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I. IHTIRODUCTION

Large volumes of licuid industrial wastes are produced fron the
processing, dyeing, and finishing of textile fibers, with the textile
dychouse contributing a large percentage of the total wastess These
dyeing operations are responsible for a hipghly pollutional and harmful
waste from the standpoint of color, biological oxygen demand (B.0.D.),
end cherdeal oxyzen demond (C.0.D.)e The wastes may also contribute
suspended solids, high terperatures, high or low pH values, and toxic
materdialss In some czses such wastes have ereated conditions of
streom pollution that rmst be absateda.

Thore have been many research and pilot plent studlies concerning
the trestment of dyshouse wastese These studies have included the
treatment of wastes seperately, the treatment of all the wastes from
tho toxtlle processes togethor, and the treatment of the dye wastes
and other wastes with domestic sowagee. The types of treatment used
have included chemieal treztment or coagulatdon, lagoons, and aersted
lagoons or blowmzeration processese. Other treatments are activated
sludge plants, adsorpition processes, trickling filters, and those
troatment methods assoclated with the treating of wastes, such as
sedimentation, filtration, and sludge digestion.

Of 213 the pollutional characteristics of dye wastes, color
pollution is the rost easdily detected, and, thorefore, one of the
mogt simmificant forus of stroam pollution. Until recently, little
effort has been expended toward the removel of color from wasbtes or
stresmse Color in streams is esthetleally objectionable, and in the



gyes of the publie, color is an indieation of pollution. Only small
guantities of color are removed by ocurrent treatment methods devised
for elirminating other forms of pollution, but chercal cocgulation and
odsorption processes have bsen successful, to differemt degrees, in
removing ocolor from dye wastes. Although the cocgulation and adsorption
pméesses result dn high color removals, there ls an econorie considere
ation involveds The cost of chemicels and adsorbents and the malntows
nanee costs of theso processes are great becauss of the large amount of
color involvod and the faet that many of the modern dyes contoin dise
persing end surface active agentse. Vhen the chemleal oocagulation or
sdsorpbion methods are used, most of the chomicols or adsorbents are
needed to overcome the effects of the digpersing end surface active
agonise

Ovor the past ten years, & new lowecost treatment process has been
introduced as & treatment for dyo wnstes. Thls process, called the
aerated lagoon or bloezeration process, is based on the development of
nﬁ,m-organims in o single onewstage prolonged bilologleal process
without the use of sludge digesters as compared with current convene
tionél activated sludpge processes. The asrated lagoon costs considersbly
loss thon most conventional treatment methods, and in many situations,
the cost is less than treatment in 2 joint mmnieipal plant (23)e The
efficiency of the aserated lagoon is comparsble to the efficiencies of
conventional treatment methods.

Since high degrees of color removal are achieved by the chemieal
coagulation proocess, it was dezirsble to deotermine if some i‘orxé of



biological treatment, prior to cherdceal coapgulation, would reduce the
chepical coagulont denand of dye wastes, while producing an efflicient
and . econorical troatment procoss.

The following research consists of an investigetion employing an
aeratod lapgeon or biowaeratlon process as a protreatment of a dye
waste, followed by a chertical coagulotion procecse The wastes chosen
for the investligation were black and brown dispersed dyes, which
reprasent two of the most difficult dyes to Wweat ecconordceally. The
purpose of thls study wes to determine if Llo-aeration ireatnent iould
-effectively reduce the cherical ocoagulant demand of black and brown
disporsed dye wastes, while removing o large percentage of the pollue
tional choracteristics of the wostoze The virtue of such a process
wuld be the removal of o substantial fraction of the color and other
poliutional metter from dark disgpersed dyes al & minirmm costs
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1T, LITERATURE REVIEW

Textile waste treatment 1s one of the most complex problems in
the field of industrial waste treatment because seldom are two textile
wastos alike in characters In this situation, the different wastes
may roquire quite different treatment processes. Even the wastes fronm
each toxtile dyehouse differ, because of the widely different dye
processes and operations.

Mthourgh some texbtilo wastes were treated in this country and
abroad, little was accomplished prior to 1925; and most of the infore
mation concerning textile waste treatment has been developed zince
19230, Prior to 1930, several rdlls, in regions where siream pollution
was mgt severe, built waste trectment plants at large costs lany of
these nlonts did not provide successful treatment commensurate with
thelr cost because of the lack of scilentific information on the subject.

Bogdnning in the early 1930%s, investigative work has been cone
ducted as an endeavor to develop general principles and procedures,
bagie in character, which could be used and further developed by the
industry in solving waste disposal problems. Over the years, many
treatment processes or corbinations of treatment proceosses have been
used for the trectment of dyehouse wastes. Among these trectment
processes, activated sludge and trickling filter methods have proven
efficient in mony cases, especially when the dye waste is continuously
corbined vith domestic sewage (L) (3) (¥) (5) (10) (12) (19) (20)

(21) (24). ‘The adsorption process has been studied and found to be



sffective in removing color from dye wastes (17) (26)s The process that
has been most studled and developed to glve peod reductions in color and
pollutional lozd has beon the cheamicel coagulatlon method, This is the
most widely used motiwd of treating textile dye wastes. In certain
situctions, cherical coapulation has been sffective in removing up to

9 per cenl of the color and a large percentage of other polluﬁicnal
characteristics. Coagulants comonly used are ferrous and ferric sule
fate, ferric chloride, alumimum sulfate, lime, ealeium chlordde, sulfuric
acid, ond conbinations of thesse 1In general, it seems that ferrous sule
fate or copperas and ldme, together, form the most satisfactory treoate
ing matorial from the standpoint of color removal from dye wastes (2)
(18) (L6) (18) (20) (21) (22)« Forges, Horton, and Baity (13) found
that the chemlosls that produce optirmm coagulation varied acecording to
the waste boling treated. Therefore, one reagent or corbination of reae
gents should not be relied upon vhen investipating chemical coagulation
of a wasto.

The rost signdificant and comprehensive ressarch investigation on
chardeal coagulation as a dye waste treatnent method was performed by
Forges et al (13). They used a systematic approach for stuwlying the
cocgulotion of dye wastes. Inst studies on chemical copgulation, prior
to Porges ot al (13), usod o trdial and error method to arrive at the
best trectnent process.

Tests conducted by Porges et al (13) indicated that pH, coagulam
tion procedures, order of addition of chemleals, and heat effects were
important varisbles in the chepdeal coagulation of textile dye wastes.
Some resulis of their research were as follows:

1. The vl range of coagpulation for selected reagents that gave
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optimuz clarification or color romovel for soveral types of
dye westes wes dotermdneds Also, any corrolation botween

tho hydrogen~ion concontration and the degree of coagulation
for tihe verious coagqulants used was nobteds The pi range for
ferric chloride was bolow pII 5ef and cbeve il 8ulde  Ibr ferrie
chloride and liwme, thoe ! ronge was cbove Pi 7efs Ior forrous
sulizte or copperas, the pli range wos cbove pil 7«0  Hnally,
for ferrous sulfote and line, the Pl rangso was above pI 546,
with an optirmn plif range bobwoeen il 242 and il 1e5. Thoe
close correlation botwoen the chertleals used and the Pl ronge
ol eoagulation in the study wes wost strildng and appeared to
be independent of most of the wnstes treateds Other uworks
roported cirdlar correlationse Chrisco, thite, and Baity (2)
and Souther et al (20 (1) (22), aperimenting with a vardety
of dye wastes, obtained final pi values approximating the pi
ranges determined Ly Porges ot ol (13)e

Mjustment of the pi of the supernatant liguor pricr to dige
charge wes an lsportant factor in the chemical treatment of
dye wastese It was estimated that a pi varying from 6.0 to
Gol was satlsfactory for discharge into streomse. This pil
renge was also advocatod as o discharge crdterion Ly Gwrdsco
et al (2).

The oxder in which the chexdleals wore added in the coagulation
test was very important. The owder of additlon of cherdeals
depended upon the type of wasbte being studieds It was shown
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that for a greenisheblue indigo waste (initiasl pi 10.5),
lime should be added prior to ferrous sulfstes Ior a blue
vat dye waste (initial pli 11.7) and a blue developed color
waste (initial pd 3¢3), ferrous sulfate or forric chloride
should be added prior to the additlon of lime. Color
removel and sludge corpaction were the criteris in all the
cases studied,

Proper wixing and flocculation were determined, and they
arpeared to be Lmportant factors at times. Sludge compection
was influenced by mixing and flocoulation. Ieboratory finde
ings showsd that for o deep bluewblack sulfur dye wagte
{initial pil 11.7), 2 short rapid mix, followed by 1litile or
no floceulation, formed the most corpact sludge vhen ferric
chloride was used as tho ccagulants Bor a greonisheblue
inddco wasbe (initial pl 10.5), & short ropid mix, followed
by at least 30 minutes flocoudation, formed the most compact
sludge when lime and forrous sulfate were used. Finally, for
a blue direct dye waste {(initial pH 108), 2 30 second rapid
iz, followed by five minutes fiocculation, formed the most
corpact sludpes. A blue developed color waste (Anitial pi
3e3) and o reddishebrowm naphthol color dye waste (initiasl
oM 1l.6) reculred the same mixing and flocoulation os the
direoet dyo.

o terperature of the waste affected the amount of sludec

nroduced from coagulations The compaction of sludge and
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roltio of dowatering increased with inereased waste terporow
tures It was showm thot for coapulation of o deep bluce
bladk sulfur dye waste (initiasl pil 11.7) with ferric chloride,
a shorp inecreese in the settling rate of the sludgo occurred
ab 4570, and the optimu: settling rate ocourred at 65%. In
the case of filtering rabe, a shorp increase cccurred at &50(3.
but sbove 3%500, little change in the dewstering rate was
observeds The offect of heat on sludge volume was also
observed by udolfs and Baumgartnoer (15)e They found that,
vhen ocoagulating a sulfur dye waste with ferric chlordde and
hydrochloric acdd, the volume ocoupied by the sludge at 80°%¢
was less than halfl of the volume at 20°C, 1dth tenperatures
hdgher than 2’30%, the tendency was to produce a thdmmer sludge
and the floc bocame ammaller.

The gludge in the coagulation process was welghtoed with inert
maberial in an effort to reduce the wvolume of sludre and induce
corpachions Ior a deep bluowblack sulfur dyo waste (Initiasl
o 17}, it was founxl that cloy inereased settling rates, but
color rerovel wos poore Coal dust and sand inereased seiiling
rotes and color rempvale 1ALh long detention tines, such as
2 hours, all sludges tended to reach maximu compaction.
Theorefore, 1t wos ghow thal welphling nay not be odvantageous
vhere long detention periods ore available,

The roblos of sludge volume to supernatant volume from the

coarmulation of two dye wastes were determineds or a deep



blue-blad: sulfur dye vaste (initial »I 11,7}, the ratio
was le3:l aftor coopulation with ferric chloride and settling
for ono hour, Ibr a greenisheblue indipe waste {(initial il
10e5)y the rotio was botween Lillel and 1:lh.9 after coamulaztion
with Lime and ferrous sulfate and settling for onc hour.
After settling for 2% hiours, the ratio had inereassd to
1:5a7 Dor the indigo waste. Fhese resulls were somerfiat
difforent fronm the results found by Chrdsco et ol (2)s They
found that the sludge volume to supemebant velume ratic for
on dndipe waste varied from 1:3 to 1:20 alfter coagulation
wibh linme and ferrous sulfate and settling for 24 Imurs..
Tor o sulfur dys waste, it uas showm that thoe ratlo varied
Lrom 1:6 to 1:10 after cosgulation with ferric chilordde and
sottling for 2% hours. This difference may be contrdbuted
o diffarences in the dye compositions or dyelng proceduress
The rooults of mony rilot plant and corplete treatment plant
studies have roinforced the rosulis producs’ Ly Porses ob al (13)e
ne such pilot plant study on sulfur dye waste Ly Jorges, lorton, and
Gobaas (1%}, dhowed that laboratory studies by Forxges ob al (13) gove
a close indication of plant onersblon. Iaboratory results of color
roroval ey hove bean slipghtly better than pdlot nlont studies bocouse
of the possibllity of more acccurate conbrol in the laboratory. It
can now be seen thal the twe investipgations by Porses ot ol (13) (14)
were turing points in the trestment of dye wastes, with the result

being the develonment ol o systanatic approach to the treatment of

&



dyoc wastes.

Duydng the Last decade, a new treatment proecess has been develops
ing in the Dleld of toxtile waste treatwent, which ngy become a sewond
turning point in the treatment of dye wuslese. This new process is the
lowwcost aerated lagoon or blomgerstion procosse this aeration process
was originally doveloped by s He fouther to treat a rixbure of sewage
and mill wasto at Cone 31ls? Haw Mver plant in lorth Carolina (8)e

In The ceration system, a lapgpon of sufficient
gizo 1s bullt to hold the total wasto expected
for o twoworwthree day perdcde 4b the inlet ond,
o mixing basin 1s fitted with o strainer to rerove
oy wdigestible soldd nattere At the delivoery
end, there is a soitling bagin with or without
provision for pumping back & portion of the
sludro to the entording end of the lagoon.

