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1 .

This invention relates to the treatment of acid
and cyanide industrial wastes.

Acid and cyanide wastes are formed adja~
cently in various industrial operations. For ex-
ample, in the steel industry pickling operations
and cyaniding operations are sequentially per-
formed on bodies of metal for plating with nickel,
chrome or the application of other protective or
ornamental coatings. Wastes containing sul-
phuric acid or one of the other mineral acids are
highly detrimental if present in streams in sub-
stantial concentration and wastes containing
cyanides are poisonous to stream life and danger-
ous to human life if carried into streams in any
appreciable guantity. Certainty in operations
for disposing of those wastes is therefore a mal-
ter of necessity. Certainty in neutralizing the
acid wastes and in combining or decomposing the
cyanide wastes having been assured, effieiency
and economy in the methods of disposal are
greatly to be desired.  Assuming that the re-
agents as for neutralization and decomposition
must be present in quantity in excess of that
theoretically required for those reactions, it is
desirable to utilize the reagents in as slight excess
as gives certainty in disposal. Also it is desir-
able, still within the bounds of safety, to mini-
mize the number of tanks required for ireating
the wastes and for settling the products of the
treatment.

One object of my invention is to insure com-
plete neutralization of the acid waste and to
insure complete decomposition of the eyanide
waste.

Another ohieet of my invention is to provide
o system so safeguarded that it is made certain
a safe excess of the reagents for rendering the
wazstes harmless will at all times be supplied,
and to minimize the quantity of reagents re-
quired for positive safety.

Another object of my invention is to provide
simplified plant structure of such sort that it re-~
dueces the initial cost of plant installation, while
also attaining the other objects of my invention
relating to the maintenance of assuredly safe
conditions with a minimum expenditure of
reagents.

Another object of my invention is to provide a
system for disposing of industrial wastes of the
type indicated above which is under aubomatic
and correlated control of both the intake of
wastes to the system and the supply of requisite
reagents thereto to maintain safe conditions, and
automatically to safeguard the supply of
reagents.
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It may be stated generally that in attaining
the objects of my invention, one course I pursue
is to maintain a large body of sludge in the con-
ditioning tank for treating the acid waste and in
the conditioning tank for treating the cyanide .
waste. Also I maintain a large body of sludge in
a settling tank which is common to both indus-
trial wastes. The conditioning tanks are so ar-
ranged that effluent cannot pass from a tank
without passing through the body of sludge. In
accordance with my preferred procedure, I
greatly overtreat the cyanide waste in the cyanide
conditioning tank to give an effiuent which con-
tains a relatively high alkalinity. I pass this.
efluent from the cyanide conditioning tank into
the acid conditioning tank and then pass effluent
from the acid conditioning tank into the com-
mon settling tank. In passage through each of
these conditioning tanks, the liguid wastes pass
through a large body of sludge and ca,rry some
of the sludge to the settling tank.

In the accompanying drawings illustrative of
ingtallation suitable for the practice of my
invention:

Fig. T is a disgrammatic fow plan of a com-
plete installation for conducting my method of
waste disposal, including electrical mesns for
controlling the sequential steps of the process.

Fig. 11 is a diagrammatic plan view showing s,
group of treatmg tanks arranged as in Fig. I on
an enlarged scale.

Fig, TII is a diagrammatic primarily vertical

sectional view of the arrangement of treating’
tanks shown in Fig. II.

Fig. TV is a diagrammatic plan view showing

one modification in the arrangement of treating
tanks. '

Fig. V is a diagrammatic primarily vertical sec-
tional view of the arrangement of freating tanks
shown in Fig, TV.

Fig. VI is a diagrammatic plan view showing
anether meodification in the arrangement of
treating tanks.

Fig. VII is a 'diagrammatic primarily vertical
sectional view of the arrangement of treating
tanks shown in Fig. VI. ]

Referring initially to Pigs. I, IT and ITI of the
drawings, reference letter A designates g treat-
ing tank for cyanide waste, reference letter B
designates a treating tank for acid waste and
reference letter C designates a common settling
tank for both the treated cyanide waste and the
treated acid waste. Assoeiated with these sev-
eral treating tanks there is a cyanide collection
tank 4 and an acid colection tank 5. Tt will he
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assumed that the cyanide is one commonly used
in the plating of metal surfaces, such as the
highly poisonous sodium or potassium cyanides.
It also will be assumed that the acid is one of
the corrosive mineral acids used in pickling
operations on metals, of which acids sulphuric
acid may be taken as typical. The end result of
the treatment is, as above explained, so to react
wastes containing such substances as to render
them innocuous.

As above noted the wastes which are subjected
to treatment are a cyanide waste and z mineral
acid waste. In my process as hereinafter de-
sceribed the more dangerous cyanide waste ob-
tains in addition to its individual treatment the
advantage of increased retention as mixed with
the more profuse sludge from the treatment of
the acid. As described the system comprises in-
dividual treating, or conditioning, tanks for each
of the two diverse wastes and a settling tank com-
mon to both.

It should be understood that the process has
greater flexibility than is presented directly in
the specific description by which it is illustrated.
Thus, the wastes which are treated may be or-
ganiec as well as inorganie, such for example as
acetic acid waste, the wastes from paper-mak-
ing, tanning and the like which should not be
allowed to pass into streams in unaltered con-

dition, but must be brought into a safe condition 2

approved by supervisory bodies. Also the wastes
from other than industrial processes can be in-
cluded properly in the treatment. Thus, for
example, sewage and other organic refuse may
be treated in accordance with the process.

Also, it is possible to conduct the process while
individually treating more than two wastes which
receive conditioning reagent from a single source;
and it is possible to conduct the process while
running more than two wastes into a common
settling tank. This primarily involves merely
duplication of collection tanks, conditioning
tanks and controls and the correlation of those
apparatus elements and the wastes subjected to

treatment info the general operation of the .

process.

