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

Acid and cyanide wastes are formed adjar 
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 strea.In life and danger 
ous to human life if carried into streams in any 
appreciable quantity. Certainty in operations 
for disposing of those wastes is therefore a mat 
ter of necessity. Certainty in neutralizing the 
acid wastes and in combining or decomposing the 
cyanide wastes having been aSSured, efficiency 
and economy in the raethods of disposal are 
greatly to be desired. ASSunning that the re 
agents as for neutralization and decomposition 
must be present in cuantity 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 
nize the Eber of tanks required for treating 
the wastes and for Settling the products of the 
treatinent. 
One object of inly invention is to insure coal 

plete neutralization of the acid waste and to 
insure complete decomposition of the cyanide 
waste. 
Another object of my invention is tie provide 

a syste. So Safeguarded that it is inage certain 
a safe excess of the reagents for rendering the 
wastes harness will at a times be supplied, 
and to minimize the quantity of reagents re 
quired for positive safety. 
Another object of my invention is to provide 

sinplified plant structure of such sort that it re 
duees the initial cost of plant installation, while 
also attaining the other objects of any 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 autoratic 
3.nd correlated control of both the intake of 
viasties to the system and the supply of requisite 
reagents thereto to maintain Safe conditions, and 
automatically to safeguard the supply of 
ireagents. 
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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 effluent which con 
tains a relatively high alkalinity. I pass this 
effluent from the cyanide conditioning tank into 
the acid conditioning tank and then pass effluent 
from the acid conditioning tank into the com 
non Settling tank. In passage through each of 
these conditioning tanks, the liquid wastes pass 
through a large body of sludge and carry some 
of the sludge to the settling tank. . 

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

Fig. I is a diagrammatic flow plan of a con 
plete installation for conducting my method of 
waste disposal, including electrical means for 
controlling the sequential steps of the process. 

Fig. II is a diagrammatic plan view showing a 
group of treating tanks arranged as in Fig. Ion 
an enlarged Scale. 

Fig. ITI is a diagrammatic primarily vertical 
Sectional view of the arrangement of treating 
tanks shown in Fig. II. 

Fig. IV is a diagrammatic plan view showing 
One modification in the arrangement of treating 
tanks. 

Fig. W is a diagrammatic primarily vertical Sect 
tional view of the arrangement of treating tanks 
shown in Fig. IV. m 

Fig. VI is a diagrammatic plan view showing 
another modification in the arrangement of 
treating tanks. 

Fig. VII is a diagrammatic primarily vertical 
Sectional view of the arrangement of treating 
tanks shown in Fig. WI. 

Referring initially to Figs. I, I and I of the 
drawings, reference letter A designates a 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. Associated with these sev 
eral treating tanks there is a cyanide collection 

55 tank 4 and an acid collection tank 5. It will be 
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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 picking 
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 a mineral 
acid waste. In my process as hereinafter de 
scribed 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 corn 
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 
ganic as well as inorganic, Such for example as 
acetic acid waste, the wastes from paper-nak 
ing, tanning and the like which should not be 
allowed to pass into streams in unaltered co 
dition, but must be brought into a safe condition 3 
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 into the general operation of the 
proceSS. 
Also taking the illustrative installation as it 

stands, it is possible to 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 
fow 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 calcium hydroxide is 
given as exemplary of a reagent which releaseS 
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 
froin 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 relatively great Volume and the concentrated 
acid waste being presented in Irelatively Small 
voluime. 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 cyanide rinse water which is 
brought to the tank by line 6. A tank for con 
centrated cyanide waste receives that waste by 
way of line 8 and delivers it through line 9 to 
the collection pit, or tank. This line 9 is con 
trolled by valve which opens under the in 
fiuence of float box . Similarly, a line 2 brings 
acid rinse Water to acid collection tank 5, and 
that tank also receives concentrated acid waste 
from a tank i3 which receives that waste by Way 
of a line & and passes it to collection tank 5 by 
way of a line 5. Line 5 is under the control of 
a valve 6 operated by a float box 7. 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 and T, each of which 
is provided with a filter and a fixed measuring 
orifice. A circulating agitator 8 operable under 
the influence of a timer 9 is provided to insure 
unifornity in the composition of the Waste liquor 
in collection tank 4. It is to be understood that 
either or both tank 7 for concentrated cyanide 
waste and tank 3 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 to 
insure a waste liquor for treatment which is of 
uniform concentration and reasonably dilute. 
Any of the known reagents suitable for render 

