Destabilization of Sludge with Hydrolyzed Yam Starch Fl occul ants This
invention relates to a novel hydrol yzed yam starch conposition and the
process for making and using the sanme. Mre particularly, this invention
rel ates to~the discovery that the starch of certain varieties of yanms which
is hydrolyded in the presence of insoluble nmetal salts forned I%ﬂlﬁ)&%a r
surprisi gg-t lly effective flocculant in destabilizing dilute as a
thick slu suspensions. In general, the suspensions destabilized by the-
starch conposition of this invention are aqueous colloidal suspensions
containing either clay mneral.s or nmetal oXides-hydroxides which are forned
in large 15 volune during mnirng operations in the recovery of materials
such -as coal, bitunmen fromtar sands and netals, and such suspensions are
al so formed in parRItabiakizat iAREoH iNBgd Wilthe HATR 19zcEvan &iclireg oper -
ations, suspensions known as slines are forned, typ- 20 ically phosphate
slinmes or |ike mitlevdaadlanmtrsoduced in the m ning of copper, nickel, and
titanium In coal. and tar sands mnings, for exanple, the mning effluent

typically contains dilute or thick clay mneral suspen- :
This invention relates to a novel hydrolyzed yam

starch composition and the process for making and

using the same. More particularly, this invention

relates to the discovery that the staréh of certain

varieties of yams which is hydrolyzed in the presence

of inscluble metal salts formed in situ is a surprising-

ly effective flocculant in_deétabiliziné dilute as well
10 as thick sludge suspensipné, | |

In general, the suspensions destabilized by the
starch composition of this invention are aquebdus

colloidal suspensions cbntaininé either clay minerals

or metal oxides-hydroxides which are formed in large
15 :

volume during mining operations in the recovery of (-

] ' materials such as coal, bitumeﬁ from tar sands and .
metalé, and such suspensioné are also formed in paper-
making operations. In the case of metal mining oper-
ations, suspensions known as slimes are formed, typ-

20 icaliy phosphate slimes or like materials produced in
the mining of copper, nickel, and titanium. In coal and
tar sands minings, for example, the mining effluent
typically contains dilute or thick clay mineral suspen=-
sions. In paper-making pfocesses céllulosic fines,

25- ‘clays and other solids are present in the large volumes .

of liquids obtained.



&

sions. |In paper-

maki ng processes cellulosic fines, 25 clays and ot her

solids are present in the [arge volunes of [iquids obtained. -2- In

<order to properly dispose of these vol uninous m ning di scharges,

of their source;

destabilize these suspensions and thus permit the effective 5

kgf water fromsolids. The use of wheat, corn and potato starch
- been hydrolyzed in the presence of netal,salts formed in situ has
disclosed in U S. Patent No. 4,289, 540 m%

fl occ- ul ants have conventionally been enpl oyed to

It has now been found that 10 surprisingly superior flocculation is
obtained .if starch fromcertain specific varieties of yamis used for

preparing the hydrol yzadosteiCRoCprBpekly08ispsdioe thuss twimiouecul ant .
an object of this invention to 15 provide an effective

It is, therefore,

flocculant i n destialinlg Aisghdrjese amegaedless ofii the st tsyercays frdoens,

particularly col |l oi dal. suspensi ons obtai ned fromm ning operations. It is

further object otlsmtsi hazet conventpenglly been employed to destabilize

'these suspensions and thus permit the effective

separation of water from solids. .The use of wheat,

corn énd potato starch which has been hydrolyzed in

the presence of meta1 sa}ts formed in situ has been
disclosed in U.S. Patent No. 4,289,540 which issued
onISeptember 15, 1981. It has now been found that
surprisingly:superior_flocculation.is obtained if starch
from certain specific varieties of yam is used for
preparing the hydrolyzed starch composition fo'give

the starch fLocéulant,

It is; therefore,.én object of this invention to
provide an effective flocculant in destabilizing dilute
as well as thicﬁ sludge suspensions, particularly
colloidal suspensions obtained from mining operations.
| It is a further object of our inveﬁtion to provide
an effective flocculating agent for treating tar sands
tailing streams whieh carry suspended clay particles.

