LI GHTWEI GHT AGGREGATE COATED W TH BI NDI NG AGENT/ TRANSI TI ON METAL COMPOUND
Field of the Invention This invention relates to inproved |ight ?i ghzt *92
aggregate for use in the production of building materials such a 2713
cenmentitious products, gypsum products, plaster boards and the |ike. The
invention further relates to constructi-od materials incorporating the
aggregate, and to nethods of manufacture of |ightweight aggregate and of
products incg&porating the aggregate. Prior Art The preparation of |ow
density conci®i.e by incorporation of |ight weight aggregates such as
vermculite, \Qork sl ag, asbestos, bagasse and the like in a hydraulic

bi nder such as a- cenent/sand/mater m xture is - well known. Low density
concrete having nmuch inproved characteristics may be prepared by - 2-

i ncorporation of foamparticles, for exanple polystyrene foam  as the

| i ght wei ght aggregate. ‘However cenentitious materials do not readily bond
w th these :

U LIGHTWEIGHT AGGREGATE COATED WITH BINDING AGENT/TRANSITION METAL COMPOUND

Fiel f the Invention

‘This invention relates to iﬁproved light weight
aggregate for use in the production of building
materials such as cementitious products, gypsum
products, plaster boards and-thé like. The invention
further relates té construction materials. incorpbrating
the aggregate, and to methods of manufacture of
lightweight aggregate and of préducts incorporating the
aggregate.
Prior Art

The preparation of low density concrete by
incqrporation of light weighﬁ aggregates such as
vermiculite, cork, slag, asbestos, bagasse and the iike
in a hydraulic blnder such as a cement/sand/water
mixture is well known.- Low den51ty concrete having much

improved characteristics may be prepared by



©

| i ght wei ght aggregates which are hydrophobic. In use of polystyrene foarh
particles (which are by nature highly hydrophobic) it has been proposed to
i ncorporate a binding agent in the cenent, or to pre-coat the particles

w th a binding agent, the purpose of which is to pronote adhesion between
the foam particles on the one handzand cenent on the other. Various binding|
agents have been proposed included bitum nous products, coal tars and |
m xtures cingdrpdrationepbxfoamspastdclplendlbirc exagipise phibsstpidge ng

agents are believed to act by softening the surface of the expaMied

pol yst yr enfodrar t 22| the - 1hehbbyedghtinatagesnsebondowevart h bet Wadn t he
particles and cured concrete, The_use of such_materials has suffered from

t he di sadvegmeRkitient BREaRiALEsdanROtaF eRARAYpLORG: & tAherh @M ied to

RIS ¥ T SECRERT SRARERERA AR
! oot OSSPSR R AE IR PUENAES B LED 0 Lhe pes
strength betyeep fPE-OPhYE1EsNeef RET BaER! pkBPo30d &Y ah&SFBStatids been
| ess than 1 s desired. o ' - _
a binding agent jn the cement, or to pre-coat the
particles wifh a2 binding agent, the purpose of which iS
to promote adhesion between the foam §artic1es_on the.
one hand and cement on the other. . R : hd
Various binding agents have been proposed included
bituminous products, coal tars and mixtures of pitch.
~with epoxy resins or phenolic resins. These binding
agents are believed to act by softeninnghe;surfacé of
the expanded polystyrene particles, thereby enhancing
. the bond strength between the particles and cured
concrete, N
- The use of such materials has suffered from the
~disadvantages that bituminous and taf-like products when W
applied to polystyrene particles tend to result in a
tacky surface.causing the particles to coaleéce into a
mass which is diffiéﬁlﬁ to dispe:sé;' ?uffhermbfe, the
coatings have é:strdng bituminous bdoqr which in the
past has been detectable in the end product. More
importantly the bonding strength“between_the polystrene
. foam particles and cured éement'has been less than is

desired.



-3 Because the binder is tacky it is usual to coat the polystyrene w.th
binder in a nmixer and then add cenent and water to the same nixer to form
concrete so avoi di ng handling of the tacky -aghregate. Alternatively the
tacky aggregate has been detackified by subsequently dusting the bitum nous
coated pol ystyrene balls, i#=situ, with a finely granul ated substance such

as cement powdepe@fitse!therbiAder R0takly &mru@matcoaa@he@@bys&&hewﬁm&wﬂl
into noul ds.sSummary of the“invention It is an object of the present

i nvention t@ pravhster andithehadkilcémelt angivedter sgghegaire mikerhtoaforimlsontretd
| east amel i oyat es di sadvantages of the prior art and which in preferred
enbodi ment s pr oso desidingahaadlingndf nhebeaclye mdohegaggr eAliemaiivdly the tacky
cementitious material. By enhanced bonding is neant a greater bond strength
t han obt ai nabl eaggregater has taen detdokifiesd gyt sabgemarattlys dustiong the ditwminmis
aspect the present invention consists in a |ight weight aggregate

conpri si ng part¢asted polystpiepadrallso imsttvawiidh aitinelagramuaing ageshance siugh as
bi ndi ng agent havi ng di spersed therein in total at |east 10% by wei ght

t hereof of one esmerf powdemand;thenmddingiferiher sment and water i ¢RPFession
flow ng. In another aspect the invéntion provides an enulsion for use in

t he manuf act ur eP @OWASHt wei ght aggregate according to the i mediately

Summary of the invention

W, It is an object of the present invention to provide an ixnproved light weight
aggregate which avoids or at least ameliorates disadvantages of the prior art
and which in preferred embodiments provides enhanced bonding between
the aggregate and cementitious material. By enhanced bonding is meant a

greater bond strength than obtainable with prior art light weight aggregates.

According to one aspcqt the present invention consists in a light weight
aggregate comprising particles of polymer foam coated with a binding agent,
said binding agent having dispersed therein in total at least 10% by weight
. thereof of one or more transition metal ions, said particles being free:

flowing.