ing cyanide waste and acid waste innocuous may 
be used in conducting a treatment in accordance 
with the method of my invention. ASSUEming, 
for example, that the typical reagents chlorine 
and calcium hydroxide are used, I have found it 
desirable automatically to prepare a line Solu 
tion and to maintain it under Such conditions 
as to render it instantly available. 
The organization for Supplying line Solution 

for reaction comprises a storage bin 20 for dry 
lime, a lime solution tank 2 and an electrical 
operating circuit 22 having a push button con 
troller 23. 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 2 fa. which actu 
ates an agitator in lime Solution tank 2. 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 a recirculating line 30 
returning line solution to tank 2 by way of 
pressures relief valve 3. These pumps operate 
Continuously during the functioning of the sys 
tem. to maintain a constant pressure of the line 
Solution in lime supply line 29. A second elec 
trical circuit 32 is energized by a foat-controlled 
Switch 33 to open solenoid valve 34 and admit 
water to the tarak by way of water line 35. Sinna 
taneously it introduces finely divided solidine to 
the tank from bin 2 by the action of an elect 
trically operated measuring feeder 36. This or 
ganization automatically in Sures 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 prepaired for op 

eration, with a pressure of line solution built 
up in line Supply line-29 and exerting pressure : 
on solenoid-controlled valves 3 and 38 positioned 
respectively in supply line 29 on Opposite sides 
of its connection with line 28 leading from line 
Solution tank 2, and with cyanide Waste and 
acid waste in tank 4 and 5 respectively, the sys 
ten is placed automatically in operation when 
the liquid level in either or both of those tanks 
rises above a prescribed point. 

Referring first to collection tank 4 for cyanide 
waste, a float-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 circuit 4 starts motor which 
actuates pump. 42 drawing cyanide, waste from 
tank 4 into cyanide line 43 and energizes notor 
44 which actuates COOperative dra W-Off purp 5. 
Simultaneously, solenoid valve 3 in line Supply 
line 29 is opened to permit line solution to enter 
cyanide line 43. Also simultaneously, chlorine is 
pumped into cyanide line 43 past pressure re 
lief waves AS in lines 4 from chlorine Storage 
tanks 48 by cooperative pumps 49 and 50 actu 
ated respectively by motors 5 and 52, and a 
motor 53 is energized to operate an agitator 54 
(Fig. III) in downcomer. 55; of cyanide-condi 
tioning tank A. At the upper end of downcomer 
55 there is a vertically adjustable funnel 55a the 
adjustment, of which influences the extent of the 
aeration to which the waste is subjected in its 
treatment. 

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

Also operable when the electrical circuit 
is energized by either float-controlled Switch, 
there is a pH controller 5 communicating 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 6. provides for disconnection between the 
pH controller and electrode to provide for chang 
ing electrodes. A. by-pass connection 62 in line 
supply, line 29 by-passing solenoid valve 31, con 
tains a solenoid valve. 83 to which circuit is 
completed under the influence of pH controller 
51. Valve 37 remains open to supply a predeter 
mined quantity of the lime Solution for treating 
the cyanide waste. Walve 63 opens. intarmittently, 
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line at such times as the pH 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 to the line conducting acid waste for 
treatment from acid storage tank 5 to acid con 
ditioning tank B. Here also we have a foat 
controlled. Switch 64 and a second switch 65 op 
erated by a float set at a higher level, either of 
Which SWitches acts to energize electrical circuit 
66. Energization of circuit 66. starts the same 
general series of operations as previously de 
Scribed with respect to the cyanide waste, en 
ergizing motors 6 and 68, which operate pumps 
69 and and drawing off acid waste into acid 
line if leading to acid conditioning tank B. At 
the same time solenoid valve 38 in lime, supply 
line 29 is opened to adfinit lime solution to acid 
line . Also notor 2 which operates an agita 
tor 3 (Fig. ITI) in downcomer A. of acid con 
dittigning tank B is: energized. At the upper end 
of downconner 4 there is a vertically adjustable 
finnel to the adjustment of which influences 
the extent of the aeration to which the Waste 
is Subjected to treatinent. 