It is another object of our invention to provide
such é fiocculating agent which is economical to prepare

and employ in the treatment of both tar sands tailing

streams ahd'phosphate slimes obtained from phosphate
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mining operations.
In another aspect, it is yet another object of our

invention to provide such a flocculant which is safe

ich issuéd on Septenber 15, 1981.

regardl ess

a



an effective flocculating agent for treating tar sands 20 tailing streans

whi ch carry suspended clay particles. It is another object of our invention
to provide such a flocculating agent which is econonical-.
he treatment of both tar sands t'ailing streans and-phosphate
()

enpl oy
slimes
s yet
is safe’
undesi rabl e si de

been found that the foregoing and other objects may be 5
occul ant in destabilizing dilute as well as thick sludge
- sugpensi ons a hydrolyzed starch obtained from Cocoa Yam Negro Yam or Sweet
Yam MNbre part|cuPﬁ@I?asYttﬁabamﬁkﬁl#Qﬂnﬁh&¢kﬂl&ﬂ&iftdﬁﬁa;ssharebeiobave

n tgfgpre ence of net salts formed in situ there is

fpRdesiEak \ Ql?ﬁfQQﬁS{kstab|I|Z|ng such suspen-

enpl oyi.ng as a fl

been hydrol yzed
formed a surprisi

sions. Still nore partic

u an
conposition is the C&|CIU%$%+¥%?h
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her object of our
-3- and easy to handle and which itself offers no ecol og-
effects. In accordance-vg tdh the present invention, it has
achi eved by

gi ned from phosphate 25 m ning operations. In another aspect,
I nvention to provide such a floccul ant which
ically

hgR

IIy ef fecti,ve flgccul ant
éh) resent invention, it has

been found that the foregoing and other objects may be

achieved by employing'as'a flocculant in destabilizing

dilute as well as thick sludge suspen51ons a hydrolyzed

starch obtained from Cocoa Yam, Negro Yam or Sweet Yam.
More particularly, it has been found that when these
starches have been hydrolyzed in the presence of metal
salts formed in situ there is formed a surpriSingly

effective composition for_destabilizing'such suspen-

sions. Still more particularly,'an especially effective

flocculant composition.is the calcium alumino phosphate

yam starch.

As aforestated,'the sludges being treated in
accordance with this'inyention are aqueous colloidal
suspensions containing either clay-minerals or metal
oxides-hydroxides which are formed during.mining
operations or other operations generating such suspen-
310ns. For sake of illustration and simp11c1ty only,

the:following description will be directed to a

colloidal clay suspension obtained from bituminous

tar sands mining. However, it w1ll be understood
that this invention is dlrected generally to the

destabilization of all such suspensions.

As aforementioned the flocculant 1s prepared from

the specific yam starch which has been hydrolyzed in

to prepare and

it

-

\;



L)

yam starch. 15 As aforestated, the sludges being treated in
accordance with this invéntion are aqueous coll oidal suspensions containing
%ei ther cl-ay hinerals or netal oxides-hydroxides which are formed during

m ni ng operations or' other operatidns generating such suspen- 20 si ons.

Eor sake of illustration and sinplicity only, the follow ng desecription
wll be directed to a colloidal clay suspension obtained fromfgi \ninous
tar sands mining. However, it will be uhderstood that this inweniy¥on is
directed generally to the 25 destabilization of all such suspensions. As
aforenentioned, the flocculant is .prepared fromthe specific yam starch

whi ch has been hydrolyzed in 4_the'presence of inorganic salts formed in
situ. The hydrol y§hs Breserces¢f singxdanic acidldseddiywed dpl gifgati ng t he
starch in the formof an agueous suspepnsion at about 85[err] to 95 err] and
preferably at 5 abo'ﬁ?eg}ﬁ'g??}yﬂ\st% e gdam & tercdoiighrehierss ¥ ts
which will forman,insgoluble salt. in situ. .The starch shoul d _desirably be
present in an annﬁﬁ?pSY e@ﬁ%?% ﬁ%ﬁg%#?ﬁéhjiﬂ;%ﬂe Wafdr 2raAgUSPBPerably 2

to 6 gns ‘suspension at about 85° to 95°C and preferably at
5 about 90°C in the presence of soluble metal salts which
.Will form an insoluble salt in situ. The starch