In oneration, alr pumps into the lagoon at the
enterdng and through distributdon pipese ihe
elr cireulates the waste and provides oxygen for
the aerobilc bactorin. ‘

Ulpestion is broughat into balance by regulsating
alr flow and, vhere necessary, by introducing
sludze fron the settling basin at the delivery
end of the lagoon. This sludse is rich in
Dacteria, which feed on the il lante in the
i1l mastewsounre mixture.

Te clear effluat from the top of the settling
bagin discharpes dnto the strea abl a DeUei
reduction rate of 20 to 95% Sudge doos not
cccwradate in the lapoon becausc the organic
matter is totally destroyod and the soluble
sodbs Lron the texbtile waste are, of course,
corriod through In solution.

Another nethod of introducing alr is by
nechanteal antraivment producod by agitation
in o rixer inctalled ahead of the lagoon [or
in e lageon] (O)e

Soutlhor eb ol (21) found that o 90 per cembt textile nill waste =



10 per cent sowage mixturc aerated for 24, 43, and 72 hours in air
aorated lagoon, with varying amounts of zerated waste belng recire
culated, resulied in good removals of B.O.0e ond fair removals of
colore Tho 24, 43, and 72 hour removals of De0.D. wore 40,1, 56.0,
and 9243 per cenb, respectively, and the removals of color wers 1l.7,
3243y ard 4445 per cent, respectively. A sevan to 10 per cont
domestic wostowater sced was required for setisfactory Liological
growtha I was found thalt acid pil adjustnent was not required for

2 highly alkeline textile waste, containing large amounts of hydroxide
alkalinity. fdhore was a reductlon in pH during the aevation of the
wastes Flnoally, 1t was showm that the cost of tho zerated lagoon
process varied fyom i to 7 that a trickling filters and activated
gludpe processess ’f"i;ese results were also reportod by Jones,
Alspaugh, ond Stokes (6) in a rore detailed study.

o pilot plant studies by Willians and Iutto (27) have shown
that for two different dyeing and Dindshing wostes, aerated lagoons
with detemilion periods of 40 hours or move, followed by settling, gave
BeOuDs rarmovals of 75 to 80 per cent. The wastes were markedly
diffienlt, ono having o pi of 5.7 and the other a pil of 1l.5 The
wagtes wore aervated without prior seeding wiih sewages In tho treate
ment of tho waste with pl 1l.5, there was a veduotlon in the pH of the
effluent after 40 hours serstione fThe finel pi was 8.2 ALL during
the asration gstudy perdod, the lagoons operated without odors. The
only problenm encountered was the production of considersble amounts
of foanm, especially on warm, hurid dayse ‘the foaming resulted fronm
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the large quanbtities ol detorgents and soeps used in the dyelng and
fndishing processes. They found that anti~foam agents and 2 sproying
systen uging offluent fron the lagoon gove favoreble resultes for the
raduction of the foam. Allhough color wos not measured, it oppeared
to be reduced, and the effluent wes o wnlform grey, vegaxdless of the
eolor of the Iniluent. dudge sccumlations in the setiling lagoons
wore snmoll, oo o resull of tho lovw amount of suspanded solids in the
wastes.

Souther (23) reported that as the acration tine inereased from
16 hours to 30 hours in the treatment of a vab dyo wasbowsouage mixture,
the B.0.Ue roroval increased from 65 to 94 por cemt and the color
rarpval Inereased from 60 to 70 por cente lio also showed that for a
textileo wosbe with 2 pll less than 7.0, there was an inecreasc in the
pH upon eeratione. Iorx o wasbe wlith o pH greater thon 7.0, 2 reduotion
in pH was effected durding aeration.

Pinault (12) reported that an zerabed lagoon treatment plant at
Canton Cotton 1ills, Canton, Georgla, was obtaining 93 per cent B.0.D.
removel with practically no resldual colore The waste was serabted for
24 hours.

According o pilot plont studies, Leurie and 811is (9) and
Jones (7) have reported resulis congisbent wiih those reported by
Souther ot al {21), Wlliocns ot 21 (27), and Souther (23).

It wuld eppesy thal a corbination of the aerated lagoon and the
chertiesl coagulation process would be an acceptable treatment process

for dye wastess The offccls of the aercldon gystem seem to produce o



substantial roduction in B,0.0., mnd the cherdeal coagnlation
process produces a lorge reduction in colore THLh the Dl.0.2.
voduetion, the asrated lageon moy reduce the cherdeal coagulant
demendd of thie vasbe; therefore, dye wasbes could hie offectively

trected ot o mdndzam coste



IIT. JYEING PROCESURE AND WASTE COMPOSITION

The textlile tmstes chosen for this investligation were those that
hove been offenders because of thelr volumes, strengths, color pro-
perties, and presentment of treatment problems. The two wastes
chosen were wxler the category of dark dispersed dyes which have been
increasing in popularity over tho vast several years. These dye
wastes, 701 Black and 803 Browm Dlspersed Dyes, were sirmlated dye
wastes and were prepared by Dan River Mlls, Danville, Virginia. The
formulae of the dye bath mixtures and the dyeing procedure were also
obtained from Dan River Mills.

The wastes were very similar, with the moin difference having
been the type of dye material used.
Ae 201 Black Disporsed Uye |
The dye was used for yam dyeing of a 50 per cent Fortrel/
50 per cent Cotton Llend. The color of the dye waste was browm,
but the yamm was dyed black. The final pl of the waste was 5.8
at the ond of the dyeing run. The dye waste was composed of the
following materials:
1. 3.0 per cent, Foron Hlack K Fowder (this includes Foron
Havy 2 GL, Poron Yellow Brown 2RFL, and Foron Rubine GFL)e
2+ 38 per cent, Dispersing Agemt & (this is a2 33 per cent
solution of Tamol SN).

3¢ 1.0 per cent, Colgona
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Lo Lol por cenly .onosciiun ihospaabes

Se  Leld per cemt, Sodiunm sitrite.

A -~ .
Lo wabor

whls dye was alsc used for yam dyeing ¢f a 30 per cent
Fortrel/50 per cent Cotion blende The coler of the dye waste was
reddish-broin, but the yaim color was brown. ‘the pi of the waste
was Gez ot the end of the dyeing run. 7The dye waste was composed
cf the following compounds:
1s Cu95 per cent, Auncron Orenge LS.
2  loll por cent, .macron Hlue LS
3¢ Cel5 per cent, Bastman Folyester Hed B,
Lo 340 peor cent, Ldspersing igent & (this is a 33 per cent

soluticn of Tamel Sille

Le  Le0 per cont, Calgon.
©e 140 per cent, ionosodiwa Fhosphatos

7e lal5 per cent, Sodiuwnm Mitxite.

3

e iinber

Lyeding Procedure
The dyeing procedures for yarm dyeing of Fortrel/lotton blends
neging 701 Dlack exnd 503 Brown Uigpersed lyes were the sames The
procedure was as follouss
l. Yarn was wasied in an 80 liter dye machine with hot water

antil alld traces 2 tint were removed.
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ehine, vith the yam inside, wus set at 13077,
and oo grans por liter of Mspersing Agent 8§ wos put into

the meonines Tho naochine was operated to provide sgitotion

bed & Q'x* s -
ad oo 13077 darperature for five rdmtes.

s, na

Do digpersoed dyos, thieh included the dye and disnersing
soents, wors added ot the end of the five nimate run.

1.0 2oy cent of the !pnosodiun Phosphate ond 1,0 por cent
of the lclgon were then added. DBoth were in agueous solie
tions and ddlubted to approximately 10 ver cent solubions
hefore adding to the wmachine, 'The lonosodiun Phosphate
vics usod te control the pifl of the dye.

The dye machine wags mn for 10 minutes, and the pil of the
dro bolh wes reocorded.  The pH of the 701 Mlack Tigpersed

Tye vies 6.0, and tho 7 of the 803 Browm Dispersed Dye

25 fal
Alber the 7 reading, onc gram per liter of Sodium Htrite

uen sdded o the dye machine. This chemical wos needed o
srevant Ve decompositicon of the dye constituents,

“he dye machine vas heated to 200°T over o 20 minute period.
e madidne wns olosed off ond heoted to ?(50 Fe

o yeme wae dyedl for 30 rdxwtes ot 2650?.

At the end of this 30 wirate period, the dye machine was
cooled %o 200°7,  The dve Ldguor vas then dropped from

the rechine wdih the final pH of the 701 Ilack Dispersed

- oy

e ab 5.2, and the pI of the 303 Browm Dispersed [ye at 6,2,



This final dye liquor was the waste used in this investi-
gation,
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v, MEGHOLS AUD LAYERIALS

2estyose, anhydrens, (CgiljaUgly (d-glucose), certified
reagent, (Msher)e Used in obtaining o stendard curve for
CeDeize mnalysis with the Technloon Auto-inalyzer.

Ferzic Chlorido, (FeCly * 6Ho0), lunp, C.P., (Fisher).
Used 4n o 1 Normal solubion as o coagulant for removal of

color from black and broim dye wastes in the coagulation

Teryoin Indisa Solution, (1,10«Phenanthroline Ferrous
Sulfate Complex), (Fisher)e Usod as an indiecator for cone
ventlonal ©,0.0. analysise

( Fe(usy,),(50,), ¢ G0 ), granuler,
cortified reagent, (Misher)s Used as a tditrant for convene
tional C.U.De analysice

; aulfate, (Fesoy, o ?ﬁgf)), erystal, certified reagent,
(Fisher)s Used in a 1 Normel solution as & coagulant for
reviovol of color fronm the black dye waste in the coaplation
toste

iz, high caleium hydrate, ( Ca(OH), ), chomical grade,
Uationsl GQypoun Compary)e Used in o 1 tormal solution as
a coapplant in corbination with flerrie chloride and ferrous
sulfate for the removal of color from black and browm dye

wastes in the coapulotion tests Also used to adjust the pil
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10,

11,

13.
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of black and browm dye wasbtes for coapulabion tesh.

lorourio Sulfate, (HgSOy), powder, analyticsl grado, (Baker).
Used in the conventionsl and Technioon Auto~Analyzer C.0.D.

analysis to olirtinate interference due to chlorides in the

obasslun ch

nate, (%’izcwgc? Js Sine crystels, certified
reazenty, (Fisher)s Used as on o»:. ant in the conventional
end Tecldcon Awbo-malyzer Ce0e2s analysess

Potassiun Hydroxide, 45 per cent, (K0I), (iachls Used for

ropoving carbon dioxide in the nanomotric B.0.0. doterminasw

1t, cationmic polyclectrolyte, (Dow).
Usedl In a onc per cent solution as s céagmlm’a :Emé the
reroval of color from the browm dye wasto In the coapulation
tests |

silyer Cato (fs,gzs%}, powder, reagent grade, (Daker and
Meonson)e Used as a ecabalyst in the conventionsl and Toche

micon Autow=Aialyzer C.0.ue analysis to assist in oxidizing

straighbechain compounds in the dye wastes.

Soluticn, 50 per cent i/, (HaOi), certified

reagont, (Fcher). Usoed in aeutralizing dye waste sarples
that hove boou ccldified for storcgc.

Stendayd pil Buffer, (ionopotasmwn o sphatewSodium lydroxide
Duffor), 0s05 Lolar, (pil 7,00 £ 0,02 & 25°C), cortified

reagont, (Fisher)s Used as a buffor for sirndardizing the
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pi meter.
Standasd pii Buffer, (Potassiun Riphthalote Duffer), 0.05
tolar, (pH %,00 X 0,02 ¢ 25°C), certified reagent, (Fisher).

for stondardizing the il meter,

a.:;z;vgm{). rvamilor, cortified reagent,
(Mghier)s Used in the conventional and Technicon Mmtominalye
or C,0eve anolyels to elirinate interferonce due to nitrites
in the dyc wssto.

Sulfurie Acid, concontrated, (EQSG&), reagent grode, (Fisher).
Used in digestion rixture for Techmicon Aubto-inalyzor C.0.0
mnlyels; used in the conventional Ce0.0s analysisy used to
acildddy dye woesbe sauples for sborage; ond used in o 1 Howmad
colution to adjugt the pil of bladt and browm dye wasbes for

the soapulstion test.

Be gggmmms

1.

