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This invention rclates to the trecatment of waste
liquids which contain polluting compounds, the term "liquid®
being intended to cover agucous solutions and other liguid-
like materials including slurries, sludges, silts and slimes,

As is well known, pollution of the environment by
waste liquids is a serious problem, and intense efforis are
being made to deal with the problem so as to reduce pollution
of the environment as much as possible. 1Industrial wastes are
a major sodrce of waste liquids containing polluting compounds.
Such waste liguids are produced. by many manufacturing industries,
for example, the steel, automobile, metal plating, tannery and
drum reconditioning industries. Sludges from waste water treoat-
ment plants are also examples of waste liquids contaiﬁQng pollu~
ting compounds. Also, mines and associated metal refineries
are notorious producers of waste liquids containing pollutinug-
compounds. For example, tailings from refiners of gold, coppex
and urapium, to name but a few, contain very undesirable pollu-
tfﬁg compounds. Similarly, sewage plants also produce waste
liquids containing polluting compounds, and harbour dredgings
are another ecxample of such waste liguids,

The actual nature of the polluting compounds in
waste liquids vary widely, according to their source. Propojals
for treating such waste liquids have, in the past, generally
been directed to the treatment of speccific waste liquids con-
taining specific polluting compounds, and have not been widely
applicable to different waste liquids containing various dif-
{erent polluting cempounds. Also, such prior proposals have
fregquently been expeonsive te operate hovause of the larce
gquantitics and/or cont of the reagents uaed.

In fact, the onlf csolution to the praoblem in many

cascs is to store or dump the waste lipuads in logonns on

>
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. the surface of the earth or dispose of them in an underground

cavern. Many of the waste liquids dumped-in this manner have
high concentrations of extremely contaminating polluting com-
pounds, and as is well knan, ;uch polluting compounds often
manage to pass ihto the éurfounding environment, often with
disastrous results.

It is therefore an object of the éresent invention to
provide a process for treatiﬁg waste liquids containing pollu-
ting compounds whiéh is useful for treating waste ligquids with
many different types of organic and inorganic polluting com-
pounds and which uses relatively small quantities of relativciy

According to the invention, a method of trcaéing waste
liquids containing polluting compounds includes reacting the
waste liquid with an acidic ferrcus salt solution to adjust the
EH of the liquid to a valuc within the range of féom about 2 to
gbout_éﬂand to reduce polluting compounds in the waste liquigd
to a form capable of recaction with an alkali to produce an inert
precipitate, recacting the adjusted liguid with an alkali to raise
the pH to a value within the range of freom nbcdé 9 to about 12.5
and to produce said inert precipitate, and reacting the alkaline
liquid with a silicic compound to form large complgx silicate

molecules with said precipitate with resultant solidification of

-the liquid into a stable pollution free solid material.

In this way, the waste liquid and its contained pollu-
ting compounds are converted info a stable pollution free solid

material which, if desired, may be used in a variety of ways,

for example as land fill or road foundations., The process can

he carried out cheaply and efifcctively and produces an environ-—

mentally safe, non-~toxic preduct which is of a soil-like naturae.
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The acidic ferxrrous salt solution may be a solution

containing ferrous sulphate and sulphuric acid. The alkali

may be lime, and caustic soda may be used in addition to or in
place of the lime.

The silicic compound may be a compound which becomes
active when the pll rises up into the range of from about 9 to
about 12.5 so as to react with the alkaline-liquid to form the
large compleox silicate molecules with the precipitate, the sili-
caté compo;nd being inactive when the pil is substantially below

this range.

The

0

ilicic compound may ke selacted from the group
dium

]

consisting of =o

1

silicate, cement, fly ash, general ash,

siliceous slag, clay, silt, sand, stone and soils of a silicic

" nature.

