferred enbodi nent of the second aspect of the present

i nvention, in step (b) water is added between 25 and 50% by wei ght of the 5
mxture. Mre preferably water is added aj 30 to 35% wei ght of the final

m xture prior to granulating. Steps (a) and (b) are preferably carried out
in the sane apparatus but can be carried out in any manner known to the
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mat eri 4D havr ng | éﬁmgmlahnustep%:bwmbe gaxrieskoutsinzdnyeknawn systermfor t hird
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nol ten st eel nmetal conpfising a l'ten steel
granul ar t heP¥?8f€S nsul ati ng materi al accordr ng to the first aspect of the

present invention mt&rablyemetgﬁenules dr@peliéts f@lih&fyhaidﬁcal fatfedvitip exfoliate
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metals.

The drying step (d) can be carried out in any known drying system. In
order to reduce the incidence of generation of fines, however, it is preferred

20 that the drying process is gentle. In this regard, temperatures of 100°C to
130°C have been found to be suitable. Preferably the drying results in a
granular thermal insulating material having less than about 5% by weight as
retained water.

In a third aspect, the present invention consists in a method of

25 insulating molten steel or metal comprising adding to the molten steel or metal
a granular thermal insulating material according to the first aspect of the
present invention such that the insulating material is caused to exfoliate
(expand or breakdown) on exposure to a temperature of 1000°C or more from
the molten steel or metal thereby forming a thermal insulating layer over the

30 molten steel or metal.

The present invention further consists in use of a granular thermal
insulating material according to the first aspect of the present invention for
insulating molten steel or metal.

The insulation material is useful in steel industry application

35 including tundishes, ladles, runners, torpedo ladles and ingot tops. In the
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I nsul ating material according to the first aspect of the present invention
for insulating nolten steel or nmetal. The insulation material is useful in
st eel |ndu§% Bﬂgblcatlon 35 i ncludi ng tundi shes, |adles, runners

t orpedo | adl €s and i ngot tops. In the 5 foundry industryy#QHEU?Mgﬁﬂhtlon
materjal is suitable for use on nmoulds and runners and in various other
nmetalliferous industries such as copper snelting. In order that the present
i nvention may be nore clearly understood, gpreferred forns will be described
with reference to the foll owing Exanples. 5 Modes of Carrying out the

I nvention The addition of a ceram c clay binder, rice bran and an
exfoliating afgandry industey, the insadation material mehiteblssﬂomgxse osaneslds dridyh

density granwhﬁnﬁfsmdhﬁaﬂbhmﬂib%ﬁeﬂaﬁﬁ%f&& @ﬁh@ éts%fch(a%x §3%&§a aks

down) to forman e eIIenéx r%ﬁu atin teria ra

non
of prior art insul |‘:H'Ser1 ¢rRTeen !%Ver\limrmaybﬁépp ﬁ@ﬂ@%‘-ﬁ@@l"ﬂ??
material adeopreferred forng will bé desdribiertiivithi @fdrentepe thicfilloviRng Exaniples.
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be as sl ow as—pv?s-r-ggéﬂ&- tear on the machinery. 15

In the Exanpl es desbhe wdditionlaf\a ceramic glaypinder; aioei krdnand amexfoliatingps .
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conveyor is dedetlaheihsufatitip/md€erial withinoge ofithe Hra\dbadldeoft ptidichre indulating
conveyogq S L@e\g’etlsm)(' ng, a netered anount of water is added in stages to
permt ven f ba ‘Water addition is at 20%to 50% by wei ght and
preferably 30%to 38hehprepanihg thef inshlatingumaterial tadequatei mixihg of¢hé et i ng i s

water. In st aﬂx ﬁ‘ﬁ 1?31’5@91‘%90'?3% tb%é gﬁgﬁ&e?fﬁ?ﬁ@ﬁ}éﬁﬂuﬁgg# HE ?é hgﬁ 25

process such |nson i Ser or pre era
standard ext r JhpEingey %ﬂ‘éﬁe ﬂ‘ﬂhi}] &G sbgwmarmswb}mtcabnut wes)y anWQéh‘ t he
correct anpunén thie wRatRinerp! ecCi se terrper ature control and the correct die
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Stage 1 is a thorough dry mixing in a slow ribbon blender but
preferably in a long (5 to 10 minute residence time) screw conveyor having
overlapping segmented crescent shaped flights.

Approximately two thirds of the screw conveyor is dedicated to dry

20 mixing. The final one third of the conveyor is for wet mixing, a metered
amount of water is added in stages to permit even mixing. Water addition is at
20% to 50% by weight and preferably 30% to 35% by weight of the final
mixture prior to pelleting is water.