2

ol

Ko

Se

co, {Sartorius)s Used for determmining cccurste

welchbs dn axperinants,

Begkers, 1000 nmL, (Somning), Pyrex Brand Glesse Used in “jar
booto® or coagulotion teosbse

Durcbies, 25 wml, (Mchor)s Used in titrationse

condengers, (Friedrichs), Pyrex Drand Glass with 24/40 Grounde

£

(lass Jointse Used zs part of the roflwr apparatus in the
convenbional CeQele analysise
Joglccator, (Fishor)s Used to cool the reagents, the rosidues,

and thedr containers to roon terperature cftor drying in the



G

Te

~
T

drying ovene
Jrying Oven, (Precicsion)s Used to dry xeagents and sarmles

from suspended solids tegtse

mtroction len

Unitsy, (Procision)s Used os part of the reflwy spperstus in
the conventional J.0.0e cnolysice

at-totbon Idades, 500 xd, (Corning), Pyrex Brand flass with

P

Tong oo and 2400 CrowndeClass Joints. Used as part of the
refluw: apparatus in the conventionsl Z,C. 0 analyois,.
{Pisher)s Usod to diffuse the air in
tho cerebed lagoon processs

Noeve foell)s  Used in filtretion for

Cooch Crucibles, (Coors)s Used in filtration for deterrdning
susnended sollids,

dogh Vononetxle De0s2s Apnaratug, Iodel 1791, (ilach)s Used

s . . hy N o ang g1 Bt
for De0e.0e deberminationg,

-
T3
LT

Lsaee, {(Chous)e Used for doteraining less

ard lzin Do
recurete wolshis iIn axperinentse

coinobic 1dver, ((Al:ienseindorson)s Used to mix solutions.
Ialtinle Stirror, (Puiipps and Bird)s Used for "jar tests" or
soarulation toslso.

Orereen loter, THT Mpdel 51, {(Yellow Spring Instrument Company)e

Tsad o measurc thoe dissolved oxyoon content of tho dye uastes

(111 w‘i..‘ SE g ~~.rg‘3~“~' L4
r.s,ml‘;‘i.“__: a48lavillle



17, pE lster with (ass Nlectrodes, (Teods and Northruple Used

to measure pH of sarmplics.

» wter, (Bausch and
Torb)e Used to determdne color rerovals from the dye wastes
sftor treatnent.

19, ZTechnicon futo-fnalyzer, (Teckmicon)s Used to deterndne

Gelie e oF &"m@lﬁﬁp

The purxpose of this investigation was to determine if serated
lagoon treatment would eoffectively reduce the cherdeal cospulont
demend of dork digpersed dye wastes, while removing o large percentapge
of the coler and other pollutionsl ratter from the wastes. T sirmie

vbed dye wastes, 701 Plack and 803 Browm [ispersed Uyes, were prow
pared by Dan River 14lls, Danville, Virginia. The wastes, at 200°F
after leoving the dye machiine, were cooled to 20%c (68°F) before
being treated,

Initial tests were performed on the raw dye wastes. The wastes
wore then aerated in a slrmlsted serated lapoon. Samples wexe taken
Prom the cerated lagoon ot specified periods of from one to five days,
and tests were performed on these samples. The tests conducted on the
row and zercted samples incluwded the manometrie B.0.0. determination,
conventional C,0.0, analysis, Technicon Aulo-inalyzer C.0.D. analysis,
and cherdcal coagulation tests or "jar tests." Other tests that were
perforned were the suspended solids tests, color rempval analysis, and



pH testss Color roamovel analysis, pH tests, and o few conventional
CeQefle analyses wore porformed on the supormatent fron the coapulation
tests, The amount of sludge and cppearance of supernatant were noted
in each cozgulation test.

The following is o description of the narner in which the experde

ments wxl tesbs were conductad:

The blolozical process used in this investlgation was o simlated
aerated Jagoon, axcept that the lapoon was 2 babtch rather than a con-
tinuous=£lowr sysbeme. For the invesbigabion of the effect ol time of
aeration on offluant properties (Celele, coasulont demand, ete. ), the
batea procoss ves conglderal to be more praculeals

The soratlion tank or lagoon consisted of o 20 gellon plastic
trash cane Adr was suppllied through four porous gas diffuscr stones.
Tho air woo first passed throush o cobtlon plug filicer o ramove oll,
rolisture, od other contaminantse The enbire ceration opparatus was
placed in & constant temperature (20°¢ or €3%F) roon to insure that
the trectmont would not be alfocted by Lfluctustions in the arblent
toarpersture.

Hne gellons (.07 liters) of dye waste and one pallon (3.79
Liters) of bicolosieal seod were placed in the trash can or aeration
tanlze  The biologlcad sead used was trickling flter effluent from the
Stroubles Cred: Seuwnro Treatment FPlant of the Dlackshursg - VFIL Sonde

totion Mubtloritye A oir {low was provided to produce o dissolved
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oxygan (2.0.) coneentration greater then one part per million (peDoe )b
The D.0, wos checked pordodically with an Oxypgen Meter and 0.0, probe.
There was a2 substantial amounc of foardng of the waste in the
seration tuk, but enourdy “recboard chove the waste was provided to
praovent the foan from becoming 2 problens The foan subsided conéﬁ.ﬁer-
sbly after the first fow days of aeraticn.

Sarmples of waste were takon {rom tho seration tank afber 32.5,
1945, (6e5y 11245, and 184.5 hours of aoration, The cize of each

sarmle takon ves spproximetely seven Iiters.

4 Loods and Northrup pi leber uwith o plossecalonel clectrode

o
&

4

of sarples divestly. The

o]

ston was aployed to nmeasure the pi volu
pH value was recoxded for the raw and aerated sarmples. Also, the pi
reduo was found for the supernatant of the coaulation tosts afber

Ly mimubes and after 28 hours sobtlings The pl meter was standardized

bk buffer sclutions of pif B.0 ond 7.0

Sugpanded Solids Test

e eoncentration of susponded s0ldds was determined foi the raw

ard aercted somplos. The suspended soldds test was performed as

deseribed in Standord Ik 5 ixomination of jlator and Thsteoe

wator (25), with tho following excepltions. The Jocch crucible method

was amployed using o 2.1 centimoter (diomeber) glass fiber filter in

place of tho adbestos nate Also, the diying tlme for dotermining



suspandod 01ids vas increased from one hour to 24 hourse A 25, 50,
or 100 milliliter smyple was used in the experiments, with the «lize
of sarple dsercasing from 100 to 25 mdlliliters as the suspended

solids concontration bocone greator.

The Bo0l0 tost was conducted on the rav and aerated samples.
the nethod amleyod was thoe direct B.0.Ls debermination usﬁ.zig the
fach lanorobtric DeOl.ie jovarctus ((odel 1Y01)e Tho sarples were not
buflfered or noutralized before perforvdng the Saless bostlse The sarples
vere not tullered bocanse tho originedl &re was dulfered during the
dyeing procedure {ocec Chopber III, zage 22)e  They wore not neutzale
isod becouse the pil velues ranged betwson pil $o0 and 7eOs hach sample
was diluted nine Yo one with distilled water for bho 3.0.0. teshse
A wiztore of 14,1 mllliliters of samude, 127.2 :illiliters of oxygen
saturated dLstilled wolor, aidd 15.7 1lliliters of Liological seed was
addod %o the sample botile on the apnaratuse The rixture totaled 157

miililiterss The scod was offluont fronm the previoudly nentioned

Y

Mls secd wag chwgson hocause its BeCede was low,

trichlin:

bub 1t tns Dlologieally actives A wick and cup contodning four drops

of potosziun lgdroxide was pub inlo coch cample bolildo on the apparatus.

ey

i

Kot P 7, Ty vy P N ea 1, e I
ATCer g ooom bhe 2.0s0% oppavatils, Lhe Sro%anm s

closad, and the wbilisation of oxgrgen was vbserved dally over o period
r o K x L0 A . . 2 : te) 1 FE Lt £
of soven To oizhb doys ot o taporvalurc of 207 C¢s  Ibnonctor readings

+

& ®ape o oo =1 - pevy -~ T ey ; oy A e ] . ~
were btalien poriodlcally (once o day), recowded, aud plotied on a graphe
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The propor BeQ.os value was found by increasing the manomeber reading
by a foctor of 10 because the sample was dilubted to 10 per cent.
A more detadled discussion of the operation of the DBeQels

apparatus is glven in the nonual accompanying the apparatus.

The couventilonal Ce0e.de analysis was conducted on the raw and
aersboed sarplose. The Co0kie analysis wzs performed as desoribed in

Stapdoxd liekhods for the fwamdnation of vater and Uashewsbtor (25),
with the following exceptions. Flat«bottomod flasks were used as
the refluxing flagks in place of the erlenmeyer flaskss The sulfarde
acld, usod to eliminate interforenco due tc nitrites, wes added to the
Celele roapents in each tost, instead of being added to the potassium
dlchronate solutlons One gram of silver sulfabe was added to the
Celeie roagents in each tost, instead of adding it to a nine~pound
bottle of sulfurdic acid.

Tho gpamples thal were tested were diluted to 10 and 20 per cent,
and one to four tosts were mm on cach sarple. The results from the
tosts for cach sample were overaged ad recorded.

A Co0eDe analysis wos conducted on the raw and aersted samples
uging tho Tedmieon Auto-inalyzer. This method of analysis was used
as a chedt on the conventional Ce0ele tosts.e The raw and aerated

sanplos were scldified wilth concentrated sulfuric acide The final
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PH values of the acidified samples ranged between pH 0.8 and 1.2,
The samples were then stored until after the last sample wag tsken
from the serated lagoon. At this time, the sarmples were neutralized
with 50 per cent W/W sodium hydroxide. ALl the neutralized samples
weore diluted to 10 and 20 per cemts Two 10 per cent dilutions and
two 20 per cent dilutions were tested for each sample, Mercuric sule
fate, sulfomic acid, and silver sulfate were added to the other roae
gents in this test, and they wore added in the same guantities as
described for the conventional C.0.0. 2nalysis in tho preceding soc-
tiones In this method for the determination of C.0.0D., each sample
was digested with known amounts of potassium dichmmate. and sulfuric
acid. The depletion in color due to the oxidation of organic materials
in the sample was then measured colorimetrically and recorded on the
chart of a recorder. The C.0.0. of the samples was found by compare
ing the responses of unknown samples with those of knowm glucose
standards, which were plotted to give a standard curve (see Figure 3,
page 47)s For this investigation, a flow diagram of the system for
the measurement of C.0.Ds is shown in Figure 1.

A more detailed discussion of the operation of the Techniocon
Mto=tnalyzer for C.0.0, dotermination is given in the manual acoone
panying the machine,

Coapulation Tesgt
The coagulation tests or jar tesls were performed to obtain
the optirmm chemical coagulant demand of the raw and aerated samples.
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Two coapulant corbinations, ferric chloride and lime, and ferrous
sulfate and lime, were used for this teste In both cases, the lime
was added first becauss a preliminary investigetion showed that the
best results were obtained by this procedure. All the chemlcal
coagulants were made up into 1 Normal sclutions, The lime was pree
pared daily, but the ferric chloride and ferrvous sulfate were pro-
pared every one to four days.

The experimental procedure was conducted in the following
monner (11l). The experiment was carried out in a constant tempera-
ture (20°C) room. 4 prelirinary investigation of the coagulent
demand of sach sample was conducted by varying the coagulant dosage
in 25 milliliter samples. From the results of this investigation,
the range of chemical dosage was decided upon for the regular coague
lation testse This investigation was performed for the raw and
aerated samples. A 500 milliliter sample was now added to each of
six one liter beckers accommodated in the Jar test apparatus. The
Jjar test spparatus was a laboratory Miltiple Stirrer manufactured by
Phipps and Bird. The stirrers on the apparatus were started and run
at 100 revolutions per minute (r.peme)s The coagulents were added to
the beakers with inereasing dosages from left to right, and with the
third or fourth besker receiving a dosage estimated to be correct.
Boual amounts (normality basis) of lime and ferric chloride or
ferrous sulfote were used in the tests. The coapulants were mixed
with the samples at 100 r.p.m. for one minutes The stirring rate was
reduced to 45 r.v.n., and the mixing was continued for an additional



30 minutes. The stirrer was turned off, and the mixtures were settled
for 45 minutes. At this time, the appearance of the supernatent was
observed, and the amount of sludge was measured. The sludge was
reagared by the grafuatlons on the sids of the beckers.s Tho graduse
tions wove accwrate to within I five rAlliliterss The pH of the
supornatant was measured, 28 was the awount ol volor removal effected
by the chertical coagulation, From these results, the optiram coague
lant dosaze was deotermined,

For tho lasht sarple taken from the aeration tank, the offwct of
P on eoogulation with fervic chlorido and lime uag deterrdned. 4
coagulant dosage was avbiltrarily decided upon for tho optirmm pil
tests A praeliminary test was performed to obtain s titration
curve for the zeratod saple with the dosage of coapulant added,
The saplo and ccagulants were mixed well and divided Into two
beckerse One becker was titrated with 1 Normul sulfuriec acids. The
seeond bheskor was tibrated with 1 Hommel lime. IFrom the titration
aurve obtained, the amount of Jime or sulfuric seld needed to
produce a certain pil was Jownd. 2 300 milliliter sarple wag added
to caeh of siv one llter beckers. The sanples were rixed at
100 repente wille the dosege of ferric chlordde and limo was added
to the oix beakers. “ho 1 was vardled by adding sulfuric acid
in the first 4w beskers and lime in the last three beakors.
The third bedser was mot troated with acid or alkall. The samples
were dosed so as te provide a pil in each beaker varying in increments

of G5 to Lob pil uniise The saples were mixed for one mlimte at



100 repeme and stirred for 30 rdymtes abt 45 repems The mixtures
were settled for 45 rdrmutes and for 24 hourse At the end of the
settling tines, the appecrance was observed, and the color removal,
oo, and sludge volumo were measureds From these results, the

optimm pil for the coagulation wes determined.

