wo 2017/015678 A2 || I 00000 OO O 0O O A

(43) International Publication Date

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

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

=

\

26 January 2017 (26.01.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/015678 A2

(51) International Patent Classification: Not classitied AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. e BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/ZA2016/050025 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
22 July 2016 (22.07.2016) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
2015/05275 22 July 2015 (22072015) ZA kind Of regional p}"Ol@C’ﬁOI’Z available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: MINTEK [ZA/ZA], 200 Malibongwe Drive, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
2194 Randburg (ZA). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
. DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
(72) Inventor: KOTZE, Martha Hendriette; c/o 200 P T > > d Y al wr wnr
Malibongwe Drive, 2194 Randburg (ZA). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(74) Agents: MCCALLUM RADEMEYER & FREIMOND GW, KM, ML, MR, NE, SN, TD, TG).
et al.; 390 Kent Avenue, Ferndale (P.O. Box 1130, Rand- Published:
burg), 2125 Johannesburg (ZA). ublished:
(81) Designated States (unless otherwise indicated, for every ;Ztohno Zé ;:;pe;’;;t;ho;a}{ e;eoi};cg?;zjflg. Za (’;’) to be republished
kind of national protection available). AE, AG, AL, AM,
(54) Title: IMPROVED EFFLUENT TREATMENT PROCESS FOR SULPHATE REMOVAL

(57) Abstract: An acid waste water treatment and method wherein heavy metal hydroxides and gypsum are precipitated in a single
operation and wherein amorphous aluminium trihydroxide and gypsum are separated in a single solid-solid separation unit.



10

15

WO 2017/015678 PCT/ZA2016/050025

MEROVED EFFLUENT TREATMENT PROCESS FOR SULPHATE REMOVAL

BACKGROUND OF THE INVENTION

[0004] This invention relates 1o 2 process for the removal of heavy melals, caloium ang

suiphate from contaminated water, typically mine walers,

G002} Effuent stesams, and In particular acid ming gdrainage walsr, are generally acidic with
pH values a5 low as 1.5, Another characienistic is the migh levels of heavy metals, caloium
and suiphals sssociated with the water. Prior to discharge into the environment these waste
streams are normally neutralised with fime, 8 process which lsaves large quantities of caloium
sulphate in solulion. The releass of such walers Into the environment poses a significant

erwironmental challengs.

(0003} International patent spplication number POTIRROBINISID describes a BIOCess,
generally referred 1o as “the SAVMIN process”, which was developed patticularly fur the
reatment of sulphate-containing mine walers a5 well as suiphate-containing wasis/effluent
waters. This process allows for the effpctive removal of sulphate and calcium from efluent
waler with the use of amorphous aluminium trihydroxide followed by a subsequant recovary of

the laller reagent by decomposing 8 wasie product,

{00041 The SAVMIN process is fully described in the specification of the sforementionsd
patent application and the content of that specification is hereby incorporated fully inlo this

specification.
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G008} In one stage of the SAVMIN process, 2 saturaled caltium suiphate waler stream
{produced by prefiminary steps) is combined with amorphous aluminium trihydroxide and s
neulralising agent, for example hydrated ime, for the removal of sulphate and calcium from
sodution, o promole the precipilation of etiringite which s removed from the water siream,

.4, by seltling, 10 produce & sy,

fo008] This s followsed by the recowery of amorphous aluminium  rihydroxide by
decomposing the stlringile slurry al 3 pH ranging from 4 0 8.8, The oM s lowerad by adding
sulphurie ackd {(H.S5Q,}) resuling v the formation of 3 supersaturated calcium sulphate

soiution,

BO07Y The solids resulling from the decomposition step are gvpsum and amorphous
aluminium irihydroxide. These solids are separaiad from one anather by means of & suitable

solid-solid separation unil. for sxampie, & hydre-cyclone(s).

[00G8] The recovered amorphous sluminium rihydroxide 15 reoycled 1o treal & walsr stream
conlaining sulphale and calclum.  This recovery siep snsures that the SAVMIN process s
highly cost effactive when comparsd o allsrnalive processes such as ion exchangs and

mambrans separation echniques.

00091 The SAVMIN process, howevar, s characladssd by a relatively large number of

solidfiguid separation sleps.