Also operable when the electric circuit is en 
ergized by either float controlled switch, there 
is a piti controller 75 communicating electrically 
with an electrode 75 and filtering sampler T, 
which latter cominicates. With the interior of 
conditioning tank S. by way of a duct 8. A 
Switch 79 provides for disconnection between the 
pE controller and electrode to provide for chang 
ing electrodes. Wave 38 remains Open to Supply 
a predetermined quantity of the lime solution 
for treating the acid waste. A by-pass connec 
tion 8 in lime supply line-29 by-passing solenoid 
valve 38 contains a Solenoid valve 8 to which 
circuit 66 is completed by pH controller 75. 
Valve 8 thus opens, intermittently to admit ad 
ditionalime solation to acid line at such times 
as the pH value of Waste being treated in cora 
ditioning tank B falls below a prescribed mini 

Cyanide waste entering cyanide conditioning 
tank A. by way of cyanide line 33 enters down 
corner 5, of the tank and passes downwary. 
therethrough, being agitated in passage by agi 
tator. 54. It is to be understood that with this 
cyanide Waste there is included lime solution 
entering line 4S by way of line supply line 29 
and chlorine entering cyanide line 3 by Way of 
chlorine supply line. A 7. In Figs. II and III the 
position and arrangement of the line supply line 
and the chlorine supply line is singiified to bring 
those lines into the istration of th9se figures 
of tire strawings in passage of the cyanide 
Waste downwardly in downcome 55 of the 
cyanide conditioning tank, the waste is aerated 
by air induced over the lip of funnel 35a, by the 
action of agitator 54. In the downcorner the re 
actions which have begui in cyanide inse 3 are 
continued, and upon issuance of the Waste un 
dergoing treatment from the lower end of down 
confer 35 into the Qter chainber 82 of COrdi 
tioning tank A, it meets and is vigorously mixed 
Witha, volins of sigge which is allowed to build 
up at the base of the tank. As the level of lig 
uid rises, in cyanide conditioning tank A because 
Of aeration and incorning Waste it passes over a 
Say-toothed overflow 33 into an annar trough 
84 fronn. Which it passes as effet to Setting tank 

aiadditional lime-solution to the cyanide 75 C. This effluent 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. 
Acid waste entering acid conditioning tank B. 