In stage 2 the mixed product is fed to the desired agglomeration

25 process such as Robinson Briquetter, a disk pelletiser or preferably a standard
extrusion pellet press (produced by many manufacturers). With the correct
amount of water, precise temperature control and the correct die hole shape
such a pellet press can operate successfully without steam injection. This
produces pellets of a cylindrical nature with approximate diameters of 4 mm to

30 12 mm the preferred diameter is 8 mm with a length of 4 mm to 20 mm and of
a high density. -

In stage 3 the pellets are then dried in any number of proprietary driers
at a temperature of 100°C to 130°C. The main emphasis in this stage is that the
drying process should be gentle to reduce the incidence of generation of fines.

35 Pellets are then sieved to remove fines to achieve a product containing less
then 5% by weight fines passing a 1 mm sieve. The fines are recycled, the



produces pellets of a cylindrical nature with approxi mate di aneters of 4 nm
to 30 1 VO preferred diameter is 8 nMmwi th a | engt h PET/AN99196 20
nm and of a high density. In stage 3 the pellets are then dried in any
nunber of proprietary driers at a tenperature of 100[err]C to 130[err]C
The main enphasis in this stage is that tRe drying process should be gentle
to reduce the incidence of generation of fines. 35 Pellets are then
sieved to renove fines to achieve a product containing | ess then 5% by

wei ght fi neSF@Héﬁ'a@élﬂ@erilfxlléiiShﬁi/ﬁntam@pﬁtzkb%?cc@i‘@mget@yﬁsﬁﬂneﬂshe 6 pellets
are then filled.into suitable packs acCording to Customers' requirements.
Thi's i nvent | BFAYEReRS e described in the fol | owi ng Exanpl es. Exanple 1 5
Rice hull ash is pThidlingdntionds furtheérdssonibedin thé fallowing Exaniples.f ur nace (in
this instanc ﬂm@l&: qReact or) at a rate of 500 Kg/hr. The ceramc clay

bi nder used was a Oeran{ err] (Table 1) produced by Commrercjal M nerals
Ltd is Metered mtqueﬂlil hash iggprogdueed onra egntinuous bﬁ%frpmﬁﬁﬁﬂablééHWew
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Suf ficient mmdteeddacs tlse hﬁxmgrsewb cdﬁeem vaa atd%hb%tedtf@éﬂ séfewg ht m xing
oot i ot RRfP P ARl It BREGOR bl HRmRiBa R RiyertS Ve o FRpHEEC
extrusiléh tywibrptsiry feedere Spprakinhatelhtwa byirds hl@ngdhisrmmg sdrew cenvaml d be
sui tabl e) 1Ny 101@ afdugahﬁé fqa %ﬁe@%ﬁk‘f@l;ﬁ{m r §11? h‘c‘&h&?dr% §

extruded throug r§i< | & ters of
4 mmto 12 nfRR igh shitheereseent gkt miviog Qﬁné(ﬁié?rew T &HdOVhe best
conprom se be Mrtodjbmmg extéssiveewelr. productlon efficiency and custoner 20
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g to 10 g or whi& b@%%ﬁlé]gn%ﬁzﬂefufﬂh@ﬂn&ﬁ%' GEcu piiok € beffgWdneshciyd t he
customer whi %Hdre?cltr%deg through the die. Cylindrical pellets with approximate diameters
of 4 mm to 12 mm can be produced, the preferred diameter is 8 mm as the best
compromise between drying efficiency, production efficiency and customer
20 preference.

The formulation is 1000 g Rice Hull Ash, 50 g Clay Ceram™™, 50 g rice
bran, 350 g water and 4 g exfoliating graphite. The amount of Clay Ceram™
can vary from 25 g to 200 g or more and the graphite from 1 g to 10 g or more
depending on the final characteristics required by the customer which related -

25 to coverage, heat retention ability and end use.
Example 2

The process largely as described in Example 1 is followed, in this
Example the mixed product is fed to a Robinson Briquetting Press producing a
preferred size of "Pillow" shaped briquette measuring approx 20 mm x 15 mm x

30 10 mm. The performance of these briquettes on molten steel is
indistinguishable from that of the pellets in Example 1.
Example 3

The process largely as described in Example 1 is followed, in this

Example the mixed product is fed to a standard "Disc Pelletiser" where a disc
35 rotates slowly, the disc being inclined at approx 30° to the horizontal.




