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METHOD FOR REMOVING METALS

FROM ACID MINE DRAINAGE
Technical Field

[0001] This mvention pertains to the treatment of water to remove
metal contaminants therefrom. More particularly, it pertains to a

process for the removal of metals from acidic mine wastewaters, using
lignin derivatives.

Background of the Invention

[0002] Acid rock drainage (ARD) is a natural process that OCCurs
when sulfur-containing compounds in rock are exposed to air and water.
When this process occurs in the context of mining operations, where
sulfur-containing rocks are exposed as a result of open pit or under-
ground mining, the process is referred to as acid mine drainage (AMD).
The process produces acidic waters as a result of the oxidation of the
minerals pyrite (FeS,) and pyrotite (FeS) and other sulfur-containing
compounds, generating sulfuric acid. The oxidation is increased by the
bioactivity of oxidizing bacteria, in particular Thiobacillus and
Ferrobacillus. The pH of the acidic waters is typically about 2.1-to 3.5.
This low pH causes the water to leach metals from the rock and soils in
contact therewith. Other mine wastewaters resulting from the operation
of a mine, whether an under ground Or an open pit mine, inclﬁding the
water used In the operating process of the mine and from mill clean-up,
are also often highly acidic. All such wastewaters, including ARD and
AMD, are collectively referred to in this specification as “acidic mine
wastewaters.

[0003] The contamination of water supplies by the metals in acidic
mine wastewaters is a serious environmental concern. For example, the
metals dissolved in such waters may kill fish and other aquatic life, and
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may pose human health hazards when they find their way ‘into drinking
water supplies.

[0004] Various processes have been proposed for reducing the

> metal content of wastewater. It is known that tlocculating agents are of
use in such processes. For example, U.S. Patent 5 , 120,886 (Iwinski)
discloses a process for removing metals from mine wastewaters that
uses an anionic polymer and a flocculent.

10 10005] © One known method for treating acid mlne dramage is the
high density sludge (HDS) process. In this process, an excess amount
of lime 1s applied to neutralize the acidity of the water and raise the pH
to about 9-10. An appropriate flocculent is then added and the mixture
1s transferred to a clarifier, from which clean effluent ; 1S decanted from a

15 sludge. The HDS process uses large amounts of lime, is very time-
consuming, and requires the handling of a large quantity of sludge and
further treatment of the sludge to stabilize it. The process requires
expensive equipment to handle lime slurry. It frequently requires
modification for removal of various metals to meet local environmental

20 regulations. US 5,427,691 (Kuyucak et al.) discloses a modification of
the HDS method, using lime, flocculant and recycled sludge in a two-
stage process employing two reactors.

10006] It 1s known that a variety of compounds form complexes

25>  with metal ions, providing the potential to remove the metal ions tfrom
the compositions they contaminate. The capacity of humic and fulvic
acids to complex metal ions is well established. For example, U.S.
Patent 6,143,692 (Sanjay et al.) discloses a process for removing metals
from water using humic acid.:

30
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[0007] Kraft lignin and lignosulfonates are two classes of lignin
derivatives available commercially. Théy are produced as by-products
of the sulfate and sulfite pulping processes respectively.
: Lignosulfonates have been used in processes for the removal of various
5 organic contaminants from water. Such processes are disclosed, for

example, in U.S. Patent 5,736,032 (Cox et al.), U.S. Patent 4,933,087
(Markham, Jr. et al.) and U.S. Patent 5,308,499 (Dixon et al.). The
use of lignosulfonates in a process for removing mercury from
contaminated alkaline groundwaters is disclosed in Zhuang et al., “A

10 New Technology for the Treatment of Mercury Contaminated Water

and Soils,” Remediation Technologles Symposium, October 16-18,
2002, XP002269333.