by way of acid line enters downcomer of 
the tank and passes downwardly therethrough, 
being agitated and aerated in passage by agi 
tator 3. It is to be understood that with this 
acid waste there is included lime solution enter 
ing acid line by way of lime supply line 29. 
In Figs, II and III the position and arrangement 
of the line 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 4 of the acid condition 
ing tank, the reactions which have begun in acid 
line are continued. In the down corner and 
upon issuance of the Waste undergoing treatment 
from the lower end of downcomer Ainto the Outer 
chamber 85 of acid conditioning tank B it meets 
and is vigorously mixed with a volume of siudge 
Which is allowed to build up at the base Of the 
tank. As with the cyanide waste, the acid Waste 
is aerated by air which is induced as liquid flows 
into the downcomer over the iip of funnel 4d. 
for recirculation. As the level of liquid rises in 
acid conditioning tank B because of aeration 
and incoming waste, it passes over a saw-toothed 
overfioW 86 into an annular trough 8 from which 
this effluent water passes to settling tank C, carry 
ing with it some of the alkaline sludge from 
tank B. 
In both 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 controls 
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 38 leading from annular trough 8 of 
cyanide conditioning tank A. enters an annular 
downcomer provided between the Wall of inner 
downcome 89 and an outer shell 90 in settling 
tank C. Fassing downwardly through this ail 
nular space to 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 87 of acid conditioning tank B 
passes by Way of line 9 to a space within the 
inner downcorer 89 of Settling tank C and paSS 
ing downwardly through this downcomer also 
enters the body of sludge collected in the bottom 
of the tank. A motor 92 rotates a shaft 93 which 
carries blades 93d positioned below the OWer 
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 tank 
and thus to facilitate its intermittent. Withdrawal 
from the tank. As the level of liquid in outer 
chamber 94 of Setting tank C rises With CO 
tinued operation of the System, it passes Over 
the saw-toothed overflow 95 into an annular 
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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 tankSA, and B and 

Settling tank C there are respectively valved 
draw-off lines 98, 99 and 09 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 setting 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 foWS through the 
cyanide 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 downconer 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--Cla--Ca(OH)2- NaCNO--CaCl2-i-Ho 
This reaction takes place very rapidly and by it 
the intensely poisonous cyanide is converted to 
the relatively harmless cyanate. 
Although these cyanates such as sodium cya 

nate and potassium cyanate have only about A000 
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: 

The first reaction given above, which is the 
reaction primarily effective in destroying the 
toxic properties of the cyanide waste, is substan 
tially complete within about one or two minutes 
under conditions of alkalinity exceeding a pH of 
8.5. The Second reaction takes place within an 
hour. These are accepted reactions in accord 
ance With literature references. The actual 
Operation of the method as herein disclosed was 
checked under pilot plant conditions. Under 
those conditions the results indicated that the 
first reaction was 95% complete within one 
minute on Waste having an initial 100 . . . 
Cyanide concentration. The second reaction was 
about 80% complete within two hours and the 
toxicity of the cyanate being relatively so low the 
reactions were considered in practical effect com 
pletely to have destroyed the toxicity of the Cya 
Inide Waste. During the test of alkalinity in the 
Cyanide conditioning tank it was maintained at 
a pH of about 8.7. During the operation of the 
process as conducted the pH in the cyanide con 
ditioning chamber is therefore to be understood 
as maintained in excess of a pH of 8.5. 
Assurance of adequate treatment of the Cya 

nide 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. Acid waste froin the acid collection 
tank or pump-pit in its passage to acid-condi 
tioning tank B receives a charge of line Solution 
with which it enters the downeomer of the tarik 
and is thoroughly nixed 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: 

Mixed with the precipitated CaSO4 there are 
precipitates of metal hydroxides such as the hy 
droxides of iron, nickel and chrone: going to form 
the sludge in the lower region of the acid con 
'ditioning tank. In this tank the alkalinity is 
maintained at a pH in excess of 7, Such as a pH 
of 7.5 and higher. - 
During the operation of the method, flow of 

line solution to both the cyanide conditioning 
tank and the acid conditioning tank is 'quantita 
tively under the control of pit controllers 5 and 
F5 the passage of chlorine to the cyanide 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 
introduction of chlorine is continuous under the 
action of inotors 5 and 52 on pumps 9 and 50 
forcing chlorine from tanks 48 past valves 46. 
he great advantage of placing the flow of line 

