2151645 DESTABI LI ZATI ON OF SLUDGE W TH HYDROLYZED CASSAVA STARCH
'FLOCCULANTS This invention relates to a novel hydrolyzed cassava 5 .
starch conposition and the process for making and using the same. More ¢
particularly, this invention relates to the discovery that cassava starch
which is hydrolyzed in the presence of insoluble nmetal salts formed in situ
is a very effective flocculant in destabilizing dilute 10 as well as
t hi ck sl udggysuspensions. |In general, the suspensions destabilized by the:
starch conp &Ution of this invention are lagueous col | oidal suspensions
containing e~ther clay mnerals or nmetal oxides-hydroxides mhicﬁngﬁéﬁsgrsd
In |large vol une 15 during mning operations in the recovery of
such as coal bitunmen fromtar sands and-netals, and such suspensions are
~also fornmed in r-making operations., In the casé of netal mnin
oper at i ons, s U LHICATION, O SHUKE Wit HynRRY: Y45R, CASAV A AR o
slinmes or lik cu rials produced in the mning of copper, nickel, and
titanium In - e , , p-Fri uent
typically contains dilute or thick clay mneral suspensions. In
paper - maki ng processes cellulosic fines, clays and other solids are present
25 in the |arge VoHFidR @0 tioRinal st @ NVl duwidaq) ¥Rshesa88aN & pose
of these vol um naus o Al S %% LROFPLES Yol Wlls SEUSE ud birgel!
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the same. More particularly, this invention relates to . ‘&

s the discovery that cassava starch which is hydrolyzed
in the presence of insoluble métal salts formed in situ
is a ve?y efféctive flocculaht in destabilizing dilute

10 as well as thick sludge suspensions.

In general, the suspensions destabilized by the
starch compogition of this inventicn are agqueous colloidal
suspensions containing gither clay minerals or metal'
oxides-hydroxides which are formed in large wvolume

15 during mining operationé in the recovery of materials e
such as coal bitumen from tar sands and metals, and'sugh
suspensions are also. formed in paper-making opefations.

In the case of metal mining operations, suspensions known
as slimes are fbrmed, typically phosphate slimes or like

20 materials produced in the mining of copper, nickel, and

titanium. 1In coal and tar sands minings, for example,
the mining effluent typically contains dilute or thick
clay mineral suspensions. 1In pa?er-making processes

-cellulosic fines, clays and other solids are present

25 in the large volumes of liguids obtained.

"In order to properly dispose of these voluminous

mining discharges, regardless of their source, floccul-



L

-2- ants have conventionally been enployed to destabilize these suspensions
and thus pernit the effective separation of water fromsolids. The use of
wheat, corn and potato.starch which has been hydrol yzed in the presence 5
of netal salts formed-in situ has been disclosed in U S. Patent
4,289,540 which issued on Septenber 15, 1981. It has now been fo hat
surpr|S|neg superior flocculation is obtained if starch fromthe-0ot of

t he cassava plant is used for preparing thg 10 hydrol yzed starch
conposition to give the starch flocc- ulant. It is, therefore, an object of
this invention to provide an effective flocculant in destabilizing dilute
as well as thick sludge suspensions, partlcularly 15 col | oi dal

suspensi ons obt ai rR&¢ESt m@WﬁnpﬁhNgn@pgnaU-Mnbeemtanplwédlrtmeiesﬁgkﬁdﬁ.zﬁ our
invention to provide a-n effective flocculating agent for treating tar
sands tailing st r%%f‘éﬁ%&ﬁ@?%%ﬂeﬁ@éﬁ BeEyi pakhe effective sepagaitdon
obj ect of our |nve |o to provid a such a flocculating agent which is
econonmical to preﬁ %BWO?OEﬁ Bhe TREaRFRNPE JTheRth 90K #ls tailing