The adjusted liquid with p!f in the range of from zbout
2 to about 5 may be reacted with an alkali to raise the pH to
a value.of about 9 and to preduce said precipitate, and an alka-
line earth metal compound may be added to raise the pH to a
higher value and cause the silicic compound to form said large
complex silicate molecules with said precipitate.
) Many different types of waste liquids centaining pollu-
ting compounds may be treated in accordance with the present in-
vention. For example, waste liguids from the stecl industry, the
plating induery and the auvtomohile imtustry may be so treated.
Such waste liquids usually contain undesirably high concentrations
of metal salts, such as chromium salts, which would ke extrenely
harmful to the environment "if such waste liquids leaked from a
storage site into the surrounding soil and thenos into a water
source. Such poalluting compounds are reduced by the acidic fer-

rous salt colution to a form capable of reacting with an alrali

to prouduce an irnert procipitate.
Xa/ ;‘ ) 3 B
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The invention can also be used with waste liquids

from mining opecrations, such‘as refining operations for gold,
copper and uranium. Scwage sludg2 and harbour dredgings are
other examples of waste iiquids containing polluting compounds
which can be treated in accordance with the present invention.
The actual amount of acidic ferrous salt solution

required in any particular case depends of cdurse, upon the

"nature and concentration of polluting compounds present in

the waste liquid codncerned, and can be determined by routine
trial and experiment. Usually,Aa ferrous ion concentration in
the range of from about 10 grams per liter (1%) to about 100
grams per liter (10%) will be required. Further, the amount of
acid required will be as much as is necded to adjust thé pil to
a value within the range of from about 2 to about 5. As men-
tioned above, the acidic ferrous salt solution may be a solution
containing ferrous sulphate and sulphuric acid, the advantaée
being that these substances are readily obtainable and rela-
tively inexpensive. The amount of ferrous sulphate required
will uswvally be within the range of from ahkout 30 grams per
1iter_(3%) to about 300 grams ﬁcr liter (30%), ard the amount
of sulphuric acid required will usually he within the range of |
from about 10 grams per liter to ahout 100 grams per liter.

The acidic ferrous salt solution is preferably mixed
with the wgstc liquid by hydraulic and/or mechanical means and
added in such an amount that free ferrous ions exist and the
pil is between about 2 and about S. |

‘ The adjusted liquid is then mixed with an alkali,
such as lime, to raise the éu to a value within the range of
from about 9 to about 12.5. The alkali then reacts with the
reduced polluting cempounds to produce an inert precipitate.,

The alkali is mixcd with the adjusted livguid Ly hydraulic and/or
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mechanical means. Various methods may be employed depending on

the nature and viscosity of the wastes and the best methed to be

used in any particular casec will be readily apparent to a person

skilled in the art. .

The amount of alkali required depends upon the amount
of polluting compounds and can be determined by routine trial and
experiment in any part%cular instange. Usually, the amount of
alkall required willbbé in the range of from about 0.1t to about
10% by weiggt.

The now alkaline liquid is reacted with a cilicic com-

pound in such a manner that the silicic c¢ompound forms large

complex . silicate molecﬁles with the precipitate with resultant
solidification of the liquid. The silicic compound is ﬁrefcr-
ably mixed with the alkaline ligquid by mechanical means for
heavy materials, but Various methods including pumps may be used
where large guantitics of pumpable materials are to be treated.
The amount of silicic compound required aepends upon
Ehc amount of precipitate in the alkaline liquid, and can be
determined by routine trial and experiment in any particular
instance. Usually, the amount of silicic compound will be in
the range of from 1% to 90%. Not all this amount may have to

be added, since the waste liguid may contain some or all of the

silicic compound required. For example, harbour dredgings may be

BO% silicicycompound.

The pH of the alkaline liquid and the nature of the
silicate compound may be such that the reaction of the silicate
compound with the precipitate begins as coon as the silicic
cempound is added.  This will happen, for example, 1% the pi is
about 10 and the silicic compound is selected from the group

consisting of sodium silicate, cement, {1y ash, general ash,

¢

siliceous slaqg, clays, silts, sands, stone and soll.

)

1%,
i
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On the otherhand, the reaction betwecen the silicic

‘compound and the precipitate may not take place to any great

extant until an alkaline ea;th mctal’compound has been added,
with conseguent raising of the‘pH to about 10 or preferably

to 12~13. The alkaline earth metal compound may be selcocted
from the group consisting of calcium oxide or hydroxide com-
pounds, tri-calci.m aluminum silicates, and magnesium or barium
oxides. The reactions are often aided or ;peeded up by addi-
tion of other alkalis such as sodium hydroxide.