under the influence of the pH controllers is two 
fold. From One aspect it aSSures that there be 
Sufficient alkalinity 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 render the Wastes harmless; it being 
understood that the maintenance of proper alka 
inity in the cyanide conditioning tank assures 
Cornplete utilization of the chlorine which is pro 
vided and thus additionally limits the excess of 
-cialorine 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 
tioning tanks and by the introduction of treated 
Wastes from both tanks into a common settling 
tank in which a large body of chemical precipi 
states is maintained. This assures repeated in- 50 
tinate contact of all portions of the Wastes with 
the reagents and renders excess alkalinity in the 
effiuent of the acid conditioning tank effective to 
insure that the more dangerous cyanide wastes 
-a-re 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 against slugs of 
wastes having a higher than normal concentra 
tion of toxic components. Although the avoid 
iance of slugs is guarded against initially by the 
blending of conceritrated wastes from actual 
gicking and cleansing operations with the wash 
Waters from those operations, it is possible that 
there may be some temporary or localized in- 6 
crease in the concentration of the toxic ingredi 
ents and against such conditions the passage of 
Wastes undergoing treatment through the sludges 
gives protection without maintaining an exorbi- to 
tantly great excess of reagents in the system. 
Because of the fact that the system is under 
automatic control the possibility of difficulties 
rising from human errors and omissions is re 
duced to a minimum. 

s 
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tank. 

A vaived return line - of trough 96 of the 
Settling tank leads to pumps is and 50 which 
force chlorine from taaks 48 and past waves 46 
into Cyanide line 43. This backow of effluent 
water through the chlorine supply and back to 
the chlorine aire helps to wasih chlorine into the 
treating systein and gives the system the full 
benefit of excess alkalility in the effient from 
the settling tank. 

Referring to the modification of the method 
illustrated by Figs. IV and W of the drawings, it 
should be understood initially that all the con 
t]'ols as above described with reference to the 
preceeding figures of the drawings are present 
and function in Sitaiiar rnainner. The only modi 
fication resides in the arrangement of the two 
conditioning tanks and the setting tank and the 
alteration of the sequen3e of steps so caused. The 
modified course followed by the wastes in accord 
ance with this variant of the process is illustrated 
by the arrangement of cyanide conditioning tank 
D, acid conditioning tank. E and Settling tank"F 
which correspond in structure though not in ar 
rangement to the analogous tanks A, B, and C as 
previously described. 
Thus as shown in Figs. IV and V cyanide line 

43 leads to downcomer E62 in cyanide condition 
ing tank D, the connection of time supply line 29 
asnd chioline Supply line 4 to this tank being 
Sialilar to like connections to cyanide condition 
ing tank A. Similarly an agitator S3 is mounted 
in downconnel 32 having a vertically adjustable 
funnel (2d at its upper end and the downcomer 
€ngties adjacent the lower region of the tank 
into the botto in and outer charnber 4 of the 

A valved draw-eff line is 5 for sludge is 
grovided at the base of the tank. Similarly to 
Cyanide Conditioning tank A, tank D is equipped 
With a saw-toothed overflow 5 over which 
treated water passes into annular trough 6 
when the level of liquid rises sufficientiy in the 
tank. Similarly to cyanide conditioning tank A, 
cyanide conditioning tank it is equipped with a 
pi-Controller it; in electrical control circuit. 40. 
The pH controller communicates electrically with 
an electrode 98 and filtering sampler 9 which 
latter coinimunicates with the interior of condi 
tioning tank D by way of a duct O. A switch 
i? provides for a disconnection between the pH 

controiler and the electrode to provide for chang 
ing electrodies. Trastead of passing directly to a 
Settling tank, however, draw-off line 2 from 
annular trough 86 of the cyanide-conditioning 
tank enpties into do Wiicorner -3 of acid condi 
tioning tank E. ... " 
This tank E Similarly is equipped with agitator 
f4 in downcomer 3, vertically adjustable fun 

nel fict at the upper end of the downcomer, 
Vaived draw-offline for sludge 5, a saw-toothed 
"Overflow fö at the upper end of outer chamber 
A? of the tank from which the upper level Of 
liquid passes into annular trough if a. It also is 
similarly equipped with pri controller if 8, elec 
brode f29, fiitering sampler 2 and disconnecting 
Switch 22. The pH controller is in communica 
tion with the general electrical control circuit 66 
of the system. Eine 7, conducts acid wastes and 
lime Solution to downcomer 3 to meet treated 
cyanide wastedelivered by draw-off line : from 
(Cyanide conditioning tank D. 