Also taking the illustrative installation as it
stands, it is possible te conduct the process using
only one-half of the system up to the settling
tank. In so doing there will be full advantage
derived from a continuously and instantly avail-
able supply of reagent and of the control con-
ditions by which the reagent is supplied as the
fiow of the waste to treatment begins, and in
which the quantity of such reagent is controlled
by desired conditions in the conditioning recep-
tacle in which the waste is subjected to treat-
ment. Insofar as sludge accumulation in the
settling tank is concerned, in an operation so
conducted such sludge will be supplied by the re-
actions of the particular waste subjected to treat-
ment, but may be supplemented by sludge de-
rived from previous treatment in the other half
of the system or by arbitrary addition of sludges.

As the process is hereinafter described, the
employed reagents are given as chlorine and cal-
cium hydroxide solution (milk of lime), as re-
agents typical for decomposition of the cyanide
and the mineral acid. Even in the treatment
of those particular wastes caleium hydroxide is
given as exemplary of a reagent which relea§es
free hydroxyl ions in water solution and which
suitably may be used. In treating wastes of
other types other reagents may be more desir-
able.
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As commonly resulting from the cyanide treat-
ment of metals, such as iron and steel, there are
two forms of cyanide waste. One such form con-
sists of the cyanide liquor which is discharged
irom time to time from a cyaniding tank. Such
waste is highly concentrated. The other form
of cyanide waste consists of the rinse water in
which metal from the cyaniding tank has been
rinsed, this waste being of course relatively dilute.
The same is true with respect to the acid waste,
the acid rinse water being presented for disposal
in reiatively great volume and the concentrated
acid wasfe being presented in relatively small
volume. In order that the process may proceed
accurately it is necessary in both instances that
the dilute rinse water and concentrated waste
be mixed to give uniformity in the concentration
of the wastes which are treated. 'To mix the
total drainage of the vat in which metal is treated
with either acid waste or cyanide waste with the
rinse water at any one time would require an
unduly large pit or collection tank for the mix-
ing.

Collection pit, or tank, 4 for the cyanide waste
contains primarily eyanide rinse water which is
brought to the tank by line 6. A tank 7 for con-
centrated cyanide waste receives that waste by
way of line 8 and delivers it through line 9 fo
the collection pit, or tank. This line 9 is con-
trolled by valve {8 which opens under the in-
fluence of float box {{. Similarly, a line 12 brings
acid rinse water to acid collection tank 5, and
that tank also receives concentrated acid waste
from a tank {3 which receives that waste by way
of a line {4 and passes it to collection tank 5 by
way of a line {5. Line {5 is under the control of
& valve i6 operated by a float box 17. The con-
centrated cyanide waste and the concentrated
acid waste are bled evenly over the operating
period into the cyanide collection tank 4 and
acid collection tank 5 under the influence of the
respective float boxes 11 and {1, each of which
is provided with a filter and a fixed measuring
orifice. A circulating agitator 18 operable under
the influence of a timer 19 is provided to insure
uniformity in the composition of the waste liquor
in collection tank 4. It is to be understood that
either or both tank T for concentrated cyanide
waste and tank 13 for concentrated acid waste
may be of the portable sort. The manner of
proportioning the introduction of concentrated
wastes into the dilute wastes with blending avoids
the necessity of large capacity tanks in order fo
insure a waste liquor for treatment which is of
uniform concentration and reasonably dilute.

Any of the known reagents suitable for render-
ing eyanide waste and acid waste innocuous may
be used in conducting a treatment in accordance
with the method of my invention. Assuming,
for example, that the typical reagents chlorine
and calcium hydroxide are used, T have found it
desirable automatically to prepare a lime solu-
tion and to maintain it under such conditions
as to render it instantly available.

The organization for supplying lime solution
for reaction comprises a storage bin 29 for dry
lime, a lime solution tank 2{ and an electrical
operating circuit 22 having a push button con-
troller 28. When circuit 22 is energized it op-
erates the motors 24 of two cooperative pumps
25 which draw solution from tank 2{ by way of
line 26 and also energizes motor 2ia which actu-
ates an agitator in lime solution tank 21. Both
pumps communicate with a line 27 one branch
28 of which leads to a supply line 29 and the
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other branch of which: is o recirculating line. 30
1_'etur-ning lime solution: to. tank 21 by way of
pressure: relief” valve 3:1. These pumps: operate
continuously during the functioning  of the sys-
tem: to maintain: a; constant pressure of the lime
solution in lime supply line 28. A second elec-
trical cireuit 32 is energized by a float-controlled
switch 33 to open: sclenoid valve 34 and admit
water to the tank by way of water line 35. Simul-
taneously it introduces finely divided solid lime to
the tank from bin 28 by the action of an elec-
trically operated measuring feeder 36. This or-
ganization automatically insures an adequate
supply of lime solution at all times during the
functioning of the system, and by keeping that
solution continuously under pressure renders it
instantly useful.

Assuming that the system: is prepared for op=-
eration, with a pressure of lime solution built

up in lime supply line 29 and exerting pressure -

on solenocid-controlied valves 37 and 38 positioned
respectively in supply line 2% on opposite sides
of its connection with line 28 leading from lime
solution tank 2§, and with cyanide waste and
acid waste in tank 4 and § respectively, the sys-
tem is placed automatically in operation when
the Hguid level in either or both of those tanks
rises- above a prescribed point.

Referring first to collection tank & for cyanide
waste; a flost-controlled switch 39 acts to en-
ergize electrical circuit 40 and thus to initiate a
series of operations, when the liquid level reaches
the point for which the float is set. Thus, en-
ergization of eircuit 48 starts motor &1 which
actuates pump. 42 drawing cyanide waste from
tank 4 into cyanide line 43 and. energizes motor
44 which actuates cooperative draw-off pump 48.
Simultaneously, solenocid valve 37T in lime supply
line 29 is opened to permit lime solution to enter
cyanide line 43. Also simulianeously, chlorine is
pumped into cyanide line 43 past pressure re-
lief valves 46 in lines 47 from chlorine siorage
tanks 48 by cooperative pumps 49 and 50 actu-
ated respectively by motors 51 and 52, and a
motor 53 is energized to operate an agitator 84
(Fig, IID in downcomer BB of cyanide-condi-
tioning tank A. Af the upper end of downcomer
58 there is a vertically adjustable funnel 58¢ the
adjustment.of which influences the extent of the
aeration to which the waste is subjected in. its
treatment. .