Solor Removal fnalysis

The arount of color romoval was dotermined indirectly for the
aerated samples (afber one hour sedimentation; and for the supernae-
tont sarploes from the eoapulation testse The apparatus used to
determine the color removal was the Spectronic 20 Colorimeter/
Spectrorhotomotor manufactured by Dausch and Iorbe fThe manmal
scoomponying this instrument was helpful in providing information
as to the opeoration of the machine.

The method used for obtaining color rewovel values involved
performdng an shsorption spoctral analysis and getting the moxirmm
sbsorpbion of 1ight in a sarple from an sbsorpilon spectrum curve.
This light sbsorption valuo wes then entered inlo a standard ocurve
from vhich the smownt of color removal was obtained.

The detadls of the absorpbion spectral analysis wers performed
in tho followinz marners It was found thet for the dye waste used,
the red part of the wavelengli scale on the Spectronic 20 was needed
for the eolor romovael determinations. This scale required the use
of mn accessory red filter (Cate Noe 33=20=13) and a red sensdtive
phototube (Cate Ho. 33=29-72)s First, the Spectronic 20 was adjusted



with 2 distilled wmter blank o that between the wavelangths of 600
and 800 rillimderons {mu), the per cent transmittence of light through
the woter Inereased from 25 per cent to 100 per cent, From 800 to 975
nsu the per cent transpitiaones dooreased from 100 per cent %o nine
per cent, 4 ourve resuliing from 2 plot of this informstion was
obtained for cach sample tested for color removzl. This curve was
called o spectyum curve, end all curves prepared in the same narmer
wore called speotrum curves, The other spec’hm ourves were all made
with the Spectronic 20 adjusted with the distilled wabar blank, The
distillod wabter spectrunm curve acted as o base lins with 03 the
sarple spoctrmm ourves falling below it,

The offect of plf on the color removal snalysic wes determined
by uging thres sarples of wazte vith varying pH valuese The pi
velues of the three samleos were #.65, 64153, and 8.00. The pH was
varied by adding 1 Formal sulfurie acld or 1 Norral sodium hydroxide.
A spoctram curve was obltained for each of the samples using the same
wavelengths as used for the distilled water blanke The curves uere
very similar, o a pH adJustment of any future samples was not needed,

A standard curve was drawn using dilutions of the raw dye wastoe
(see Fimure 7, page 53s  Sanmles of waste were diluted to 75.0, 50.0,
3745 2540, 1245, 5.0, and 1.0 per cente A snectrum ourve was
obtoined for cach dlluted sarple and for » raw sample. Thess spectrum
curves nwere plotted on the some graph as the distilled water spectrum
curves  Tho rexdmm sbsorptlon of Light was fownd for oach sarple.

This was done by detemdining the navimm vertical distance between
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each of the camplo curves and the distilled walter curve, and divide
ing this ddsteonce by the total vertical distance under the distilled
water curve. It wes found thet the maximm 13ght absorption for
cach sample scourred ab different wavelengihs, usnally between 675
and B25 . Because the naximm lipht sbhsorption ccourved at
different wavolengths, it was decided that a2 spestmye curve should
be obtained for 211 sarples used in the oolor removal analysiss This
mebhod vas used dnstead of choosing 2 medison wovelength, such as 750
mp, wnd ucing the vertieal stance betwoon the tiw curves divided
by the total distance under tho distllled weber curve at the 750 me
wovolensthe  The raxinm 1ight sheorption values for the raw ond
Mluted zamlos were plotted against the per comlt dilution to fowm

Tho per cant oolor ramoval of the aerated and supernatent
sariplen wos obtained by nlotilng a snectrun curwve, determining the
mestimim 1icht obsorption, and refervins this Light sbsorption valus
to the standard curve, The ner cent color removal wos the complement -

£ the por cont dlubtion valus obiained from the curve,

At tho end of the axperiment on the 701 Black Mspersed Dye,

w altemnte method for deterrdning the por sent oolor removal uns
cvelvateds In the altermste method, the medion wavelengbh of 750 mpc
wos chosen as the wovelength where the moximm Yicht absorption
ocourroad. “ho maxinuw 1dght sbsorptions for the row ond diluted
sarmleos used in waldng the standard curve wors obiained from the

oreviously drawm spectrum ocurves of the sarplos. These Light absorpe



tion valuos were plotted against the per cont dilution of the
samples to give an altemate standowi curve. From the spectrum
curves of several of the aerated and supernatant sarples, the maxie
raun Jight absorption was determrined for the wavelength of 750 myle
The per cent color removal was determined from the alternate standard
cwrve by the same method as described previously. It was found that
the tiw nmethods of determining the per cent color removal pave very
similar results. The results differed from between zerc and two
per cent color removal. It wag decided that the alternate method
would be satisfactory for determning color removals in any following
experiments. The alteinate method was much faster than the original
method,

Exomples of the original and alternate methods of color removal

analysis are given in Appendix Al

The procedures for the aerated lagoon in ‘%cpeﬂmmﬁ 1" yore
used for this axperimemt, with the following exceplions. The type of
goed used, and the amount of waste aerabed were changed. The blow
logleal seed contzined a mixture of acelimated dye waste seed and
effluent fron the previously mentioned tridding filter. The rlxe
ture contained 50 per cembt of sach biolopleal sceds Also, the asmount
of waste and seed placed in the zeration tank were increcsed to 13
gallons (19,27 liters) and 1.3 gallons {4.93 liters), respectively,
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Sarples of waste were taken from the aeration tank after 51, 76,
1035, 124,5, 172, and 284 hours of seration. The size of sarples
token were approxinately 8.5 litors.

The some procedures were used as those under pil Determination
in "Experdment 1."

Saspended Solids Test
The same procedures were used as those under Suspended Solids
Test in "Experdment f."

BeQ, D, Analysd
The same procedures were used as those under B.0.D. Analysis
in "Experiment 1," with the following exceptions. The B,0.0, read=
ings wore taken once o day over o period of seven to eight days.
Cnly two drops of potassium hydroxide were used in the wick and oup
placed in each manometric monitored bottle.

Sonventional C.0.Ds fnalysis

The same procedures were used as those under Conventdonal C.0.D.
Malysis in "Bperiment 1." The C.0.D. 2nalysis was conducted on
POV, aer:ﬁ;eci; and three supernobant sompless The C.0.0, of the
three supernatant somples was obtained to determine approximately
how mch C.0.0. the coagulation process removed after 45 minutes
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sottling. Two of tho supemaotant sanples were from a ferric chloride
end ldme coogulation test. The other sample was from a Purdfloc C31

coagulation test.

The same procedures were usged as those undor Technicon Auto-
Malyzer C.0ele fnalysis in "Experdment 1" The same flow dlagram
was used o5 that showm in Figure 1, with the exception that 2 Murber
7 aperture was used in place of the Nurber 5 gperture in the colori

neter.

The same procedures wore used as those under Coapgulation Test
in "ixperiment 1," with the following oxeeplions. A new coagulant,
Purifloc C3L (Purifloc is 2 registered trade name), was used in place
of ferrous sulfate ond lime. Purdfloc C3l, a cationic polyelectrolyte,
was made up into a one per cent solution, This solution was prepared
overy tiwo to five dayse. The ferric chloride and lime were prepared
daily. Threo-hmuxired millilitor samples were used instead of 500
mlliditer saplos. For 21l the samnles, the optirmm coapulent dosage
and the optimm pH for the coapulation tests wors dotemmined. All the
coamlabed sarplos were sebttled for 45 minutes and for 24 hours. The
appearance was observed, and the oolor removel, pH, and sludge volume
wore measurod at the end of each setiling time.



The clternate method for color removal that was expleined in
Wixperdment 1," under Color Removal Analysis, was used in this
exporinent, This mothod was usad beoause its acouracy was comparable
to that of tho original mothods Also, the altemate rmethod wms less
tine conmurdng. The standexd curve used in this experimont ic

shown in Figure 14 page 7l
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Ve EXPERIMENTAL OATA AND RESULTS

ihe objective of this experiment was to determine if aerated

lagoon treatment would effectively reduce the chemical cozgulant

demand of 701 Black Dispersed Dye Uaste.

The purpose for conducting the conventional C.0.., onalysis
vas to obtzin immediste performance flgures for the aerated
logoon treatuent after 0, 2.5, 49.5, 66.5, 112.5, and 184,5
hours of aeration. The procedure was to obtain a C.C.le value
for the raw dye waste and for the aerated lagoon sarples after
the cbove acration perlods. The samples were analyzed as
dascribed in the lethods and Materlals chapter.

The rosults of tho conventional C.0.0. analysis on the
row and acrated samples are shown graphically in figure 2.
These results indicated that the acratod lagoon produced
reductions in the C.0,0. ¢f the dye waste. Flgure 2 shous
that (6.5 hours of aeration effected the greatest C.0.1.
reduction.

It vas noted in Flgure 2 that the samples taken after
112,5 and 184.5 hours of aeration did not follow the decrease
ing 40aie trond as found in the nrevious samples. This may
be possibly atiributed to changses in the chermical structures
making up the dye waste. Aromatdce hydrocarbons are noct
oxidired to any appreclable extent by the C.0.0. test., The
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dyeo waste contained larpge amounts of aromatie hydrocarbons,
which may have been broken downm by the zeration process. This

breakdowm would prodiice more C.0.0., the result being an increase

in the C.0.0, cxve showm in Figure 2.

iho purpose of this analygis vas to verdiiy the results
shovdng & reduotion in C.0.0e by the conventlonal C.C.Ds
analysise The C.0s0e valuss were found by an antomated colorie
netric method using the Technlcon Auto=inolyvere. The raw and
cerctod samples were gstored and then analyzod oo described in
tlie Fethods and Matorlals chapber, A standard ourve was prew
pared aging knowm glucose stendards. tho glacose sbtondards
(100, 250, 500, 750, and 1000 peDells CoCeis ) wore diposted
with known amounts of pobtassium dichwonate and edfurie acld.
The Cepletion of color duo to the owxddation of the glucose was
measured colorimetrically in terms of sbsorbonce of light.
A stendard cuxve vas plotted showing the relationshi;y betwoen
Celoise conoentration and abgsorbance, 7This cuywe 1s showm in
Firure 3o Since the standard cuxve has o masima Celeds
value of 1000 pepeies 1l was necessary to dilute the unknowm
savples so that resulting C.0,0. values were loss than 1000
Pelalie

vhoe results of the Technicon Auto-Malyzer C.0.0, onalysis
on the raw and aerabted samples are shom in Rpuve 4, This

carve indicates that 4045 hours of aeratiorn had the greatest
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practical effect on the reduction in C.0.D, This time was
about one day less than the aeration time oblained by the
conventional C.0.. snalysis for the best reduction in C,0.0,

The results of this C.0.l analysis shown in Mgure 4 were
considerably different from the results of the conventionel
CeQslle anelysis shown in Flgure 2. Tho Auto-inalyzer gave
Zs040s values that were less than those obtained by the cone
ventional mothod, It uas beldeved that the results should
have been different because the procedures of the tiwo tests
wore different. Tho mein difference in the two analyses was
that the somples were only digested in the Mtoeinalyzer for
o short time, s.g. two to £ive rdmutes, while the conventional
analysis had o digestion perlod of tuo hours. The dhorter
ddgestion time would couse lower C,0,0. readings for the Autoe
Mmaolyzer, even though the Anto-Anselyzer digests at a higher
terperaturc.

The Ato-inalyzer analysls only determined C,0.0. values
between 500 and 1000 pepems for this experiment. The samples
- and standaxds with C.0.0. values below 500 papers did not
produce resulils, althoush they were run through the machine.
Points wore not obtained for the 100 and 250 paDele Colebe
standards on the standard curve {see Mgure 3). Also, results
vere not obtained for the raw and serated samples that were
diluted to 10 per cent. The resson for this limitation in
the procedure was belleved to have bean the size of aperture



used in the colorimoters 4 Fumber 5 aperture was used, but
a larger aperture probably would haeve produced results for
all the samples.

