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STAT-1NT OF TUE PROBLEM

The pri=-ary pur ose 't this ex:eriment 18 to dete
ermine the 1o0s8sibility of using a lime=-sul:shur solution
in the treatanent of cyanide wastes to remove the toxic
effect of the cyanide soluticnse. The cyanide woste is
one of the most important from the stand=nint ¢t pol-
ution. There are few industrial wastes which are more
hazardous. :any of the s:lutions used for cleaning and
plating in industrial :olants contain soie form of the
metallic cyanidese The dilsposal of these wastes 1s
often difficult and danicrous. At present trere is not
an entirely satisf-ctory =nethod of tre-twent as all
methods are unaccentable for one or ‘ore rengnons,

The nrccipitation of cyanide to lower toxic forms
with tre use of sotassium pernan-anate 1s used to
some extent by some nlants, but the metliod 1s 1inited
due to the expense involved,

The disposition of cyanide wnstes by the acid
reduction method 18 used by Bonre nlantse The denosit
on, of evolved gasen 183 & very serious problen,
especlally in crowded and huilt up arecase.

Therefore a ncw -ethod 1s beinz soustt which will
solve sone of the prroblens encountered by tre above
two methods of randlin: cyanide wantes. The use of
line-sulnhur ras becn su3j-e¢sti-d as the ~o0s8sibility of
being & new method which will solve problems encountere”’

by other —-ethods of cyanide waste tre:tment,



SURVRY CF Ti'v LITERATURE

Cyanide wastes may be found in every industrial
plant in the countrye Automoblle factories and other
industrial plants rave platinz rooms in which iron and
steel parts are covered wlth coatings of cooper, nickle,
chromium and other netalse There are also the case
hardening departqents which use eyanides to a rreat
extente In the oneration of platin-+ roons tve different
parts are suspended in vats containlng the cleaning or
plating solutionse Wien the particular oneratlicen is
complete tre »narts arce removed fron t'e betl and rinsed
in a vat of waters. During the reqnvine and tie transfering
of the -Harts frcn the cyanide vats to the rinse water,
there are drinspin-ss w:ich fall to the floor and are
washed down the sewsrs. Also parts which are not recular,
carry over varylng aisounts of concentrated cyanide sol=-
utions to the rinsinig bathse This tends to kecep the
concentration of the cyanides up around 470 to S00pePeMas
The lowest averacge a plant will have will be around 102
Pepemme &nd te wastcs from harilening roons will run up to
very high concentrations of around 27,000 pepemas The
wagsh water vats usually have a continuous flow of water
through them so t'at this tends to keen the crronide cone-
centrations lower,

The cyanides are very polsonous and thelr dlscharze
into streais 1s a co~stant renace to fish and aquatic
lifee Aninal life which has access to such strea s,

where cyanide wacstes nay be, 18 also nenaceds If such



streams or ponds are not protccted, childrcn as well as
adults may be killed by coming into contact with water
econtaining cyanides,

The physioclogical action of cyanide 1s very 1mportant
and can be explained better by referrinz to alnest any
medical book. If the acid, sas, or solild form of
cyanide 18 delt with, care must be takens Solutions of
hydrocyanic acid applied to the skin will cause numbness
and a partial loss of sensation. If cyanide is taken
internally the central nervous system is at first
stimulated and then depressed and finally paralysed.

The stimulation is especially marked in the medulla, so
that the respiratory centcr, vasomotor, vazal centers &re
stimulated, resulting in an acceleration of the respiration,
sonstriction of the blood vessels, and the slowing of the
heart. The blood pressure rises on account of vaso-
constriction in spite of the slowing of the heart, but
soon falls on account of vasodilation. The rcspirations
are at first accelcrated as statcd before, but soon
becomes slowed and shallow. Coma follows quickly,
sometimes preceded by convulsgions, death bciny due to
asphyxia. Hydrocyanie acid enters the blood very rapidly
and while in the circulation, profoundly affeccts metabol-
1sm s0 that the tissucs lose thelr power of absorbing
oxyzen., Contrary to previous bellef it does not fix
oxygen more firmly to the Bemoglobin, but forms cyeno-
hemoglobin which differs from ordinary hemoglobin in

its dright red color, & nd which is receponsible for the



dbright red color of the bloods Eyes will become dilated
and unconsciousness comes ranidly with convulsions, If
& person comes incontact with cyanide gas, death ls

sure to follow, if they get a zood dose 1in about 5-30
minutes.

Becaﬁse of the nature of the wastes there are
geveral important things to remembers
1. There should be complete safety to operators hand-
ling the disposition.

2. The wastes materials cannot dbe left in dumps or
placed where contamination is a possibility,

3. In the handling of the deposition of oyanlde wastes,
at least two people should work tosether as a safety
precaution,

Dre M. Y, Ellis of the United States Burcau of
Fisheriecs makes the followinz statement about the toxic
action of cyanides. "The simple cyanides exert a toxic
action on livinzg or:sanisms by rcducins or elirinating
the utilization of oxyizen. As & rcsult of this physio-
logical action, cyanide comnounds reduce oxy:sen con=
sumption and develop symptoms simulating asphyszia."