[0008] Lignosulfonates and kraft lignin contain an abundance of

15 oxygen-containing functional groups (such as phenolic, hydroxyl
enolic, ether, carbonyl, and SO.H structures of various types), which
are capable of forming lignin-metal complexes with high stability
through ionic and covalent chemical bonding. It would be desirable to
be able to use these plentiful and inexpensive lignin derivatives in

20  processes for the effective removal of metal contaminants from acidic
mine wastewater.

Summary of Invention

25 [0009] According to one embodiment of the invention, there is
provided a method for removing metal contaminants from acidic mine
wastewater. Lignin derivatives, such as lignosulfonates or kraft lignin,
are dispersed in the contaminated water. An alkali Coagulant, such as a
lime compound (for example, hydrated lime (Ca(OH),), quick lime

30  (Ca0) or limestone (CaCQO,)), is added to partially neutralize the acidity
of the water and raise the pH to about 4.5 t0 8.5. The pH 1s then
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adjusted to about 9 to 10 by the addition of an alkaline COmposition,
such as caustic soda or soda ash or additional lime. Optionally, air -
oxidation is then carried out, reducing the pH to about 8.0 - 8.6. Flocs
of metal-lignin, metal hydroxides and salts are formed and coagulate to
5 form sludge, producing a clear effluent. The sludge is then separated
from the treated water, preferably by filtration. Optionally, a minimum
amount of a ferric or ferrous salt may be added for further removal of

dissolved metals. Optionally, fly ash or diatomaceous earth can be
added.

10
Detailed Description of the Preferred Embodiments i

!
!

10010} The methods of the invention can be used to treat any acidic
mine wastewater, as defined above. The metals that can be removed
15 from acidic mine wastewater by the methods of the invention are heavy

metals, mncluding cadmium, cobalt, copper, manganese, nickel, lead and
zinc, as well as lighter metals, such as aluminum:

[0011] The mvention provides a new method of treating acidic
20 mine wastewater. Lignin derivatives are dispersed in the metal-

contaminated water, causing the formation of metal-lignin complexes.
One or more alkali coagulants, preferably lime compounds, are added,
- with agitation, to raise the p‘H to a pH 1n the range of 4.5 to 8.5, and
preferably in the range of 6.0 to 7.5. This causes the formation of 2
25 metal-containing floc, as some metal ions, in particular ferric and
aluminum, form hydroxide flocs. The step of adding the lignin
derivatives in the wastewater can be carried out either before or after
the step of adding the alkali coagulant. An alkaline composition, such
as caustic soda, soda ash, or additional lime, is then dispersed in this
30 mixture to increase the pH, preferably to a pH in the range of 9 - 10 and |
more preferably 9.3 - 9.6. At this pH, most of the remaining metals
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form flocs comprising insoluble hydroxides and salts. Preferably, after
- raising the pH to 9 - 10, air oxidation of the mixture 1s carried out,
causing a reduction of the pH to about 8.0 - 3.0, allowing the removal
of both aluminum and manganese by precipitation. The flocs of meta]-
> lignin complexes, metal hydroxides and salts are then separated out
from a clear filtrate. This is done by Ietfing them coagulate and settle,
forming a sludge which is then removed. : |

10012] The lignin derivatives used in the method of the invention

10 are preferably lignosulfonates, kraft lignin and sulfonated kraft lignin
salts, and mixtures thereof. The lignosulfonates include ammonium,
sodium, potassium, magnesium and calcium hgnosulfonates The
sulfonated kraft lignin salts include the ammonium, sodium,. potassium,
magnesium.and calcium salts. All these lignin derivatives are available

15  as by-products of pulp mill processes. The quantity of lignin derivatives
that 1s added to the ‘wastewater is preterably about 0.002 to 0.05 grams
per liter of water being treated. In the practice of the invention, the
lignin derivatives chelate metal ions, promoting flocculation and
coagulation of the metals and increasing the settling rate of the siudge.