Tt. may be noted that a second float-controlled
switch. 56 operated by a float placed at a. higher
level than the Heatb of switch 39 acts to energize
the motors of the draw-off pumps and chlorine
pumps and to operate solenoid valve 37T in the
lime supply line and the agitator of cyanide con-
ditioning tank A. This second switech 56 acts
if for any reason switch 3% should fail to operate.

Also operable when the electrical circuit AQ
is. energized by either float-controlled switch,
there is a. pIL controller 51 conimunicating elec~
trically with an electrode.58 and filtering sampler
59, which. latter communicates with the interior
of conditioning tank A by way of a duct 60. A
switch &1 pmvides for disconnection between the
pH controller and electrode to provide for chang-
ing electrodes. A.hy-pass connection. §2 in lime
supply line 29 hy-passing solenoid valve 31, con-

tains a solenoid valve 82 to which circuit 49.is 7

completed under the influence of PH controller
§7. Valve 37 remains open to supply a predeter-
mined quantity of the lime solution for treating
the cyanide waste. Valve 83 opens intermittently
to admit additional.lime solution to. the eyanide
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line-at such times:as the pE value of waste being
treated. in: conditioning tank A falls below a. pre-
scribed minimum.

The organization. with respect to the with-
drawal and treatment of acid waste is identical
except: that no provision is made for supplying
chlorine fo the line conducting acid waste for
treatment from acid: storage tank 5 to acid con-
ditioning tank B. Here also we have a float-
controlled: switch 84 and a second switch 65 op-
erated by a float set at a higher level, either of
which switches acts to energize electrical cireuit
66. FEnergization of circuit 66 starts the same
general series of operations as previously de-

5 scribed with respect to the cyanide waste, en-

ergizing motors 87 and 8% which operate pumps
69 and T8 and drawing off acid waste into dcid
line 71 leading to acid conditioning tank B. At
the same time solenoid valve 3% in lime supply
line 29 is opened to admit lime solution to- acid
line 71. Also motor 12 which operates an agita-
tor 13 (Fig. IID) in downcomer T4 of acid con-
diticning tank B is-energized. At the upper end
of downcomer 14 there is a vertically adjustable
funnel Tda the adjustment of which influences
the extent of the aeration to which the waste
is subjected to treatment.

Also operable when- the electric cireuit is en~
ergized by either float controlled switch, there
is-a. p¥ controller T§5 communicating electrically
with an electrode 7% and filtering sampler 17,
which latter communicates with the interior of
conditioning tank B by way of a duct 78. A
switch 79 provides for disconnection between the
pE controller and electrode to provide for chang-
ing electrodes. Valve 38§ remains open to supply
a predetermined quantity of the lime solution
for treating the acid waste. A by-pass connec-
tion 89 in lime:supply linie 29 by-passing solenoid
valve 38 contains a. solenoid: valve 81 to which
cirecuit 66 is completed by pH controller 75.
Valve 81 thus opens. intermittently to admit ad-
diticnal lime solution to acid line 71 at such times
as the pH value of waste being treated in con-
ditioning tank B falls below a prescribed mini-
mum. - i

Cyanide waste entering cyanide condilioning
tank A by way of cyanidz line 43 enters down-
comer 55 of the tank and passes downwardly
therathrough, being agitated in passage by agi-
tator B4. It is to be understood that with this
cyanide waste there is included lime solution
entering line 4% by way of lime supply line 29
and chlorine entering cyanide line 43 by way of
chlorine ‘supply line 47, In Figs. I1 angd IIT the
position and arrangement of the lime supply line
and the chlorine supply line is simplified to bring
those lines into. the illustration of those: figures
of the drawings, In passage of the cyanide
waste downwardly im downcomer 55 of the
cyanide conditioning tank, the wasie is aerated
by alr induced over the lip of funnel 5o hy the
action of agitator §4. In the downcomer the re-
actiohs which have begun in cyanide line 43 are
continued, and upon issuance of the waste un-
dergoing treatment from the Iower end of down-
comer 55 into the outer chamber 82 of condi-
tioning fank A, it meets and is vigorously mixed
with.a velume of sludge which is allowed o build
up at the base of the tank. As the level of lig-
vid rises.in cyanide conditioning: tank A because
of aeration and incoming waste it passes over
saw-toothed overfiow §3 into an annular trough
24 from which it passes as effluent to settling tank
C. This efiuent waste, which is highly aerated,
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carries with it into tank C some of the alkaline
sludge with which it is mixed in conditioning
tank A.

Aicid waste entering acid conditioning tank B
by way of acid line Ti enters downcomer 14 of
the tank and passes downwardly therethrough,
being agitated and aerated in passage by agi-
tator 73. It is to be understood that with this
acid waste there is included lime solution enter-
ing acid line Ti by way of lime supply line 28.
In Figs. IT and ITI the position and arrangement
of the lime supply line is simplified to bring that
line into the illustration of those figures of the
drawings. In passage of the acid waste down-
wardly in downcomer 74 of the acid condition-
ing tank, the reactions which have begun in acid
line Tf are continued. In the downcomer and
upon issuance of the waste undergoing treatment
from the lower endof downcomer 14 into the outer
chamber 85 of acid conditioning tank B it meets
and is vigorously mixed with a volume of sludge
which is allowed to build up at the base of the
tank. As with the cyanide waste, the acid waste
is aerafed by air which is induced as liguid flows
into the downcomer over the iip of funnel 14a
for recirculation. As the level of liquid rises in
acid conditioning tank B bkecause of aeration
and incoming waste, it passes over a saw-toothed
overflow 85 into an annular trough 87 from which
this effluent water passes to setiling tank C, carry-
ing with it some of the alkaline sludge irom
tank B. . :