Profcssor Karstens' report on the physicsl effect
of cyanlde on fish was one of the first complete renorts
to be published. The trout, used in the experiment,
were observed by Professor Karsten to dle 1n rather &an
unusual manner. They indicated in thelr actions, efforts

typical of trying to zet out of the water, They showcd



all the evidence of sufferings from the lack of air.
Also a physical effect, which was notic.d, was that the
gills of the trout assumed a brilliant red coclors. This
indicated that the action of the cyanide was likcly
through the medlum of the blood by the formation of
cyano~-hemogzlobine. This shows trat tne flsh 4id not dle
from the lack of oxygen but were effected as humans are
to a certain extente The effecct of cyanide on humans
havinz been explained. This action on the fish stowed
that thc hemoglobin carried cyanide instead of oxyzgen
to the portions of the body where oxyzen was naocded.

The cyono~hemoglobin, which nust have form-d, can
be reconverted to hemogzlobin if tre fish have not been
subject to the cyanide for too long & orriod of timzc.
They may be revived in fresh water, if thore 1s any signs
of 1ife¢, in a short tlnce.

Some imoortant results that Prof«ssor Karsten found
in his expcriment with cyanide wastcs and fish 11fe are:
le Acids, ferrous sulphate and potaesium permanranate
cannot be uscd to destroy cyanide to the rsoint at which
it no longer affects trout. An excess c¢f aclda or
permanzanate may be detrinental and cannot be used unless
destroyed before reaching the stream,

2. Acids, ferrous sulhatc and potaselum permansanate

can be used for reducing the stream-effluent ratlo. If
used for this purpose it may become possible for cyanide
discharzing industries to use streans that might other-
wise be too small to dilute the cyanide cfflusnt to thre

point at which non-effectivensss to trout 1s r<allzed.



3s Cyanide in a stream docs not affect the oxysen content
for the reason that the atmospheric oxyizen maintaina the
solubility equilibrium by furnishlin<’ oxyzen at a rate
greater than that of removal due to the formation of

[

cyanatee.



DISCUSSINN OF TEE ITH"DS F WAST! DISP CCSAL
PONDING

One of the orizginal methods of cyanide waste disposal
is pondinz. This =cthod 18 also uscd today, as a sood
treatment of cyanide has yet to be founds Ponrding is
a sinnle mettod to uges Tarth:en dlkes are bHbu'lt around
an area of land. These areas are incloscd by a strong
fance and must have slgns postcd on then stating the
character of the waste In the area., 7ach of these arcas
should be divided ‘nto several ponds so t'at the wistes
will not have to be enptyed into a pond until t at pond
has etood loni; enoush for tests to reveal trat all tre
cyanide has been rerwoved froa ite The voluiw and
nunber of »onds denends upnon the volume of wante nroducede.
The cyanide content of the wacte aterizl in those ionds
will gradually doercase and £ nally disanpear entirely
if no frash wigte i1s adlad to t e nond,

The re-oval of the cyanide 1s due to several factorse.
They are mainlys: dilution by rain water, seenare, and
destruction of the cyanide by eitﬁer oxidation, hydrolysis,
or deconpositione

The tizne required for the complete re oval of the
cyanlide froa the ponds 18 not definitely known as 1t
undoubtedly depends unon a nuaber of factorse These
being rainfall, ten-perature, and type of soll, and otter
factors caused by local conditions.

Tre mcthod of pondingzg should be considercd as the

next step better than the dischar-e of the whstes directly
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into streans, as it has mony objections. Zoncrete will
stop the objJection of scepaze, but secpare 18 one of the
factors for the renovel of cyanlde and yet 1s one of

its objections. If seepage 18 allowed it 1zht contam-
inate wells in tre¢ vicinity, or it 1t zain ac-ess to
swimaing holes or any nuiber of thinrs that hunans

night coac in co:tact withe Thcere are also othcr ob-
Jections which aid 'n the renoval of the cyanide and yet

are an objection because of the danger trat they cause,

DILUTION

Dilution 1s »robably the easiect method of handlinr
the cyanlde wastes froa the industrial »lantse This is
done by dlschar~inzy the wastes Into rivers, lakes, or
sewerse !owever plating rooa wantes run on avera-e about
400 to 00 pepede of cyanide and tie anoHroxi-ate toxicity
threcshold for crvanide 18 one or 1l(88 DepPefee Thir.fore
it would be very hard for a nlont to di1lute thelr wastes
enouth 80 only to contain one or lusa pe. - eme 0f cyanidec.

The dlschar:zinz of cyanide wastes into a ctrean 1s
very danerous unless the volune of the strean is at
all tines sufficlent to reduce tle cyanide below the
fatal dose for aquatic lifee Also the wacste would have
to be dlserscd so as ti¢ loeal cocentrantion of the cy-
anide would be proeventeds The running of ti- cranide
wastes into the sewer —akes anoter problen for t'c scwnze

pvlant to snlvee Cyanide 1inbibits the dl -estion ol seware



sludges If cyanide wastcs were contlnusll; diaschar:ed
as would be the case in actual prectice, the inhibiting
effect would be continuous and sludze diz stion would
be consideranly inpedcd 1f -ot entirely checkad,

There 18 not & po.nt in favor of the disposal of
cyanide wastcs by the ucthod of dilution. There are too
many thinvs azainst the use of trhis method and 1t ahould
never be used by any plant for t'e dlsposal of cyanide
wastes, except when the body of water, trat the waste

is emptyed into, 18 so great that no harm is done.