20 They also enhance the retention of the metals in the sludge against
leaching. The addition of the lignin derivatives to the acidic mine
wastewater 1s preferably done as a first step 1n the method, prior to
neutralizing the water with lime. However, it can instead be done after
the step of neutralization.

25
[0013] The alkali coagulants used are preferably lime compounds,
including hydrated lime (Ca(OH),), quicklime (CaQ), limestone
(CaCO,), dolomitic lime (Ca0.Mg0O), dolomitic hydrated lime
(Ca(OH),.MgO0), dolomitic limestone (CaCO,.MgCO,) and mixtures

30  thereof. The amount of lime compound added is preferably about 0.1 to
0.8 grams (as CaO) per liter of water, and more preferably 0.15 to 0.5

AMENDED SHEET
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OTaIMS (és Ca0) per liter of water. The lime compounds act as a
coégulant, causing the flocculation of metal-lignin colloids. The amount
of lime that is required in the process can be estimated by the acidity of
the water being treated. |
5 | o

[0014] The alkaline composition used for raising the pH to about 9
to 10 1s preferably soda ash (Na,CO,), caustic soda (NaOH), or the
alkaline hydroxides, including the cal{é’ium, potassium, magnesium and
lithium hydroxides. The use of sodd ash assists the precipitation of -

10 some metals, such as cadmium and’"manganese, as carbonate salts. The
pH can also be raised using addit;('!)nal lime, though this is not preferred
because it increases the amount of sludge that is formed. Ammonia can
pe used but is not preferred due f’o its handling requirements.

15 [0015] The quantity of alkaline composition added depends on the
final pH desired, which can differ for different metal contaminants and
the alkali demand of the acidic mine wastewater. It has been found that
the stability of the sludge that is produced by the process of the
invention (i.e. its resistance to leaching of the metals) 1s greater when

20  the final pH is in the range of 8.0 to 8.6, than at a higher pH of about 9
to 10.

[0016] After the pH of the solution has been raised to 9 - 10,
preferably, the optional step of oxidation of the reaction mixture is

25 carried out. This reduces the pH to about 8.0 - 8.6 and preferably 8.3 -
38.5. The oxidation can be air oxidation, which can be done by bubbling
air through the solution. Performing air oxidation for a period of about
30 - 60 minutes is preferred. This step is particularly useful in eriecting
the removal of both aluminum and manganese compounds by

30 precipitation. |
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[0017] The efficiency of air oxidization is affected by many factors
including the pH, temperature, air quality and mixing, and the levels of
Fe** and Mn** and other components in the solution. Under agitation
and air bubbling, the pH value of the solution is continuously reduced,
> 1indicating the formation of insoluble hydroxides. The initial pH when

beginning air oxidation is about 9 - 10. The final PH to which the
solution is brought, within the range of 8.0 - 8.6, depends on the
properties of the metals dissolved in the water and the desired levels of
metals 1 the treated effluent.

10 f
10018] As an optional step, a ferric or fe}ifous salt is added to the
reaction mixture in order to promote the removal of dissolved metals by
the formation of flocs. Suitable ferric salts ngclude terric chloride and -
terric sulfate. Suitable ferrous salts include’ ferrous chloride and sulfate.

15 Preferably, about 0.01 to 0.12 grams of ferric chloride per hitre of water is
used. Although a ferric salt can be used where the process does not
include the step of air oxidation, it is preferred that the process would
include such step. When a ferric salt is used, air oxidation is carried out
until the pH is reduced only to about 8.7 - 8.9. Then, the ferric salt is

20 added, causing a reduction of the pH to the desired final pH of 8.0 - 8.6,
preferably 8.3 - 8.5. A ferrous salt can also be used, though in such case
the salt is added before or during the step of air oxidation so that the
ferrous ions are oxidized to ferric ions in the solution. It will accordingly
be understood that, where the process includes the preterred step of air

25 oxidation, the reduction in the pH can be effected cither solely by air
oxidation or by means of air oxidation down to apH-of 8.7 - 8.9 and then
by the addition of a ferric salt to bring the pH to 8.0 - 8.6.