G048 An object of the present invention Is o reduce the number of unit operalions which are

uged in the SAVMIN process {as describsd in the SAVMIN specifivation).  This, i fumn,
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tesulls in process simplification and ease of cperation, and lowers capllal and operating

sosis.

SUMMARY OF THE INYENTION

00141 In 2 {prefimingry) step 1 of the SAVMIN process (POTIGESRIDIEI0) the pH of the acid
wasle waler 8 raised so that heavwy metals precipilate out of solulion in the form of
hydroxides., The procipitates are separated from the wasie waler by using & solid-Hould
saparater 10 o generste @ first supersalursied calchwm sulphale-containing  solution
Thergalisr, in 8 step 2. ihe supersaturaied solullon is de-supersaturaied by using gypsum
seed 1o remove the caicium sulphate as gypsum in & high solid precipitake 12, thereby
forming & first salursted cslolum suiphale-containing solution which is then Weated with

amorphous sluminium rihydroxide,

10012} According to one aspect of the present invention the heavy melal hydroxides and the
gypsum e precipiiated in 3 single unit operation, thereby sliminating 2 reacior unit and 2

solid-Hguid separation unit.

(0013 Figure 2 in the BAVMIN patent specification #lusirates the recovery of amorphous
aluminium tihyroxide from etinngiie whersin the eliringile slury is decomposed by lowering
its oM by the addition of sulphuric acid, A second supersaturaled solution of caloium suiphate
i3 formed with amornphous sluminium rihydroside in suspension. The amorphous sluminum
inhydroodde is then separgled from the second supersaturaled solution It 3 liguid-solid
separator 18, Foliowing the removal of ihe amorphous sluminium tihydroxide, tha
supersaturated calclum sulphate solubion is de-supersalurated by remaoving caloium sulphatle

a3 gypsum using a liquid-solid separaior tor 22,



10

15

WO 2017/015678 PCT/ZA2016/050025

4

{0014} In the present lnvention, the formation of the amorphous aluminium tribydroxide and

the gypsum is carried ouwt in one reactor and 8 single solid-solid separation unit is used fo

separale the amorphous aluminium ithydroxide and the gypsum,

{B018] In accordance with this aspect of the invention there s provided & mathod for the

remnoval of sulphales and calclurm from an atidic watler siream which includes the staps of

{%

{3

{4}

5

{8}

raising the pi of the waler stream o precipiiate impurities from the stream and to form

& first supsrsaturaied calcium sulphate-containing streany;

removing the impurities and de-supersaiurating the first supersaturaled calcium
sulphais-containing stream in 3 first iguid-solid separation step to form a first salurasted

catclum sulphate-containing solulion,

adding amorphous sluminium (hydroxide to the first salurated caloium sulphate-

containing solution to form 3 product waler stream conlaining precipitsted eltringis,

removing the precipiiated ellringile, in a shurry, from the product waler shream in a

second Bauid-solid separation slep

lowering the pH of the etivingite slumry 10 recover amorphous aluminium frihydroxide in

a seoond supsrsalurated calcium sulphale-conlaining stream, and

remgving the amorphous aluminium inhydroxide in a solid'solid separation slep (o form

a third supersaiuraied caloium suiphate-coniaining solution,
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{0018} In step (1) of this method, the pH may be inoreased by adding caloium hydroxids,
calcium oxide or hydraled lime 1o the acidic water stream. The pH s preferably raised to a

valus of betwean 10.0 and 12.4

[BOTT] The impuritles may include ron, aluminium, manganese, magnesium and olher heavy

metals. These impurities are precipitated out of solution as hydroxides.

BB Following step {4}, the pH of the product waler stream may be lowersd by adding OO0
fo precipitate caloium carbonate. The calcium carbonate may be separated from the produgt

waler, in & thind lguid-solid separation step, 1o form a purified waler,

BO18] o step {3} the fivs! supersaturaied calcium sulphaie-containing slreams may sach be

de-suparsaturated by removing calciurm suiphate in the form of gypsum.

IN020Y In step (&) of this method, the pH of the stiringile may be lowered the addition of an
acid such as sulphuric ackd, or hydrochloric adid, or CO» or 80 The pH is lowered 1© 8 value

batwaen 4 and 8.5, Preferably, the pH is lowerad o 2 value betwesn § and 8.5,

{B021] The second and third supersaturatsd calcium sulphale-containing streams may

include calcium sulphate in the form of gypsum. The gypsum may be it 2 crysiallised form.