&/' should desirably be present in an amount of 1 gm to
10 gm per 100 ml of water,'ahd preferably 2 to 6 gms
per 100 mls of water.

10 Among the salts which may be employed.during the
hydrolysis are salts of metals such as sodium, potassium,
ammonium, magnes{sum, calcium and aluminium. The
reépective anions may be sulphates, acetates, chlo-
rides, nitrates, chlorétes, bfoﬁides, iodides, thiocy-

15 énates, phosphates and the like. Particuiarly effective
for purposes of thié invention, as appiied to tar
sands tailing ponds, is calcium alumino phosphate
dasheén starch, althoﬁgh such other salts containing
sddium, aluminium and phospﬁate ions and the like may

20 also be used.

As indicated, the salts are added as soluble salt.
in order to form the insoluble salt in éitu. Thus,
for example, the preferred calcium aluminium phosphate
salt is advantageously formed in situ by the addition

25 of calcium hydroxide, aluminium sulphate, and sodium
‘Phosphate to the aqueous yam starch hydrolysis medium.

In any event, the resulting salt should desirably be



per 100 ms of water. 10 Anong .the salts which nmay be enpl oyed
during the hydrolysis are salts of metals such as sodium  potassium

anmoni um
sul phat es,
thiocy- 15 |
pur poses of
cal cium al um

- containing sodi um al um ni um and phosphate_ions and the |ike may 20
be used. As indicated, the salts are add®d as soluble salt in order to form
the insoluble salt in situ. Thus, for exanple, the preferred cal ci um

al um ni um phosphate salt is advantageously formed in situ by the addit

25 of cal cium

resulting salt

gns of starch, and preferably 15 to 20 gns per 100 gns of starch.

10
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of starch.

nesi rum cal cium and al um nium The respective. ani ons rmay be
acetates, chlo- rides, nitrates, chlorates, brfom des, iodides,
ates, phosphates and the like. Particularly effective
Hi/s invention, as applied to tar sands tailing ponds, is
0 phosphate dasheen starch, although such other salts

for

al so

i on

dsentdan ahehRsUBESHbEHE! 80 €6d3§0%h§%@f10§6613te to the
aqueous yam starch hydrolysis nmedium In any event

shoul d desirably s of starghgsant prefepaBlg D5 BHO Jdfds (e BOL@IRMREr 100

In the case of treatment of known phosphate slimes

from phosphate mining operations with the flocculant

.of this invention,-it will be_undérstood that the

presence or addition of a phosphate, such as sodium

phosphate, is not necessary and may be omitted from the

salt preparation. _

if desired, the yam starch hydrolysate may be
dried to remove waterlby freezeédrying, air-drying,
spin-dryiﬁg, or the 1ike, to_éfovide a solid.péwder
coﬁposition which is convenient.ﬁo handle, stbre and
transport and which can readily-be redispersed in
water at the treatment site.

The following Exémples are proﬁided for_purpoées
of illustrating but do not limit the scope. of this
invention with fespect to the preparation and ﬁse of

the yam starch flocculants.

- Five grams of the_spécific yam starch is.weighed'
into a flask fitted for refluxing. Two hundred milli-
metres of agqueous solution_containing 0.617 gm of A12

(S0,) 4 .18H20 0.704 gm. Na .12H20, and 0.463 gm

379,
Ca(OH)2 are added to form calcium alumino phosphate
in situ in the presence of the starch.