: dph l t |
zngfﬁgf'aggecf O??Qﬁéﬂyztlg%%?ﬁgb@tgfg%%ro?eg ﬁgggiyﬁ%%anqgﬁpera |ons n
such a floccy ant gphimeltalls saake %?mﬁésintgl&imﬁl‘l,g %Vﬂs@ldéeﬁf'm offers

no ecologlcally undesirabl e side effec
U.S. Patent No. 4,289,540 which issued on September,

k/- "15,1981. It has now been found that surprisingly
superior flocculation is obtained if starch from the
root of the cassava plant is used for preparing the |

10 hydrolyzed starch composition'to gite the starch flocc-
ulant;
| It is, therefore, an object of this invention to
provide an effective flocculant in destabilizing dilute
as well as thick sludga suspensions, particularly'

15 coiloidal suspensions obtained from.mining opérations.

It:is a further object of our invention to provide
an effective flocculating agent for. treating tar sands
tailing streams which carry suspended clay partlcles.

It is another object of our invention to provide

20 such a floccu;ating agent which is econdmical to prepare
and employ in the treatment of both tar sands tailing
streams, and phosphate slimes obtained from phosphate
mining operations.

In another aspect, it is Yet,anbther object of our

25 'invention to provide such a flocculant which is safe and
aasy to handle and which itself offers no ecologically

undesirable side effects.



3 In accordance with the present invention, it has been found that the
foregoi,ng and ot her objects nmay be achi eved by enpl oying a hydrol yzed

suspensi ons.

starch as a flocculant in destabilizing dilute as well as thick
More particularly, it, has beeh found that when ;
rches have been hydrolyzed jn the presence of netal

salts forme

I n si there is forned a surpris- ingly effective conposition for
dest abi l'i zi ng such suspensions. Still nmoye particularly, an especially
effective floccul ant conposition may bgq%repared when 10 cal cium al um no

phosphat e cassava starch is used. As aforestated, the sludges being treated
I n accordance with this invention are aqueous colloidal. suspensions

containing either clayp ddAdsndd JRR cHexiplesdirdnavedesonhi ¢k gae forned

during mning 15

sions. For sakebeénifdursd reha nthearfbredginciang orther bbgetek! naynpe
description wll be directed to a.colloidal clay suspension obtained from
bi tum nous tar zeinieved nbygemiHoowingy a itydudlly zed waseavaosdatrbht ashas
on is directedéggnerally to the destabilization of all such

i nven- 20

suspensi ons.

starch whi
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operations or other operations generating such suspen-

as been q¥drolyzed_in t he 283?“03 of ingg%gnic sgl% aformed

-suspensions. °"More parti . it has foun t

_when these starches have been hydrolyzed in the presence

of metal salts formed in situ there is formed a surpris--
ingly effective composition for destabilizing such
suspensions. Still more particularly, an especially
éfféctive floc?ulant composition'may”bé preéared when
calcium ‘alumino phosphate cassava starch is used.

'As aforestated, the sludges being treated in
accordance with thiS'inyentionxare aqueous colloidal
suspensions containing either clay minerals or metal
oxides-hydroxides which are formed during mining
operations or other operations generating such suspen-
sions._ For sake of illustration, and simplicity only,
the following description will be directed to a codloidal
clay éuspension obtained from bituminous tar sands
mining. However, it will.be'undefstoéd that this inven-
tion is directed generally to the destabilization of
all such suspensions.

As aforementioned, the f'loéculant is prepared from
a cassava starch which has been hydrolyzed in the
presence of inorganic salts focrmed in situ.

The cassava starqh itself is readily obtained
from the caésava plant'Which is a fropical plaﬂt having

swollen roots which store the starch. The cassava plant

i

v



25 The cassava starch itself is readily obtained fromthe cassava
plant which is a tropical plant having swollen roots which store the
dtarch. The ¢assava pl ant - -4- is also known as Mani oc (Mani hut
utélissima), fam.ly Euphorbiaceae and in some areas is referred to as—yycca
("Starch - Its Sources, Production and Uses", Charles A Brantlecht ‘\*\
Rei nhol d Publishing Corp., 1953). 5 Separation of the cassava gér
fromthe root is well known in the art and rmeed not be repeated in\det
here. However, for the sake of -conpl eteness, the cass- ava starch used in
t he exanpl es which follow was ob- tained in the foll ow ng manner: 10