In boith conditioning tanks the mixture of
waste undergoing treatment and the reagent to-
gether with accumulated precipitates is sub-
jected to an aeration which accelerates the treat-
ment. The aeration is effected by induction of
air as liquid from the outer chamber of the tank
is lifted over the lips of the funnels at the upper
ends of the downcomers for recirculation. Thus
the level to which a funnel is adjusted conirols
the volume of recirculated liquid mixture and the
air induced by the recirculating inflow. This in-
timate blending of the wastes and chemical pre-
cipitates accompanied by foaming and recircula-
tion assures an effectively complete destruction
of the original properties of the wastes. When
operating in tanks of a size which may be con-
sidered normal for full scale operation, the sludge
accumulation in the tanks when quiescent should
have a depth of several feet.

Line 88 leading from annular trough 84 of
cyanide conditioning tank A enfers an annular
downcomer provided between the wall of inner
downcomer 89 and an outer shell 8% in settling
tank C. FPassing downwardly through this an-
nular space 1o its opening in the lower region of
tank C, cyanide waste enters a body of sludge
carried over from both the cyanide and acid con-
ditioning tanks, or formed by completion of the
reactions in the settling tank. Effluent from an-
nular trough 81 of acid conditioning tank B
passes by way of line 91 to a space within the
inner downcomer 88 of settling tank C and pass-
ing downwardly through this downcomer also
enters the bedy of sludge collected in the bottom
of the tank. A motor 92 rotates 2 shaft 93 which
carries blades 93a positioned below the lower
ends of the downcomers. Such blades are ro-
tated very slowly merely to produce some move-
ment in the sludge toward the center of the fank
and thus to facilitate its intermittent withdrawal
from the tank. As the level of liquid in ocuter
chamber 84 of settling tank C rises with con-
tinued operation of the system, it passes over
the saw-toothed overflow 95 into an anhular
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sump 96 from which it flows as harmless effluent
by way of a draw-off line 97. )
At the base of conditioning tanks A and B and
settling tank C there are respectively valved
draw-off lines 98, 99 and {08 which may be used
to maintain a suitable level of sludge in the sev-
eral tanks. If the character of the sludge in
cyanide conditioning tank A should be ques-
tioned, such sludge can be corrected with sludge
from acid conditioning tank B before its trans-
fer to settling tank C to become part of the mixed
sludge at the base of that tank. Also, if desired,
sludge may be transferred from settling tank C to
supplement the sludge precipitated in -either of
the conditioning tanks A and B or sludge from
one of those tanks can be transferred to the other
of said tanks to supplement the sludge formed
therein. - In practice the discharged sludge is
collected in tank trucks and delivered to a dump.
The reactions involved in rendering the specifi-
cally indicated wastes harmless will now be de-
scribed. - As cyanide waste is taken from the
cyanide collection tank and flows through the
¢yanide pump-line to cyanide conditioning tank
A, it receives in passage a charge of calcium
hydroxide and of chlorine, carrying these re-
agents with it into the downcomer of the cyanide
tank and being thoroughly mixed with the re-
agents by agitation in the tank. The reactions
begin in the cyanide line and continue into the
cyanide -conditioning tank. As the reactions
take place, reaction products are precipitated to
form the sludge in the cyanide conditioning tank.
These reactions may be illustrated as follows:

NaCN--Clz+Ca(OH) :»> NaCNO+CaCla++ Hz0O

This reaction takes place very rapidly and by it
the intensely poisonous cyanide is converbed to
the relatively harmless cyanate.

Although these cyanates such as sodium cya-
nate and potassium cyanate have only about Y00
the toxicity of the corresponding cyanides, the
cyanate is itself destroyed by continued reaction
with an alkali and chlorine as in accordance with
the illustrative formula:

2NaCNO-+}4Ca.(OH) 2--3Cla—>
: 2CaCO0O3-+N24-2NaCl+2CaClz--4Hz0O

The first reaction given above, which is the
reaction primarily effective in .destroying the
toxic properties of the eyanide waste, is substan-
tially complete within about one or two minutes
under conditions of alkalinity exceeding s pH of
8.5. The second reaction takes place within an
hour. These are accepted reactions in accord-
ance .with literature references. The actua]
operation of the method as herein disclosed was
checked under pilot plant conditions. Under
those conditions the results indicated that the
ﬁx:st reaction  was 95% complete within one
minute on waste having an initial 100 P. p. m.
cyanide concentration. The second reaction was
about 80% complete within two hours and the
toxici_ty of the cyanate being relatively so low the
reactions were considered in practical effect com-
pl_etely to have destroyed the toxicity of the cya-
nide ‘waste. During the test of alkalinity in the
cyanide conditioning tank it was maintained at
& PH of about 8.7. During the operation of the
pg‘o'ces:s as conducted the pH in the eyanide con-
dltlom_ng chamber is therefore to be understood
as maintained in excess of g pH of 8.5.

.Assurance of adequate treatment of the cya~
mgig waste in its conditioning tank is assured by
mixing the reacting waste with a considerable
body of the sludge precipitated in the tank, :
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"The treatment of the acid waste is :closely
similar. Ag€id waste ¥rom tlie -acid collegtion
tank -or pump-pit ‘in its passage to -acid-vondi-
tioning tark B receives a charge of lime solution
“with -which it enters the downecomer of ‘the tarik
and is thoroughly mixed for reaction with ‘the
lime solution during passage through the down-
‘comer ‘to the lower region-of the tank. The pri-
‘mary reaction is one of the well known neutral-
izing reactions, such as:

Ha804-Ca (OH) 2> CaS0¢++2H0

Mixed ‘with the precipitated CaSO. ‘there are
precipitates:of ‘metal hydroxides such asthe hy-
-droxides of iron, nickel and chrome:going to :‘form
the sludge in the lower region of ‘the acid con-
ditioning ‘tank. In this tank the alkalinity is
‘maiatained at a pH in-excess of 7, such as a pH
of 7.5-and higher.