The suspension is refluxed at 90°C+5° for two

Ld
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]n the case of treatnent of known phosphate slines 5 from phosphat e

m ning operations wi'th-the flocculant of this invention, it will be
aunderstood that the presence or addition of a-phosphate, such as sodi um
phosphate, is not necessary and may be onmitted fromthe sal t ar ation.
10 | f desired, the yam starch hydrolysate nay be drie enove
M@ter by freeze-drying, air-drying, spin-drying, or the |like, rovi de a
sol i d -powder conposition which is convenignt to handle, stor d

transport and which can readily be redispérsed in 15 water at the
treatnment site. The follow ng Exanple§ are provided for purposes of |
illustrating but do not Iimt the scope of this invention with respect to

the preparation ambuseewaftnt Bemuabhabatshstl PEERY ANt L RlYE SN Qfs the
specific yamstarch is weighed into a flask flf#%d for ré%ﬁﬁX|ng. Wo

hundred milli- netcoasideraqueompleekuwhen €Re! fh#dN\gb Lo GlhaxR Gfs [err]
[err] 25 [err] are added to form cal cium al um no phosphate in situ in the
presence of the sm.rtﬁﬁeismgpensbbho_iéaleéd:ux'ei:bmt OrHeervd tdnjecritg] f or
two .then made up to 250 ml with distilled water, thus giving
5 ' a stock solution of 20,000 ppm of calcium aluminium
phosphate yam starch;.

A preferred procedure for making the hydrolyzed yam
starch employs the method described in U.S. Patent
application S.N. 327,850 filed December 7,1981. 1In

10 ﬁhe preferred method, an aqueous suspehsion of the
starch, alum and lime is heated until maximum viscosity
of the suspension.is- obtained, and immediately there-
after the salt to be added (e.g. tri~-sodium phosphate)
is addeé to the mi#turé. The géneral procedure for

15 such preferred method“is as follows:

U ' .~ To 2.67 litres of tap water add 109.89gyam starch,
10.18 g lime and 6.78 g alum and heat the mixture with
stirriné at a constant speed of 100 rpm at a rate of
0.5°C per minute. .Stirring is carried out with a Cole-

20 Palmer Master Survodyne torque stirrer calibrated to
give viscosity value. As heating and stirring are
continued the viscosity is observed to.rise significantly
when a temperature of about 60°C is reached and
continued to rise until about 70°C is reached, at which

25 point it begins to fall and then 15.64 g of trisodium
phosphate (Na,PO,) are immediately added. Heating and

stirring at the same rate are continued until a temper-



-6- hours with sinmultaneous stirring. The hydrolysis is considered conplete
when the insoluble starch is converted into a colloidal Solution, The _
volunme is then made up to 250 ml with distilled water, thus. giving 5- a 7
stock_sol ution of 20,000 ppm of cal ci um al*um ni um phosphate yam starch. A
pref gfp procedure for making the hydrol yzed yam starch enpl oys the nethod-~
descti in U S Patent application S.N. 327,850 filed Decenber. 7,1981. |/
10 referred net hod, an aqueous suspension of the starch, alum and

lime i eated until maxi mum vi scosity of 4 he suspension is-obtained, and

I nmedi ately there- after the salt to be added (e.g. tri-sodi um phosphate)

is added to the mixture. The general procedure for 15 such preferred

method is as follows: To 2.67 litres of tap water add 109. 89gyam st arch,
10.18 g |ime anat®reseg &8 Unsmkdudwd t radrithenr ¢hei headt isr ragoweda

constant speed of 100 rpmat a rate of 0.5|err] per mnute. Stirring is
carried out withandCehe -materigy|ifra tQuicpedy ¥ EePRuEeBPRET er

librated t [ i's ity,. val ug. ti and stirrir ti nued
calibrated to ol ye v scosiby, Al U AR F L AN SR Bre contnued
SOET 1 1 22Chedh et E00 UMD £0 8 Ve Ve P Ul ) 828Gl

5 in the comparative tests which follow.