To 15 pounds (6.8kg) of the peeled, diced cassava rogt 1.5 gallons_(5.7
litres) of water ¥Bs2hERIFNIF \@F Mandoen éL&i.Ll.ﬂ.&E&EEg : bi §ampkYte had

al so been added t revent di col opration. The .ni xture was ch ped with

water in a bl ende&-&-‘-’&%&%ﬁ%cﬂ o |soq\r&-&¥§&5hxﬁorf§erre§rg k3Tt fed

. cell roxi mat gh j NS. h [ Lt «t h No.
50 mosh (250 i or b SRR They 367 SRed s Reon, b BEEL L CHTRE e

starch suspensi ona, Thead tDEQYE, NMREBINAId WRDIMRIIAY CHcpe ,WMLbB3f L esh
gquantities of water and the 20 starch suspensi ons conbi ned and al | owed

to settle. Finallgepatetich af Weite demaidwed siaddhhEromantle westdisedeld an
oven at 600C or sun-dried after which tine
known in the art and need not be repeated in detail
) here. However, for the.sake of completeness, the cass-
ava starch used in the examples which fpllow was ob-
tained in the fo;lowing manner:
10 To 15 pouhds (6.8kg) of the peeled, diced cassava
roo; 1.5 gallons (5.7 litres) of water was added to which
15 gms of potassium_metabisulphite had also been added
to prevent didolouration.' The mixture was chopped with
water in a blender at low speed just long enough to |
15 break up the cells (approximately 2 mins.). Then, the
mass waé filtered through a No. 60 mesh (250 micro-
metres) filter to rémo&e the fibroué  material.
from the starch suépension. The fibrous material was
washed twice with fresh quantities of water and the
20 starch suspensibnsléombined and allowed to settle.
finélly, the water:was decanted and tﬁe'starch was'
dried in an oven at 60°C or sun;dried after which time -
it Was ready fo; use, |
The hydrolysis of the cassava starch is achieved
25 by simply heatiﬁg the starch in the form of an aqueous
suspension at:about 85° to 95°C and prefefably at
about 90°é in the présence of solub1e metal salts which

will form.an insoluble salt in situ. The starch should



it was ready for use. The hydrolysis of the cassava starch is achieved 25
by sinply heating the starch in the form of an agueous suspension at about
850 to 950C and preferably at about [err] in the presence af soluble netal
salts which will forman insoluble salt in gitu. The starch shoul d W
desi rabl y; present in an anount of 1 gmto 10 gm per 100 ml of water, ard
preferabl Y\ 2to 6 gns per 100 mi's of water. Anong the salts which may be
enpl oyed qupi ng the 5 hydrol ysis are salts of netals such as sodi um
pot assi um ammoni um magnesi um cal ci um &nd al umi nium  The respective
ani ons may be sul phates, acetates, chlorides, nitrates, chlorates,
brom des, iodides, thiocyanates, phosphates and the like. Particularly
effective for 104 f L.$ 1 Ryenti - pli r
tailing ponds, i%?%éggﬁilﬁﬁg %ﬁf%%hghog§h§beg@gg§§vges¥a§%h§8apﬁﬁgﬁgﬂg§uch
ot her salts contygding ' al i R hesphat eqd w-1y! i ke
may al so be usedl.%dllgﬁ o?%éﬁaﬁs, ialrﬁhg ?gtggjgi‘atg%g g_a??sga‘?gga %r;ldﬁ%%mg]b% ubl e
salts in order ter fyygaghe insoluble-salt in situ. Thus, for exanple, the
preferred cal ci um al uni no phosphate salt is advantageous forned in situ by
.the addition of speci fAreh@ihentsaldads ehlichumalybeorngioyad udaningm 2e
sul phate, and sodi um phosphate to the agueous cassava