As in previous procedures, the arount cf alkaline
earth compound required can be determined by routine trial and
expcrimént in ény particular instance. Usually, the amount
required will be in the rangs of from about 0.1% to about 10%.

Usually, the reaction between the silicic cempound
and the preicpitate is well advanced after a few hours, and is
substantially complete within a few days. The actual time re;
quired of course depends upon the amount of pélluting compounds
originally present and the amount of reagents used.

Various examples of processes carried out in accord-
ance with the present invention will now be dcscfibed.

Various waste ligquids obtained from the steel induskry,
the plating industry, and auntomebile industry and éthcr gencral
induétrics were mixed tosether with the composition of the

waste liguid mixture being:

Total Solids 168,250 rmg/liter
Dissolved Solids 167,200 " "
Sulphates 93,000 " "
. Chlorides . g, 310 " "
Calcium 474 " "
Chromium L,112 N
Copper g4 ™ "
Iron 15,2700 "
Manganeso 1640t "
Hickel loz ~ "
Zing 11,000 " "

2 J. n (]
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The various waste liquids were mixed in such a manner

that oxcess ferrous iron existed in an acid condition so that

highly toxic chemicals such as cyanide and hexavalant chromium

would be converted to an casily treatable form. The pl of the

waste liquid mixture was 2.4‘ 60 grams: per liter of lime (CaQ)
ware then added by mechanical mixing and slurrying methods until -
the pH was 9 to producc the required precipitate.

| 300.grams per liter of silicic cempounds, namely soild
containing in excess of 70%t by weight complex silicate compounds,
were added by mechanical means until the mixture had a thick
mud consistency.

20 grams per liter of an alkaline carth metal compound,
namely Ca(OH)z,wcre then added to cause the silicic compound to
react with the precipitate. The mixture rapidly thickened and
was placed in a pile on the ground to awalt completion of the
reaction. Within twenty-fcur hours, the material could be walked
on and within thirty days, the compressive strength of the material
was well over 3,000 pounds per squarc foot. .

To test the stability and non-toxic nature of this
solid product, 100 grams of product were leachad with distilled
water equivalent to heavy rain fall over a twenty-four hour

period, and the analysis of the leachate was:

pH ] 9 .
Ccl } 81 mg/liter
804 340 114 "

Mn Q.02 " "

Cu 0.2 ™ "

Zn Q.04 " -

b 0.l " "

Mi ' 0.04 " i

Fos G oot "
1 LN
The safety of the solid preduct frem an Cnvironnental

point of view can readily be neen froem Lhie above results,

\

s
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The solid product in this cxample rescmbled typical

sedimentary soft shale as typically found in the ecarth. It digd

not break down under the action of water ar other environmental
actlion, and could not be readily identifiod as anything else but

a typical complex silicate compound, such as forms solid sedi-

-mentary rock, shales, or mud stone.

EXAMPLE 2.

The waste liquid treated in this example was from
a tailings pond of a copper refinery, and among other pollu-
ting compounds contained metallic hydroxides and sewage sludge.
3 liters of the waste liquid wore mixed with 0.1% per liter of
dilute acidulated ferrous sulphate solution containing 4% by
weight Ecrrous‘sulphate and 3% by weight sulphuric acid to ad-
just the pit of the liquid te 2 and effect the necessary reduction
of the polluting compounds.

10 grams per liter of lime were then added to raise
the pil to 9 and produce the required precipifate.

500 grams per liter of silicic compound in the form

‘of sand and silt were then added, which gave the liquid a thick

consistency. : .

To activate the silicic compound, 25 grams per liter
of an alkaline earth metal compound, namely Cad was added to
raise the pH to about 12.5.

The mixture then rapidly became stiff and within twenty-
four hours was relatively hard. Within scven days, a compros-
sive strength of more than 5,000 pounds por square foot was
achicwad.

On immersion in water, the solid product was only
s)ightly softoned and did not fall apart. In a lecach west,

the leachate had no odour and did not contain any deteotable
A

toxie elements.  The BH of the lcachate was &,




10

20

¥

FyrunLn 3 302127

The waste liquid in this case was tailings liquid
from a uranium rcfinerf operation, and contained polliuting com=~
pounds such as pyrites. The tailings'liquid also contained
about 70% 5i0,. | B
This waste liguid was.treatcd in generally the same

-way as the waste liquid in Example 2, exceot that it was not

necessary to add a silicic compound since sufficient silicic
compound was driginally presant in the waste liguid.