Duririg ‘the operation -of ‘the method, flow -of
lime solution to both the cyanide ‘conditioning
‘tank and the acid conditioning tank is’quantita-
‘tivély under the control of pH controllers 57 -and
5 the passage -of -chlorine to the ¢yanide condi-
tioning tank being regulated by the setting ‘of
valve 46. Whereas the introduction ‘of the lime
‘solution is proportioned -according to the pH, the
‘ntroduction of chlorine is continuous under the
‘action of motors ¥ and 52 on pumps 49 and 50

‘forcing chlorine -from tanks 48 past valves 46. .

"The great advantage of pizecing the fow of lime
under the influence of the pH controllers is two-
fold. From one aspect it assures that there be
sufficient alkglinity in the conditioning ‘tanks to
carry out the necessary reactions therein. From
‘another viewpoint it assures that the necessary
results be obtained with a minimum of the re-
agents which renderthe wastes harmless; it being
understood that the maintenance of proper alka-
Iinity in the cyanide conditioning tark assures
compleie utilization of the chlorine which is pro-
‘vided and thus .additionally limits the excess -of
-chlorine which it is necessary to provide.
Certainty as to the .safety -of the operation .is
.also assured by .maintenance .of very . substantial
bodies of precipitated sludges .in the two condi-
{tloning tanks.and by the introduction:of treated
wastes from both tanks into.a common settling
tank.in which .a large body of chemical precipi-
tates is -maintained. ' This assures rrepeated in-
timate -contact of -all portions of the wastes with
the reagents and renders excess alkalinity in the
effiuent of the acid conditioning tank effective to
Ansure that the more dangerous cyanide wastes

-are rendered wholly innocuous. The ‘presence

-of the substantial bodies ‘of sludges in the ‘two
-conditioning ‘tanks and in the common settling
tank fully protects ‘the system -agdingt slugs iof
wastes having a higher than normal concentra-
tion of toxie -comiponents.
-ance of slugs 'is guarded against initially by the
blending of -concerntrated wastes from -actual
‘pickling and cleansing operations with the wash
waters from those operations, it is possible that

there ‘may be some temporary or localized ‘in- €9

‘crease in the concentration of the toxic ingredi-
ents and against such conditions the passage of
wastes undergoing treatment through the.sludges

‘glves protection without maintaining .an exorbi- .

tantly great excess of .reagents in the -system.
Because of the .fact that the system is under
automatic .contrel the possibility ‘of -difficulties
rising from human errors -and omissions ‘is ‘re-
duced to & minimum. . .

Although the avoid-
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A valved return line 481 of trough 96 vof" the
settling tank leads to pumps - 48 and 88 which

“force chlorine from tanks 48 and past vdlves 48

into cyanide line 43. This backfow of effiuent
water through the chlorine supply -and back to
the-chlorine lirte helps to wash chlorine into :the
treating system and gives the system the full
benefit -of excess alkalinity in the éffivent from
fhe setiling tank. '
Referring to the modification of the method
Mustrated by Figs. IV and V of the drawings, it
should be understood initially that all the con-
trols as above described with reference to the
preceeding figures of the drawings are present
and function ‘in similar manner. The only modi-

fleation resides in the arrangement -of ‘the ‘two
-conditioning tanks and the settling tank and the

alteration of the sequense of stepsso caused.  The

‘modified course followed by the wastes in accord-

arce with this variant of the process'is illustrated

by the arrangement of cyanide conditioning tank

D, acid conditioning tank B and settling tank P
which correspond in structure though net in ar-
rangement to the analogous tanks A, B, and‘C as

. ‘previously described.

‘Thus as shown in Figs. IV and V cyanide line
48 Teads to-downcomer {82 in eyanide condition-
ing tank D, the connection of lime supply line 29
and chlorine supply line 4% to this tank being
similar to like counections to cyanide condition-
ing tank A, Similarly an agitator 183 is mounted
in downcomer 182 having a vertically adjustable
funnel {820 at its upper end and the downcomer
empties adjacent the lower region ‘of the ‘tank
into the bottom and outer chamber 164 of ‘the
tank. A valved draw-oif line 145 for ‘sludge is
provided at the base of the tank. Similarly to
cyanide conditioning tank A,, tank ‘D is equippet
with a saw-tocthed overflow {85 over ‘which
treated. water ‘passes into annular trough 196
‘when the level of liquid rises-sufficiently ‘in ‘the
tank. Similarly to cyanide-conditioning tank A,
cyanide -conditioning tank Dis equivped ‘with 5
‘PH -controller {97 in-electrical control circuit 4.
The pH controller commurtiicates electrically with

‘an electrode 188 ‘and fltering sampler 59 ‘which

latter communicates ‘with the interior ‘of condi~
‘tloning tank D by way-of a-duct 48, A switch
Il provides for a- disconnection between the pIl

-<controller and the-electrods to provide for chang-

ing electrodes. TInstead of passing directly ‘to-a
settling ‘tarik, however, draw-off line 142 from
annular trough {08 of the ‘eyanide-conditionine
tank empties into -dewncomer {43 of acid condi-
tioning tank &, : :

This tank B similarly is equipped with agitator
114 "in-downcomer {13, vertically adjustable Tun~
nel {1 §3e at the upper end of the downcomer,

~valved draw-off line for ludge 1 15, a saw-toothed
-overflow {16 at the upper -end of outer ‘chamber

7T of the tank from which the upper ‘level of
‘Hquid passes into annular trough 8. Tt also’is
similarly -equipped ‘with pI controller {3, €lec~
trode (20, filtering sampler {21 and-disconnedting
switch 122. The pH-controller is i comrmunica-
‘tion ‘with the general electrical control circuit 66
‘of ‘the 'system. Line T conducts acidl wastes ami
lime solution to downcomer 13 to meet treated

cyanide-waste-delivered by draw-off Tine 4 {2 Trom
‘eyanide conditioning tank D, )

‘From the annular trough 148 of actd coni-

“tioning ‘tank E a draw-off line 123 leads ‘to ‘the
-downcomer 424 of settling tank T, -‘Setfling tank .