- In anothér aspect the invention pfovides an emulsion for use in the
manufacture of a lightweight aggregate according to the immediately
preceding paragraph, the emulsion comprising. an aqueous phase, an
emulsifier and a dispersed phase comprising a binding agent.' the emulsion
including a dispersion of transition metal ions in an amount in excess of
10% by dry weight. The transition metal ion may bé selected from the group
commonly known as transition metals such as cobalt and chromium and

this group also includes all known oxidation states of the transition metal.



precedi.ng paragraph, the emul sion conprising an aqueous. phase,:-an : 5
emul sifier and a di spersed phase cgﬂprising a bi nding agent’, *t"he enul si on
including a dispersion of transiti netal ions in an anount in excess “of
10% by dry weight. The transition nmetal ion may be selected fromthe group
commonly known as transition nmetals such as cobalt and chrom umand this
group a | B no oxi dation states of the transition netal.

The traﬁtl on neta |oné§1na\;/¥18e Y, an%Foan (%hpdﬁﬂ’dﬁ oﬁomposnrd)l . In
preferred enbodi nents of the |ight weight aggregate the porous arﬂ'cles are
expanded pol ystyrene foam particles of from0.5 to 15 nn1averageﬁgﬁaneter
and may be balls, beads, pellets or reclained particles.- The preferred

bi ndi ng agent is a bitunen which is applied to the surface of the

pol ystyrene particles from aqueous enul sion. The transition netal ion:is
desirably ferric ions present as iron oxide which is suspended in the
aqueous phase of the bitum nous enul sion by use of viscosity nodifying
agents prior to application of the emulsion to the polystyrene particles.
~The invention, ‘therefore, also provides a nethod of nanufacture of a

| i ght wei ght aggregate conprising the steps of enuIS|fy|ng a b|nder in
water, - _



di sperding iren oxide in the aqueous phase so that the enulsien con?prises
at | east 10% by wei ght of solids of a transition netal ion, and coating a
l'i ghtwei ght porous aggregate with thekgmlsion. Desirably also the enulsion
contains surfactants and di spersing agents which are bound to the

pol ystyrene particles wth the binder. Polystyrene balls coated with the

bi nder of the icomgi¢t.on are free flowing. They may be incorporated directly
into a hydraulic cementitious mxture or may be packaged, stored,
transportedjland subsequent |y incorporated in a concrete mxture for exanpl e
at a construatlon site. The polystyrene balls carry a unique "chem cal
package" whi chlrrmabfersed pevhodimdntyof the dight Iweight aggregateotag pobems! artickele
cementitious material wthout the necessity to add further chem cals for
this purpose. @5Expapdefli polyslyrens feamyprsdcles elcfomithg i 16haumnaveragsn

ot hor f‘nﬁ?é@éhsﬁaﬁs&spa&?.%%ee Sl S%‘b‘??%?’l‘létgrgglrgﬁlﬁfmr SHrpadidey The
hani wher eb f.th he bi
ST ongth bet we BRCIEHE BRGNS SRR 5 SRR FORPRGR t 1S SRHRCT dtdbe
t e t Wd ch
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m Xt ure of

desirably ferric ions present as iron oxide which is suspended in the
aqueous phase of the bituminous emulsion by use of viscosity modifying

U _ agents prior to application of the emulsion to the polystyrene particles.

The invention, therefore, aléq provides a method of manufacture of a
lightweight aggregate comprising the steps of emulsifying a binder in water,
dispersing iron oxide in the aqueous phaée so that the emulsion comprises
at least 10% by weight of solids of a transition metal ion, and coating a

lightweight porous aggregate with the emulsion.

Desirably also the emulsion contains surfactants and dispersing agents

which are bound to the polystyrene particles with the binder.

Polystyrene balls coated with the binder of the invention are free flowing.
They may be incorporated directly into a hydraulic cementitious mixture or -
may be packaged, stored, transported and subsequently incorporated in a
concrete mixture for example at a construction site. The polystyrene balis
carry a unique “chemical package” which enabics them to disperse evenly
ahd to strongly bond to the cementitious material without the necessity to
add further chemicals for this purpose. Concrete which contains aggregate
according to the invention is of a surprisi_ngly high compressive strength to

weight ratio and has other improved



calciumsilicates (Ca[err] SiJerr] and Ca[err] SiJerr]) and cal ci um
alumnate (Ca[err] Al[err] 06) When treated with water the alum nate .
‘hydrol yses to form cal ci um and al um ni um hydr oxi des whi ch react further
with the calciumsilicates to forminternmeshing crystals of cal cium al um no
silicates. It is hypothesised thdgh in aggregates according to the present

I nvention, bonding between the calciumalumno silicates and the

pol yst yr efopeér 61é£nDh hevepa Bysbhewliehnplriiet @frtst abl e bonds betsaen ferric
iron and the donor groups of the polystyrene on the one hand (usipg pi
bonds) and w tTheiéxaat andchanismawbereby dhiecp rassamge cobrheat ¥ bonds) .
Thus it is well known that .iron forms numerous conpounds with oxygen and
ot her i nokzemiextide ol RceedheasthedbanddnBe starengtinddtwiesn |t err])
(Herr] Likewise it is well known that ferrous ion forns extremely strong
conpl exesceMet RRint ke npgeEapatead seRefpCetitéd by FRGOAMDI n- and.
ferrocene. Itis pelieved that ;he,iron,for a sinmlar bridging function in
the  prafRRRt | Hycht FoLCHHBne \HBiBGars 1 ACoGIATaS (HACH Sets
as a solid mass on treatment with water. Prior to
addition of water it consists mainly of a mixture of
calcium silicates (Ca, SiO, and Ca; Si0.) and
calcium aluminate (Cay Al, 06)} When treated with
water the aluminate hydrolyses to form calcium and
aluminium'hydroxides which react fu:ther with the
calcium silicates to form interméshing crystéis of
calcium alumino silicates. It is'hypothesiséd:thét:in
aggregates according to the present -invention, bondiﬁg
between the calcium alumino silicatéS'and the |
polystyrene is strengthened by the fdrﬁaﬁiohIOEISEABie
bonds between ferric iron and the dondr groups of the
polystyrene on the one hand (using pi bonds) and with
silica and alumina on the other (usinQ'cobrdinate.'_” ~ o
bonds). _ 1
Thus it is well known that iron forms numerous
. compounds with oxygen and other inorganic donors;éﬁch'as
++ \ +4
hydrated Fe (Hzo)6 and Fe2 (OHZ) (HZO)8 .
Likewise it is well known that ferrous ion forms
extremely strong complexes with organic molecules as

exemplified by. haemoglobin and ferrocene. It is believed

that the iron forms a similar bridging function in theh'