[0019] As a further optional step, fly ash or diatomaceous earth is
30 .added to the reaction mixture to accelerate the settling rate of the floc
and increase the density of the sludge, thus assisting its removal, and to
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stabilize the'sludge. T'he quantity of fly ash or diatomaceous earth that
1s used is not more than about 0.3 g per liter of water, to avoid the
production of an excessive amount of studge. Preferably, the amount of
fly ash or diatomaceous earth is in the range of 5% to 10% by weight of
O the weight of the alkali coagulant. Preferably, the fly ash is class C or

class F and most preferably class C, which has a higher calcium
content. The addition of fly ash or diafomaceous carth can be done in
conjunction with the addition of the other materials, i.e. with the lignin
derivatives, the lime or the caustic soda/soda ash.

10 |
[0020]  The sludge that is formed by the ﬂoccgﬂation COmprises
largely calcium compounds, such as Ca(OH),, CaSO,, CaCO,, calcium-
lignin, and co-precipitates with other metals. Thé metal-containing
sludge formed is separated from the treated water by any convenient

15 means. Preferably, it is removed by filtering the treated water and
sludge, for example in a filter press, to separate the sludge, which
contains the complexed metals, from a clear filtrate, having a greatly
reduced metal content. -Other sludge-removal means include decanting,
centrifuging'and using a clarifier. The mass of sludge“depends

20 principally on the amount of dissolved metals in the water and the
amount ot lime that is used.

10021] The metals in the sludge are present as inorganic and
organic complexes, adsorbed on inorganic and organic colloids, or

25 incorporated within biological materials. The sludge is stable with
respect to retaining the metals, due primarily to the capability of lignin
derivatives to form stable metal complexes with metals. Long-term

stability of the Csludge 18 promoted by use of fly ash or diatomaceous
earth, as described above.

30
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1t 18 separated from the solution, for example, by filtration, leaving a
clear filtrate. In this method, the step of allowing the floc to coagulate

> and settle is not required. The floc is filtered out directly, using a filter
that is sufficiently fine to remove floc comprising small particles.

10023]. The following procedures in accordance with the invention

were carried out on two samples of acidic mine wastewater having the
10 metals content shown in Table 2. Sample #1 was yellow - reddish water

taken from acid mine drainage, containing some red powders and

having a pH of 3.1. Sample #2 was clear jellowish water taken from

acid mine drainage having a pH of 3.1. Tlie processes were carried out

at room temperature and with mixing to disperse or dissolve the
15 ingredients.

10024] - Exainplé 1. Under agitation, 0.040g of sodium
- lignosulfonates was rapidly dissolved in one liter of Sample #1 acidic
mine wastewater. The pH was unchanged by the addition of the
20  lignosulfonates. Then, 0.383 g hydrated lime was added. After about
15 minutes the pH had risen to about 7.4. Then 0.208g fly ash was
added to the water, raising the pH about 7.7. Then the pH was adjusted
with caustic soda (0.33g, 50% by wt.) t0 9.5. Air oxidation with air
bubbling through the water was carried out for 70 minutes reducing the
25 pHto 8.4. The water was then transferred to a 1-I. Imhaff settling
cone. It took about 11 minutes to complete flocculation and coagulation
to form 200ml sludge at the bottom. The sludge was separated by

- 30  determined by ICP method. The process data are shown in Table 1 and
metal content data in Table 2.