Tho Be0.0e tosts wore performed as o second performance
parameter for the sercted lappons The B.C.D. performonce
date was obbalned for the nerated lapoon after 0, 32.5, 49.5,
66e5y 11245, and 184,5 hours of zeratlon. Daily B.0.0
readings wore oblained for the raw ond aserated samples after
the gbove aeration poriods. The proecodures followed those
deseribed in the lothods and Materials chapter.

The resulbts of the B.0.D. analysis on the raw and aerated
sarples are given in Toble 1, and the five-dsy B.C.D, values
are shown grophically in Plgure 5. The B.0.D. resulis indi.
eoted that the aercted lagoon produced substantial reductions
in the R.0.0% of the dye waste. Figure 5 shows that 32.5
hours of aeration hed the greactest practical effect en the
BeUeDe roduction. It was noted in Table 1 that the sarples
token after 49.5 and 112, 5 hours resulted in B.0.D. values of
zoros hls may be attribubted to the possibility that potassium
hydroxide may have spilled out of the cup and wick in the BeO.is
bottles. This would have killed the biologleal seed in the
Be0osle bottle, therefore causing zero B.0.l. readings.

he Suspanded Sol I

The concantration of suspanded solids was detemdined as a



TABLE 1

BeOeite (PaPoils) OF 701 BLACK IISPIRSED DYE VASTE
APTER VARIOUS PERIOONS OF AERATION

mﬁm Aeramn Time ’(‘Hours}

(vays) 0 3Re5 49.5 6645 12,5 184,5
1 170 110 0 96 0 W2
2 354 140 0 157 0 110
3 B4 160 0 150 0 W1
4 n2s 130 0 122 0 160
5 568 180 0 186 0 160
6 550 180 0 165 0 160
7 550 132 0 150 0 160
8 .o 15 0 150 0 .




B.0.D. (P.P.M.)

700

600

500

Loo

300

200

100

FIGURE 5. THE FFFECT OF AERATION TIME ON THE B,O.D. OF 701

-52 -

I m— ey 5

! o |

fa
Lo 80 - 120
Aeration Time (Hours)

BLACK DISPERSED DYE WASTE

160

200



S

- 53 -

thivd performmaonce paraneter for the aerated lagoon. The
amount of suspended sollds was an indication of the cuantity
of blological prewth or active slidge in the lagoons Suse
penced solids date were obtained for the serated lagoon after
Oy 3265y 8045, £645, 13245, and 134,5 hours of seration, The
rrocodure used wee the same ac thet deseribed in the Methods
ard Moterials chapler.

The muspended solids results are shown graphicelly in
Fouve Go The increased concentration of suspended solids
with time of acration indiecated thal blologleal growth was
socwmlabing in the aerated lagoon. ‘This observabtion was an
indication thal the lagoen wes capable of reducing the C.0.l
and Dela il

A suspended solids value was net obtained for the sample
taken at 1125 hours of seration. Also, 2 decrease in the
suspended solids was observed for the sarple token at 104.5

hours of acratione These last twe obsewvations, the failure

tc chiain one suspended solids value and the decrease in another,

were abiributed to inecrivect roadings from the analytical

balaricos

the amount of color removal was found for each aoration
surple so as to evaluoteo the ability of the aerated logoon
to romove ocoloy fryom the dye waste. The coagulation tosts

vere usod to obbain the optlimm coagulant demand of the rew
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end aeretod waste. The tests were also used to evaluate the
corated lapgoon's ability to reduce the coagulant demand of
the waste., The mothods amployed for coagulation and doterw
wination of color removal were as described in the MHethods
and Faberials chapler.

the standaxi curve oblained for the color ramoval analysis
is showm in Fgave 7.  the effect of seration onn color removal
{rom tho dye waste is shown graphically in Figure 8. The
rosulls shown dn Figore 8, indicated that the scrated lagoon
was relatively inelloctive for the romovael of colore The
lower values for the removol of color at 112.5 and 184.5 hours
of zoerotion may be attribuled to the incressed suspended
solids concentration that developed dwring aeration of the
raxbure. Sugspanded soldds cause less Light transdtiance
through a sample of waste, therelors, & lower color removal
wags observed., Another poszlble roason for the lower colox
rexval was a chomical andd blologlesl change in the dye waste,
vhiich may have produced more color in the wasbo.

Gio resulls of the chadeal cocgulation tests are tabue
lated in Tebles 3, &, and 5 in Appandix Be fhe effect of
acrebion time on the oplisunm coagulant dosage and per cent
sludge volune fiom the coapulation bests is showm in Flgures
G and 10. The coapulont dosage piving 95 per cant color
removel was designatod as the optlimm dosage uhich was listed

in Tabls 3 and plotted in Figure 9 {oxr ferric chloride and
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lime. In cases where thore weore more than ons 95 per cent
coloyr removal reading, the lowest coapulant dosage was
chosan ag the opbimum. As showm in Table 3, the optimm
soagulant dosages wore usually interpolated Dvom the data,
if the ooapgulont dosages used &ld not resull in exactly 95
ner cent color rarovole In Pigare 10 and Table 4, the
opbirnr: coogudant dosages seve obloina! in the sone way as
deseribed above, excopt the dosages were fouwnd at 89 per cent
color removale The per cent sludpge volume readiiizs at the
optlrmun coapulant dosages were also intorpolated Ifrom tables
to corregpond with the values for color ramoval.

die rvosults diown dn Ploure O and glven in Table 3
Impdied thalt 32.5 hours of ceratdon offectad the greatest

roduction in the opbiumm coesgulant dosagc. 4lso, the amount

of sludge produced by coagulation of the sample at 3245 hours

3

of coratlon was lowe In Figure 10 and lobls 4, the results
indicated that the prectest roduciion in the optismm coague
lant dosage was obbained with 104.5 hours of zeration. The
slulge volume produced oy coagulation of the swple at 184.5
hours of aeration was lows Dut, gines the resulis for the

whlom coagulant dosage wors erratic, it wos foll that the
best conbinatlon of aesration time and oplimu coagulant dosage
could net be obbteined clearlye.

It sios chsexved in Figure 9 that the samples tested aftor

12,5 and 184,.5 hours of asration possessed an increased



ovtirm coagulent doscre, These values wore attributad to
a vosgible charical chenge in the dye durdng aeration, Two
other causes were thousht to have brought about the inerease
in cocaglant dosage, but these were rojected ufbcr a small
investigotions Tt wos thought thet the coorulants hed
beoore weak in strensth ubich vould have offected mm Indicated
Inerecse v the ccormlant deoeapes Mut, by ltesting the coague
Imbs agadnst Tresh cocrudiont sodutions, it uac established
that this was rot the cunses Th was z2lso speculated that
tho 77 ngy have cavsed the increased cogmulant dosaze.
Therefore, the 1l was varded for arbitroyr ccamdant dosapes,
=g oiven in Teble &, The outeome was thel sinmilar vesults
weve ohbained ot 21X pH valuss, and the v was not respone
2ible for the Inerease.

tbeonsh Beerts Tew wos nobt onploved in the constimction
of the stondard curve in Flrure 7 used for all the eolor
romovel analyvees in "Sxperiment 1", it wes found that the
1ear conldd have beon égmlicd te the color removal analyses.
Aoerte Tow chates that the intonsity of tronasddtied light is
s

‘ected Ly a change dn the concentration of the absorbing

meteriol, Besrls Law rives the following rvelation:

there I = Intengity of 1isht
O = Conoentration of absorbing moterdal

¥ = theovnbion soeffielont



The equatdon is such that a straight Line is produced when
the logarithm of the fraction of light trensmitied, 10/3:, is
plotted against the concentration of absorbing material.

The light transmitted through distilled water is represented
by the gymbol I, and I 1s the light tronsmitted through the
sarple being testeds The 1ogy (I, /I) 1s called the absor-
boncees In thils investigation, asbsorbance values were
obtained from the light absorption valuaes plotted in FMgure
7 by using the following relation: Iagm(IG{I) = 10810( 1/(1-
Iight Absorption) )» From this relation and a plot of the
rosulling sbsorbance values, it was shown that the color
romoval analysis used in this investigetion oconformed to

Beerts Love

The object of this experiment was to determine if aorated
lapgoon trectment would effectively reduce the chendeal coagulant
derand of 803 Drowm Dispersed Dyo ihsto.

The purpose for conducting the conveniional C,0.J, analysis
was to obtain immediate performance date for the aerated
lopoon treatment after 0, 51.0, 7640, 103.5, 124.5, 172.0,
and 264,0 hours of aeration. The procedure used was as described
in the lethods and laterials chapler.

The results of the conventional C,0.0. analysis on the



raw and acerated sarples are showm graphically in Figure 1l.
The resulis given in Mlgure 1L indicoted that the C.0.02. of
thie dye waste wixture varied with the aeratlon time. Flgure
11 alse shows that 10345 bours of aeration produced the
greatest reduction in the C.0.0. A sebt of C,0.0. tests wero
also performed in supermatant samples from the coagulation
tests with ferric chloride and lime, and Purdfloc C3L as the
eocguilantse The coaplation tests wore performed on samplos
of waste takon after 24,0 hours of aerstion. The C.0.0
rosults were 832 DeDelte and 882 pepenie for the supernatants
from the ferrdc chlordde and lime, and Purifloc C31 cosgula-
tion tests, respectively. Therefore, chemical treatment with
forric chloride and lime, and Purdifloc C31 gave &8.4 and 66.5
per cent reduction in C.0.0., respectively. These C.0.D,
rosults indicated that the cherieal treatment process wos
responsible for a large reduction in C.0.u.

It was noted in Figure 11 that the sarples taken after
124,5, 172.5, and 244,00 hours of aeration did not follow the
decreased C.0,3, trend. This may be attributed to changes in
the ¢hemical structures making up the dye waste. Aromatic
hydrocarbong are not oxddized to any appreciazble extent by
the C.0ule teosts The dye waste contained large amounts of
avomatlc hydrocarbons, which may have bean broken down by
the aeration process. This breakdowm would produce more

CeOslley the result being an increass in the C,0.30. curve os
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The purpose of this experiment was to verify the resulis
showring o yeduction in C.0.0. by the conventional <,0.0,
analysis by an antomatod colorimetric nmothod using the
Tedluicon Aultowinalyzers ‘the procedure used was as described
in the lethods and labterdals chapter and in "Experiment 1" of
this chaplbere i Humbor 7 aperture was used in the colorimeter
instead of a ihwmber 5 cperture. As a resuli, C.0.0. values
were obtained for all the standards ond unknomm saiplies. The
uso of the Murbor 7 sperture holped in verifying that o small
aperture wes the cause of not obtaining 21l the resulis in
the Technicon Mlo~inzlyzer C.0.20. Analysis section in
ixpordmnent 1%,

The gltandard cuxve used for the C,0.2. analysis is showm
in Figure 12. ‘The rosults of the C.0.0. anclysis using the
Antow=inalyzer are shown gropiiically in fgure 13. The results
in Feoure 13 indicated that the greatest practical effect on
the CeDele veduction was obtained with an aoration time
ronging fron 70.0 and 124,5 hourse ‘e aoratlon time of
103.5 hours, for thoe greatest C.0.0s reduction obtained in
the conventional C,0.0s anolysis, fell within the range found
avove for the suto-inalyzer C.C.0. analysis.

ihe results of the C.0.D. mnalysis shoum in Figure 13
were congiderably different from the resulis of the convone
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tional C.0,3. analysis showm in Flgure 11. The Aubo~inalyzer
gave Co0.0, values thal were less than those obtained by the
conventional method, It was believed that the results should

~ have been different because the procedures of the two tests

wore differont. The main difference in the twe analyses wuos
thaot the samples wore only digested in the Autowinalyzer
for o short tinme, 9.g. twe to five minutes, vhile the cone
ventional anolysis had a digestion period of two hours. The
shorter digestion time would couse lower C.0.:2, readings for
the Auto-inalyzer, oven thouph the Auto-Analyzer digests at
a high temperature.

The BeOsite tosts were performed as o second performance
naranetor for the aorated lagoon. The B.0.i. data were
obtained for the aerated lagoon after 0, 51.0, 76.0, 103.5,
12,5, and 24,0 hours of seration. The procedures followed
were as deseribed in the lethods and Matsrdials chapter.