B02E] In slep {B), the solidisolid separation may be achisved by means of sizge exclusion,
whersin particles of the crysiallised gypsum are larger than pardicies of the amorphous

Furmisium.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention is fudher described by way of example with referance to the
accompanying drawings which, In combination, constilite 2 flow shest for the SAVMIN
process which incorporates modifications acoording Io the mesent ivention, and wherain,
spacifically;

Figure 1 shows a first slage which embadies 3 heavy matal and gypsum precipitation stage,
Figure 2 shows a second stage which embodies an gtiringite precipitation stage.

Figure 3 shows a third stage which embodies a carbonation stage, and

Figure 4 shows a fourth stage which embodies an sfiringite decomposition siage.

DESCRIPTION OF PREFERRED FMBODIMENT

D024} Figures 1 to 4 illusirale aspects of four stages of an effluent reatment process hased
on the SAVMIN process which is modified In accordance with the teachings of the preseni
invention.  These stages involve the removal of metale and sulphate al ambient conditions

from contaminated mine waters.

[DORE] Figure 1 ilustrates & modified first stage of the SAVMIN process. In @ step 10 waste
water 12, typically acidic mine water, is contacied with an alkal 14 sush as hydrated bme
{CalOHy) 1o form 3 first supersaturaled calcium sulphala-coniaining stream 18 at 2 o
between 10.0 and 12.0. The supersalurated caloium sulphate-containing siream 16 containg
solids 18 in the form of crysiallised gypsum and precipiiated impurities such ag heavy matal
hydroxides. The solids 18 are removed from the stream 18in a guid-solid separation step 20

to form & first saturated calcium sulphate solution 22,
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G028} iIn the SAVMIN process the pracipitaled impurities and the gypsum are removed in

separaie liquid-solid separation sieps {see Figure 1 ~ blocks 1 and 2 of the SAVMIM palent

spacificationg.

F002T1 in a step 24 in g second slage of the present invention, shown in Figure 2, amorghous
alumindum inhydroxide 28, hydrated lime 28 and 3 “lop-up” sgluminium-containing stream 27
{in the form of aluminium tibydroxides or aluminium sullale) are added o the saturated

calcium suiphate solution 22 1o form an eltringite-containing slurry 30,

108281 Ciiringile 32, in the form of 3 slurry, is removed from the eltringite-containing slurry 30
in a kould-solid separation step 34, therehy forming a high pH product water 38 containing fow

amounis of sulphats,

35291 In 3 neuiralisation step 38 of 2 third stage (Figure 3} gaseous carbon divdde 40 is
added o the product water 36 to form & calcium carbonate-containing stream 42, Calcium
sarbonate 44 is removed from the stream 42 in z Houid-solid separation siep 48 o fom 3

purified product waler 48,

10030] v 8 decomposition step 50 of 2 fourth stage (Figure 4} acid 52, such as, bul nod
fimited to, sulphuric acld or hydrochions acid, s added io the etringile 32, causing d to
decompose and form & second supersaturated calcium suiphate-containing sturry 54 {le

conaining crysialized gypsim) in which amorphous sluminium trihydroxide s suspended.

NG314] The eliringile 32 decomposes in the step 50 at 2 pH of between 4 and 8.5 For

optirnum results, howaver, the pH of the decomposition step 50 should be between Band 85
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0032 Gypsum and aluminium trihydroxide are separated from one another in 3 solidisalig
separation step 88 o form 3 gypsumecontaining sturry 80 and aluminium tihvdroxide.
sontaining slurry 82, Slurries 80 and 82 each coniain a portion of the supsmsaturaled
sulphate-containing shurry 54, The solid/solid separation siep 58 is mainly achieved by means

¢f size exclusion.

{033] A portion of the gypsum siurry 80 is sent io the atiringile decomposition step 50 for
seading. The remaining portion of the gypsum slurey 80 15 removed from the system as by

product or waste,
{6034} The aluminium ihydroxide siury 82 is recyoled (0 stage 2 for use in the step 24,

038] In the BAVMIN process {see Figure 2 of the SAVMIN palent specilication) afier
decomposition of the elivingite {(step 5} amorphous aluminium Wibydroxide is recovered using
& separator 18, Thereafter gypsum., which is precipitated in @ reactor 20, is separaled using a

ssparator 22,

{00361 The modified process as hersin desoribed theralore eliminates two reactors from the
origingl process, This fsads lo 3 reduction in plant size and reagent costs, significanily

iowering primarily the CAPEX and slighlly reducing the OPEX of the process.