Similar results were obtained as in Example 2.

| EXAMPLE 4

The waste;liquid in this case was scwage sludge
taken from various sewage plants.,

In the test, 1 liter of sewage sludge was treated
and diluted ac;dulated ferrous sulphate sclution was added to

sterilize the bacteria and recact with toxic components until

t he pHl was reduced from 8 to 3. It was noted that the Offen-

sive odour of the original sludge was eliminated at this poink.
20 grams per liter of lime were then added to raise
the pH to 8 and produce the reguired precipitate. 300 grams

per liter of silicic compound in the form of soil were then

added to produce @ mud-like consistcency.

£

30 grams per liter of an alkaline vcarth metal compound,

namely €a0,was added to raisc the ol to about 12,5 and initiate
the solidification recaction.

The sludge thickened and, after scveral days, was
like typical top soil.

Analysis of tha’product showad no dornctable toxic

slements in the leach tost, and showed oxcellont slow roloase

fevtitizer propertics with respect to nitrogen andd phosphorous,
The solid product in thin case would thoernfore be an cxeelloent

material to spreadon qardens or farm ficlds.
-

Rl Iy
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EXAMPLE 5
The waste liquid in this case was harbour dredgings
taken from a harbour on one of the great lékes of Canada. These
dredgings were known to contain putresihle matter from scwage
and were also known to be contarinated by mercury.

The same procedure as for -Example 4 was followed,

‘exccpt that it was not necessary to add any silicic compound

as sufficient silicates were contained in the original dredgings.

The solid product in this case was as good as that in
Example 4, In particular; no mercury was detected when a sample
was Qubjectcd to a leaching test.

EXAMPLE 6

The waste liquid in this case was mixed wastes fronm
various industrics over a wide area and contained polluting com~
pounds f{rom virtually every chemical industry. The mixture
had an extremely fnul smell. .

| The waste liquid was trecated with acidulated forrsus
sulphate solution to reduce the pq to 2, and wvas then treated
with lime to raisc the pH to 8. S5ilicic compounds, namely clays,
were added to produce a thick mud consistency, and then an
alkaline earth metal compound, namely Ca(ou>2, was added Lo
raise the pll to at least 12.5,

The waste liquid then solidified and has been accepted
as clean [ill material. The product is fruc ¢f the original
foul small, and resembled sound, good quality, dark grey soft
mudstona énalogous ﬁo typical soils feund in the earth, siach
as sclimentary stono,

EXAMPLE 7

The waste ligaid in thls case was bharbour droedging

H

from 4 bharbour on another great Yake of Cansda.  The contont

of the dredging had been formed from the discharge of ‘every

7 e
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conceivable type of industrial waste, and the various wastes
had interacted with cach other and formed complex precipitates
in the silt of the harbour hed.

An analysis of toxic metals in the sludge dredged was

as follows:

Cr 1700 ppm

Cu 650

Pb ) 200 "

Ni 740 "

Zn 520 " ’ .
Fe 141,000 "

Co . 1,000 =

Ca 194,000 ¢

Mg 11,600 °

The‘remaining matarial in the waste liquid was sew-

age sludge and silts of silicate cemponnds,

| A similar procedure as in the previous cxanples was
followed. Acidulated ferrous sulphate solution was added to
reduce the pH to 3, lime was added to raise the pH to 8, and
an alkaline ecarth metal cempound was added to raise the pH
te about 12.5, Addition of cilicate compound .was not required,
as sufficient was already prenent in the waste liguid.