In order to compare and evaluate the efficiency
of the variouis yam starch flocculants as settling
10 aids, test flocculants wére uséd to treat taf sand
failings. |
The:tar sand tailings used contained 1.93% solids
(w/w) which are largely silts and élays. The fines
are quite dispersed ané tend to.remain in suspension

15 for a long period of time.

Settling Tests of Tar Sand Tailings Treated With Starch

Flocculants

100 ml1 of the tar sand failings were poured into

a 100 ml cylinder and then 0.l ml of alum(0.06ém-mole/l)

20 was added to the tailings sample. The"cylinder was
_inverted 5 times to mix the tailings with the alum.
Then 0.25 ml of the 4% hydrolyzed yam starch flocculant
suspension was poured into . the célinder. The cylinder
25 was again inverted five times. The dosage of treatment

is approximately 100 PPM. The same procedure used

for a hydrolyzed wheat starch flocculant (as disclosed



phosphate (Na3PO4) are i medi ately added. Heating and stirring at the same

rate are continued until” a tenper- ature of 85[err] is reached, and‘then
=t he heat.-is renoved and the material is ,allowed to cool to roomtenper-
ature. Thi s hydrolyzed yam star¢h suspensi on containi ng about 4% of the
starch conposition was used 5 in the conparative tests follow In

flocculants as settling 10 aids, test floccul ants . were use reat ‘tar
sand tailings. The tar sand talllngs Gs®d™cont ai ned 1.93% s (ww
which are largely silts and clays. The fines are quite dispersed and tend
to-remain in suspension 15 for a long period of time. Settling Tests of Tar

Sand Tailings Trgat Sud sW &aQtéh%f £8 Fho?ﬁb" 3465 wio d@e@ffaé‘%&gj’aﬁ%.

tailings were poured into a 100 rnder and then 0

al un( 0. 06m nol e/ |‘ﬁhe2QféQ%eaddaﬂFlést taeré athémos1 fewad eco Tdeed iipder was
inverted 5 tines to mx the tailings with the alum Then 0.25 m of the 4%
hydrol yzed yam stthec rylllindetksawithout further disturbance. The

xﬁyder to conpare and evaluate the efficiency of the varlouéigggystarch

sediment heights were recorded periodically until little

5 change was observed.

\ Kynch Analysis of the Settling Tests

Results 6flthe settling tests wére evaluated in
terms of Kynch analysis which gives a settling time
10 called "ultimate time" (T,). T, is an indicator
of the duration #equired for a sediment to reach close
to_the'ultimate height and this parameter is used to
evaluate the effiéiency of settling aids in suspen-
sions.
15 Another parémeter for the expression of settling
U éfficiency of sediments is called "Unit Areé“ which
is defined as follows:

Unit Area = T

u
20
C° X Ho
where C_ = initial solids concentration (ton/cu.ft) (t/m3)
Ho = initial height (£ft) (m)
Tu = ultimate time (days)
25

Unit Area is:expressed as sq. ft/ton/day (m2/t/day)
This is the area required to settle one tone (t) of

solids per day. Small Unit Area indicates efficient



suspensi on was poured into the cylinder. The cylinder was again inverted
five times. The dosage of treatment 25 is approximately 100 PPM' The sane

procedure used for a hydrolyzed wheat, starch floccul ant-(as. di scl oséd in

U S. Patent No. 4,289, 540) was used for conpari son. The treated sanpl es _
were t |l owed to settle in the cylinders w thout further disturbance. --
The sedi t heights were recorded periodically until little 5 change ¢
was ob d. Kvnch Analysis of the Settling Tests Results of the settling

tests were evaluated in terns of Kynclr §na|y5|s whi ch gives a settling time
10 called "ultimate tine" ([err]). [err].is an indicator of the duration
required for a sedinent to reach close to the ultinmate height and this