I nvention is incorporated into a cenentitious m xture. Another possibility
Is that the transition netal ion conpound crystal structure aids in

physi cal interlocking between the polystyrene and the cement. Scanning

el ectron mcroscopy has shown a localisatign of iron atons around the

pol ystyrene beads/granulate -This confirns?Tthe bonding role of iron,
whether it be through transition metal bondin the formati on of
crystalline phaBégsﬂnFchnaﬁﬂtépﬂeWQ?n ?Sgﬁﬁ5%i9n§9¢°ﬁﬂiﬂﬂnﬁ9eﬁ@%fnative
nechanlsnl.ﬁgml nechani sns are believed to be involved when ot her

tran5|t|on|ﬁﬂeﬂgvﬁPElgﬁpF6yé6°°BB§FaNG§e§nGP PeFﬁmQHQﬁ}%9R§IWﬁ%ﬁ¥F%n
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descr i bed by uebnBEhek HBF L BRES LY Adgor ey HHE CREAThART dFSaT i 108 wei gh
particul ate rrat g{: %13 Ek §Ea§eE’E§EEQureTQ‘id@ 9y 35{5’ S ey x?t!eeffoé‘k%#sed

cell foaned par erlal suc an expan p&lystyren oam
pol ystyrene is nghgghlyhénﬁgg§gt95e§ghghac%bhsQ@m@ngut irregular particles

such are obtai nable by breaking up or recycling waste pol ystyrene foam
(with the correct grage8fnPhgCeleterodr fidird8copyl Malse s il es of other

mat eri al such as cork, vermiculite, pearlite, blast
_ localisation of iron atoms around the polystyrene

beads/granulate. This confirms the bonding role of iron,
whether it be through transition metal bonding, the

W formation of crystalline phases which add strength to the
cement, or some alternative mechanism. Similar
mechanisms are believed to be involved when other
transition metals are employed.

t M f Performing the Invention
Various embodiments of the invention will now be
more particplarly described-by=way of example only.:
_According to the invention a light weight

particulate material is first selected.. The prefefred
material is a closed cell foamed.particulate material
such as an expanded polystyrene foam. The polystyrene is
typically in bead or.spherical~shape but irregular
particles such are obtainable by breaking up or: recycling
waste polystyrene foam (with the correct grading
procedure) are also.suitable. Particles of other
material such as cork, vermiculite, pearlite, blast

furnacé‘slag, bagasse and similar light weight aggregate

material as well as otherifoamed polymers may be selected



furnace slag, bagasse and similar‘light weight aggregate material as well ”
as other foaned polynmers may be sel ected for use in cenentitious
products wherein the required perfornance criteria are less stringent than
for concrete The preferred closedggg f oam pol ystyrene balls nay be for
exanple 0.5 to 15 mmin dianeter re preferably from3 to 5 mmin
diameter and typically have a density of from12 to 20 kg per cubic neter,
mor e pfefeusel ynf cemehtitdols lpyoducteubihereirerthe Hoeguiretihe gensity of
t he polystyrene foamis not critical. The polystyrene balls aregggated W th
a bi nopeyfareance ¢ﬁét§rn@|ﬁgead@ﬁﬁ|S$qu§Qn%&#®a@.ﬁ@:uuencoet r but may
be a suitable poly resin of natural nthetic ori Exanpl es
i ncl ude pheﬁBPPCPF§§Fﬁ§edsﬁéPﬁ£§ Q%iinQQﬁn Yikﬂ?%?ﬁypagéétate of the
like. preferred _bin |ng %g hi t ud nous tol uene sol ubl e m xture of
u

phenol‘f‘%yatﬁﬁ PkyP*lBEi I%S;s)ﬁﬁ‘l BIfBETT: BAGEShet ero aromatic
CompOEGents TRLCE AR 33505 okt P e d” B Vit Py Pndg 0110 oL
of the, p@bysiv¥yee BPRbh-4LeToARG W%'ﬁ%*“ﬁ%blc meter,fmbre
preferably from 14 to 18 kg per-cubic-meter,. However the
density of the polystyrene foam is not éritical. |
The polystyrene balls are coated with a binding
agent. The bindihg agent is preferably a bitumen or tar
but may be a sultable polymer or resin of natural or
synthet1c origin. Examples include phenollc resins,
shellac, epoxy resins, polyvinyl acetate or the like. A
.preferred binding agent is a'bitumincus"ﬁoluéne soluble
mixture of phenolic and alkyl substituﬁed aliphatic,
aromatic, and hetero aromatic compounds‘df'mglecular::
weight range 500 - 1000 and having a softehihd'point.of
40 - 45°C. The binding agent acts to'biﬁd i;oh oxide to
the surface of the polystyrene particles.and'to reduce @ - N\
the hydrophobicity of the polystyrené.' | |
For preference the binding agentsiS“émulsified in
water in suitable agitation apparatus for example 'a'j
homogenizer.
A surfactant is desirably added. The surfactants
are believed to perform at 1eas£ two important | |
functions. One is to aid in the emuisificéfion of the

bitumen. However surfactants bound to the polyStYréné'by




t he hydrophobicity of the polystyrene. For preference the binding agent is
emul sified in water in suitable agitation apparatus for exanple a

honogeni zer. A surfactant is desirably added The surfactants are believed
to performat |east two inportant function One is to aid in the