ACID TRIATICZNT AND AERATION

The removal of cyanide from wastes may be acconm=
plished by means of a comnmercial sulphuric acid treat-
ment followed by the volalitization of the bydrocyanic
acid gas that is fcrmeds During the rrocces comprcssed
air should be introduced throush pipes In the bottom of
the tanke.

The succesa of this treatment d=-ends upon, malnly,
four main factorsjy 1l. the aclid concentration, 2. the
period of aeration (a total of 16 hours 1s usually
sufficient) 3. The completeness of cyanide removal, and
4. the toxicity of the remairing wastc.

Usually the voluamc of the cyanide waste 18 com-
paratively small but uou should sc3zrezate all wastecs
not containing cyanides from the cyanide bearin-; wastese.

One other inmpcrtant factor in designing thce stze of
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treatment rlant necdecd 1s the volune of wastes to be
treateds A welr box in the scwer line at sozr coavenlent
point will be neceded to deternine tle flow of wastes.
Sp-iled wastes volune may be detir~insd b; comnuting the
volume of the vats that contain the wastes.

The hydrocyanic ~as produced by this treatment
procesa 18 very poisonous and tle¢refore the location
and désign of the ejquipment must be such trat the danzer
from these fumes 18 a miniium.

The trcatment plant stould consist of a rubbor
lincd tank of sufficicnt capacity to hold thc dally
volume of wastes The cover of the tank should fit
tightly. This cover should "ave a dome in the center
which 1s connectcd to a tall stacke

The wastes -ay elthcr be pumped into the tanl fronm
a suny cnnrected to ti:e factory drain, cr trcy nay flow
in by gravity. The comrerslal sulpheric acid s ould
be introduced i‘nto the tank, from a c-rboy, by ~“eans
of a pearforat:d lcad pilpe located in the tank above
the surface of the waste solutions. The only danver
in handling the cold is trhe addlig of 1t too fast,

This would causc too great an evolution of ras a:d izkt
cause troubdble by not being sufficlently d:lluted with arl.

Compresgsed alr iag to e 1-troduced throusth perfor=
ated lead pipes laid Zn the floor of tie tanize Diffuslon
plates ay bo uncd instecad of lerd plpes 1f no deslred.
In order to furt cr dilute t-e 7re, a blower s oculd be

located 80 as to blow a lar e volume of alr into the



11

plde of the stncke The helzht of the stack should be at
lcast forty feet high in order to cet ¢ e s2ses un
above most surroundin: bulldin-s. If tlere are any
existing bollcr st cks ncar they m1:xht be used,

Te treat.d wastes —ay be eptled into a strcan
after a test shows tre desired rceductinn in the cyanide

content.

OXIDATION WITH POTASSIUN PURAIANITE

Potasslun perran-snite will oxidize t''e cyanldes in
neutral or alkaline solutlons with tre nrodvuctlion of
cyanatecse
3KTH 21("'1104 3?!20 2':‘:n(0!i)4 2ron EroaoN

Using tlie molccular welghts of the above yéu find
that acording to this equation, l«£2 parts by welzht
ofyﬁﬁno4 is required to exactly oxidize one ~art of I'CY
or 1ts equivalent of some otl«r cyanlde,

Tests have shown that the use of potassium pere-
mangan:te 1s entlirely practical from the stondno'nt
of operation and cost of operation.
| However, the wastes re sonrcwhat toxic after the
treataent If they are eantied undiluted into a strean,
lake, e€etces Thls 1s found to ¢ e€gsecially true 1f the
wactes are not acratcd.

Dre. "ubbs of the University of ic’'man found that
if the wastcs were diluted one to one they would not

k111 fish as had the wactes before they were dilutcde.

In a larze stream this dilutlion would probably not

have to be made.
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In desicninzg a zlant for cyanide wastes treatnent
by the serzanzanate method you should build a tank rave
ing & hopper botton for the collectlion of the sludie.
this tank does not have to be covered as in the acld treat-
mdnt method as there are no danzerous gases to sontend
withe The mixing of the psrmanzanate and wastes in the
~tank can bs accomplished by mcans of Aiffused air as in
the acid treatment plante There should also be a sludge
bed of underdrained sand provided for the dewatering of
the sludge.

The tank may be filled during the day and then treat-
ed just before closing time at night. The aeration may
continue for a short time so that the wastes and perman=-
ganate are throughly mixed, The sludze may be drawn off
the next morning.

The cost of the acid treatment and permanzanate
treatment plants will run about the same. The cost of
construction of the acid treatment plant bsing more than
the cost of construction of the permanganate treatsent
plant. However, the cost of cperation of the pecrmanzanate
plant will run somewhat higher than the cost of operation

of the acid treatment plant.