From the annular trough f : 8 of acid condi 
tioning tank E a draw-off line 23 leads to the 
'downconer f24 of settling tank E. 'Settling tank 
Eis Similar in construction to settling tank C pre 
viously described. Eike settling tank C it has a 

is valved draw-off connection 25 for excess sludge 
  



2,640,807 
11 

and an agitator 26 which is slowly motor driven 
to move sludge by means of blades 26a 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 28 of the tank flows into an 
nular trough 29. A draw-off line 30 withdraws 
effluent from trough 29. It is to be understood 
that a second valved line similar to the Valved 
return line of shown in Fig. I can be provided 
either as independently connected with trough 
29 or as a branch of draw-off connection 30 to 
recirculate effluent through chlorine pumps 49 
and 59 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 W 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 over treat 
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 treatment 
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 Con 
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 nodi 
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. WI and VII is 
identical with the method as described in con 
nection with Figs. IW and W of the drawings. 
The only difference involved in the showing of 
Figs, WI and WII 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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12 
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. 
WI 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 3 a. at its upper end 
and with a motor driven agitator 32 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 3. Similarly to the analogous tanks 
which previously have been described cyanide 
conditioning tank G is shown as provided With 
a saw-toothed overflow 34 over which liquid 
rising in the Outer chamber 35 of the tank passes 
into annular trough 36. 
The combination of acid conditioning tank H. 

and Settling tank I comprises a downcomer 37 
having a vertically adjustable funnel at its up 
per end into which discharges draw-off line 38 
for effluent from the cyanide conditioning tank. 
Acid line 7, to which connection with lime sup 
ply line 29 is shown, also discharges into down 
conner 3. In downcomer 37 there is a motor 
driven agitator 39 and at its 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 
baffle sleeve 40 which extends to the upper end 
Of the tank and surrounding acid conditioning 
tank H. there is a second baffle sleeve 4 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 3 a. In the 
upper region of the settling tank I in the outer 
chamber 42 thereof and surrounding outer baffle 
sleeve 4 there is a saw-toothed overflow 43 
over which the upper level of liquid in the settling 
tank can flow into annular trough 44. A draw 
off line f45 receives effluent from trough 44 and 
it will be understood that a return line for con 
veying effiuent to the chlorine pumps desirably 
also is provided as shown in Fig. I of the drawings 
and as above discussed. Similarly to the con 
ditioning tanks as previously disclosed a pH con 
troller 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 
f47 and a filtering sampler f48 communicating 
with the interior of the tank. A switch 49 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 5, a filtering sam 
pler 52 and Switch 53 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 
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ing maintained in the tank. Effluent from the 
"Cyanide conditioning tank passing into down 
COrner 3 in the acid conditioning tank and 
Settling tank assembly meets with acid Waste and 

tank, the excess alkalinity of the cyanide waste 
undergoing treatment providing neutralizing re 
agent for the acid waste. As in acid condition 
iing tank E of Figs. EW and W, the pH controller 
of acid conditioning tank-H serves to maintain al 
kalinity at a suitable value in excess of 7.5 in the 
acid conditioning tank. 
As the level of liquid in the downWardly closed 

acid conditioning tank rises, that liquid flows 
Over the lip Of the tank.iito the annular space 
between the Wall of the tank and outer baffles 
if and downwardly in that space to the botton 
and Outer chamber df. Setting tank I. Under the 
influence of agitator 39 sludge also is carried 
over the lip of acid conditioning tank H. and into 
the settling tank I. When settling tank I has 
filled, the liquid which as in other variants of my 
process consists of clear and harmless Water, 
flows Over. Saw-toothed overflow A3 into annular 
trough 44 and is discharged as effluent through 
line 45 or is recirculated back to the chlorine 
pumps. It should be noted that Sludge as well 
as liquid is carried over the lip of acid condition 
ing tank.Hand passes to the botton of settling 
tank I. A suitable level of sludge in the settling 
tank is maintained by drawing-off sludge from 
time to time by Way of valved discharge line 
5. It is thus clear that the conduct of the 
method in the organization of Eigs. VI and VII 
is ideritical with the method as conducted in the 
apparatus of FigS.W. and W. 
;Considering the process purely as a chemical 