‘Eis similarin censtruction tosettling tank Cpre-

sviously -described. Tiike settling ‘tank ‘C it ‘has a
“valved draw-off -connettion “¥5 for excess slutge
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and an agitator {28 which is slowly motor driven
to move sludge by means of blades {28a toward
the center of the tank at its base. Settling tank
E also has in its upper region a saw-toothed over-
flow {27 over which the upper level of liquid in
the outer chamber 128 of the tank flows into an-
nular trough {29. A draw-off line {38 withdraws
efiluent from trough 128. If is to be understood
that a second valved line similar to the valved
return line 10f shown in Fig. I can be provided
either as independently connected with frough
128 or as a branch of draw-off connection (30 fo
recirculate effluent through chlorine pumps 49
and 58 and storage tanks 48 into cyanide line 43
leading to cyanide conditioning tank D,

The modification of the method as illustrated
by the apparatus arrangement suitable for its
practice shown in Figs. IV and V of the drawings
is preferred procedure. In conducting this vari-
ant of the method the pH controller associated
with the cyanide conditioning tank is set to main-
tain a high excess alkalinity in that tank to the
extent of maintaining a pH of 11 or even higher.
This places the emphasis of the process on the
destruction of the highly toxic cyanide waste
which receives initially a very great overtreat-
ment., ‘The excess alkalinity from this overtreat-
ment serves to treat the acid waste in the acid
conditioning tank, Because the reactions by
~which the initial cyanide content of the cyanide
waste is destroyed are irreversible this can be done
with complete safety insofar as the cyanide waste
is concerned. As additional assurance, however,
that the wastes of both types will be rendered in-
nocuous the pH controller of acid conditioning
tank E maintains in the acid conditioning tank
~an alkalinity, such as is indicated by a pH in ex-
cess of 7.5, adequate to insure complete treatiment
of the acid waste as well as the cyanide waste.
As in the practice previously described this is
done by introducing an alkaline reagent such as
lime solution into the acid line leading to tank E
at such times as the pH in the tank tends to drop.

It will be noted that in this modification of the
process, also, wastes of both kinds pass to a com-
mon settling tank before being discharged as efflu~
ent. Thus in this modification, also, both wastes
undergoing treatment are mixed at least twice
with bodies of alkaline sludge in the several tanks
and the cyanide waste is mixed three times with
sludge before being discharged as effluent. As
explained above, this repeated mixture with
sludge insures against the inclusion of imperfectly
treated waste in the ultimate effluent under ab-
normal conditions in which slugs of increased
.concentration pass through the system. With re-
spect to the dangerous cyanide wastes this modi-
fication also provides a sludge admixture addi-
tion to that provided by practice of the method
as illustrated in Figs. I to III of the drawings. As
in the procedure applicable to Figs. I to III, the
use of a settling tank common to the wastes of
both kinds insures an adequate volume of sludge
in the final tank of the system and gives to the
dangerous cyanide waste the advantage of final
treatment in a body of sludge to the formation
of which the precipitation of products from treat-
ment of the acid waste has contributed.

The method as conducted in accordance with
the procedure illustrated in Figs. VI and VII is
identical with the method as described in con-
nection with Figs. IV and V of the drawings.
The only difference involved in the showing of
"Figs, VI and VII is in the telescoping of appara-
tus to simplify the installation in which the
‘method is performed and to economize in the
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plant space required for installation. Here again
it is to be understood that all the elements and
controls associated with the conditioning and
settling tanks as shown in Fig. I of the drawings
are present in an installation having the ar-
rangement of conditioning and settling tanks
shown in Figs, VI and VII

Referring to the apparatus as shown in Figs.
VI and VII of the drawings, this apparatus com-
prises a cyanide conditioning tank G, an acid
conditioning tank H and a settling tank I, the
acid conditioning tank H being arranged within
settling tank I. Thus cyanide conditioning tank
G comprises a downcomer [3{ equipped with a
vertically adjustable funnel 13le at its upper end
and with a motor driven agitator 132 and a valved
draw-off line for sludge {33. Cyanide line 43 in
communication with lime supply line 29 and
chlorine line 47 opens into the upper end of
downcomer 131. Similarly to the analogous tanks
which previously have been described cyanide
conditioning tank G is shown as provided with
a saw-toothed overflow i34 over which liquid
rising in the outer chamber 135 of the tank passes
into annular trough {36.

The combination of acid condifioning tank H
and settling fank I comprises a downcomer (31
having g vertically adjustable funnel at its up-
per end into whieh discharges draw-off line 133
for effluent from the cyanide conditioning tank.
Acid line T1, fo which connection with lime sup-
ply line 28 is shown, also discharges into down-
comer §37. In downcomer i37 there is a motor~
driven agitator [2¢ and at ibts lower end the
downcomer opens into a downwardly closed re-
ceptacle which serves as the acid conditioning
tank H. Surrounding downcomer (37 there is a
bafile sleeve i40 which extends to the upper end
of the tank and surrounding acid conditioning
tank H there is 2 second bafile sleeve {41 which
also extends to the upper end of the tank. It
will be noted that the upper and receiving end
of downcomer {37 lies above the upper end of
the acid conditioning tank H and is equipped
with vertically adjustable funnel {37q¢. In the
upper region of the setfling tank I in the outer
chamber {42 thereof and surrounding outer baffe
sleeve 141 there is a saw-toothed overflow (43
over which the upper level of liquid in the settling
tank can flow into annular trough 144. A draw-
off line (45 receives efluent from trough {44 and
it will be understood that a return line for con-
veying efifuent to the chlorine pumps desirably
also is provided as shown in Fig. T of the drawings
and as above discussed. Similarly to the con-
ditioning tanks ag previously disclosed a pH con-
trolier is associated with cyanide conditioning
tank G and with acid conditioning tank H stand-
ing within settling tank I. Thus, as shown, cya-
nide conditioning tank G has associated there-
with a pH controller {46 in communication with
electrical control circuit 40 and with an electrode
{47 and a filtering sampler {48 communicating
with the interior of the tank. A switch 149 pro-
vides for disconnection between the pH controller
and electrode to provide for changing electrodes.
Similarly acid conditioning tank H has associ-
ated therewith a like organization of pH con-
troller {50 in communication with electrical con-
trol circuit 66, an electrode 151, a filtering sam-
pler 182 and switch 153 for changing electrodes.