TREATVENT WITH FERROUS SULTHATE
Ferrous sulphate was tricd as a :cans of reducing
the cyanide to soze harmlees forms This ~etlcd was tried
because it was trousht trat this method misht be quick

and also coat less than any other zmethod used at this time.
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Soze of the facts found out about this method are
that: when &n excess of alkall is uscd, tLhe anount of
ferrocyanide formed is less than when small: r amounts
of alkall ere presenty that a rise of temperature above
- 20°C 18 haraful to the reactiony that the results are
independant of the dilution; that the reacticns ape as
complete in 5 to 10 svconds as they are after long stande
ing; that unless the alkalinity is most carcfully adjusted
to sult the amount of iron used, an excess of ferrous
solution Bives no better results than the t'eoretical
quantity, that 1a required by the equations

6KCN 2F6504’7H20 KaFe(FeCNé) 2K2804

According to Professor Karsten as far as his exe
periment went, he d4id not find the ferrous sul-hate treat-
ment &3 good as thouzht, becauss it 4id not remove the
cyanide to a great enough degrees The remalning cyanide
was found to be around 4 p.p.ms and this is enough cyanide

to kill fish in about fifteen to twenty minutcse.
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METHODS OF DETER'INING CYANIDE

An ianportant factor in work of this kind is the
deternining the manner in which the results are to be
checked after the trestment has been made. Fost tests
that are used with cyanide will give the same reaction
with other radicalse. There are six tests that give
fairly good results, the Schonbein test using gualac
paper, the phenophthalin test, the prussian bule zethod,
the silver cyanide method, the silver nitrate test,
and the thiocyanate test which is specific for cyanides
and 18 more censitive than all the ottrers. Thesc tests
are made as followst

(1) The gualac paper in the Schonbein test 18
prepared b saturation of strios of filter paper with
10 percent alchholic tincture of resin of gualac which
is freshly prepared. These strips are drled and placed
in a stoppercd vial. They are acistcded with a one to
1000 solution of CuSOy when they are used.

The sample to be tested 1s placed in a flask and
acidified with tartaric acid. The flask 1la closed with
& corkiin the bottom of which 1s a s8lit for holding
the moistened paper above the solution. The contents
are warncd over & water bath and a bluc or blue-green
color of the paper 1ndicated that cyanide is present.

(2) The phenophthalin test 1s sensitive 1f thre
proper precautions are ta en. If 1s a good nethod for
deternining small quantities of the eyanlde. This

test depends uon the production of a red color by the
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oxldation of an alkaline solution of phenontithalin
to »nhennlphtialelin in the sresence of a2 cvanilde and
a weak solutlion of a cusric salt, Thisg tcet is not
specificly for cranides, as otler comnounds are able
to oxidize tihe phenolphthallin under tlesme conditions
andi give a positive rection.

(3) The Pruscsian Blue ~1ctlhiod 18 specific for
cyanides and depends upon the forzatlon cf a ferro-
cyanlde. This takes place when an alkallne solution
of an easlly deconposable cyanide 1s wirned with a sol-
ution of ferrous sulphate. TFor low concentrations of
cyanide tls metheod 1s very mood but for larsze anounts
of cyanlide the Prusslan Zlue wthod -lves a very dense
blue precinltatce.

(4) The T1lver “yanide zncthod 4o 2ends udon the
onalegsccnce nroduc<d when and excees of slilver nltrate
18 added to a slizhtly acild solution of cyanide, This
test 1s not sneciflicly for cyanides, as halosen acilds
and thelr salta or certaln fatty aclds wlll also produce
opalescence with sllver nitratc,

(5) This test 1s the sane as 18 uscd for chlorides
in wat:-r analysise. This 13 the Silver “itrate test which
1s also used by many to.detvrﬁine the sresence of cyanlde,
However the cilorides interfere with tiils det . r:ination
and 1t cannot bLbe us-d if hydrochloric wcid or 2ts salts
have accegs to the wactecs The end Huint of the sllver
nitrate det rilnatlon 1o not a8 will 1efined In this cace

as 1a obtalned about halfway trroush the titratlon or
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Just aftcr the double salt foruation 1s com 1l:te,

(G) T™he Thiocyanate t-st which 1s also o:czific
for cyanidcs was found to be 6§ to 10 tines as acnsitive
as the Prussian Blue tosts The Thilocyanat: tost de-
pends upon natehilng of the color ol the unknown saanle
and the colors nf tre standnrdse. This color :etric ncthod
18 also uscd with the Prusslan Bluc test, the sgilver
cyanlde tceat andd tre Phienophtialin test. It has been
found thut the Thlozsyanate tegt w11l detect ¢DYNI5
srans of 77 in 197 =1l, and leas than this arount i1f the
volune of the unlziown =a=nle 13 rcduced to cone or two
cublc centizetcrss This 18 the teat uscd '‘n tis

exniriqaent avd the reerults found were very satiasfoctorye.
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THE EXPIRIVINTAL WCRK

Trere wsre three main things wanted in the work
on oyanide wastes. 1l. If lime-gulohur could be used
to treat cyanide wastes of hlzth concentrations and re-
duce their toxicity far enouz: to vake then safe to be
emptyed into streams, lakes, or pondss 2. If tite was
a factor., That 1as 1f the lensth of time in the treatnent
of the wastes by lime-gulphur had any effcct on the
results. Thether the wastes had to stand for one heour
or 24 hours after the lime~gulphur had been added to
thems And 3. if small concentrations of cyanlde wastes
could be treated. These wastes that containcd around
500 p.p.mes of cyanide., Cyanide wastcs of this concen-
tration belng found mnore often than wastcs of higher
conoentratione

So as to be able to dcter ine the value of a limee
sulphur solution in treating cyanide wéstes, a known
consentration of cyanide was madée upe This was treated
with the lime=sulphur solution, and then the a:tount of
KCNS present wns determined by analysis.