: 5 hydrolysis are salts of metals such as sodium, potassium,

t 4

ammonium, maénesium, calqium_and aluminiumf The QJ
' respective anions may be Sulphates, acetates, chlorides,
nitrates, chlora;es; bfomidés, iodides, thiocyanates,'
phosphates and the'like."Particﬁlarly efféctive for
10 'purposes of this invention, as applied to tar sands
tailing ponds, is calcium alumino phosphate cassava
starch, although such 6ther salts_containing sodium, °
aluminium and phosphate ions and the like may also be
used. | - |
15 As indicated, the salts are added as soluble salts )
' in 6fder to form the insolﬁbié salt in situ. Thus, A/
for example, ﬁhe preferfed calcianlalunino phosphate
salt is advantageous fdrmaé in situ by the addition
of specified amounts‘of calcium hydroxide,'aluminium
20 stlphate, and sodium phbsphafe to the.aqueous caséava
starch hydrolysis medium: in-anylavent, the resulting
salt should desirably be éresent in amounts of about
10 to 30 gms per 100 gms of starch, and pfeferably 15
to 20 gms per 100 gms of starch.
25 ~In the caae of.treatmenf_of knawn phosphate slimes
from phosphate mininé'aperatiohs with the flocculant

of this invention, it will be understood that the presence
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starch hydrolysis medium In any event, the resulting salt should desirably
be present in amunts of ‘about 10 to 30 gms per 100 gns of starch, and
pteferably 15 to 20 gns per 100 -gns of starch. 25 In the case of
treat ment of known pheosphate slinmes from phosphate mining operations with

t hefl occul ant of this invention, it will be understood that the preseqce
-6- or addition of a phosphate, such as sodi um phosphate, is not neg Zijry
and may be omitted fromthe salt preparati gn- | f desired, the cassa 35
starch hydrol ysate may 5 be dried to renove watef by freeze-dryin
air-drying spin drying or the like, to provide a solid powder. conposition
which i$ convenient to handle, store and transport and which can readily be
redi spersed in wat® afgditieon ofagnPhosphate,1ouch as sodienfphdsphaig,
Exanpl es are provided for purposes of illustrating but not limting the
scope of this invert it i 4%9§§é@?dt833h§ep965528 i Bromnbheiseakt the
starch fl occul ant }re;bS atS NTHESI S OF HYDROLYZED CASSAVA STARCH FLOCCULANT
Five granms of cassav &3 ‘are weighed into a flask fitted for refl uxing.
Two hundred millilitres S LLut.i nt.al pi 7. gm of

AL12( S04) 3. 18H20,_0.704]§i1 e??%?'a%geoghggag%1%g%gﬁﬁghéﬁéglyéhte may

5 be dried to remove water by ffeeze-drying, air-drying

spin drying or the like, to provide a solid powder
composition which is convenient to handle, store and
transport and which can readily be redispersed in
water at the treétment site.

10 The following Examples are provided for purposes
of illustrating but not limiting fhe scope of this
invention with respect to the preparation and use of

the_starch flocculants.

— 15 SYNTHESIS OF HYDROLYZED CASSAVA STARCH_FLOCCULANT |

W/ Five grams of cassava starch afe'weighed into a
flask fitted for refluxing. Two hundred millilitres
of aqueous solution containing'0.617 gm of A12(504)3.

18H,0, 0.704 gm'Na3po4;12320, and 0.463 gm'Ca(OH)z are

20- ‘added to form calcium alumino phosphate iﬁ situ in the
presence of Ehe starch. |
The suspension .is refluxed at 90°C.+5° for two
hours with simultaneous stirring. The hydrolysis is
’s considered complete when the insoluble starch is con-

 verted into a colloidal solution. The volume is then
‘made up to 350 ml with distilled water, thus giving

a stock solution of 20,000 ppm of calcium aluminium



added to form cal ci um al uni no phosphate in situ in the presence of the
starch. The suspension is ref luxed at [err] for two hours with