enul sification of the bi tunen. However sur actantS'bound to the

pol ystyrene by bi tunén are_al so belieye ersion of the
aggregate in cerﬁe“fﬁ 1%”&]@5%?%%@% ??¥1€¥ gf’ % érlatbrcg &t er

o on o czﬁ%LYa SR efiaﬁvsgﬁég%?sf’ﬁsgr%%e %n*?thfsef% is
I nvention. An|o S 545% Pf€ﬂ ﬁdth§9'§§ ggﬁqkﬁwg& .é I ncl ude

al kyl and aryl su p onat es suc ose sol trade

mar ks. SOdium|'éHHléi%i&EEE%ﬁS?@Pdséapoﬂ'&iéé b%%h%b?“dﬁ“dhfﬁﬁﬁ&mta”ts
are preferred. In preparation of the aggregate of the invention a

transition netalcaigoitdot snéh-SPeRS€dsuPf bbe agHaes apeatrs @frd iseful
enul sion.” The preferred transition netal
for the invention. Anionic agents are preferred.
Suitable anionic agents include alkyl and aryl
sulphonates such as those so0ld under the Alkanol trade
marks. Sodium ligno sulphonates and saponified resin
U anionic surfactants are preferred.

In preparation of the aggfegate of the invention a
transition metal compound is dispérsed in the aqﬁeous
phase of the emulsion. The preferred transition metal
compound_ié a transition metal oxide and preferably
fefric oxide. The contribution of the ferric ion to
bonding has been discussed above. It is also believed
that when an iron oxide is used the presence of the oxide
ions impedes diffusion of carbon dioxide through concrete
in_which the aggregate is incorporated. Carbon dioxide
normally reacts with cément lime to produce calcite thus
lowering the pH and contributing to the corrosion of
metals reinforcement in concrete construction... When
transition metal oxides are present in the aggregate the
carbon dioxide reacts with the oxide anions to.form
carbonate ions, thus reducing the carbonation corrosion.
The iron oxide is desirably present in the form of a

_metaliqxide pigment. Other transition'metal compounds



kA

conmpound is a transition netal oxide and preferably ferric oxide. ~The
contribution of the ferric ion to bonding has been di scussed above. It is
al so believed that when an iron oxide is used the presence of the oxide
i ons inpedes diffusion of carbon diyxi de through concrete in which the :
aggregate is incorporated. Carbon dioxide normally reacts with cenent linme:

to prOd#&ShcééCéﬁ?o&?H@,:%@%EH@gahﬁenB%- d‘%ﬁﬁ{%*%%é@% %Qf?he-PorrOSiO”

of netal s relnforcenen CORCr et e constr uct ransrcﬁon et a

oxi des gk £aPseseNtalBst Be ROApeBRL: Wy G@dPhdivxdde rgacts wefh the
oxi de anions to form carbonate ions, thus reducing the carbonation

corrosiefiscd§etyrodexhderi srdentickRng ny et 11k tdipioysaotoa netal oxide
pignent. Qther transition metal conpounds such as chrom um cobalt and
ni ckel ,mébntakanphe asonxoddédeod nsshispensicmpl exesuitbabbéso be used. " A
viscosity noderator or thickening agent is enployed to naintain the iron
oxi de iviscepthyioadifningi egehg diss @osiadi el fog ket is a nodified
cel lul osi ¢ conmpound_ such as an al kyl carboxy cellulose. In order to prevent .
preci pi CRFPOWNSf SEBn28xPRe 2R KYh CREDORN Shiylose.  In order to

prevent precipitatioh_of iron oxide"from.the emulsidn it
is desirablé_té increase the viscosityito;apprpximately
25 Pascal sééonds._ _ |

In a éreferred embodiment_the,emulsion:used.to'coat ¥J
the light weight par;iculate matérial comp;isés from 30 - -
45 parts by weiéht-of_a ndn—aqueousﬂdispersed phaSe'ahd
from 70 to 55 parts by wgight_of thg¢emulsiqn.o£ aqueous
'bﬁaSé;L Mdfé éréferablf the_dispersgq_ghase is;from.35 -
40'parts.by'ﬁéight of the em@lsioﬁ. " The nonfaqueOUSl
phase is a toluléne soluble mixture of phenolic-and-aikyl
substituted aliphatic aromatic and hetero aromatic
cémpdunds of mo1ecu1ar weight range-SOO-;VIOOOWWith'a
softening point of 40 - 45°C. 1In a preférredfembbdimen;
the aquébus phase consists of.approximately 50 parts.of
water with 2 parts. of high molecular.weiﬁht'phenolic and
acidic compounds viz. abietic acid, neutralised with'.
sodium hydroxide to form an anionic'emuISifying agent.
The aqueous phase has dispersea therein approximately 5
to 20 parts by weight of the aqueous phase of metal oxide
pigment, and approximately 1 - 2 parts by Qeight of the

aqueous phase of modified cellulosic compounds. (such as-



is. desirable to increase the viscosi‘ty to approxi mately 25 Pascal seconds.
In a preferred enbodi nent the enul sion used to coat the |ight weight
particul ate material conprises from30 - 45 parts by weight of a

non- aqueous di spersed phase and from 70 to 55 parts by weight of the

emul si on of aqueous phase. iNore preferablly\ t he di spersed phase is from 35
- 40 parts by weight of the enulsion. The non-aqueous phase is a tolul ene
sol ubl e m xt ur e cafrbpkgnaeithydnded lnllosaibsto t inere ase ptiae | ¢iacoshtiycaadd
het ero aron®t)i c conpounds of nol ecul ar wei ght range 500 - 1000 with a

sof t eni ng pex nt tof s4@bi 14BjecrthieCsuspens inref erkrd ehibodineht or hethgueous
phase consists of approxinmately 50 parts of water with 2 parts of high
mol ecul ar wei ghfupgéfdtiec (n@SaFadites e AbUhdRS \PIrtaeet? cfregrance are