The lime-gulphur solution that was used wzs purchased
fron the Carriler-Stephens Chenical Comnany, lansing,

¥iohigane The chemical analysis of it is as followsi

Calcium Polysulphide 30,07
Calcium Thiesulnhate 1.57
Watcer and other 1nert

ingrcdlents 6R.5%
Llame and Sulphur 1in solutlon 21,5%
Sulphur 24,07

Baume 32 dersrees at 15°C

In order that a person 11 :ht have an 1dea of what
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range of standards that wcre necessary for the detere
nmination of the cyanide that remnained, a rough treat-
ment waa first mades The solution of KCIS was nade up
so that 1 ml. of KBNS was equal to 1 m3e of KCle By
using their molecular weizhts 1f was found that 1.4924
gose of KCH3 in 1 liter of solution should be useds The
solution of KCN, that was used, was a 10:% solution.

This oonsistcd of welghing out 100 gms. of KZN and
making up the solution to 1 liter.

This first set of deterninations consistcd of taking
50 mle portions of a 10% solution of KCN and adding vary-
ing anounts of lime-sulphur s:lution, letting these
sanples stand for 24 hours and then running a rough
determination by use of the thiocyanate method. The
standards decded upon had a range of ,5 mle to 5 ml, of
KCNS. In that range there were ten different standards
with each standard increasingz in the anount of ECI!S by
«5 mlee The preparation of the standards will be dise~
cussed 1n detall later.

This rough determination showed that tre ran-e, of
the standards to be used in further exopcrivent, was
between 1 ml. and 2 ml., of KCNS used 1n each standard,.

The first accurate determination was made as followss
An accurate prepared 10% KCN solution was distributed in
50 ml, portions into 5 beakers. A sixth beczker contain-
ing 50 ml. of distilled waker was used as & blank treat-
ment to see 1f 1t contained any eyanide, To all of these

beakers, lime-sulphur was added in varyilins aaounts as
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follows.
Beaker Noe. Mle of KON solution ¥l. of llre-sulphur
1l 50 water blank 6
2 50 6
3 50 7
3 50 8
5 50 9
6 50 10

When the lime-sulphur soluticn was added there
were two thinzs noted.s One wus that therc was a precip-
1tate formed and that each solution clhienz+3 to a yellow
colore However this color sradually disajearcd in the
beakers containing 6, 7, 8, ml., of liue-sulphur. Beakers
Noe 6 which had 10 mle of lize-sulphur in it remained
a yellow colore. This leads one to belleve that trere
was an exceas of linre~gsulphur added so that upon carry-
ing out the tests for cyanide there should be a 1007
reduction of cyanide in trat bcakere The azount of
precipitate increascs also as the am~unt of line-sulrhur
added increases., Scoond that all of the saaples zave
off H,S gas upon the addition of the lime-gsulphur solutlon.

These sauples were covercd with watch glasscs and
were left to stand for 24 hours. At the end of this
period of tine the sanclca were flltered to remove tre
precipitate. Then the solutions were dilutcd to nrepare
for the deternination of the reualning cyanide. The
dilutions used in the rough trectment wcre uscd azaln
here a8 the range of the standards had been detcrzined
froo the rough treatment triale 5 mls. of thils solution
was pipetted iInto a 270 zl., flask and zade up to thre

200 ml, marks Then aftcr belng throuszhly ~mixed, 10 nl.
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of thils was ta en and dilutcd to 177 mlese THie last
dilutlon w28 nalnly a convenlenze as the anrunt of thls
solution uscd in the nessler tube wes 127 11, and thils
made & resultin- dilution of 40 to 1.

After thre sccond dilution wee ade, B2l wogo adled
so that thc solutlon was Ju-t acid to litius. This wes
done to re-ove any exceag sulphur wrilch ittt be rresent
and wlch would Interfere with the analysls., The acid-
ificd saqanle was heated mently to coasulat. ¢ ¢ sul hur

and also to resove any 1.5 zas t'at -1 -ht still be

2
present, (Je "o Foshcen and co-asautiors, Chillds and 2all
found that heot d1d ot drlve off any as r:clable a ounts
of cyanide)e I also asrured trat Brin-ins there gole
utions to a terrature tlat would drive off thre "5S
ras would not drive off any cyanidce "hen t-¢ sulpbur
had been coa-ulat:d aadl there was not any furticr oder
of Has the saanles w:re allowcd to coole They were then
filtered to rcove the sulphure The a1 les wore now
recady for the deter instlion of the a-ount of KIS oree
sent in thenq.

It wes found out by exoerlence that 1f the 1 1,
of ferric chloride solutlion w:s not eddcd tn the¢ sizple
until the standaris were made up thet the results weuld
be betters As socn a8 you add the ferric cblorile to
eit ¢r tre saaml-s or tle standor’e L elr color will
bezin to becoe fa nter upon stanviing a £ w ~inut: s,

That 18 the rcascn, I belleve, for t'c flrst tuwo trials
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being lowe. If the samples or standards are allowed to
stand over night, the color will be alzuoct entirely gone
by the next morning.