The results of the B,0.0. analysis on the row and serated
sarples are given in Table 2, and the five~day B.C.0. values
are shown in Flgure 4. The B.O.U, results shown in Fipgure
14 were erratic. Therefore, it was folt that the effect of
aeration time on the B.Oeds reduction of the waste was not
obtainable from the results shown in Figure 4. The reason
for the erratic results is unknown, wnless potassiun hydroxide
spilled out of the cup and wick in the B.0.0. botileos and
killed some of the blological seods



TABIE 2

BeQos (PoPul, ) OF 803 BiOWl DISPENSED LYE WASIE
AFTER VARIOUS PERTOIS OF AERATION

m%agm | Aebfa‘bion Tne (lours)

(Days) 0 5 76 103.5 12,5 2y
1 96 170 175 30 115 115
2 280 290 333 73 198 3
3 3 335 3R] 176 3% 170
L 465 329 510 108 430 193
5 508 329 510 107 476 210
6 530 320 510 151 508 211
7 588 320 | 510 200 541 235
8 400 . oo 200 560 249
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* FIGURE 14, THE EFFECT OF AERATION TTME ON THE B.O.De OF 803
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Sugpended Solids Test

Tho concentration of suspernded sollds was detemiined as
a third performance parameter for the aorated lagoon. Sus-
pexled soldds data wore oblainead for the aerated lagoon after
Os 5140, 750, 10345, 125, 172.0, and 2k 0 hours of aeras
tione The procodurs usxl was the same as that dosoribed in
the Nethods and Materials chaploere

The suspended solids resulis ave shoim in Figurs 15, fThe
resilis of these bosts luplied that the Lislogieal srowkth was
accwmlating in the asrated lapgoon, bult not very rapidly.
A deorease in the susponded solids was observed for the sammle
takan afber 172.0 hours of ceration. This decrease was

bellevad to have boon caused Ly an incorrect reading obtained

Drom the analyticszl balsance.

the coagulatlon tests were used in obialn the optimmn
soagulant dosage for the raw and asvabted washe, and were used
to evalualte the ability »f the aerzted legoon i reduce the
copgulant demand of the waste. Tho color romoval for cach
sarple drawm frem the asration tand was dolterrdned to
svaluate the 2bildty of the asrated lagoon Lo ramwve color
fron the dye waste. the molhods followsd were os described
in the lethods and Matovdals enaphers Uhe color anslysis
in tals experdnent wes datermined to follow Beer's Law, as

deseribed in "ixperiment 1Y
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FIGURE 15, THE EFFECT OF AERATTION TIME ON THE SUSPENDED SOLIDS
OF 803 BROWN DISPERSED DYE WASTE ‘



The stendaxd curve used for the color removal anzlysis
is ghown in Flgure 16, The pexformance of the aserated lagoon
as to color removal 1s shown in Figore 17. The results shown
in Figuve 17, indiceted that the zerated lagoonm had a very
low color mwi performence. fGhe lower values for the
ramoval of coler at 1035, 12845, 172.0 and 24%.0 hours of
aoration may be sttxibuted to the incressed suspanded solids
concentration that developed during aeration of the mixture.
Sugpended solids cause loss light transdittance through s
sarple of wasgte, therefors, a lower color removel was
cbserved,  Another possible reason for the lower color
rvorovel was a cherfloal and bloloplosl change in the dye waste,
which may hove produced more color in the waste.

The yosults of the chemical ocoagulation tests are pree
sented in Tsbles 6, 7, 8, and 9 in ApperdSx B. The effect
of aseration time on the optimm coagulant desage and per
cent sludge volume from the eosgulation tests is shown in
Mgures 18 and 19. The coagulant dosage glving 98 per ocent
color removal wos degignated eg tho optirum coagrlmnt dosage
listed in Table & and plotted in Pigure 18, In cases vhere
there were more than one 98 per cent color removal reading,
the lowest coszgulert dossgo was chogsen as the optimm. As
shown in Table 6, the optirmm coagulant doseges were usually
interpolated from the daba, 3L the ocoagulant dosages did not
vesult An exactly 98 per cent color removel, In Figure 19
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and Table 8, the optimm acagulant dosages were cbtained
in the same woy as doesordbed rbove, axcepl the dosages were
fowred 2t 93 per cent color removal. The per cent sludge
volume readings et the optiram coagulant dosages were also
interpolated fyom tables to correspend with the values for
golor removals

~ The results shown in FMgure 13 and plotted in iable €
irplied that 76,0 hours of aeratlon effected the greatest
roduction In the opblmm coagmilant dosage, after settling
for 45 rdnutes. The amcunt of sludge produced by coagulation
of the sample at 76,0 hours of aeration was highe ‘then
gettling was extended to 24 hours, 1t was shown that 76.0
hours of aeretion continued to have the greatest offect on
the optlinm cosgulant dosages  The sludge volume was reduced
by an additional seven to 18 per cent with sadimentation for
24 nours instead of 45 mimitess As fllustreted in Table 7,
the pll was varled for arbitrary coagulant dossges for the
varicus samples of aerated dys waske mixture. 7the oubcome
was that slmilar resulis were obtalned at all pH values,

In Figure 19 and Table 3, the vesulbs indicated that the
greatest practical effect on the reductlon of the optirum
coagulant dosage, ofber 45 minubes of setiling, vas obtained
at 103,5 hours of aerabtion, The grvunt of sludze produced
by coagulation of the sample at 103.5 hours of aeration was
highe hon the sobtling was extended to 24 hours, it wes



shown that 103.5 hours of aeration also effected the greatsest
reduction in the optdmum ocosgulant dosage. The slwige volume
percentages shown in Figure 19 wore reduced by en aiditional
four to I per ceal with salinentation for 2% hours ingtesd
of 45 mixutes. The pH was varied for an axbitrary cosgulant
dosage for the verious soration swrples, a8 presented in
Tehle 9 In rost cases, the outeome wes iliat sluilar results
were obtainad at pli values below 7«0

It vas noted in Fguwe 18 that the scrples taken after
15 and 17240 hours of aeration, and in Flgure 19 that
the sample token after 24,0 hours of ceration showed an
inerease in the optirun copgulant dosages These high values
wore cbiribuled to a possible dierdeal change In the dye
uaste durdng cercticon,
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VI, DISCUSSION OF RESULIS

The primary method of treating dye wastes has been cherdeanl
ooagulation, but becausze of the use of dispersing agents in dye bath
formulations, the coagulant dosages to effect color rermoval are high
and a large volume of slhixige is produced. Since the chemlcal requirew
membs or chemicsl coapulant demends of dye wasbes have been as high,
biological treatment was considered as a possible means of reducing
the coagulant demand of the raw wastes, The results of this investi-
gotion indicated that blologieal treatment would reduce the coagulent
demand.

There are a few poszible mechanisms by which blological treatment
or aerated lagoon treatment may reduce the cherdezl coagulont demand
of the dye wastes. The wasbes, 701 Flack and 803 Brown iDispersed Dye
wvastes, used in this investigatlon were relatively high in phosphates.
As deseribed in Chapter III, Dyeing Procedure and Vaste Corposition,
monosodium phosphate and Calgon were added to the dye during the
dyoing procedure. Calgon is a polymerized metaphosphate compound
that was used to sequester metal ions and ald in the dispersion of
the dyegtuff, The ronosodium phosphate was added to conirol the nH
of the dyeing oporation. Phosphates produce 2 cherdeal coagzulont
demand by reacting with the coagulants to form phosphate complexes
or precipitates, therefore causing a large amount of coagulant to
be used before the color of the waste can be removed or reduced,
Hw.sphates may be removed during blolegleal treatment with an aerated
lapoon through assimilation by microorganisms, by hydrolysis of



rolyphosphates tc insoluble orthophosphate, and possibly by adsorption
on biologheal {loes formed during aeration. The reduction in phose
vhates would effect a reduction in cherdeal coagulant demand, Further
reductions in the coagulent demand may be attributed to the assirdlation
of organic materials in the waste by 2erobic organisms in the aerated
lagoon.

The mechanisms involved in the removael of color from dye wastes
by the coapulation process are not fully wnderstood. Three mechanisms
are believed to be responsible for the soagulation of colloidal
particles in liquid wastes, @.g. color in dye wastes (11):

1. ‘The coagulants may react with constituents in the dye waste,
usually hydroxide lons or organic matier, to form mieroflocs
of hydroxypolymers, which are complex gelatinous precipitates
of o0lloidal size. The color particles probsbly possess a
negative charge, and the mioroflecs possess posildvwe charges
on surface sites. Therefore, aggregation of the microfloos
and disporsed color particles of the waste can be induced
by electrostatic attraction.

2¢ The rmltivalent catlons possessed by the coapulants may
partially neutralize the charge on the dispersed color
particles. The chaige may be reduced to the point of
inducing coaogrdation.

3e in inerease in the concentration of coapulant lons in so=
Jution rsduces the electronegative forces of repulsion
that stabilize the color dispersions with z nepative



charges 4if lon axchenge occurs between the negative color
particles and the coagulant iens In solution, the dispersion
nay be destabilized and cosgulation induced,

The dark dispersed dyes used in this investigation had large chemdiw
cal ooagulont demands for two reasonsz. Firstly, since the concentrae
tion of phosphates was high, there was a high coggulant demonde Secorndly,
the color in the dye waste was dispersed by the organic dlgpersing agent
that wes added durding the dyeing procedure. 7Thils agent increased the
surface charges of the color particles. Inough coagulant had to be added
to precipitete or otherwlise overcome the action of the dispersing agent,

In this investigation, aeration was found to produce s substantial
reduction in the chemicsl coapulant demand of the dye wastes. It was
shown in the Bxperimental Dats and Zesults chapter that the aeration
tine noeded to produce 2 practical reduction in the cosgulant demond
was dependent upon the type of ocoapulents and waste useds Thoe coagi-
lant dosages for 90 to 100 per cent removal of color from 701 Blaek
Jispersed Iye waste wore found to decrease Il per cent after 32.5 hours
of aeration, vhen treated with ferric chloride and lime, and settled
for 45 rinutes. Coagulant dosages for 90 to 100 per cent removsl of
color from 803 Broun iispersed Dye waste were found to decrease 21
per cent after 103,5 hours of aseration, and 47 per cent after 70.0
hours of aeration, when treated with Purifloc C20, or uwlth ferric
chloride and line, snd settled for 45 minutes.s The asrated lasman
also effectod o substantlal reduction in the Celels and B.O.0e of
the wastee The reductions in C,0.90, were 68 per cent for ferric



chloxide and lime treatment and 67 per cent for Purifloc C3L treate
mente The samples tested were 303 Brown Dispersed Dye wastes

Very little color removal uwas obtained by the zerated lagoon
proeeés, which was not consistont with the results reported in the
literature. Souther ot 2l (21) ond Souther (23) reported color ro-
movals from mixed dye wastes by szerated lapgoon treatment of between 32
ad 76 per cente Alliams et 2l (27) reported that the color of a nixed
dye waste was reduced to a wniform grey. The mixed dye wastes in the
investigations above were mostly {from the dyeing and findshing of
cotton textiles, and probably did not include dispersed dyes, since
they are primarlly used for the dyeing of synthetic textiles, Therefors,
the dye wastes reported in the literature were different from the dige
versedd dye wastes used in this study. Thoe color removols oblained in
this investigation of dispersed dyo wasbes ranged from 3.5 to 25 per
cent, with very little change in the appearmance of the waste. The
aorated lagoon removed 25 per cent of the color after 66,5 hours of
acration, and 3.5 per cent of the color after 76,0 hours of aersiion
for 701 Bladk Olspersed uye waste and 803 Brown Mspersed Jye waste,
rospectively. The samples used for the color analysis were settled
for 45 minutes before analyzing. The low color removals experienced
from the wastes used in this study were probably caused by the
blological refractory properties of the dispersed dyestuff,

The eoapulation tests produced large color reroval percentages
in this investigstion. The percentages obtained by treatment with
ferric chloride and lime, and Purifloc C31 were usually high, o.ce
betwoen 90 and 100 per cent color removal, Coagulation with ferrous



sulfate and linme produced color removal perecentapes ranging from 87
to 92 per cent color ramovol. The chemical coapgulation with ferrxic
chloride and lime, and Purifloc C3l effected a substantial reduction
in Co0.04 o8 shown by tuwe Cuol.Ds tests thal veres conducted on super=
natont sarples of 803 Drowm depersed ye waste. The reductions in
Ze0sile wore %8 por cent for ferric chloride and line, ad O7 per cent
for Parifloc CJls ‘The reduction in C,0.u. by charical coagulation
mey be shirdibubed to adsorption of orgonic material on to the floes
formed durding chemical trecinent, and possibly precipitation of
organic dispersing agents.