0037 Successiul Bould-solid separation of the amorphous aluminium iihydroxide sturry from
ihe gypsum-containing sluny is possibie due w the difference in particle zize of the gypsum
and the amorphous sluminium tihydroside. The separation is enhanced by increasing the
difference betwsen the particle size of the gypsum and the amorphous aluminiem

irihydoonide. This is achisved by growing the gypsum particles/orystals by means of seed
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recycling to form larger paricles/orysials. Amorphous aluminium trihydroxide does not seatily

crysiallise nor grow in particle size,

[0B38] A further benefit arses by working in the aforementioned pH range of 8w B85 as s
described hereinafler in the examples). a 39.5% recovery of amorphous aluminium
trihydroxide precipitate 62 is achisved. This is o be contrasted with the recovery rate of
‘greater than 95%" of amorphouzs aluminium trihydroxide described in the SAVMIN
specificalion. Additionally, the co-precipitation of basio aluminium sulphate, in the sliringile
decomposition step 50, is minimised. This is important because i prevents the reintroduction
of sulphate in the silringlle precipiialion step whan recycling the amorphous sluminium
frihypdroxide thal is giso precipliated.  The introduction of additional sulphate, in the form of
basic aluminium sulphate, increases the hme and smorphous aluminium trihydroxide
requirements in the elivingile precipitation slep. Ultimalely this would lead in an increase in

ihe acid raguirement in the eitringlie decomposibion step.
{B038] Aspects of the Invention are further described in the foliowing examples:

EXAMPLE 1
{B040] This example lusirates the effact of pH on the fermation of aluminium precipiiales.

[0041] The precipitation of various aluminium phases, namely aluminium inhydroxide
{AOH), from sulphate media al pH values of 8.5, 7.0, 7.5, 8.0 and 8.5 was investigated.
The effect of variations in pH on the types of solid phases formed was examined. The
sulphate medium used consisted of aluminium suiphale solutions {(Al{SO.) prepared at 10

ght.. The pH of the medium was controlled with the addition of 2 caustic soda (NaOH) solution
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at a2 concentralion of 300 gil. Resulls from the precipiiation iesis rovesied that the
precipitated phases contained, in addition o siuminium, high amounts of sitfphates. This
indicated the formation of two phases, namely aluminiom trihydroxide (AKOML) and hasic
gluminiem sulphate with the genergl formula {AHOML{SO:). B was also found that the
aptimum pH for the formation of A{DH, s inthe range of 8.0 10 8.5, Al ihis pH the amount of

aturninium sulphate formed was reducad.

{0042Y Table 1 Assay of solids formed

BH 85 pH7.0  1gH7E pHBO o 8.5
AL% 26 28 28 @ 34
SO0 % 118 18 14 12 14

EXAMPLE 2.

[0043] A fully integrated pllot plant operated as per the diagram of the type shown in Figures
1 1o 4, capable of processing 10 L of water. was opersted for a peried of 2 weeks. The
combination of the heavy mela! precipiation stage and the gypsum de-supersaturstion stage
was successiul and average precipitation efficiencies of B8%, 97%. B6%, 96% and 25% were
achieved for magnesium, manganese, aluminium, ron and sulphate respectively. The results
in the eliringile precipitation stage showed that the target sulphate concentration of 400 gl

{SANS Ciass | specification} in the overflow was reached, and polable waler was produced
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showsd a 58.5% recovery of amorphous aluminium tribhydroxide precipitate,

EXAMPLE 3

6044] This esample Blustrales hesvy metal and gypsum precipitation, stiringile precipiiation

and attringile decomposition steps of the invention,

IG045] A mint piiot plant capable of processing 100 Uh of acid mine water using the
consolidated process of Figures 1 1o 4 was operated continuousty for a period of four weeks,
The fesd io the plant consisted of a synthetic solution containing bivalent cations such as

Mg, Ca¥’, Mn®, as well as S0 and Fe™ The average feed composition is presented in

Table 2.