neutralised with sqQdi um_hydroxide to fqorm.an anjonic enul sifying agent. The
aqueous phase h28tdP rlgé&“ﬂ}é‘td@% a %)@*ﬁ‘f’@’r?%stﬁhﬁﬁephgtggﬁ} wei ght

of e adueous, RSS9l S R Tnadl, SERLCUTELEL Yy o EB2T S
carboxy methyl ¢elshyta3®) ehfi1isIOrEdHOITY e SEOSH L¥h&#0%here is no
apparent settling of the solid and the product is just
able to be poured. The pH of the final formu1a£ion
should be in the raﬁge PH 9- pH 10 for preference.
] ‘Before application to the surface of the expanded |
polystyrene balls, the emulsion is diluted with water on
a 1 to 1 basis and then mixed with the balls.
The transition metal oxide comprises at least ;O%
- by dry weight of the binder.'hIn a'éreferred emulsion
from 5 to 15% of the emulsion by weight is iron oxide.
"As from 40 - 60% of the emulsion is water, the iron oxide
as a percentage of the bitumen phase is in the range of
from about 10 to about 50% of the weight of the dry
-bitumeﬁ. The iron oxide may be in the form of a mineral'
pigment.
The following are examples of formulations

according to the invention:-



to stabilise the suspension. An orthoxinol or other fungicide (0.05 parts) }
and 0.05 parts of a fragrance are optionally included. The bitum nous phase
is then enulsified in the aqueous phase. The viscosity of the resultant

enul si on shoul d be such that there ijg no apparent settling of the solid and
the product is just able to be poured. The pH of the final fornulation

should be in the range pH 9- pH 10 for preference. Before application to
the.emulsion is-diluted with

the surface of the expanded pol ystyrene balls, t :
water on a 1 tcE3amatesland then ni xed MA%Q *hﬁ bills. The transhggbn met al
oxi de congy,.ses at | east 10% by dry wei gh - inder. In a prekerred
enul si on TToMB to 15% of t he32nsib skgn bysyggggh is iron oxide. As from 40
- 60% of yheenulsion is water, the iron oxide as a per cent &fe. T kde

bi tunen phase is in the rangeSbf08rom abowstdp to about 50% of the wei ght
of the dichrindily Qridgggkgron'oxide may be in the form of a4®-f& al '

pi gment. The foll owing ek%ﬁﬁ“bs of fommm&pgi@ngxgﬁgordiq%;%%.the

inventi oMinsol resin
_ 2.00 Vinsol ; i
_ : resin - 2.00
Me . |
Fhocel | - 1.00 Methocel 1.00
Sodi i 50 l . . N
ium hydroxide 0.25 Sodium hydrdxide 0
o : 11 yd; _ .25
Dow .
1c1§e A | 0.15 Dowicide o = 0.15
Fragrance “ ' - o
_ . 0.10 Fragrance 6.10 L)
100.00 kg 100.00 k
_ g
Exampl ' |
| ample 3 _ Example 4
Bitumen |
36.50 kg Bitumen. ' 35.00 ke
Water N
gr 51.00 Water : 57.00
Iron Oxig . | | |
e 9.00 Iron Oxide 5.00 -~
Vin iz - . e |
§°l re§1n 2.00 Vinsol resin I 1.75
Meth | | .
ocel l1.00 Methocel . | 1.00
Sodi ' i . . . s
um hydroxide - 0.25 Sodium hydroxide
"Dowicide A 0.15 -
Fr ! N
agrance _ 0.10 10
0.00 kg



Example 1 . . Exanpl e 2 Bitumen 33.50 kg -

Bi t unen 35.50 kg Water 51.00 Wat er
48. 00 Chromiumtri-oxi de 12. 00 Cobal ti ¢ oxi de 13. 00 Vinso
resin 2.00 . Vinsol resini3 2.00 Met hoce
1.00 Met hocel S 1. 00 Sodi um hydr oxi de 0. 25
Sodi um hydr oxi de fxAmoenisi de A 0. 15exam-1e Bow cide A
0. 15 Fragrance : 0. 10 Fragr ance 0. 10 100.00 kg
100. 00 kg Exghple 3 . Exanple 4 Bitunen 36. 50
kg Bi t unen 35.00 kg Water 51. 00
Wat er Bitumen57.00 Iron Oxide.00 kg PVR. €Buision Iron OXxide
5.00 Vinsol resin : 2.00 ' Vi nsol resin 1.75 Met hoce
1.00 ' V2 hecel 1460080di um hydr okb@e solids(. 25 35.50 kg
Sodi um hydr oxi de 0.25 Dowi cide A ' ' 0. 15 Fragrance
0.10 Nickel Sulfate 1002000Rg 100. 00W&lger 13 48.00
Vinsol resin - 1.75 Iron Oxice . 15.00
Methocel ' 1.00 . Vinsol resin - .3L00
Sodium hydroxide 0.25 : Methocel 1.00
—————— Sodium hydroxide ~ 0.30
\U _ - 100.00 kg Dowicide & 0.20
100.00 kg
Example 7 Exampie 8 -
Phenolic Prepolymer 10.00 kg Styrene-Acrylic emulsion
Water . .-70.00 ~ [50% sclids] 20.00 Xg
Chromium oxide 15.00 Water | 60.00-
K,f Vinsol resin .3.00 Iiron oxide 15.00
: Methocel 1.50 “Vinsol resin 3.00
Sodium hydroxide 0.30 - Methocel _ 1.50 -
Dowicide A ' 0.20 Sodium hydroxide 0.30
————— - Dowicide A . 0.20
l00.00 kg  eeme———
100.00 kg

(Vinsol, Methocell and Dowicide are Registered Trade or_Service Marks)

A preferred method for manufacture of the coating



Exanpl e 5 : Exanpl e 6 Bitunen 32. 00 kg -~

PVA emul si on Wat er 45. 00 [ 50% sol i ds] 35. 50 kg
Ni ckel Sul fate 20. 00 Wat er 48.00 Vinsol resin
1.75 I ron Oxide 15. 00 Met hocel - 1.00