Immediately after this treatnent, the offensive odour

originally present in the waste liquid disappeared. Within two

days, the material was hard enough to stand on and resembled
dark grey sedimentary soft shale or mudstone. After one month,
the;matcrial did not break down uhder water, and a leach test
with distilled water revealed the following analysis in the
leachate:

Cr 0.06 ppm

' Cu non detected
Pb non Actoectnd
N1 non doetected
Zn 0.0z pp
Fe 0.3 ppm
co non detacheod
9 H 7.1 \
ISO B MO0 pran
ci’ ) 268 prm
1K 48 ppm

a 4 pr
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In the leach tost; as in other lcach tests in the
previous example, 100 grams of the product were leached for
twenty-four hours in 175 mls. of distilled vater, which is
egquivalent teo heavy rain fall over a twenty-four hour period,

By comparison, it should be mentioncd that a piece of
pure red clay from farmland in Ontario, Canada, was put through
a similar leach test and the leachate was found to contain 1.4

ppm Fa,

The process of the invention may be carried out, for
example, by using the apparatus diagrammatically illustrated in
the accompanying drawing.

Mixed liquids are fed through a pipe 1 into an &il
separation pit 2. When sufficient mixed waste liguid has accumua-
lated to justify trcatment, a sample is analyzed in the laboratory
to determine its approximate compasition-and therehy find out how
are ;Qquiréd to produce a stable, non~polluling so}ié.

From the pit 2, pump 3 meters the waute ligquid into an
agitated tank 4, to which appropriate amounts of ferrous salt
solution and acid arc added from tarks 7 and 9 respectively.
The adjusted waste liquid then overtflows from tank 4 through 2
welr into an agitated tank 5 to which the required omount of alrnali
is added from a tank %.

- The alkaline waste ligquid then overflows from tonk 5
through a welr and falls into an agitated tank v, silicic
pound in liquid form s addedl to tank & frem o tunk 14 and any
exgcn¥ witer in tank 6 overflows down a nipe 190, Tﬁu misture i3

purcead frvom tank 6 throogh a pire 11 hy a punp !5 inte an cutlob
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Lo pipe ML otrom & tank 12 and is mixed with the 1lgoid by the punp
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15. The resultant mixture ‘solidifics at the point of dischargc!

from the outlet pipe 13.

The foregoing dcécription and, -in particular, the
examples given above, describe the wide capability of the
present invention for the trecatment of waste liquids contaiﬁing
bolluting compounds, with their ¢nnversion into environmentally
safe solid products. ]

Other embodiments within the scope of the invention

will be readily apparent to cne skilled in the art, the scope

of the invention being defined in the appended claims.
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The embodiments of the invention in wpich an exclusive
property or privilege is claimed are defined as follows:
1. A methed of treating ;‘wastc liquid containing pollu-
ting compounds, including reacting the waste liquid with an
acidic ferrous salt solution to adjust the pH of the liquid
tﬁ a vlaue within the range of from about 2 ro about 5 and to re-
duce poliuting compounds in the wastz liguid to a form cap-
able of reacting with an alkali to produce u« precipitate, ro-
acting the adjusted waste liquid with an alkali to raise the
pH of the liquid te a value within the range of from abecut §
to about 12.5 and to produce said precipitate, and reacting the
alkaline waste liquid with a silicic compound to form large
complex silicate moleccules with the precipitate and consequent

solidification of the waste liquid into a stable, non-pelluting

2. A method according to ciaim 1 wherein the acidic
ferrous salt solution 15 a solution contatmng ferrous sulphate

and sulphuric acid.

3. A methud according to claim 1 wherein the alkall is
lime.
3. A method according to claim 7 wherein the alkali com-

prises lime and caustic soda.

5. A nethod according toe claim 1 whereia the :ilicntu
cumpound is a compound which becomes active fo nrodocs snid

lurge complex silicate moleculey when Lhe (4 o the wasiuw

Yigquid is in the rangs of v about 9 Lo asbut 10,5, and io
rceclatively inactive when Lhe o is below caid raagne.

5. A method acsording to olailsm 1 owierorn the cllacic
cumpound is selected from the greup contisting ol Sodion
silicate, cement, Uly ash, veneral ash, silicecws slac, Ciliceour

silt, clay,.sand ard so1l of @ silicic nature.

~

N f

b




10242777
A method according to c¢laim 1 uhurciq tﬁe adjusted

liquid is reacted with an alkali to raise tne pH to about 9
and to produce said precipitate, and an alkaline earth metal
compound is added to raise the pH to ahigher value and cause

.

the silicic compound to form said large complex silicate

molecules.

8. A method according to claim 1 wherein the alkali com-~

prises caustic soda.
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