Chadseo et al (2) and Porges et ol {13) have roported sludge
volume to mpematant volumo ratios bobwesn 120 and 1:3, which
resulted in sludge volume purventages botueen five and 25 ner cont,
vespectively. Those results were for o verdoby of dye wostos and
cougilants, and the sebtling time was 2% hourse “he dye wastes in
the Investisntions above wore mogtly from the dycing of cottcon texe
Wloes, and sone of them werse dyoes that are oub of date todays. The
dye wastes Ad not include any dispersed dyes. Therelove, the dy
wagbes reportod in the Libterabure were dilfferent fronm tho dispersed
dye waste:z used in this study. The sludge volume percantagcs,
obtained in tdls investigatlon after 2% hours settling, wore Leliveen
8l and 48 poy cent, and were sonewhint hipher than those reportod
cbove, This increese in sludge volume may be due to the graster
coaguleont damand of the ucsbe. A settling time of 43 rmdmutes gave

£y pr ]

ovan grocter dnereaces In slwlge velume. AL 45 mdrotos setiling,



the sludge volumes percentages were between 45 and 64 per cent.

The treatment of dye wastes is certainly zn area in whlch further
rocearch is needed. This investigetion dealt with the effects of
asrated lagoon treatment on the chemlcal demond of dark dispersed
dye wastess This study was considered to be of value because it
indicated that aerated lagoon treatment would produce substantial
reductions in the chemical coagulant demand of the dye wastes, uhich
in tum produced large reductions in color. Also, signiflcent
reductions in the B.0.D, and C.0,3, were produced by the aerated
lapoon. It is not certain vhether the process combination investi-
gated in this thesis will be econormical enough to be used as a treat-
ment process in the textile industry. It would be advantageous,
therefore, to study the cost aspeocts of a treatment process using an
aeratod logoon and chemdcal cosgulation process and compare this cost
with the cost of other treatment processes.
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VII. CQONCLUIIONS

The results of this investigstion led to the following cone
clusionss

i N

2

Blological treatment using an aerated lagoon produced sube
stantial reductions in the chermdcal coagulaont dosages of
dark dlspersed dye wastes. The aergtion time needed to
produce a reductlon in the coagulant dosage was dependent
upon the type of coagulants and the character of the wastes
The eoagulant dosages rbr 90 to 100 per cent removal of
color from P01 Black Dispersed Dye waste for 90 to 100

par cant ramoval of color were found to decrsase 3L per
cent after 32.5 hours of aeratlon, vhen treated with ferric
chloride and lime, and sottled for 45 winutes. Coagulant
dosapes for 90 to 100 per cent ramoval of color from 803
Browmn Dispersed Dye waste were found to decrease 21 per
cont after 103.5 hours of neration, and 47 per eant after
7640 hours of aerdtim. shen treated with Puriflcc €31,

or with ferric chloride and lime, and sottled for 45 mimutes.
Sludge acowrmlation from the coagulation of digpersed dye
waste was highe The per cent sludge volume produced by
treatment of 701 Black Aspersed Dye waste with the

optlrmm coagulent dosage was found to be 55 per cent after

32¢5 hours of azeration, vhen treated with ferric chloride
and lime, and settled for 45 minutes. The sludge volume
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percentages produced by treatment of 803 Brown Dispersed
Lye waste with the optimum dosages were found to be 45
per cent after 103.5 hours of zeration, and 6% per cant
afber 76,0 hours of aeration, when treated with Purifloc
c3, and forric chloride and lime, respectively, and
settled for 45 minutes.

Settling was corplete in 45 minutes, but the sludge con-
timued to compact for 24 hours.

Mdition of the coagulants to blologleally treated dye
waste produced substantlal reductlions in the cherlcal
oxyeen demand, The reductions in C,0.0 were 68 per cent
for ferric chloride and lime treoatment, and 67 per cemt
for Puyifloc (31 treatment. The samples tested were 803
Brown dspersed Dye westes

lterated lagoon blologlical treatment produced substantial
reductions in the C.0,D, of dye wastese Tha Ce0sDs of
701 Hlack Mspersed Dye waste wae fourd to decrease five
and 23 per cent after 32.5 and 66,5 hours of seration,
respectively. The C.0.0. of 803 Brown IHspersed Dye waste
was found to decrease 11 and 34 per cent after 76,0 and
103.5 hours of aeration, respectively.

Very little color rerovel was oblained by the acrated
lagoon process. The lagoen removed 25 per cent of the
color after 66.5 hours of aeration, and 3,5 per cemt of
the color after 70.0 hours of asration for 701 Hlack



and 803 Brown Jispersed e wastes, respectively. The
sarples used for the color analysis were settled for 45
minutes.
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VIII. SURUARY

The object of this investigation was to determine the effect
of aerated lagoon blological treaztment on the chemlcal coagulant
demond required to offect romoval of color from tio dark dispersed
dye wastes. Chearmdecal eoagulation was desirable because it effectively
reduced the color and C.0.0, of the dispersed dye waste. Aerated
lapoon biologlcal treatment was thought to be 2 possible means of
reducing the cherical coamulaont demand of dye wastes.

A sdrmlated aerated lapgoon was constructed utilizing dark dise
persed dye wastes, 701l Hlack or 803 Browm idspersed Dye waste, and
a blologleal seeds The lapoon was operated on a batch basise Semples
were drawm fron the aserated lagoon after vardious periods of aeration,
and treated with coagulants and coapgulant corbinations to produce
high reductions in colore Ferric chloride and lime, forrous sulfate
and lime, and Purdfloc C31 were the co;agﬁla:zts used in the coagulation
tostse The optirmn coapgulant dosage, color removal, volume of sludge,
and pH were measured for each sarple after specified settling perdods.
The C.0.i of the supernatant after coagulation of a sample of 803
Brown Disporsed Iye waste with ferric chloride and lime and Purifloc
CAL was determined. The effect of asoration time on color removal,
BeOelley CoOeiley optirmm cozpulont dosage, and susponded solids was
also deterriined for the dispersed dye wastes.

The cherdeal coapulant demand was substantially reduced by
aerated lagoon blologleal treatment. Coagulont dosages for 90 to
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100 per cent removal of color from 701 Black Dispersed Dye waste
were found to decrease 3Ll per cent after 32.5 hours of aeration,
vihon treated with ferric chloride and lime and setiled for 45 minutes.
Coapulation doséges for 90 to 100 per éem ram‘ml of color from 803
Brown m.spersgd Dye mste were found to decreazse 21 per cent after
103. 5 hours of aeration, and 47 per cent after 76.0 hours of aseration,
when treated with mrﬁ.floc C3l, or with faz?ric chloride and lime, and
settled for 45 minutes. A large sludge volume was produced from the
ooagulation of digpersad dye wastess Tho per cent sludge volume
produced by treastment of 701 Black DMspersed Iye waste with the
o;#timm coagnlant dogage was found to be 55 per cant after 32.5 hours
of zeration, vhen treated with ferric c¢hloxddo and lime, ard settled
for 45 minutes. The sludge volume percentages produced by troatment
of 803 Dispersed Oye waste for the optimm dosages were found to be
L5 per cent after 103.5 hours of aeration, and &4 per cent after 76.0
hours of aeration, when treated with Purifloc C31 or with ferric
chiorﬁ.de and limo, and settled for 45 minutes. Setiling x%as complete
in 45 minutes, but the sludge continued to compact for 24 hours.

Reductions in G.é.;}. vere ocbserved vhen ocoagulants were used to
treat the blologleally trocted 5:;9 wastes The C.0.0. reductions were
63 per cent for forric chloride and lime treatment, and 67 per cemt
for Purifloc C31 trectment. 9ie samples tested were composed of
803 Brown Dlspersed Dye wasta.

Siemificant reductions in the C.0.0. of the dye wastes were
produced by the aerated lapoon. | Tho Celelde of 701 Black idspersed
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Dye waste wag found to decrease five and 23 per cent after 32.5 and
6645 hours of aeration, respectively. The C.0.Ue of 803 Browm
Dspersed liye waste was found to decrease 11 and 34 per cent after
76,0 and 103.5 hours of aeration, respectively. Very little color
removal was obiained by the aerated lagoon process. The lapoon
removed 25 per cent of the color a.fte.i‘ 6645 hmzis of aeration for
the 701 Black Dispersed .Jye waste. The lagoon only ramoved 3.5

per cent of the color after 76.0 hours of aeration for the 803 Browm

Dispeorsed ye waste.
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AFPENDIX A

Illustrated Examples of the Originsl and
Alternate lethods for Color Removel snalysis
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This exarple wasg performed using z sarple of supematant
from the treatment of 701 Mlack Dispersed Dye waste with
the coagulation test and ferrice chloride and lime as the
coagulants,
The Spectrondoe 20 was adjusted i:ﬂ,th a distilled water
blaonk 80 that a distilled water spectrum curve was obtained
as showm in Flgure 20,
tith tho Spectronic 20 sdjusted with the distilled water
blenk, the sarple was pub into the instrument, A spectrum
eurve was than obtalned for the sample by varying the wave
lergth of ldghte The curve is showm in Flgure 20,
The moximya sbeorption of light was found for the saorple
hy measurdag the moxirom vertdoal distance between the
sarple spoctrum durve and the distilled water spectrum
canve, ak dividing this distance by the total vertieal
distancs under the distilled water spectrum curve. The
vortical distance between the curves is showm in Flgure 20,

Vertical Jistance Between Curves = 57.0 units

Total [dstence Under Distilled Water Curve = 89.5 units

Voxiram Light fbsorption = 57,0/85.5 = 0,637

Tho mexirnum Jight sbsorpbion was entered into the standard
cuive shovn in Figure 7. From Figure 7, a per cent
ditution value was obtained for the moxirmm light sbsorption
value abovee. This dilution value was subtracted from 100
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w 101 =

ver cent to oblain the per cent color removal,
Per Cent Uilution = 40,0 per cent
Par Cent Color Removel = 100.0 = 40,0 = 60,0 per cent

Thiss exarple was performed using a sople of supermatant
fron the treatment of 701 Black MAspersed Dye waste with
the cosguiation test and ferric ’ciﬁ.or:ide and lime as the
congulants. The spectrunm curves for the distilled water
arxi the sample ove shown in Fipure 20,
The moximuw light sbsorption ims found for the sample by
neasuring t‘he vertical distance between the savple spectrum
gewve and the distilled water spectrum curve showm in
Fiure 20, and dividing this distance by the total vertlesl
distance under the distdlied water spectium curve. These
vertiesl distancos were measured at a wavelength of 750 o
Tho vertlical distance belween the curves is ghown in Mpure
20.

Vertical Xistance Between Curves = 55.8 units

Total Distance Undor dstilled later Curve = 93,8 units

Moxdrun ldght Absorpiion = 55.8/93.8 = 0,595

the mexirmus light beowption wes then antered into the standard
cwwe shotn in Mgure 21, ‘This standard ourve was obtained
by the saris procedure described for the allermate method
stundaxd curve in the lothods and Materdals cliepters 4

pewr cont dilution was obtained for the mexcimu: Light
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cbsorption value sbove. This dilution value was subtracted
fron 100 per cent to obtain the per cont color ramoval.

Por Cent Dllution = 3042 per cent

Por Cent Color Removal = 100,0 » 30.2 = 6L.8 per cent
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APPENDIX B

Tables for the Lffect of jAeration Time on
Cherical Treatment of Two Dispersed Dye Uastes



TABIE 3

THC EFIECT OF ERATION TIMD ON GHEMICAL TREATHENT OF 701 BLACK OISPERSED DYS WASTE

Sarple Optimm Coagulant
Aeration Josage Settling | Inmitial | Final | Por Cent | Per Cant | Dosage (P.P.iL) at

Time ' pil of | pf of | Color Slwdge 50 C Rong
(ilours) Hasto tiagte |Removal | Volume Fe 3

0 620 6e00 | 7241 L6

Q 6,420 6400 | 92.8 81 4,630 1,920

0 6e20 | 6415 | 9547 55 |

0 20 6420 | 9740 43

0 6020 | 6420 | 9946 u8

0 6420 6420 99.8 b3

325 Gtk 6410 1.2 14

325 6okt 4,90 | O »

05 cus | 23| o8 | %

. * » ) '
2.5 G5 | B0 | oBa | ke | 2P0 | L3O
325 Golt5 280 | 7743 Lo
49 5 +. 6* 55 5;70 ?209 i 39 513 3‘0“%‘0
835 3,600 | 1,480 45 6055 490 | 964 69
43¢5 74200 | 2,960 45 6455 2,90 13.5 41
Lbo.5 | 10,800 | 4,440 L5 6e55 310 | 6Hhe3 »

6645 90C 370 4y 6465 580 47,5 22
66o % 2,700 | 1,120 L3 6465 3,80 | 9042 ko 3,260 | 1,330
6645 3,600 | 1,480 b 665 2:70 | 9646 52
66' 5 4 ,500 1 ,850 bﬁ 6'65 4 080 S?. 5 by
6645 6,300 | 2,530 45 6,65 2,80 0 35
6645 9,000 | 3,700 L5 6a65 2,60 4.0 28




TARLE 3 (Continuaed)

Sarple Optimun Coagulant

Aeration Josage Settling | Tnitial | i9nal | Pur Jent | Por Cent L:osage (P.F.m) at
Tine (PP, Tine pil of | pii of Lolor Sludge ]
(Hours) beﬂ.j i OH 52 (n, ) Waste | Wasto | Removal | Volums
o 3,600 1,480 Ls Eoli5 4,90 81.7 5] L * e
112,.5 1,800 740 25 2.80 5.10 gﬁ.(; 27
112,5 24700 1 1,110 4 « 30 1,90 e 2
Tz.5 | ;600 | Lo | 43 680 | tho | obuk [ 30550 | 1,460
12,5 4,500 | 1,850 L5 680 | U B0 ab.1t 53
112,35 G300 | 2,590 by 6480 2090 5240 37
1125 $,000 | 3,700 L5 680 2480 776 33
184, 5 1,800 740 L5 6490 ,).90 7260 AR
ﬁd N l'g@@ 25 %90 5"2’0 935..0 5
te 5 %y 500 | 1,850 5 «9C 5460 96,2 55
1,5 | 6,00 | 2,50 | b5 6:90 | 5.00 | 9803 5 G0 | 1,920
184,5 0,100 | 3,3% L5 6490 Ge60 99.1 9

*Note: [aw sample stored for 665 hours.