D nar hs © “Chd iR Sl i Sld HiC 8o BE ki e RyaPafyabe™

ef fi Ckfggy_ofzose%gm@éaf& A1 terA8a YahEhebS 9ohi8EG1P5e40! | ove:

wheat starch flocculant treated sample and an untreated

sample are presented in Table I.
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As can be seen from Table | not all yam starches are superior to the
hydrol yzed wheat starch of U S. Patent No. 4,289,6540. Only the hydrolyzed "
starch from.Cocoa Yam Negro Yam and Sweet Yam show the .surprising 5 - ”.
"superiority over the hydrolyzed wheat startch floccul ant. The other. yam '
st arches i f | occul ants which are .inferior to the hydrolyzed wheat r
starch fl \ant and, often, very nuch inferior. Yans, of course, are m@lla
known and e Yermis 10 usual |y appliedifa the tubers of various species
of Dioscorea of the monocotyl edonous fam |y Di oscoreaceae. These are plants
with thick tubers (generally a devel op- nent of the base of the sten), from
which the starch is obtained. Yans are generally grown in tropical 15
or sub-tropical clinatds eanhoegbeswnframrTailes arct GriaWyam shdrichedAmakreca
~and Great Britain. The species of yams used in this invention (e.g. Cocoa
Yam Negro Yam an8UBREEPT Yhe) the ehydeelyzed othakbrstanch oifald Sof Pagenitca.
' 20 Extragtion g; the starch fromthe yam may be done in the usual

manner of extractMRg 4t %h5490n19ﬁﬁycﬁ2?fﬂ¥4€?ﬁ¥ﬁﬁ§sﬁ?ﬁﬁﬁh Firam £ocPhe y$n1
h dinth b ' | tqjned.in the follow ng manner: To
15 pounds of (6. 485" cYerhS. Ton, sl B YA i e GrrRddhel 7 11 o)

of matgr vas saddegdyb@r Bt £y Iover the hydrolyzed wheat starch flocculant.

CR
e

The other yam starches yieid flocculants which are

inferior to the hydrolyzéd_wheat starch flocculant ~
;nd, often, very mucﬁ ihferior.
U Yams, of course, are we;l known and' the term is
10 .usually applied-to the.tubers of various species of
Dioscorea of the'mohocotyledonous family Dioscoreaceae.
These are plants with thick tqbérs (generally a develop=-
ment of the base of the stem), from‘which the §tarch
is obtained. Yaﬁs are'generéliy grown 'in tropical
15 or sub-trbpical biimatesualthough some varieties are
grown in North America and Great Britain. The species \;;
of yams used in this inhvention (e.g. Cocoa Yam. Negro
Yaﬁ and Sweet Yam) are readily found oh the island of
Jamaica:f:”~
20 Extraction of the starch from the yam may be done
in the usual manner of extracting staréh from any oﬁ the
various starch plants. The yam starch used in the above
- examples was obtained in thg following manner:
To 15 pounds of (6.8kg) of the peeled, diced yam
25 1.5 gallons (5;7 litres) of water was added to which 15
_gms of'potassium metabisulphite had also been added to

prevent discolouration. The mixture was chopped with



gns of potassium netabi sul phite had al so been added to prevent

di scol ouratien. The-m xture was chopped with -12- water in a blender at
«| ow speed just |ong enough to break up the cells (approximtely 2 nins.)
Then, the nmass was filtered through a No. 60 mesh (250 M cronelres) filter
to renove the fibrous material 5 fromthe starch suspensi * NThe yam
flbre was washed twice with fresh quantities of water and t ch -
'suspen5|ons conbi ned and allowed to setttrel2Frnally, the water S decanted
‘and the starch was dried in an oven at 60[err] or sun-dried, er which
time it was ready 10 for use. It is clear fromthe above descrlptlon and

i oeeutants and 1 RAERR TR o BreBatB ARl G SRR AL e G &

process for the deyial Li7aHe0Re?hsCPhbprdRimately 2 mins.) Then,

the mass was filtered through a No. 60 mesh (250

- Micrometres) filter to remove the fibrous material
5 ‘from the stérch suspension. The yam fibre was washed
twice with fresh quantities of water and the starch
'EJ} . suspensions combined and aliowed to settle. Finally,
the water was decanted and the starch was dried in an
oven at 60°C or sun-dried, aftér which time it was ready
10 for use.
It is clear from the above description and examples
of the invention that a wvaluable contributién to the

art of flocculants and flocculation has been made.