Vi nsol resin 3.00 Sodiunﬂﬁkdroxide 0. 25 Met hoce

1. 00 Sodi um hydr oxi de 0. 30 100. 00 kg Dow cide A ' 0.20 100.00
kg Exampkerial of éxamples 1 to 5 ERameEOBléhenelic-Preponne :10. 00 kg
Styrene-Acrylic enulsion Water 70. 00 [ 2% sol i ds]
20. 00 lzgechn&mm G)§| fdrst pw_cswwted to ‘149terand the water 4% 00 Vi nsol
resin | ron 15. 00. Met hocel

1.50 heatedvtﬁsétpprr@ﬁlﬁlatellf 60‘3000 Rl SMFR9aEaREdas 0. 30

Met h d od hyd d
050 8 ppgrsege in the watsl A fhon Fhe mboeRsREY (DPALEE S| ana’ |

%‘r’]“mﬁ’;gﬁgr%geﬁe%ﬁ% g‘ggxlt}rgo%deta% PV £E MBTESYid PRE ELLR tr{%tnh"d For
of lumps. The transition metal oxide is next added to
the aqueous phase with high speed mixing and is disberSea
completely. A fragrance and fungicide_afe'néxt added t§
the aqueous phase and dissolved. The hot bitumen is then'
emulsified in the aqueous phase. After emulsification is
completed, the mixture is aildwed to cool to'ambieht
temperature. The final emulsion has a-viscosity of
approximately 25 + 5 Pascal seconds after approximafely
24 hours. There should be no settling of the transition
metal oxides.

In the case of examples 6 to.8 the .resin is
pre-emulsified prior to addition to the viscosity
modifier or an emulsion of suitable viscosity is selected
prior to disposal of the transition meta}'bxide. S w
The aggregate is coated with the:emulsion by'”
conventional méans. The ratio of coating composition.to
_aggregate varies according to the aggregate selected, the
solids content of the emulsion, the humidity on the day
of application and sﬁch_like factors. However a
satisfactory ratio of coating solids to aggregate can

readily be determined by making samples of concrete using

various ratios of coating sdlids_to aggregate and then-




»

material of exanples 1 to 5 is as follows:- The bitumen is first pre-heated
to 140C and the water is heated to approximately 60[err]C. The surfactant
is dispersed in the water and then the viscosity nodifier is added to the
solution taking care to avoid the formation of lunps. The transition netal
oxi de is next added to the ggqueous phase h high speed m xing and is

di spersed conpletely. A fragrance and fungicide are next added to the
aqueous phase aeistinrgothedsamptesofobi compressiveestanadiltied in the

aqueous phasa&,y After enulsification is conpleted, the m xture is allowed
to cool to arthi ent -t rdbShumrearhpatenas BfFRIRAG Yhadded it Jhe coated

approximately 25 + 5 Pascal seconds. after roxi matel,y 24 hours. ., There
shoul d be no sAIITSRALS THELRG AR { PBRGABERL YoAdOWing (Hhe GRAE b

exanples 6 to 8 Si n.J re- Lfied _prior tqQ aqdition t.o the .
vi scosity nodi f?%ér]g%érghnn%ér% g?rgngg}lbéﬁ%%gbPg&\?%s?cso%iot3/: % YHYRed prior
to disposal of } & Ition metal oxide. The aggregate is coated with the

enul si on by cpnventlona_'neans.' The_ratio of coating conposition to
aggregate varies accofge NDigRt (H6igHEr 898r8qaRLCPEILicIRE when coated |

with the emulsion and dried are free flowing and may be
stored without agglomeration.
The aggregate can be used in the manufacture of low
k,/ . density concrete by adding the light weight aggregate of
the invention to the sand/cement/water mix in a manner
similar to the addition of stone or gravel aggregate.

. A continuous curve can be graphed which-relatesfw
comé:essive strength (MPa) to density (Kg/Cu.M) of light
weight concrete incorporating the aggregate of the
invention. Densities vary from 300 kg per cubic meter to
1800 kg per cubic meter and related compressive étrengths
vary from 0.5 MPa to 25 MPa. The mix designs
corresponding to these various densities and compressive
strengths involve a high cement content and low:
water/cement ratio. The .cement content in various mixes
-varies from 200 kg per cubic meter to 550 kg per cubic
meter and have a water/cement ratio of 0.4 6r less.

These gquantities may be compared with standard concrete
in which compressive strengths are from 20 - 60 MPa. The
aggregate of the invention provides excellent workability

at low water/cement ratios so that good compaction is




solids content of the enulsion, the humdity on the day of application and
such like factors. However a satisfactory ratio of coating solids to
aggregate can readily be determ ned by -maki ng sanpl es of concrete using
various ratios of coating solids to aggregate and then = testing the
sanpl es for conpressive strengthJ | ci um carbonate is desirably added to
the coated aggregate during or i mediately follow ng the coating process.
Cal ci laekbebehat eTheheoeting dbhethecagedegphegasistheini ght ~wei ght
aggregate particles when coated with the emul sion and dried_ar2§§ree
fl owi rereducing deselbdenatiriBoby agusrinrtiivh amuntigef egbreinan be used
in the manufacture of _| ow density concrete by addi ng the.light;meight :
aggr edt® CANGHRtENIBAL RAOL ANEREASESI eI B IOt HeeH B®anner sini | ar
to the additLgn of ségne or.g avel, aggr at.e. tlcont.inuqus”(;_.u_r_ve can ‘be
gr apheBWFLI-F P2 EDEAFPERE| YRS ﬁ&qﬁ”(%a %0 density (Kg/Cu. M of
| i ght &%ﬁd e.kn p i t te. of. the igyention.
eno 13 e RRH {BPELED SaE EREDBbRERRS 15 TR Fuhide” TIHE
density of various mixtures of concrete incorporating an
aggregate_according to the-invention'ié shown in Table fL
Lightweight .aggregate acébrding tefthe-invention*”-
may be used in other construction_matefiaIS”for-examﬁle-
plaster. Example 9 is a lightweight plastér in which the
aggregate is polystyrene beads coated with the
formulation of Example 3. 1In accofdandé{with the
invention the quantities shown produce approximately_l :
cubic metre of final plaster mix and é”weight saVing of
approximately 25%.