Cyanide waste entering cyanide conditioning
tank G is treated identically as in cyanide con-
ditioning tank D shown in the apparatus organi-
zation of Figs. IV and V, excess alkalinity to
the extent represented by a pH of 11 or over be



2,840,807

13

ing -maintdined ‘in the tank. -Effuént from the
‘eyanide conditioning tenk -passing ihto down-
comer 437 in the acid conditioning #4&nk and
settlmty tank assembly meets fo;h amd Waste and
tank, the- 9xcess alkahmty of ‘the- cyamde Waste
undergoing treatment providifig ‘neutralizing re-
agent for the acid waste. As in-acid -condition-
ing tank ‘E of Fips. IV:end V, the pH confroller
of acid conditioning tankH serves to maintain al-
kalinity at a -suitable'value in excessof 7.5.in the
acid conditioning tank.

As the level of liquid in the:downwardly closed
acid conditioning tank iriges, that ‘liquid flows
over the lip of the tank into the arnniular space
between the ‘wall -of the tank and outer bafies
141 and downwardly ‘in ‘that space to 'the botiorm
and outer chamber of settling tank I. TUnderthe
influence of -agitator 139 sludge also :is ¢arried
over the lip of acid conditioning tank H:and into
the settling tank I. When setiling tank I has
filled, the liquid which:gs in other varizgnts of miy
process cousists of clegar dnd harmless water,
flows over.saw-toothed overflow 143 into snnular
trough 44 and is discharged .as effluent through
line (45 or is recirculated back to the chlorine
pumps. It should be noted that sludige as well
a5 liquid is carried over the lip-of acid condition-
ing tank H and passes to the bottom of séttling
tank I. A suitable level of sludge in the settling
tank is nmaintained by drawing-off sludge from
time to time by wgy of valved discharge lihe
454. It is thus clear that the conduct :of the
method in the organization of Figs. VI and VII
is ideritical with the method gs conducted in the
apparatus of Figs. IVand V.

‘Congidering the process purely :as a chemical
process apart from the disclosed sutomatic con-
trols, it consists in separately treating two di-
verse wastes, one of which is more toxic than the
ather and both of which originate in the form
both ‘of concentrated -waste '‘and dilute waste.
In preparation for:reaction these wasteseach are
blended by a continuous operation, to-obtain uni-
formity of dilution under conditions:so-controlled
that the likelihood of delivery of :a wagte in its
more concentrated form for -reaction 'is mini«
mized. As each of the wastes in its blended form
flows to treatment it-is charged with a reagent,
or reagents, appropriate for reactions which ren-
der the waste innocuous.
charged wastes are then treated separately with
repeated ‘agitation and -aeration in admixture
with sludge, which sludge typically is composed
of the products of the reaction by which ‘the
wastes are -decomposed and contains an-excess of
the decomposing reagent. After reaction with
agitation and aeration for a period sufficient un-
der normal circumstarices to render the wistes
harmless, they both pass as efluetit to a cothmon
settling receptacle in which the effluents mix with
a body of sludge ih'‘the settlifig receptacle and re-
main for a further retention period under condi-
tions inh which there is an e%cess.of the .decom-
posing reagent, until they finally pass as g ecom-
mon and harmless effluent from the settling tank.

As s preferred modification of this process,
there being a reagent appropriate to the treat-
ment of both the said wastes, the more toxic of
the two wastes is treated with a great excess of
the common reagent. The effluent from this
waste then carries an excess of that common re-
agent to a receptacle in which such excess is em-
ployed in treating the second waste. In this re-
action additional reagent is supplied if necessary
in order to assure complete decomposition of

These blended and °
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both ‘wastes, “The combined. efffuent then passes
from the second receptacle ‘to 'a.séttling recep-
tacle for further refention .and ultimate dis-
charge.
-Considered ‘from the viewpoint :of ‘automatic
control “as well as of purely .chiemical process, a

supply of the reagent which -is common to.:the

‘wastes of ‘both ‘fypes is maintained under cons

stant pressure for instantaneous addition to the
‘wastes in their passage to treatment. -Addition

of -this -common redgent -is made ‘automatically
and instantaneoisly “undeér the influetice of the
electrieal confrols 'which initinte flow “of the-
wastes to their individual treatments. In con-

junction ‘with 'the initial blending of each of the
‘wastes ‘with ‘respeet to its -concentrdted and

dilute oceurrence, this. instant supply of reagent

prevents the passage of slugs of raw waste to
treating receptacles apart.from the feagent with
‘which that waste is'to be reacted. Further eoh-

trols -automatically -supply such quartity of -the
additional reagent as may be required ‘to main-
tain conditions appropriate to :the complete de-

‘composition of the two wastes in their initial
‘treatment. These controls are such as-to main-
‘tain-excess of reagenit in efftuent from the inifial
tredtments passing to the comron settling con-

tainer.