15



sl udge suspensions containing clay mnerals or netal oxides-hydroxides,
whi ch conprises treatnent of said 5 suspensions with a floccul ating
staﬂ%-—faf?y‘§§ﬁ5F§TE—“ater from suspended solids, the-

flocculatlhg agent b yzed ydm st arch obt ai ned by the aqueous
hydrol ysi s ﬁ m sence of at |east one insoluble netal

‘'salt 10 f yam st arch being obtained froma yam

sel ected fron1COCoa Yan1 Negro Yam and- Sweet Yam 2. A process according

to claiml1, wherein the sludge suspenstoh3is derived from bituminous tar
sands m ning operations. 15 3. A process according to claim1, wherein

t he sl udge suspension is a phosphate sline obtained from phosphate m ning
operations. 4. éﬁé ess according to any of clains 1 to 3, wherein the
hydr ol yzed starch —&%lciunlalunino phosphate 20 yam starch. 5. A
process according to any of clains 1 to 4, wherein, the concentration of
flocculating reagént i A pwecssadgersuhpeﬁesbnbitigaﬁmqnn¢iqu1iqﬁdam de at

| east 50 parts per nillion. A conposition conprising a hydrol yzed
yam st arch obt ai nédugige ﬁESBﬁﬁéb%sh98¥5ﬁ§%+%go$li‘lﬁé“m%1tsar% netahe

presence of at Leas%d%gghy %gkg gg,nehlchsgﬁépgfses treatment of said
5 suspensions with a flocculating reagent to substant-
ially separate water from suspended solids, the K-]

flocculating reagent being a hydrolyzed yam starch
. obtained by the aqueous hydrolysis of the starch in
the presence of at least one insoluble metal salt

10 formed in situ and the yam starch being obtained from
a yam selected_from Cocoa Yam, Negro Yam and Sweet Yam.
2. A érocess according to claim 1, wherein the sludge
suspension is derived from bituyminous tar sands mining
operations.

15 3. A process according to claim 1, wherein the sludge
suspension is a phosphate slime oﬁtained from phosphate
mining operations.

4. A process according to any of claims 1 to 3, wherein
the hydrolyzed starch is calcium alumino phosphate

20  yam starch.

5. A process according to any of claims 1 to 4, wherein\
the concentration of flocculating reagent in the

sludge suspension is controlled to provide at least

50 parts per million. |

25 6. A composition comprising a hydrolyzed yam starch
obtained by the aqueous hydrolysis of thé yam starch in

the presence of at least one insoluble metal salt formed
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C L- 14 - in situ and wherein the yamstarch is obta‘gj froma yam

-sel ected from Cocoa-Yam ' Negro Yam and sweﬁ“\“ﬁn“ Uu
*accordlng to claimé6,. wherein the 5

salt contains cal cium alum nium and phosphate |ons . A co 1Jtj on

according to claim6 or 7 wherein the aqueous hydrplyzed star ch\y
forma solid conposition. 10 9. A prbéess according to claim

Subgtantially as hereinbefore described with reference to any of the.
Exanples. 10. A conposition according to claimS6, substantlally as

her el nbef or e descryibed W L1ar GRSLSUS A GIN SLalllf £ on RAT Fron

C

10

15

a yam selected from Cocoa Yam, Negro Yam and sweet

Yam.

7. A composition according tp claimls, wherein. the
starch is cocoa Yam starch and 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
composition.

9. A process according to claim 1,'substantia11y as
hereinbefore described with reference to any of the.
Examples.

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

Examples.