Example 9

Plaster/gypsum . 530 Kg

Watér- : ' 315 Kg ' ' . _ QJ

Lightweight aggregate. | |

according to the invention 300 Litres -

Although the invention has been described with
reference to the application of emulsions to polystyrene
particles, it will be understood that the coating.of the
invention could be applied by other ﬁean;'for'example

from solution. The aggregate may be coated by any



1800 kg per cubic nmeter and rel ated conpressive strengths vary from0.5 MPa
to 25 MPa. The m x designs corresponding to these various densities and
conpressi ve strengths involve a high cement content and | ow wat er/cenent
rati o. The cenent content in various m xes varies from 200 kg per cubic
meter to 550 kg per cubic neter and have lafwat er/ cement ratio of 0.4 or

| ess. These quantities may be conpared with standard concrete in which
conpressi ve st metpolds dnown gin Athe GrapRG ahk. aggregate of the invention
provi des exc® | ent workability at |ow water/cenent _ratios so that good

conpacti-on is: - achif®fednverid abAe54F thed extgpdeghPeinsdrdes in
producing a solid_matrix by reduci.ng the unt of air [n the concrete and
al so i ncr eases ®PHe SHORF r?dydoesc %@&%ﬁ?egﬁﬁdc?ﬁ lﬁgnﬁﬁﬁrﬁﬁiaﬁg as
reduci ng the s tibidit f,{he. concre 0, i oxi de. The density
of various m xgérggglc? dcc?nszrwgetlel ;]anscgtroppér% %\%_ %%?égg?%gat e according to the
invention is shown '%s.T%'ﬁaneLal 61 9N o 2096 6935 if‘?&&rghngh 05rfe .
invention may be used in other construction naterials for exanple plaster.
Exanple 9 is agkbghthll Hladtiasf HetdbiMikd {AGredient may be |
substituted for another of similar performance
characteristics and the relative proportions of the
various components of the emulsion, the ratio of coating
k«/ to aggregate, and of the aggregate in concrete may be

varied without departing from the scope of the

invention.



aggregate is polystyrene beads coated with the formnul ati on of Exanple 3. ~
In accordance with the invention the quantities shown produce approxi mately
1 cubic nmetre of final plaster m'!>g and a wei ght saving of approximtely
25% Exanple 9 Pl aster/gypsum 530 Kg Wt er o

315 Kg Lightwei ght aggregate according to the invention 300 Litres

Al t hough the invention has been described with reference to the application
of enul sions to polystyrene particles, it will be understood thakthe
coating of the invention could be applied by other neans for exZ%l e.from

solution. The aggregate, may,pexcoated by any - nethods known in the
coating art. The inventjfon gldesgrl bed extends to include emul sions and
solutions suitable for ¢oatwgoaggregatte ascdesxsi bedoas Wel ls as t o coat ed
particles. As will be appargntgto those skiFI 8 2nI g &Ft2f 1@m the
t eachi ng hereof one ingfedi értXmay be - ' oA A
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of coating to aggregate, and of the aggregate in concrete Iﬁ i ed
wi t hout departing fromthe scope of the iq@ntion. [err . /lm
A |ightwei ght aggregate conprising particlés of polynmer foam coate

bi ndi ng agent, said binding agent having dispersed therein in total af *
| east 10% by, wei ght thereof. or one or nore transition netal ions, said
particles be"ilgdgcmms:il oW ng. 2. An aggregate according to Claim 1
wherein the transition netal ions are predom nantly ferric ions. 3. An
aggregat e accordi ng Adighiveigit dggmegaicamprifing pdvdcies of polyset faamseoated rwithe ihding
ions are present in ferric oxide dispersed in the binding agent. 4. An
aggr egat e accor di ng agsntasaid bindingf ageptchapingclispersed thewimin intabatlenstt 0% by mdighy
agent is selected fromthe group conprising phenolic resins, shellac, epoxy
resins, polyvinyl ac@emekor oaser pere wensiénpsneipliensy spid particles being free flowing.

substituted for another of similar performance characteristies_and the
rel ative proportions of the various conponents of the errul,a!' on, the L0 -

2. An aggregate according to Claim 1 wherein the transition metal ions are

predominantly ferric ions.

L/ 3. An aggregate according to Claim 1 or Claim 2, wherein the transition metal ions are

present in ferric oxide dispersed in the binding agent.

4. = Anaggregate according to any one of the preceding claims wherein the binding agent
is selected from the group comprising phenolic resins, shellac, epoxy resins,

polyvinyl acetate, and bituminous binders.
5. An aggregate accb_rding to Claim 4 wherein the binding agent is bituminous.

6. An aggregate according to Claim 5 wherein the bituminous binding agent is a toluene

soluble bituminous composition having a softening point of from 40°0C to 45°C.

7.. An aggregate according to any one of the preceding claims wherein the binding agent
is a mixture of phenolic and alkyl substituted aliphatic aromatic and hetero aromatic

compounds of molecular weight range 500 - 1000.

8. An aggregate according to any one of the preceding claims wherein the coated porous

particles are of expanded polystyrene foam.