At this point 1in the deter:ination ttre standards
were made up so that the ferric chloride could be added
to the sanples and standards at approxinately the same
time,

The aolutions that were used in the prepar:stion of
the standards are as follows;

l¢ A 5% hydrochloric acid solution

2. A 1074 ferric chloride solution

3« A etandard solution of KCNS prepared so that

1l mls of the solution waas equal to 1 mg.
of KCN.

Nessler tubes wcre used to hold tre amounts of
standard solutions and also the samnles. The ran-e of
standards used in the first four trials was from 1 ml.
of KCHNS to 2 nl. of KZ%S and varied from each otter by
2 mlse

The amounts of KCINS, to give the desired range,
were placed in the tubes and diluted to about 60 ml,
with diatilled water, The solutions wcre then acide
ified with 1 ml, of the 5% HC1l solutions The 1 ml. of
104 solution of ferric chloride was added to both the
samples and the standards. Both were adjusted accou=
ately to 100 ml,, and all solutions were then inverted
s0 a8 to mix them well,

The sanples wcre coapared to the standards by

comparing the colors. The matchinzy colors renrcsenting



the amount of KCNS oresent,

The samples that had the larz:-st amount of lime=-
sulphur addcd to them sh-cwed the deepest color when
comparing with tle standardse. This proved t at the :ore
lime=sul-hur added to the sample the racre KIN that was
converted to KCNS until 1007% of tre KCN had bcen con=-
vertcd to the KCuS.

The first trial made after the roush trial is
shown on the top of the third page of the expcrinental
worke Trial nunber two was 8lso made using slx sanslese
One of these¢ azaln belng a samnple of distilled weters
Trials three and four were rade using nine samnles.
These nine samples ranzed from three throush eleven
mls, of lime=~gulphur uscd in them. ZTach differiny fronm
the preceeding one by one mle

There were two thinzs that had to be corrected for
in‘figuring out the results, so as to have an accurate
figure for the percent of the oyanide removed. One was
the purity of the KCN useds The other was to find out
how much moisture the KCN contained.

The XCN used had a purity of 95% and the =oisture
present in the KCN was o small that it did not effcct
the resultss The obtained results, threrefore, were
divided by +95 to corredt for the purity and give the
actual resultse.

The results of this first part of the experiment

are listed below and are self ex)lanatory.
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Part 1

In part 1 all these rosults are based on the

24 hour samplese

Sample
Number 1l 2 3 4 S 6 7 8 9 10

Strength

of samole All saaples were of 107 strength

Kle of

sample 50 ml. of szmple in each

used

4le of 6 6 7 8 9 10

Lime~ 6 6 7 8 Q 10

Sulphur 2 3 4 5 6 T 8 9 10 11
2 3 4 o) 6 e 8 9 10 11

VZe Of YCH O 2423 2,19 2,15 2,12 2,08 _

in portion 0 2,23 2.19 2.15 2.12 2,03

tested 2440 2436 2432 2427 2423 2,19 2,15 2,12 2,08 2.0
2.40 2436 2432 2427 2.23 2.19 2,15 2,12 2,08 2.0 5

Converted 0 101 1.3 106 108 2.0
KCN 5 o6 8 10 1e2 led4 146 18 2.0 2.1
of o6 23 1.0 13 1eb 1.6 1.8 2,0 2,0

% convert- 0 44.8 5062 6004 7008 8606

ed to CNS O 49¢3 5943 T4.5 8540 9642
20,8 25.% 34e5 44e2 53,9 63.8 Thes 85,0 96,2 102
1667 2564 3445 4442 5844 63.8 Thed 85.0 962 9765

% convert=- O 4702 52-8 63.6 74.6 Q1.2

ed to CNS O 52.0 62.4 78.4 89.1" 101.1

001‘1‘80@9(121.9 26 8 3603 4604 5607 67.3 7804 8904 101.1 108
for 957 176 26.83 30.3 4G4 6l.4 6703 784 894 101e1 102.5
purity of
KCN



The sccond staze of the exner!: -ent was to detcre
mine if the lenszth of tine, after the addition I tle
line-sulpur ad any effect udon tie results. It wig
nroven that one hour of tiue was as ood o8 24 bours,

In cach of tl¢ detirrinations in the firct rart,

qve,y

a portion of the samle was tested for V215 after 1
hour and avother nortion was tested for VCI9 24 hours
laters The results in ecach case were the sasce The
only e¢rror that was found in the ex»s¢rinent has been
explained as error due to the makins up of the standords
or =zanslea before beln: ready to cominres Tris tire
lapse belnzg rcsponslble for the chanze in cnlor of the
sanples and standards and trerefore making an error in
the results,

Below 13 a c’art ~»f Liie¢ results 1ade after 1 Your
and those ‘ade 24 hnurs laters fach 18 'orked as to 1ts
regpective tive,