25 to coverage, heat retention ability and end use. Exanple 2 The process
| argely as descri-bed in Exanple 1 is followed, in this Exanple the m xed
product | s Weds/4283® Robi nson Briquetting Press producing a @rcqﬁmgmdlg%l ze
of "Pillow' shaped briquette measuring approx 20 nmx 15 mm x 30 nm
The performance of these briquettes on nolten steel is indistingui shabl e
fromthat of the pellets in Exanple 1. Exanple 3 The process largely as
described in Exarrple 1is followed, in tiMs Exanple the mixed product is
fed to a standard "Di sc PeIIetiser where a disc 35 rot at es sIowI y, the
di sc being inclin hari zont al 7, The . p ets from
this process becoﬁ@1 %‘Ze?r?f‘a“i‘ lgﬁg??séaemWe%s?’w&]ﬁsm%fME 28 m has
been achi evemgan ﬁmrpelelref § ax)bnarmnhxequ thenpelldtseare compinaosstyni th fresh
pre-m xed ashimoledSt t&;ﬁ hi gh density as in the

previous two 5 5{;@ s ad usu ire the foll ow ng preferred
m x of products: - BR} Rat ac §1ﬁe§€}"él (g%ﬂ r"%fri[neﬂlre]PrEUlogler@e br an
300 g water Bkhmples and usuhllg o@ﬁjr @éc%u’ﬁé the flldMAhE Hrdieered mat oPprddictance of

these pellets in g@? in., thﬁ i ion of hot nmetal, however, is extrenely
satisfactory. In 0&Hos fu pel | etising process is usually |ess
capital intensive Ssﬁ’giCIldgeCefanm better suited where there is shorter

transport to cust(ygeé lllower costs are required. 15 Exanpl e 4
Further testing has ndl ca?ed that unexpanded vermiculite (hydrated sheet
silicates) can be 3¥9giwatersubstitute exfoliating graphite in Exanples 1 to

3 at aqpate of 5 tp gxf& a@i‘r@ﬂrh ﬁxtéo graphite. Performance at hi gh
tenperatures, > 1 % l ret ded 20 Thi s, produc

T
however, is totall es Pti P%Fé%?%)“qedr g% p qtmussmhwsowoa
net al | i f er ougetdldhowe i@ ivpeidthelySatisfdctssy. tThasdiddler dise" pelletlsmg

process is usually less capital intensive and therefore better suited where there
is shorter transport to customers and lower costs are required.
15 Example 4

Further testing has indicated that unexpanded vermiculite (hydrated
sheet silicates) can be used to substitute exfoliating graphite in Examples 1 to
3 at a rate of 5 to 1 vermiculite to graphite.

Performance at high temperatures, >1500°C is somewhat retarded.

20 .This product, however, is totally satisfactory for use in iron foundries and
other metalliferous industries operating at less than 1500°C.
Example 5

The process as described in Examples 1 to 4 can incorporate any type

of rice hull ash high carbon, 40% by mass, down to less than 1% by mass
25 carbon.

In this Example a preferred rice hull ash is 35 to 40% carbon
containing ash, the resultant tundish insulation material is highly exothermic
contributing approximately 6 MJ/Kg of finished pelleted product to the
insulation capability of the product.

30 Where the end use is sensitive to carbon, a low carbon rice hull ash
may be substituted.
Example 6

The process described in Examples 1 to 5 are largely followed in this

Example the Clay Ceram™ is substituted by clay plas.



Exanple 5 The process as described in Exanples 1 to 4 can incorporate any
type of ri (%Oﬁg(ﬂ“‘ésh hi gh carbon, 40% by nass, down to | esPCIIITDENEY
mass 25  carbon. In this Exarrple a preferred rice hull ash is 35 to 40%
carbon containing ash, the resultant tundish insulation material is highly
exotherm c contributing approximately 6 M}/ Kg of finished pelleted product
to the insulation capability of the product. 30 Where the end use
is sensitive to carbon, a | ow carbon rice hull ash may be substituted.
Exanpl e 6 Theg ﬁ; gres described in Exanples 1 to 5 are Iargely foll owed in
e U ay

this Exanple t Ceranferr] is substituted cl ay 8 Exanpl e
7 The process deschllﬁaHTqCﬁsaBI%ﬁ%ﬂlﬁé in E)@r@laaétpérgellyrgegv fallaveed in this s

Exanpl e the Ctm)@rme{cqay]cerm@dtmﬁswﬁ&dw Beniomiie! (8 o&ﬁ@g nitRifRdY & ed)

tolessthanh]gﬁg The results of various in ting materials
tested are s aﬂil%é%e 2. Table 2. Conparative results of various

i nsul ati 8g nat eri al’Fhe fesalte of kyriBas innilating mdterils tedtod ar@shewaia Thbid 2d t o
AS 1774. 10 Sanpl e Ceram c Binder Inclusion rate Rice Bran % Fusi on