si mul t aneous stirring. The hydrolysis is considered conplete when f he

i nsoluble starch is con- 25 verted into a gcollojdal solution. The vol umg js
t hen up,;to 350 mi with distilled water, thus giving a stock solution
of 20Q ppﬁlof cal ciumalum nium - -7- phosphate cassava starch. A
prefe procedure for making the hydrol yzed cassava starch enpl oys the
nmet hod described in U S. Patent appllcaonn S.N. 327,850, filed Decenber 7,
5 1981. In the preferred nethod, an aqueous suspension of the starch,
alumand |lime is heated until maxi mum viscosity of the suspension is

obt ai‘ned and, gﬂggbﬁgg%ycéggé gféégﬁﬁﬁkmesajt to be added (e.g. trisodium

phosphate) is a he m xture e general proced- 10 ure for such

preferred nethod is ag ﬁPéfé’ﬁ‘?edT%ré’c&iuﬂ‘é L3S itk indP tiR! Bya2edy2ed. 89 9

cassava starch, 10.18 g line and g alum and heat the mxture wt
stirring at a coassavh speech dmplsys PthetmetHod Aederitied iBey. SLnute
Stirring is carried 15 out with a Col e-Pal ner Master Servodyne torque
stirrer calibraPetient gbpbicatiousi$yNya3e,85%, Hddted Pexehber 7,

L]

5 1981, 1In the preferred method, an aqueous suspension
of the starch, alum and iimé is heated until maximum \;j
viscosity of the suspéﬁéicn is obtained and, immediately
thereafter, the salt to be added (e.g. trisodium
phosphate) is added to ﬁhe'mixtﬁre.' The general proced-
10 ure for such preferrea'methéd-is-as follows:
To 2.67 litres of tap_waﬁér.add 109.89 § cassava
-starch, -10.18 g lime and 6.78 g alum and heat the
mixture with stirring at a COnstént speed of 100 rpm
at a rate of 0.5°C per ﬁinute. .Stirring is éarried
15 out with a Cole-Palméf Maéter Servbdyne torque stirrer
calibrated to give visqosity.value. As heating and | =
stirring are continued the viscosity is observed to
rise éignificantly when é temperature of about 60°C is
feached and continues to risé unﬁil about 70°C is reached,
20 at which point it begins to fall and then 15.46 g of
trisodium phéSphate (Na,PO,) are immediately added.
Heating énd stirring_at the same rate is continued
until a temperature:of é5° is reached, and then the
héat is removed and the material is allowed to cool to
25. room temperatﬂre. This hydrolyzed cassava starch
_ suspension containing about 4% of the starch composition

was used in the comparative tests which follow.
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stirring are continued the viscosity is observed to rise significantly when
a tenperature of about [err] is reached and continues to rise untjt~about
err] is reached, 20" , at which point it begins to fall and. the E 746 g

of trlsodlunlphosphate (Na3PO4), are inmedi ately added. Heating a

at “he sane rate is continued until a tenperature of [err] is re

then the heat is renoved and thé material is allowed to cool to 25 room
tenmperature. This hydrolyzed cassava starch suspensi on containi ng about 4%
of the starch conposition was used in the &ofrparative tests which foll ow

- 8- COWPARATI VE EXAMPLES In order to conpare and evaluate the efficiency of
the cassava starch floccul ants as settling aids, the test flocculants were

used to treat tar sand tail - i ngs. The tar sand tailings used -
contai ned 1. 93@6sEQﬂE&BéEEMﬁJBH&EEEge largely silts and clays. The fines
are quite dispersed and tend to remain in suspension for a Iong perlod of
time. 10 Settling Tests_ Qf Sand_ T s . Tre

Fl occul ants 100 m of tf-%Eei g‘?égaﬁ ?%lﬁé#]%gan é"%‘iﬁ &d tlthrr%[ ifdﬁnfﬁy
cylinder and then &g ingl cQbsabdMt 8 FIBLEdndts as settling aids,

the test flocculants were used to treat tar sand tail-

5 ings.

h The tar sand tailings used contained 1.93% solids
(w/w) which are largely silts and clays. The fines
are quite disperéed and tgnd to remain in suspension
for a long period of time.