Froa ttc ctart yoru may notiz- t ot the firat trial
dild not have as 7ood results as the lact t ree triaclae.
Thias 18 the one that had the c¢rr r due to t'e fading of
czlor of thre stand rdgs. The samnles in this cnse tad
the firric ejloride adde? to then beforc the ctrndsrds
were made u» and thorefore wotn comorred &lth the ctande
arig they comparcd favorsbly with t'ose zlvinzg low resultse

The water blank thet wsas carried alon- w'th cach
trial 4’4 not sheow uny slins of cyanides In c¢ach trial
tiie blank was tested as tlie samples were and tlhere wns

no pogitive water blanks found "'n any of the trials.
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Sample
Number 1 2 3 4 5 6 T 8 9 1

¥le of

Lime= 2 3 4 5 6 7 8 9 10 1
Sulphur

In 24 hrse ‘ 47.2 52.8 63. 7406 91.2

% eonverte 0 52.0 62,5 78.4 £9.4 101.1

ed to CNS 21.9 2648 3663 46,4 5647 67«3 78e4 £9.4 101.1 108
and ¢ 176 2648 3643 46,4 61le4 67eh4 78.4 89,4 101.1 102.5
corrected

for purity

of KCN

In 1 hre % 0 5240 5208 63.6 89 4 91,2
oconverted 0 5607 62.4 78.4 89.4 101.1

to CNS and 21,9 26.8 36.3 46e84 614 6Te3 T8e4 8445 101e1 102,5
% 00!‘!‘60%6(121.9 2608 40.8 46.4 61.4 67.3 78.4 89.4 101.1 102.5
for purity '

of KON

The results as a whole check quite closcly. The
error that there is, is probably due to error caused by |
ry-self in reading the standards. Illowever the error in
the first two samples has becn explalined as due to fading

of the oolor of the samnlese.
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Part three was to find out 1f suall co centrations
of cyanlde wastes could be treateds Three diffecrent
concentrations were used in this part of the experinents.
Cne had a KCN soncentration of 500 p.pemms, the s.cond
was 1700 p.p.:m., and the third was & ccncentration of
2000 pe.p.ms of cyanide. That was the same as makinz up
concentrations of X34 of .057, .17, and .27 snlutisns.
The procedure wasg uch the same as trs onz cn ths higher
conocentrat ons, differing only with the anount cf lime-
sulphur added and the dilutiions mades With &ll three
of the c¢oncentrations, 100 ml, sanples wcre uged.

The anount of lime-sulphur used in the 057 sample
was <1, «2, and +3 ml., Uith the 1% sample, the lime=-
sulphur used was +2, «3, and «4 mle and 4, «5, and 6
ml, of lime-sulphur were used with the.2{ solution.

The dilutions were made such that they would form
concentrations that would fall in the ranzc of stondards
that containsd from .2 tiwrouzh .6 ml., of XOX“.

Upcn the addition of the lime-sulphur, to these
small concentrations, 1t was cbserved trat trere was no
noticeable precipitate. However the time elenent did
not effect thess sanglea either, according to the reaults.
It was also hard to @etect any noticeable IS gas from
.the samples,

The only obJjectable thing in making the tests for

KCNS where such small concentrations of KCX are used is

that you are working all the time with tentts of a ml..



Thg aifrerence in cclor can not be distingulshed very
easily unlees the standards &iffer by 1 ml. of KCIS,
but a difference of .1 ml. of KONS makes quite a
difference in the results of the overcenta-e of cyanide
removed when working with concentrations of 500 pepemse
However the results of the work on small concentrations
are satisfactorye.

In working with the .05% solution of KCN, to which
wag added .1, «2, and +3 ml. of lize-sulphur, it was
found trat the 100 =1 sam:cle to which ,1 ml. of lime-
sulphur was added t'st the yecllow color left it after
about one “ours This showed that tliere was probably
not 1007 reduction of the KCNe. Tris was proven by the
resultss The yellow color of the sanple that contalned
¢3 mle, of lime-sulphur renained and in thls. case there
was an excees of lime-sulphur.

In the case of 1% and ,2% solutions, simular
results were found. The sanple eontaining the smaller
anmount of lime-sulphur 1ost its color in about one hour
and the samples containing the larger anount of line-

gul-hur retained thelr colors
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The resulta of part three of this detuprninetion: are

listcd below and are self explalnatorye.



1 hour samonles

Part

3

24 hour sanmples

29

100 ml., sanmples used in each case
dilutions made so as the same standards
coulld be used in each cases

Strength 2057 «05%
of sample ¢107% 0107
used .20,% 0205
Mle of o1 02 3 ol 2 3
Lime~ 2 03 04 2 3 04
Sulphur o4 5 o6 ot 5 )
Ko of 0499 -499 0498 0499 499 +498
KCN in 499 L498 L498 «499 L4908 ,408
pOPtiOn 0498 0498 0497 0498 0498 0497
tested
?-‘g. of o3 . 5 .4 24 5
converted .4 o4 5 3 5 5
KCN
ok b 5 ) o4 5
03 ‘ 04 05 lt‘ 045 05
4 45 45 3 o4 5
b ol 5 o4 b o4
% convert-60.l 8003 10042 80.3 80.3 100,2
ed to 80+3 8043 100.2 60s1 100,11 100,2
CNS
8042 80¢3 100,2 602 8043 100.2
60,2 8043 100,2 80,2 9063 102.3
80¢3 9043 10045 6044 8043 100.5
80.3 8043 10045 8043 80,3 100.5
T convert«63,3 84.4 105.3 4.4 84,4 105.3
corrected
for 9540 84,4 8"405 105.6 6303 84.5 105.6
purity of 63.3 8445 105.6 4.4 95,2 105.6
KCHW
8445 95,2 195.9 64.6 84.5 105.9
84.5 8405 10549 84.5 84.‘3 105.9
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INTERPRETATCN OF RESULTS