AMENDED SHEET




01-12-2004 . | CA0301758

CA 02505510 2005-05-09

.
1

- 10 -

[0025]  Example 2. Under agitation, 0.352g of hydrated lime was
added to one liter of Sample #2 acidic mine wastewater. After about 15
minutes the pH had increased from 3.1 to about 5.7 0.041g of soda

5 ash was added, which raised the pH of the water to 6.2. Then 0.031 g
sodium lignosulfonates was rapidly dissolved, which increased the pH of |
the water to 6.3. The pH was then raised with caustic soda (0.486¢,
50% by wt.) to 9.4. Air oxidaticn with air bubbling through water was
carried out for about 75 minutes, reducing the pH to0.8.3.: The water

10 was then transferred to a 1-L Imhaff settling cone. - It took about 15
minutes to complete flocculation and coagulatlon to form 200ml sludge
at bottom. The sludge was separated by the ﬁlgraﬁon through a 1.6pm-

pore filterpaper. The mass of dried sludge was 0.45g. The dissolved
metals of decanted water was determined by the ICP method The test
15 data are shown in Tables 1 and 2.

[0026]  Example 3. Under agitation, 0.037g of sodium
lignosulfonates was rapidly dissolved in one liter of Sample #2 acidic
mine wastewater. The pH remained at its initial value. 0.361¢

20 hydrated lime was added, causing the pH to increase to about 6.0.
0.189g fly ash was added into the water, which raised the pH to about
6.1. The pH was then raised with caustic soda (0.468g, 50% by wt.) to
9.3. Air oxidation with air bubbling through the water was carried out
for about 20 minutes, reducing the pH to 8.7. 0.056g FeCl, (41% by

25 wt.) solution was injected into the water, reducing the pH to 8.3. The
water was then transferred to a 1-L Imhaff settling cone. It took about

11 minutes for flocculation and coagulation to form 300ml sludge at the

bottom. The sludge was separated by filtration though a 1.6um-pore
filterpaper. The mass of dried sludge was 0.74g. The dissolved metals

30  of decanted water was determined by ICP method. The test data are
shown in Tables 1 and 2.
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[0027] Example 4. Under agitation, 0.039¢g of sodium
lignosulfonates was rapidly dissolved in one liter of Sample #2 acidic
mine wastewater. The pH remained at its initial value of 3.1. Then

> 0.391g hydrated lime was added. After about 15 minutes the pH had
increased to about 7.2. The pH was then raised with caustic soda |
(0.374g, 50% by wt.) to 9.6. Air oxidation with air bubbling through
the water was carried out, reducing the pH to 8.8. 0.070g FeCl, (41%
by wt.) solution was injected into the water, causing a reduction of pH

10 to 8.3. The water was then transferred to a 1- L Imhaff settling cone. It

took about 12 minutes for flocculation and coagulatlon to form 300ml
sludge at the bottom. The sludge was separated by filtration through a

1.6pm-pore filterpaper. The mass of dried sludge was 0.55g. The
~ dissolved metals content of the decanted water was determined by ICP
15 method. The test data are shown in Tables 1 and 2.

Table 1. Process Data

AMW ' Sample #1 | AMW Sample #2 o

Li gnosulfonates mg/L

20
.
|

25 _FeCl,(@1%). mg/lL | @
. Final pH = | 0.

. Dned Sludge (g/L) | .

30
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Table 2. Metal Data

| AMW Sample #1 (mg/L) | AMW Sample #2 (mg/L)

» e e L N (4] Y., 9=

| Metals | Example 1 | Example 2 Example 3 Example 4 ’
5 . Before d Before
I Treatmenm After Reduction | Treatment After Reduction After Redution After Reduction
| o Treatment | () : 4 Tn:nt | (% _ Trearment (%) |
o | 5o [ oo [ s {57 oo [ sse [ oo [ e [ om | o7
o | v oo | 99 | ss | <o | w0 | ooz | w8 | <oo | 100

10028} As will be apparent to those skilleéd in the art in the light of
the foregoing disclosure, many alterations and modifications are possible
15 1in the practice of this invention without departing from the spirit or scope
thereof. Accordingly, the scope of the invention is to be construed in
accordance with the substance defined by the following claims.
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WHAT IS CLAIMED IS:

1. A method for removing metals from metal-containing acidic mine

wastewater, consisting essentially of the steps of:
(a) dispersing lignin derivatives in said wastewater;

(b) dispersing an alkali coagulant in said wastewater, thereby increasing

the pH of said wastewater to a pH in the range of 4.5 to 8.5;

(c) after steps (a) and (b), dispersing an alkaline composition in the
wastewater, thereby increasing the pH of said wastewater to a pH in the

range of 9 to 10 and causing the formation of a floc; and

(d) separating metal-containing flocs formed in said wastewater from

sald wastewater.