10

Flocculants

100 ml of the-tgr sénd tailings were poured into
a 100 ml cylinder and then 0.1l ml of alum (0.06 m—-mole/l)
L | L8 was added to the tailings sample. The cylinder was
inverted 5 tlmes to mix the tailings with the alum.
Then 0.25 ml of the 4% hydrolyzed cassava starch flocc-
ulant suspension was poured into the cylindgr. The
20 cylinder was again inverted five times.  The dosage of
treatment is approximately 100 PPM. The same procedure
.was used for a hydrolyzed wheat starch flocculant used
for comparison. The treated samples were then allowed
to settle in the cylinders without further disturbancce.
25 The sédiﬁent heights were recorded periodically until

little change was observed.



15 was added to the tailings sanple. The cylinder was inverted 5 tines to
mx the tailings with the alum Then 0.25 nl of the 4% hydrel yzed cassava
starch - ul ant suspension was poured into the cyl.inder. The 20

-=.

cyl i nde 3-again inverted five tines. The dosage of treatnent is =
appr oxi N y 100 PPM The sane procedure was used for a hydrol yzed mheéfj
starch fleccul ant used for conparison. The treated sanples were then
allowed to settle in the cylinders wi thout further disturbancce. 25 The
sedi nrent hei ghts were recorded periodr~calky until little change was
observed. -9- Kynch Analysis of the Settling Tests Results of the
settling tests were evaluated in ternms of Kynch analysis which gives a
settling tine called "ultimate tine" [err] is an indicator of 5 . the
duration requi rkghdhyAnalysdisnoft the Seisthingofests ' - the ultimte
hei ght and this paranmeter is used to evaluate the efficiency of settling
aids in suspensions.” Another parameter for the expression of sett]ing
efficiency of sedi mefte®4lEse I%I e ﬁﬁitital\flga't’e PchHei® ev?gu?i*e?‘anJe‘H as
follows: Uni t A{e%s_ of.{ ?{yrrx]chlin\gi?sq.s%hichnbkbgg 2%&9@1&?&‘3@{% ation

(ton/cu. ft)

called "ultimate time" (T,). T, is an indicator of
5 the duration required for a sediment to reach close to
the ultimaté height and this parameter is used to
evaluate the efficiency.of settling aids in suspensions.
Another parameter for the expression of settling
efficiency of sediments is called "Unit Area" which

10  is defined as follows:

Unit Area = Tu
Co X Ho
where Co = initial solids concentration (ton/cu. ft)
(t/m3y |
Ho = initial height (ft) (m)
Tu = ultimate time {{days)

20 _

' ' Unit Area is expressed as sq. ft/ton/day (m2/t/day).

This is the area required to settle one (t) of solids

per day. Small Unit Area indicates efficient settling.

The Tu and unit areas of the hydioljzed cassava starch

25 flocculant treated sampies, a_hydfoinéd wheat starch
flocculant treated sample and an-uhffeated saﬁple are

presented in Table 1.



3 [err] [err] =initial height (ft) (m T =ultimate tine (days) 20 Unit
Area is expressed as ‘sq. ‘ft/ton/day ([err]/t/day). This is the area
required to settl'e one (t) of solids per day. Small Unit Area indicates
efficient settling. The T and unlt areas of the hydrolyzed cassava starch
u 25 flocculant treated sanples a hydrol yzed wheat starch roccuLa
treated sanple and an untreated sanple are_presented in Table 1. %i
TABLE | Tar Sand Talllngs Treated Wth FFbéEurants Unit Areas T

sq. ft/ton/day ([err]/t/day) Untreated 1440

284.63 ,(29.15) Hydrolyzed Weat Starch Floccul ant* 98

191.73 (%9.63) Hydrol yzed Cassava Starch Fl occul ant* 49

95.73 ( 9.80) * Rygpyyed by the preferred nmethod

Tar Sand Tailings Treated With Flocculants

Unit Areas

iv/ ' Tﬁ (Minf s§2 ft/ton/day

(m2/t/day)
Untreated 1440 284.63 (29.15)