The results obtained in the couree of cxperiment
were very suscessful in most cases. By turning to the
graph on the preceeding paze you are able to get a good.
ploture of the results obtained by the use of varying
amounts of lime-gulphur with the 10¥ KCN solution. The
best 1dea on how much cyanide was actually removed from
the solutions 1s obtalined by referring to the column 1in
the tables giving the rercent of cyanide renoveds The
anount of oyanide removed increases as the azount of
lime-sulphur solution added inoreases. This, of oourse,
is only natural and what you would expect., The results
with the 10% solution of KCN proved that lime-sulphur
may be used to treat high eoncentrations of cyanide
wastes.

The percent of cyanide removed after one hour was
the same as the percent removed after 24 hours. This
proved that, by the use of lime-sulphur in the treatment
of oyanide wanstes, a plant could treat its wastes in a
very short period of time. This 18 very advantageous
to & plant having & large volume of wastes. This also
outs down on the size of the treatment plant needed. So
the cost of a waste treatanent plant, if lime-sulphur
is used, will be quite reasonable.

The third part of the experiment dealt with small
concentrations of cyanide wastess The smaller of the
concentrations of KCN used was 500 p.p.me and this is
still somewhat larzer than the averaze concentration of

cyanide found in the averaite waste. At this small
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concentration every measurment was in tenths of a ml..

It 1a very hard to 4o accurate work using such snall
measurmenta. The results obtained wcre satiafactory

as to the »secrcent of cyanide renoved. Fowever if a part
of a drop 1in excess was added it would throw the results
off. One drop night contain one or more tenths of a mles
Yet from the results obtained from the work on such small
conoentrations one would be led to believe that small
oconcentrations of ecyanide wastes ocould be treated with

good results.
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CTNCLUSIONS

From the experiqtental results, 1t annsars that
the llge~-sulchur does have the abllity to convert thre
cyanlde to a cyanate or thlocyanate wiich 1s st-ble
and not toxie to husans, anlazals, or fish.

Aftcr the slul-¢ has been resoved froa Ve trested
solutions, thc efflucnt zy be diluted safcly by lette
ing it flow into a streazm or lales The recction trat
takes place uron the addition of the 1! ne=sul hur 1s not
a vicolent once The only problca to be encountered is
the foramtion of the sludzce Cn low co-centrations
of cyanide the slud e willl bec very snall ‘n coasarison
to tte volure of wastcs and 1t e ¢ms that 1t could be
dunped into the river alongy with the treotad 1liquid.
liowever, 1f pos<ible 1t umisnt be drawn off snl placed
on a dryins bed to re:ove the :iclsturce The reasidue
then 2ould bz dlsgoos-d of In a anncr desired by the¢ plant,
If the concentration of tre cyanide runs u» around
20,000pepens the voluie of glud ¢ willl be sreater and
if enptyed into a ctrean it ni~ht cause a scum and de-
poslits along the bankse Thls 13 to be avolded if -os-
ible.

In a paper publlshied by the Clds ‘otor Jorks of
Lansing, lochlzan, they statcd that the sludze¢ they had
after using the lime-sulchur was coinosed of:

le Calciun Thiocyanute
2¢ Sodium Thlocyanate
3e¢ Calclilua Cyanaide

4, Sodiua Carbonate
5 Sodiun Sulphide
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The main trouble, with the usc of lime~sulphur
in the treatment of cyanide wastes, 18 that 1f there
are other wastes prescnt the results will no be as
desireds The Ford Motor Comnany, Dearborn, iichlgan
tried to use liane-sulphure Thelr resulta were unsate
isfactory because of other wastes present. For ex-
ample, thoy had a chromate waste presents When the
wastes were treated the precipitate was so dense t'at
the problem of its disposal was as great as the origz~
inal problem itself,

The lime~sulphur tresatment should not be used if
the wastes are a combination of several types. Another
method might be better. The acid treatment with all
its faults does définitely lower the concentration of
cyanide and if it were not for the personal hazards
it would probably be the best method.

If there had been nore tine to make further ex-
perimentation with this method, it might have been well
to carry out the treatment of a eombination of wastes,
Wastes which would be simular to wastes encountered in
most planta. The one thing sure from the work on the
treatment of oyanide wastes with lime-sulphur 1s that
high concentrations ocan be treated very well and with
good results. The limit or the lowest consentration of
cyanide that ean be treated with good results is still
some in doubt as you are working with such snall
measurments that one 18 not sure that his results are
corrects The time 1limit or time fzctor has been shown

not to be important if 1t is over one hour. Therefore
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the writer bellieves that tre things desired have been
proven but that there are sevsral other questions that
will have to be proven before lime-sulphur may be used

by all »lante in treating their cyanide wastes.
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