2. A method according to claim 1 wherein said metals comprise one or

more of aluminum, cadmium, cobalt, copper, manganese, nickel, lead and

ZInc.

3. A method according to claim 1 wherein said lignin derivatives comprise

lignosulfonates.

4. A method according to claim 3 wherein said lignosulfonates comprise

one or more of:

(1) ammonium lignosulfonates;

(1) calclum lignosulfonates;
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(111) sodium lignosulfonates;
(1v) potassium lignosulfonates; and

(v) magnesium lignosulfonates.

5. A method according to claim 1 wherein said lignin derivatives comprise

sulfonated kraft lignin salts.

6. A method according to claim 5 wherein said sulfonated Kkraft lignin salts
comprise sulfonated kraft lignin salts of ammonium, calcium, sodium, potas-

sium Or magnesium.

7. A method according to claim 1 wherein said lignin derivatives comprise

kraft lignin.

8. A method according to claim 1 wherein the amount of said lignin
derivatives 1s in the range of 0.0002 to 0.05 grams per liter of said

wastewater.

9. A method according to claim 1 wherein said alkali coagulant 1s a lime

compound.

10. A method according to claim 9 wherein the amount of said lime com-

pound is 0.1 to 0.8 g, measured as Ca0O, per liter of said wastewater.

11. A method according to claim 9 wherein the amount of said lime com-

pound 1s 0.15 to 0.5 g, measured as CaQ, per liter of said wastewater.
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12. A method according to claim 9 wherein said lime compound comprises
hydrated lime, quick lime, limestone, dolomitic Iime, dolomitic hydrated lime,

dolomitic limestone, or mixtures thereof.

13. A method according to claim 1 wherein the pH is increased to a pH in

the range of 6.0 to 7.5 1n step (b).

14. A method according to claim | wherein the pH 1s increased to a pH in

the range of 9.3 t0 9.6 1n step (¢).

15. A method according to claim 1 wherein said alkaline composition

comprises caustic soda, soda ash or soluble hydroxides or a mixture thereof.

16. A method according to claim 1 wherein said alkaline composition

comprises a lime compound.

17. A method according to claim 1 wherein said step of separating com-
prises coagulating said flocs to form a sludge and separating said sludge from

an aqueous filtrate.

18. A method according to claim 17 wherein said step of separating said

sludge is done by filtration.

19. A method for removing metals from metal-containing acidic mine

wastewater, consisting essentially of the steps of:
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(a) dispersing lignin derivatives 1n said wastewater;

(b) dispersing an alkali coagulant in said wastewater, thereby increasing

the pH of said wastewater to a pH in the range of 4.5 to 8.5;

(c) after steps (a) and (b), dispersing an alkaline composition 1n the
wastewater, thereby increasing the pH of said wastewater to a pH 1n the

range of 9 to 10 and causing the formation of a floc;
(d) after step (c), causing oxidation of said wastewater; and

(e) after step (d), separating metal-containing flocs formed 1n said

wastewater from said wastewater.

20. A method according to claim 19 wherein said oxidation 1s done by

introducing air into said wastewater.

21. A method according to claim 20 wherein said oxidation reduces the pH

to a pH in the range of 8.0 to 8.6.

22. A method according to claim 20 wherein said oxidation reduces the pH

to a pH 1n the range of 8.3 to 8.5.