5. An aggregate according to Claim4 wherein the bindi ng agent s

bi tum nous. 6. An aggregate according to C ai i tum-nous
bi nding agent i's a toluene soFull®-Dbi t uni nous coWﬂ[ﬂlEMﬁm
softening point of from40[err]C to 45[err]C 7. * @An lagdredate according
to any one of the precedi ng claims wherein the binding agent is a m xture
of phenglic @Q%g?égkwac& Wy folcihistls anboRahd gmm&r@w &@@Qg@saﬁ@er g omatic
conpounds of nol ecul ar wei ght .range 500 - - An aggre

accordi ng t GranY.5e6€s .t he preceding clains wherein the coat eggor ous
particles are of expanded pol ystyrene foam C L M So9. An
aggregate according to Claim8 wherein the particles have an average

di ameter .of fromO0.5 to 15 nm 10. An aggregate accordi ng to anyone of -
the prededi Mn adgriga® avdoeding 10 anjeneluf ik prgedigg?ntmmmhendnmei’tﬁmmpxg'ede in‘an
anount of from 10 to 50% by wei ght of dry binder. 11. . An enulsion for use
i n manuf act un@uttﬁsu'anDXIQQM|@WH%@0€@&®5&%@0@@@@@&@%% of clainms 1
to 10, said enmul sion conprising an aqueous phase, an enulsifier, and a

di spersed phase conprising a binding agent, said emul sion including a

di sper5| on of transition metal ions in an amount in excess of 10% by dry
wei ght .1 An giulsion, f%l“é%mmaﬂ%°ﬁ%llﬁt‘&?‘ﬁhtf§g‘m HeHrdingdo ARKARY t i on

nmet al |ons ar.e ferrchj)ons ~ An emul sion according to . Caim1l or 12

wher ei n t he ¥EF%RS { 1% ﬁé‘?ﬁ“ﬁlsb%cﬁpé“‘ﬁﬁégé‘ﬂ‘fma%%?s%lﬁﬁr@ﬁ%ﬁ‘% PFerric
oxi de T the,Aguepus, Phase, i e S SL 0N, AECOLGIRG | B BML00P O

transition metal ions in an amount in excess of 10% by dry weight. ' U.
12. An emulsion according to Claim 11 wherein the transition metal ions are ferric ions.
13. An emulsion according to Claim 11 or 12 wherein the transition metal ions are

present as a suspension of ferric oxide in the aqueous phase.

14. An emulsion according to any one of claims 11 to 13 wherein the binding agent is

selected from the group comprising phenolic resins, shellac, epoxy resins, polyvinyl

acetate, and bituminous binders. ' T - \J
15. An emulsion according to any one of claims 11 to 14 wherein the binding agent is
bituminous.
16. An emulsion according to claims 11 to 15 wherein the binding agent is a toluene

soluble bituminous composition having a softening point of from 40°C to 45°C.

17. An emulsion according to any one of claims 11 to 16 wherein the emulsifying agent

is an anionic surfactant.



sel-ected from the group conprising phenolic resins, shel]ac, epoxy resins
pol yvi nyl acetate, and bitumi nous binders. 15.  An enmul si “‘HQMIIHEWIH“‘
any one of clains 11 to 14 wherein the binding agent is bi RRARFORIRRE L 1
An enul sion according to clainms 11 to 15 wherein the binding agent is a

t ol uene sol ubl e bitum nous conposition halﬂng a softening point of from

40[err]C to 45[err]C. 17. = An enulsion according to any one of clains 11
to 16 wherein thé.enuksi tyiidgiageatccosrdimganicoriny sond ant atllaims 1 toCi7
L M S * 18. An emil sion according to any one of clainms 11 to 17

further includi figrahersdosiltgingdaf yisgosgdyt motbifyindn agaritsi on -accor di ng
to any one of clainms 11 to 18 wherein the agqueous phase is from40 to 60%
by wei ght of th&%enul Ahopmu2gion Agcemdlisidotcadsyt dingy afo claimmel bftel a8ns
11 to 19 having a pH selected to be in the range of from9 to 10. 21.
Concrete conpri ¢iRgean| F5Rt AELERUSagHREGatls iTA OFt &8 dreeh & nilvh weeilgltheo Bf
clainms 1 to 10. éz. | ast er board conprising a |ightweight aggregate in
accordance wit h®3Ry®BHLS4POc|ains 1 to 10. 23. A method of manufacture of

a | i ghtwei ght aggfegakg emulsion according to any one of claims 11 to 19

having a pH selected to be in the fange of from 9 to 10.
© 21, Concrete comprising a lightweight aggregate in
accordance with any one of claims 1 to 10.
- 22, Plaster board comprising a lightweight aggregate in

accordance with any one of claims 1 to 10.

23. A method of manufacture of a lightweight aggregate

comprising the steps of emulsifying a binder in water,

dispersing iron oxide in the aqueous phase so that the

emulsion comprises at least 10% by weight of solids of a

transition metal ion, and coating a lightweight porous

' ‘aggregate with the emulsion.

24, A method according to Claim 23 wherein the
\~j lightweight aggregate is polyStYrene foam.
25. A lightweight aggregate substantially as herein

described with reference to any one of the examples.

26. An emulsion for coating a lightweight aggregate

substantially as herein described with reference to any
“one of the examples.

27. A concrete including a lightweight aggregaﬁe.

substantially as herein described with reference to any

“one of the examples.




oxi de in the aqueous phase so that the enul sion t 10% by
wei ght of solids of a transition netal ion, and |ght
porous aggregate with the enul sion. A met hod acc deQSto aim 23
wherein the |ightweight aggrega}z;%s polystyrene foam 25. A |ightwei ght
aggregate substantially as herei escrlbed mnth reference to any one of

the exa Ies g

substan?pally agtﬁerdelr%r? desagiru%ec'fch‘{rﬁch re %I%&g{r:lygéﬁ %%;a%ﬁi

exanpl g§psedntia g\lgo'&%r 2l diRf il 1G Ked 'ﬁ%ﬂﬁf?&ﬂé‘ﬂs{ee%t %h%UbSt antial | y
as herein descri wth reference to any one e exanpl es. 28.

met hodekampmaguf acture of a Iightweight aggregate substantlally as hereln
descri bed mnth reference to fﬁe exanpl es.

conprising the steps of enulsifying a binder iH‘éi“——‘aTEBE?ETng~1ron '