F3048] Table 2: Fead walsy composihion (sxprassed in mgils

Mg Al i s Ti Ce M
&7 42 5 295 2 2 K

‘@ N Cu I i Fe B0
<3 <3 L P <g & 1308
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{00477 The resulls of the pilot campaign showead that the process was sflective at removing
heavy metals from contamineled water. The treated walsr produced was nearly free of haavy
melal ions, namely on, sluminium, manganese and magnesium. Removal sificiencies of
97% and 93% werse oblained for magnesium and manganese, respentively. Lime

consumption was averaged at 1.4 kgim” of feed water.

048] The removal of sulphale and calolum fons from conlaminaied waler via ellringds
precipitation produced SANS Class | water in torms of sulphate {< 400 mg/l) with sulphate
rasnoval efficiencies ranging from 80% o $1%. and calclum removal efficiencies as high as
74%. The coresponding sluminiuem inhydroxide consumption rale was in the range o{ 88 fo
1.1 kgim® of fesd water 8t an aluminium hydroxide feed ratio of approximately 1.1 10 1.3
Hmes the stolchiomeliic amoun! reguired. The consumplion of bme ranged belween 1.0 and
1.8 kg/m® of fead waler, Aluminium whydroxide was regensrated in the aliingile
decomiposition step with ihe addition of sulphuric acid at 2 rale of around 0.4 kafm® of feed

water,
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Ol ABE
1. A method for the removal of sulphates and calcium from an acidic waste water siream

which includes the steps of

{1} raizing the pH of the acidic waste water stream o precipiiate impurities from the

stream and form 4 first supersaturated caldium sulphate-contsining stream;

{2} removing the impurifies and de-supersaturating the first supersaturated caloium
suiphate-containing stream in a first solidliquid separation step o form & first saturaled

caicium sulphate-coniaining solution:

{3} adding amorphous sluminium trihydroxide to the first saturaled calclum sufphate

solution {o precipiiate stiringite by 2 product watsr shream;

{4} removing the precipilated eltringite from the product waler stream using a second

liguid-solid separation sisg

{53} lowaring the pH of the ettringite o recover amorphous aluminium bihydroxide in a

second supersaturated calclum sulphate-conigining sream. and

{8} removing the recovergd amorphous aluminium ihydroxide in a solid-solid separation

step 1o {form & second saturaled caloium sulphate-containing solution,

2. A method according fo claim 1 wherein, in step (1) calclum hydroxide or caloium

gxide is added tn the acidic wasle waler stream.

3 A mathod according o claim 1 or 2 whereln, in slep (1), the pH is rajsed 10 2 value of

behwaen 0.0 and 12.0.



16

15

WO 2017/015678 PCT/ZA2016/050025

14
4, A method accuding to olalm 1, 2 or 3 whersin the Impurities include fon, alurinium,

manganase, magnesium and other heavy melals,

8. A method according to any one of claims 1 fo 4 whereis, fofiowing step 4, the pM of

the product waley stream is lowered by adding CO» io pracipitate calgium carbonate.

B. A mathod according 1o clsim § wherein the calcium carbonate is separated from the

product water in a third lquid-solid separation slep o form a purified waler.

7. A method according 1o any one of claims 1 fo 4 whersln the {irst, and the second.
supersaturated calcium suiphate-contalning streams are de-supersaturaled by removing

caleium sulphate as gypsum.

8. A mathod sccording 1o any ong of claims 1 to 7 whersin, in siep (8), the pH of the

stiringile is lowerad by the addition of sulphuric acid, hydrochiods acid, T0: or 80,

8. A mathod accorgding o any one of claims 1 to 7 wherein, in siep (8). the pH of the

sltringite s lowerad i g value betwesn 4 and 8.5,

10, A method according to claim § wherein, in step (8], the pH of the eltringlte is lowersd

{o o value between B ang 8.5

11 A method according o any one of claims 1 lo 10 whersin the second and hirg
suparsaturated caicium sulphate-coniaining streams include calcium suiphate in the form of

gygsUm.

12, A method according o claim 11 whersin the gypsum is In a orysialised form.
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13 A method according to clalm 12 wherain, in slep (8), the solid-solid separation is achieved
oy means of size exclusion, wherein padicies of the orysialiised gypsum are larger than

pardicles of the amorphous alurmninium,
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