process apart from the disclosed automatic con 
trols, it consists in separately treating two di 
Verse wastes, one of which is more toxic than the 
other and both of which originate in the form 
both of concentrated waste and dilute waste. 
In preparation for reaction these wastes each are 
blended by a continuous operation, to obtain uni 
formity of dilution under conditions so controlled 
that the likelihood of delivery of a 'waste 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. These headed and 
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 deCOInpOSed and contains an excess of 
the decomposing reagent. After reaction with 
agitation and aeration for a period sufficient un 
der normal circumstances to render the wastes 
harmless, they both pass as effluent to a common 
settling receptacle in which the effluents mix with 
a body of sludge in the settling receptacle and re 
main for a further retention period under condi 
tions in which there is an excess of the decom posing reagent, until they finally pass as a com 
mon and harmless effluent from the settling tank. 
As a 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 
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14 
both "wastes. The combined effluent then passes 
from the second receptacle to a settling recep 
tacle for further retention and ultimate dis 
charge. 
Considered from the viewpoint of automatic 

Control as Well as of purely chemical process, a 
Supply of the reagent which is common to the 
Wastes of both types is maintained under con 
stant pressure for instantaneous addition to the 
wastes in their passage to treatment. Addition 
of this -common reagent is made automatically 
and instantaneously under the influence of the 
electrical controls which initiate flow of the 
wastes to their individual treatments. In con 
junction with the initial blending of each of the 
Wastes With respect to its concentrated and 
dilute occurrence, this instant supply of reagent 
prevents the passage of slugs of raw waste to 
'treating receptacles apart from the reagent with 
which that waste is to be reacted. Further con 
trols automatically. Supply such quantity 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 reagent in effluent from the initial 
treatments passing to the common Settling con 
tainer. 

It will be understood that it may be desirable 
even though there be only one particular waste 
to be subjected to treatment that the supply of 
such waste be divided for initial treatment, but 
that the effluents from the initial treatments be brought together for a common settling period 
before an ultimate effluent is discharged. Also 
that any number of diverse wastes initially 
treated may be "brought to a common settling 
tank and maintained under such chemical con 
ditions as give additional assurance as to the 
harmless nature of the combined effluent. In 
either case, or if an individual waste is simply to 
be treated by itself as in Öne-half of the treating 
system, the automatic blending is of importance 
when the waste occurs both in concentrated and 
dilute form. Also such blending may usefully be 
practiced on unlike wastes both of which can be 
completely treated by a common reagent and 
one of which is of such nature that blending 
with the other before treatment is advantageous. 
In any event automatic control by which reagent, 
in Sufficient quantity is supplied in accordance 
with the condition of the waste undergoing 
treatment is an important feature. 

I claim as my invention: 
i. The method of treating two waste Waters 

from industrial operations which waters respec 
tively contain in solution diverse toxic sub 
stances, the said dissolved substance in one said 
water exceeding that of the other water intox 
icity, the reactions for rendering which toxic 
substances harmless involving at least one com 
mon reagent, by flowing the said solutions from 
volumes of supply thereof to reaction chambers 
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 
harmless 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 effluent 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 therefronn. 

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 freehy 
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 said 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 effluent containing ex 
cess of the said common reagent from the reac 
tion chamber for the cyanide solution into 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 toxic Sub 
stances 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 a 
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 effluent therefrom. 

4. 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 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 a 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 a 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 harmless 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 a 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 effluent therefrom. 

CYRUS WM. RICE. 
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