Tenp Type Degrees C 1 Bentonite
(1) 1Table 2. Companative results of varfois idsulatingemateniale ( 1)
;- > ’ll‘%%gégy Refrag ?&ﬁ? ﬁustraﬁ?l'&tnﬂngésgeé {d AS 1774. 10, 5
1580 5 Bentonite (1) 1600_6
ge?;n[O:; ??{ er rgample v gernnﬁc Binder Olnclustl rate %95?'%%5 7 uslmg : aﬁ{ err]
10 0 Type1550 0 % 4y Pllas DSSWGS
0 1509 10| Bentdnity/(£f! as 10 7.5 ¢ 0 1540
1500 2 | Bentonite (1) 7.5 2.5 1555

3 Bentonite (1) 5 5 1575

4 Bentonite (1) 2.5 7.5 1580

5 Bentonite (1) 0 10 1600

6 Clay Ceram™ 5 0 1565

7 Clay Ceram™ 7.5 0 1555

8 Clay Ceram™ 10 0 1550

9 Clay Plas 5 0 1500

10 Clay Plas 7.5 0 1500

11 Clay Plas 10 0 1500

Note: - Bentonite (1) is Sodium Modified Na< 0.5%
10

A higher fusion temperature is desired together with a product that
does not substantially form dust in use. The preferred product made according
to the present invention contained Bentonite and rice bran. Sample 5 had a
high fusion temperature but tended to form dust in use and therefore was not

15 ideal.

It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in the
specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to be

20 considered in all respects as illustrative and not restrictive.



11 Clay Plas 10 0 1500 Note: -
Bentonite (1) is .Sodium Mdified Na< 052 hi gher fusion tenperature is

desired togeblsmesdth a product that dpSHINSHEEURASBRENT | Y $OfusHRlod 1
use. The preferred product made accord[ng t®EPhecgmpesent! inven |on

contai ned Bentonite and rice bran. Sanple 5 had a trgh—fusion tenperature
but tended tj(mﬂ’ I\I and therefore was not 15 ideal. It wll

be appreci at ﬂm m,r"m#mﬁ ed in the at that numerous variations

and/ or nodificati‘ons nfiy be made to the invention as shown in the specific

enbodi nment s \ﬁthout departing fromthe spirit or scope of the invention as
broadl y desc d The present enbodi nents are, therefore, to be 20

conS| dered in.all Aogaaala taérméllmﬁra@d Vxﬁa&?ﬂl eeﬁlgr&%g fieb it ash, 9 C ai s
A granul_ar t.her [ ng 70 16 95% by

h g suI até rrate f nag
dry wei ght r CREAMG Glay, Bipderyyice Hrah, a /%Ib‘?‘fﬂ 1gtifg ageat. ceram ¢ clay binder;
5 (c) 0.2.to 1ﬁ%rbnukhr)thmn@lhhsﬂ]amghhﬁfenal domprikiti@rite toublash, yiceel ght

exfollat n ter' Ln use, t he
Chsul o oo nofb cerfifh Y binderdhd g bl AS et sHie tAREMEER that o1 s o
when exposed m%ll&tltl&nwéelachwxoﬂsqt td e&&xnpamm{eevfrq(mﬂ "C@r moi2. the midterial

i nsul ating W&Scﬁﬂia?és ﬁ%ﬁhddxﬂ&cﬁ&cx‘;ehﬁtdﬁlgu&?mdtéﬁﬂgce(a) 85 to 95% by dry

wei ght rice hull aﬂlé& 5 to 15% . el g ram c cla blnder (c)
2 to 5% by wdi ght thedngiating mptera aqwré%gﬁy clpiyn hearghwhereis| the granpl agent ;
and 13 ( e)lrei inltheOfobfit dfypaMeits Hisk@kpheres or gratifles.Nsul ati ng hrmlt fr ' alh (b)
accor di to,clai sin t., rice hull as
5% by (#8 weityht E:ngﬁg 8*“35 “gqtﬁ’g‘ai acw{r@/}pm %{]dﬂ%

comprising 70 to 95% by dry weight rice hull ash, 2 to 20% by dry welght

ceramic clay binder, 0.1 to 10% by dry weight rice bran, 0.1 to 10% by dry

weight exfoliating agent, and 1 to 10% by weight water.