Hydrolyzed Wheat -
Starch Flocculant* _ 98 191.73 (19.63)

Hydrolyzed Cassava
Starch Flocculant* 49 _ 95.73 ( 9.80)

* Prepared by the
preferred method
of S.N. 327,850

K : | .
As can be seen from the above table the hydrolyzed

cassava starch flocculant of the invention is surprising-

ly superior to the hydrolyzed wheat starch flocculant.
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of S.N. 327,850 As can be.seen fromthe above table the hydrol yzed cassava

starch floccu tionis surpr|S|ng 'y superior to the .

hydr ol yzed whe arch fl occul ant . 11 - CLAIMS. 1., A process for

t he_dest abi | i ZH!'I y,“mﬂ’mum sl udge suspensions containing clay o
m a s or ydr oxi des,  whi ch conprises treatnent of Said

su ions with a flocculétlhg reagent to substantially separate water

fro suspended solids, the floccul ating reagent being a hydrolyzed cassava
starch obtai ned by the aqueous hydrol ysiklof the starch in the presence 10

of at |east one insoluble netal salt fornmed in situ 2. A process
according to claim1, wherein the sludge suspension is derived from

bi t uminous tar sands m ning operations. 3. A process according to cIalm
1, wherein the &LAdMS8:15 suspension is a phosphate slime obtained from
phosphate m ni ng operations. 4. A process according to any of clains 1
to 3, where- in t he hydrolyzed starch is calcium alum no phosphate cassava
starch. 20 c d ere- in
t he concentr at i on of g%@é?agl géh%ﬁge%%%%ﬁ{z%ﬂ eoéuésogelhbs |€2(/)gn1 S

control led to prAyiade @hsb§ﬁ§ioﬁg Eéﬁ%éining clay minerals or metal

5 oxides—~hydroxides, which comprises treatment of said
suspensions with a flocculating reagent to Substantialty \;;
separate_water ffom{suspended'solids, the flocculating
reagent being a hydrolyzed cassava starch obtained by
the aqueous hydrolysis of the starch in the presence

10 of at least one insoluble metal salt formed in situ
2. A process according to CIaim'l: wherein the sludge
suspension is derived'ﬁrom bituminous tar sands mining

' operations. o ' |
3. A process accordinag to claiﬁ 1, wherein the sludge

15 - suspension is a phosphate slime obtained from phosphate »
mining operations. .X.>
4. A process acéording to any of claims 1 to 3, where-
in the hydrolyzed starch is calcium alumino phosphate
cassava starch.

20 5. | A process according to any of claims 1 to 4, where-~
in the concentration of flocculating reagent in the sludge
suspension is controlled to provide at least 50 parts
per million. -

6. A composition comprising a hyd;oly;ed cassava

25 starch obtained by the aqueous hydrolysis df cassava

starch in the presence of at least one insoluble metal

salt formed in situ.



per mllion. 6. A conposition-conprisinq—a~hydLngggg*E%§E§ya 25

starch obtained by t'he agueous hydrol ysis of ‘cassava starc t he presence
of at |east one insoluble netal salt forned u,m

conposition according to cl a| m 6, wherein th mmm,mm r‘%al ciu
alyyai ni um and phosphat e ions? 8. A conp05|f|dh accerdsn o cl ai r
7, wherein the aqueous hydrolyzed starch is dried to forma solid 5
conposition. 9. A process according folél & m 1, -substantially as

her ei nbefore described with reference to any of the Exanples. 10. A
conposi tion according to claim®6, substantially 10 as herei nbefore

descrlbed W th re;erenqﬁeééhﬁgyaea tQ%cE§%§Rhe%o claim 6, wherein the

salt contains calcium, aluminium and phosphate ions.
8. A composition according to claim 6 or 7, wherein

the aqueous hydrolyzed starch. is dried to form a solid

5 compoéition.
9. A process'according to claim 1, substantially as
Kh; hereinbefore described with reference to any of the
Examples.

10. A composition according to claim 6, substantially
10 as hereinbefore ‘described with reference to any of the

Examples.