It will be understosd that it may be desirable
éven though there be only one particular waste
to be subjected ‘to tregtment that the supply of
such waste be divided Tor initial tredtment, but
that the efiluents from the ‘initial tredtments be
brought together for g - coinmon settlihs pericd
before gn ultimate -efluent is discharged. - Also

that any nuinber -of ‘diverse wastes initially

treated may be brought ‘to a ‘common settling
tank and maintained under such chemiical con-
ditions ‘as give additional ‘assurance as to ‘the
harmless nature of ‘the combined effiuent. In
either case, or if an individual waiste is simply to
be treated by itself-as in 6he-half-of the treating
system, the automatic blending is of importance
when the waste occtirs ‘both in concentrated-and
dilute form. Also-such blending may usefully ‘be
Practiced 'on unlike wastes both-of whith: can‘be
completely treated ‘by a ‘common “reagent and
one “of ‘whieh is “of ‘su¢h tature that blending
with the other before tredtment is advantageoys.

:“In any event automatic ‘control by which reggent
in sufficlent gquantity is supplied in-accordance

with the condition -of the ‘waste undergomg
treatment is-an important ‘feature.

I'claim as'my invention: )

1."The method of treating two waste waters

from industiial operations which waters respec-

tively contain .in solution diverse toxic sub-

§tahices, the said dissolved substahice in ‘one said

water exceeding that of the other water in tox-
ieity, “the teaétions Tor rendering ~which “toxle
substarices harmless thvolving 4t ledst one com-
mon reagent, by’ flowing the said solutions from

volumnes of .supply thereof to reaetion chambeérs

‘therefor, throughout the flow of said solutions
supplying to each thereof reactive material con-
taining the common reagent capable of render-
ing the toxic substance of the said solution
Tharmless by reaction therewith, the amount of
reaction material added being sufficient to sup-
ply a substantial excess of said common reagent
to the solution containing the toxic substance of
greater toxicity, flowing efffuent containing ex-
cess of the said common reagent from the reac-
‘tion chamber for the solution having a toxic con-

tent of greater toxicity into the reaction cham-
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ber for the solution having the toxic content of
lesser toxicity, and following reaction in said
last named reaction chamber settling the mixed
reacted solutions and the solid products of reac-
tion therein and drawing off effluent therefrom.

2. The method of treating two waste waters
from industrial operations which waters respec-
tively contain in solution a mineral acid and a
cyanide, the reactions for rendering which toxic
substances harmless involving as a common re-
agent a substance capable of supplying free hy-
droxyl ions-in water solution by flowing the said
solutions from volumes of supply thereof to re-
action chambers therefor, throughout the flow
of said solutions supplying to each thereof re-
active material capable of rendering the toxic
substance of the said solution harmless by re-
action therewith, the said hydroxyl ion supply-
ing substance being added to both saig solutions
and chlorine being additionally supplied to the
said cyanide solution, the said hydroxyl ion sup-
plying substance as a common reagent being
added in substantial excess to the solution con-
taining cyanide, flowing efluent containing ex-
cess of the said common reagent from the reac-
tion chamber for the cyanide solution intoc the
reaction chamber for the mineral acid solution,
and following reaction in said last named reac-
tion chamber settling the mixed reacted solu-
tions and the solid products of reaction therein
and drawing off effluent therefrom.

3. The method of treating two waste waters
from industrial operations which waters respec-
tively contain in solution diverse toxic substances
the said dissolved substance in one said water ex-
ceeding that of the other said water in toxicity,
the reactions for rendering which toxiec sub-
staneces harmless involving at least one common
reagent, at least one of said waste waters oc-
curring in the form of a relatively dilute and a
relatively concentrated solution of the toxic sub-
stance therein, in the receptacle containing a
volume of supply of the said dilute solution auto-
matically flowing off sufficient solution from the
volume of supply to a-reaction chamber on in-
flow of the more dilute solution to maintain &
constant level of solution in the receptacle con-
taining said volume of supply, continuously mak~
ing a blend of the said more dilute and concen-
trated solutions by bleeding the more concen-
trated solution of the said toxic substance into the
more dilute solution thereof during flow from
the said volume of supply, flowing the said diverse
solutions each to a reaction chamber therefor,
throughout the flow of said solutions automati-
cally supplying to each thereof reactive material,
containing the common reagent, capable of ren-
dering the toxic substance of the said solution
harmless by reaction therewith, the amount of re-
action material added being sufficient to supply a
substantial excess of said common reagent to the
solution containing the toxic substance of greater
toxicity, flowing effluent containing excess of the
said common reagent from the reaction chamber
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for the solution having a toxic content of greater
toxicity into the reaction chamber for the solu-
tion having the toxic content of lesser toxicity,
and following reaction in said last named reaction
chamber settling the mixed reacted solutions and
the solid products of reaction therein and drawing
off efluent therefrom.

4., The method of treating two waste waters
from industrial operations which waters respec-
tively contain in solufion a mineral acid and a
cyanide, the reactions for rendering which toxic
substances harmless involving as a common rea-
gent a substance capable of supplying free hy-
droxyl ions in water solution, at least one of said
waste waters occurring in the form of a rela-
tively dilute and a relatively concentrated solu-
tion of the toxic substance therein, in the
receptacle containing s volume of supply of the
said dilute solution automatically flowing off suf-
ficient solution from the volume of supply to a
reaction chamber on inflow of the more dilute
solution to maintain a constant level of solution
in the receptacle containing said volume of sup-
ply, continuously making g blend of the said more
dilute and more concentrated solutions by blend-
ing the more concentrated solution of the said
toxic substance into the more dilute solution
thereof during flow from the said volume of sup-
ply, flowing the said diverse solutions each to a
reaction chamber therefor, throughout the flow
of said solutions supplying to each thereof re-
active substance capable of rendering the toxic
substance of the said solution harmiless by re-
action therewith, the said hydroxyl ion supply-
ing substance being supplied to both said solu-
tions and chlorine is additionally supplied to the
said cyanide solution, the said hydroxyl ion sup-
plying substance as s common reagent being
added in substantial excess to the solution con-
taining cyanide, flowing effluent containing ex-
cess of the said common reagent from the reac-
tion chamber for the cyanide solution into the re-
action chamber for the mineral acid solution and
following reaction in said last named reaction
chamber settling the mixed reacted solutions and
the solid products of reaction therein and draw-
ing off efluent therefrom.

CYRUS WM. RICE.
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