23. A method for removing metals from metal-containing acidic mine

wastewater, consisting essentially of the steps of:
(a) dispersing lignin derivatives in said wastewater;

(b) dispersing an alkali coagulant in said wastewater, thereby increasing

the pH of said wastewater to a pH 1in the range of 4.5 to 8.5;

(¢) after steps (a) and (b), dispersing an alkaline composition in the
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wastewater, thereby increasing the pH of said wastewater to a pH in the

range of 9 to 10 and causing the formation of a floc;
(d) adding fly ash or diatomaceous earth to said wastewater; and lastly

(e) separating metal-containing flocs formed in said wastewater from

sald wastewater.

24. A method according to claim 23 wherein the amount of said fly ash or

diatomaceous earth is 0.5 grams or less per liter of said wastewater.

25. A method according to claim 23 wherein the amount of said fly ash or
diatomaceous earth 1s in the range of 5 to 10 percent by weight of the weight

of said alkali coagulant.

26. A method according to claim 23 wherein said step of adding fly ash or

diatomaceous earth 1s carried out at the same time as step (a).

27. A method according to claim 23 wherein said step of adding fly ash or

diatomaceous earth is carried out at the same time as step (b).

28. A method according to claim 23 wherein said step of adding fly ash or

diatomaceous earth 1s carried out at the same time as step (c).

29. A method according to claim 23 wherein said fly ash is one of class C

or class F fly ash.

30. A method for removing metals from metal-containing acidic mine
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wastewater, consisting essentially of the steps of:

(a) dispersing lignin derivatives in said wastewater;

(b) dispersing an alkali coagulant in said wastewater, thereby increasing

the pH of said wastewater to a pH in the range ot 4.5 to 8.5;

(c) after steps (a) and (b), dispersing an atkaline composition in the
wastewater, thereby increasing the pH of said wastewater to a pH 1n the

range of 9 to 10 and causing the formation of a floc;
(d) after step (c), causing oxidation of said wastewater;

(e) adding a ferric or ferrous sait; and lastly

(f) separating metal-containing flocs formed 1n said wastewater from

said wastewater.

31. A method according to claim 30 wherein the step of adding a ferric salt

to said water 1s done after said step of oxidation.

32. A method for removing metals from metal-containing acidic mine

wastewater, consisting essentially of the steps of:
(a) dispersing lignin derivatives in said wastewater;

(b) dispersing an alkali coagulant 1n said wastewater, thereby increasing
the pH of said wastewater to a pH in the range of 4.5 to 8.5;

| (C) after steps (a) and (b), dispensing an alkaline composition 1n the
wastewater, thereby increasing the pH of said wastewater to a pH 1n the

range of 9 to 10 and causing the formation of a floc;

(d) after step (c), causing oxidation of said wastewater, wherein said
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oxidation reduces the pH of said wastewater to a pH in the range of 8.7

to 8.9;

(e) adding a ferric salt to said wastewater after said step of oxidation,

reducing the pH to a pH in the range of 8.0 to 8.6; and lastly

(f) separating metal-containing flocs formed in said wastewater from

said wastewater.

33. A method according to claim 31 wherein said ferric salt is ferric

chloride and the amount of ferric chloride added is in the range of 0.01 to

0.12 g per liter of wastewater.

34. A method for removing metals from metal-containing acidic mine

wastewater, consisting essentially of the steps of:
(a) dispersing lignin derivatives in said wastewater;

(b) dispersing an alkali coagulant in said wastewater, thereby increasing

the pH of said wastewater to a pH in the range of 4.5 to 8.5;

(c) after steps (a) and (b), dispersing an alkaline composition in the
wastewater, thereby increasing the pH of said wastewater to a pH in the

range of 9 to 10 and causing the formation of a floc;
(d) adding a ferric salt; and lastly

(e) separating metal-containing flocs formed in said wastewater from

sald wastewater.
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