5. The insulating material according to claim 4 comprising 85 to 95% by

15 dry weight rice hull ash, 5 to 15% by dry weight ceramic clay binder, 2 to 5%
by weight rice bran, 0.2 to 5% by dry weight exfoliating agent, and 1 to 5% by
weight water.

6. The insulating material according to claim 5 comprising about 85% by
dry weight rice hull ash, about 5% by dry weight ceramic clay binder, about
20 5% by weight rice bran, about 0.35% by dry weight exfoliating ageni, and
about 4% by total weight water.
7. The insulating material according to any one of claims 1 to 6 wherein
the ceramic clay binder is a refractory clay having including ranges of the
following elements:
25 Si0, < 55%, Al,0;>20%, K,0<1%, Na,0<0.5%.
8. The insulating material according to any one of claims 1 to 7 wherein
the exfoliating agent is selected from the group consisting of graphite,
vermiculite and perlite,

9. The insulating material according to claim 8 wherein the exfoliating
30 agent is exfoliating graphite. .
10.  The insulating material according to any one of claims 1 to 9

comprising about 85% by dry weight rice hull ash, about 5% by dry weight
ceramic clay binder, 5% by dry weight rice bran, and about 0.35% by dry
weight exfoliating graphite, and about 4% by total weight water.
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20 (d) 0.35% by dry| RHGPHEEERHAS BEF g agent: and (e) 4% by total
vei ght wat YO0 9842630 The  { nsul AEPHAC accordi ng to any PETAWSNOGI9%i s 1
to 3 wherein the-ceram ¢ clay binder is a refractory clay including ranges

of the fO”OWI Siqerr] <55% Aferr]Jerr]>20% -
rImHII |!! The insulagting material according to any .

Klerr] O<1%
one of clalms 1 whewel 81 the exfoliatfhg agent is selected fromthe

group consisting of unexpanded graphite, vermculite, and perlite. 6. The

insul ating mageriap feaR, @fdi‘Qhé ?r&d\ﬁ:‘ﬂﬁxﬁof@g{ attullart the i Hls‘ui’éti matbrial

agent is exfoliat] he 1 nsulating material according claim
6 conpri si ngcaﬁ’fﬂﬁ’cﬂ&%%&eﬁ?iwvm ght rice hull ash, about 5% by dry weight
ceram c clay (&) ndeadnﬁﬁmgmcféruul\lveslﬂ,hbmm@ch aﬁndéxb@we Biaﬁ%d)ﬁxfdﬂiﬁ ngl ght
exfoliati ngngra hit and about 4% by total weight water.

I nsul ati ng according to any one of claims 1 to 7 mhereln t he
granul e are(bh theddmgm@ﬁerp@thaemtmte $dx§qm$ptslmwg, or granul es. 10 9.

A et hod of i sul afd égﬂ}rg}; t\ﬁ'&l mgp& §' Ng adding to the
nol ten st eel %r g E}E errra at| ng material according to
any one of cl® ns gu Yagptia TXIHE ?I‘F@Wﬁ%’ul at| ng material is caused to

exfol iate onigx posu'he m@th@dta@:&aﬁhﬁg 46 eledin ‘M)Q@dlﬁﬂia]t%@tem qvdtBeisedided
formng at heE gﬁto 5{3@“})@%&1&“ L 2 1r1ret he nolten steel nmet al .
10 13. The method according to claim 12 such that in step (b) water is added
at 30 to 35% by weight of the mixture.
14. The method according to any one of claims 11 to 13 wherein steps (a)
and (b) are carried out in the same apparatus.

15. The method according to claim 14 wherein the apparatus for the

15 mixing the components and forming the slurry is a slow ribbon blender.

| 16. The method according to any one of claims 11 to 15 wherein the
granulation step (c) is carried out in a briquetter, a disk pelleter or an extrusion
pellet press.
17. The method according to any one of claims 11 to 16 wherein the

20 granules are substantially cylindrical pellets with diameters of 4 mm to 12
mm.
18. The method according to claim 17 wherein the pellets have a diameter
of 8 mm with a length of 4 to 20 mm.
19. The method according to any one of claims 11 to 18 wherein the drying

25 step (d) is carried out at temperatures of 100°C to 130°C.
20. A method of insulating molten steel or metal comprising adding to the
molten steel or metal a granular thermal insulating material according to any
one of claims 1 to 10 such that the insulating material is caused to exfoliate on
exposure to a temperature of 1000°C or more from the molten steel or metal

30 thereby forming a thermal insulating layer over the molten steel or metal.
21, Use of a granular thermal insulating material according to according to
any one of claims 1 to 10 for insulating molten steel or metal.
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