-(}0’{-



TABLE 4

TilE DFFECT OF AERATION TIME ON GIEMICAL TREATMEIT OF 701 BLACK UISPIRSED UYE WASTE

rorakion

Per Cent

Coggulant | Do sage " pH lin Initial | Final Per Cent
Tine ( B, P Justing| pi | Settling | pH of | pH of Color Sludge pii
(Hours) | Fe 3| Cai OH 52 Reagent Time Waste | Vaste | Removal | Volume Range

134,5 | 6,300 2,590 11233,4 B,40 | 45 min, Ge70 be30 9847 43

84,5 | 6,300 | 2,590 st% 5640 | b5 mine | 6,70 | 5.50 | 9841 L3

184,5 | 6,300 2,550 . 6410 | 45 rmin, 6470 6410 995 2] L0 to
184,5 | 6,300 2,590 I:lme 680 | 45 min, 6,70 6430 99.5 %] 8.70
348!}&5 6’ 3GO 2.590 m ?.30 11'5 m& 6.?0 ?. 20 g'gqﬁ %

14,5 | 6,300 29590 Lime 8470 | 45 min, 6,70 8450 98,6 B

184,5 | 6,300 | 2,590 H30, 4,40 | 24 hrs, 670 | W0 | 98,7 36

134. 5 6’ 300 2,990 6010 2“ hrs. 6; ?Q 6. 30 98.8 ﬂ ii'.’é() to
1&5‘05 6'300 2!590 mm ﬁcm 2‘!‘ hm. 60?(} 6.60 98.1# 28 8Q7G
184.5 ég 300 2’590 Iime 7030 24 hrse 6:70 720 98;8 26

1-8{4';5 6, 300 2,590 Iime 8.?0 24 hrs. 6070 8410 980? 31

- T =



TABLE 5

THE EFFECT OF AERATION TIME ON CHEMICAL TREATMENT OF 701 BLACK DISPERSED DYRE WASTE

Sarple Optimum Coagulant
Aeration losage Settling | Initial | Final | Per Cent | Per Cent 1)033.35 (P.P.L.) at
Mme (P, P, ) Time pi of | pil of | Color Sludge | 8% R )
(Hours) FeS0y, | Ca(OH)y (18n,.) taste Waste | Removal Volume

0 2,780 720 25 g.zo 2.50 28.7 15

0 11,120 | 2,960 5 020 210 7e7 19

0 16:6&0 4:&40 L5 6420 620 92,0 32 15,83 | %210
0 22,240 | 5,920 L5 6420 6430 91e5 3P

0 33,360 | 8,880 45 6420 6400 81,8 B

0 3,920 [L0, 360 45 6e20 5490 81.3 »

2.5 | 1,%0| 370 45 645 | 5075 | 80,2 20

2l |ido|se | u | eu | 2D %2 | R |
Pu5 | 10,460 | 5180 u5 655 | 6,20 | 9043 Y 1,120 | 2,960
9.5 5,560 | 1,480 L5 6455 5465 85,2 13

4o,5 | 11,120 | 2,960 Is 6e 55 6e0 26,0 19

19,5 | 19,460 | 5,180 Ly 6e55 6450 8348 23 19,460 5,180
66,5 By 00 | 2,220 g 6a65 5430 38,9 25 8, %0 2,220
6645 1,120 | 2,960 Ls 6465 6400 90.5 2

6645 | 13,900 3,700 45 6465 6,10 02,1 30

66,5 | 16,680 | 4,440 L5 6.65 6430 92,7 32

66— 5 22.214'0 ).920 &5 065 60 3‘:) 8905 %

-30‘[-



TABLE 5 (Continued)

Sarple ‘ Optirmm Coagulant

Asration Dosage Settling | Initial | Final | Por Cent | Per Cent | Dosage (P.P.X.) at
Tine (BoPylly) Time il of | pH of | Color Sludge )% Colo V.

(Hours) | FeSOy CafOH )2 (1in. Waste | voste | Removal | Volume Fesy, Cal0i ),
12,5 |11,120 | 2,960 45 630 | 6,30 | 90.5 26 81900 »365
12,5 |13,900 | 3,700 45 6.80 | 6,50 | 92,2 32

112,5 |16,630 S0 b5 6480 6430 90.5 5.3

112.5 |19,460 5,180 Ls 6.80 6430 005 %

112,5 |22,240 | 5,920 L5 6480 | 6,80 | 87,9 bz

184,5 | 5,560 | 1,480 45 6490 | 6.80 | 90.5 56 5,560 1,480
184,5 | 8,0 2,220 45 6,90 6480 975 70 ,

84,5 11,120 2,960 Ls 6.90 6,70 7.8 71

184,5 |13,900 34700 L] 6490 6.80 97.8 77




TABLE 6

THE EFFECT OF AERATION TIME OH CHEMICAL TREATMENT OF 803 BROWN DISPERSED DYE WASTE

Sample Optirmum Coagulant
Aeration Dosage Initial | Final | Per Cent | Por Cont | Dosage (P.P.M,) at
Time (PePoll, ) Settling | pHof | pHof | OColor Sludge % Col z_'_%
{Hours) FoCl, [Ca OH)Z Time taste | Haste | Removal | Volume o Ca(OH),
0 7:500 | 3,100 45 rdn. 6435 L . - A
0 9,000 | 3,720 45 mir, 6435 5+70 978 57 G, 5050 3,92
O 10,500 o B0 45 min, 6435 5,90 98,4 574 o -
0 12,000 | 4,960 L5 mir, 6435 6450 99,0 55
0 13,500 | 5,580 45 rin, | 6435 6450 Pul 55
0 7500 | 3,100 2 hro. 6435 s 0 e ’ e
0 10,500 i&.y\"@ 21“ hr:.—!o 6035 6.5& 98;6 }"‘3 L LI
0 12,000 4,960 24 hrs, 6035 6-?0 97.5 "{5
0 130500 5!580 2’3' hre. 6- 35 '6090 97¢8 [4'5
0 15,000 | 6,200 2k hrss. | 6435 6,70 99,0 L ]
51,0 3,000 | 1,280 45 min, 6435 5480 95¢2 50
51.0 | 6,000 | 2,480 | 45umin, | 6,35 | 5.60 | 97.6 7 7,500 | 3,100
5Le0 9,000 3.72’-9 45 min, 6e 35 L460 98k 57 ’ '
51.0 {12,000 | %,260 45 min. €s25 &.i@u 58,6 53
51,0 |15,000 | 6,200 45 mn. | 6,35 3020 0 50
51.0 [18,000 | 7,440 @5 rmine 6435 320 0 43 I E—
51,0 3,000 | 1,240 2l hrs, 64735 590 9645 Ly
51.0 | 6,000 | 2,480 24 hrs, | 6435 5480 975 50




TABLE 6 (Continued)

Sample Optimum Coagulant
Aeration Dosage Initial | Final | Por Cont| Per Coent &gsagc (r. P.L.) at
Time (P,P,X | Settling| pl of | pH of Color Sludge 2 Co
(tiours) ”Fé'ci;“'&ﬁém; Tine | Uaste | Waste | Removal | Volume
51,0 | 9,000 | 3,720 2 hese | G35 | 4,80 | 100,0 43
5.0 |12,000 | 4,960 2k hrss 6435 b,10 090 L5
51.0 [15,000 | §,200 2h hrsy | 6035 | 3241 761 40
7640 1,500 620 45 min, 6a 50 6455 62,3 55
76e0 | 6000 | 2880 | 43 min. 6050 | 6480 | 98,4 63 v 2 067
76,0 7:500 | 3,100 L5 win, 64 50 6460 99,0 61
7640 10,500 | 4,340 L5 rin, 6450 He10 9941 57
7640 12,000 | 4,960 45 mine 6450 6,30 Q75 53
76,0 [13,500 | 5,580 45 min, | 6,50 | 5,80 99,0 3
76,0 | 1,500 | 620 | 2% hrs.| 650 | e o .o .
7640 | 3,000 | 1,240 24 hrs. 6e50 | 730 9546 L7
76,0 | 4,500 | 1,860 M hrse | 6450 | 7480 98,0 48 4, 500 1,860
?6;3 6 000 2'&60 2lt hrs, 6.5{) 6055 99.0 1
76.0 7,500 3,10@ 2k hrse 60 50 6073 99;0 46
76.0 1‘4 OG'G a,,é@ O’!’ hl‘sa 6150 6.‘;’5 1@0'3. SR
?6!0 13’)00 )’%0 311' hrS‘ 6.5‘0 6‘20 9903 1‘}1
103.5 4,500 | 1,860 L5 min, 6,60 v » 0 L

nmn



TABLE ¢ (Continued)

Sample Optimom Coagulant
Aeration ‘Dosage Initial | Final | Por Cent| Per Cent jmsage (PP, ) at
Time §P, P 11 Settling | pH of pH of Color Sludge 98% Color Removal
(Hours) 3 ""aa“f%i"i“'Sg Time | VWaste | Waste | Removal | Volume FoCly | CalON),

103.5 6,000 | 2,480 45 min, 6460 6,10 08,4 57

103,5 7,500 | 3,100 45 rin, 6,60 6420 99.1 56

103.5 9,000 | 3,720 B5 rdn, 6.60 5475 9%.1 36 .. e
103,5 |10,500 4 A0 &5 min, 6460 5480 100.0 54

103.5 4,500 | 1,860 24 hrs. 6,60 e ., ..

103.5 7:500 | 3,100 24 hrs, 6.60 700 99,1 ) (R v .

103,5 | 9,000 | 3,720 2h hre. | 6,60 6420 99.0 40

103'5 16,5@0 L"g 2k hrs, 6060 6060 99.1 b1

103.5 |12,000 | 4,960 24 hrs, 6,60 6420 9848 ©

124.5 k,500 | 1,860 45 phin, 6065 6,80 9?.5 53

245 | 6,000 | 2,480 | A5 rmn. | 6u65 | Ga30 | 9746 ot 6,567 2,757

124.5 7,500 | 3,100 L5 min, 6465 6470 9845 54

124.5 9,000 | 3,720 45 vin, 6.65 6400 900 s

].2;*;;5 10, 500 ,%O h‘s Ifé-nt é‘65 6!30 9901 5""

124,5 12,000 | 4,960 45 nﬁ.n. 6.65 5«20 e 3 s
‘3{}'5 i".500 1 869 2‘)‘ hrse 6Q65 L . . ’ .

1245 | 6,000 2.&80 2l hrs, 6465 7410 9847 L5 v . s

1245 7,500 | 3,100 24 hirs, 6,65 700 9343 A




| TABLE 6 (Continued)
Sample ' Optimum Cozgulant

Aeration Dosage Initial | Final | Por Cent | Per Cont | Dosage (P.F.l, ) at
Tine (P, P, 1% ) Settling | plf of | pH of Celor Sludge 87 Jo i
(Hours) Eeci} CalOH),, Time lizste | laste | Removal | Volume
124, 5 9,000 3}?29 2l hrse 5665 6,70 99.0 40
124.5 | 10,500 | &, 340 2 hrse | 5465 6480 9549 9 . o w
12#.5 1:2,000 .960 24 hrse 6.65 6460 99‘0 2]

172.0 3. GOO 1'22;‘0 "‘3’5 m. 5;?0 6&3 9305 56

172,0 5'(}{30 )‘;00 15-5 rin. 5.?0 5.60 95:1 57 7,180 el 2
172.0 72500 | 7,100 L5 min, | 570 5,80 93,6 2 ’ W95
172.0 | 9,000 | 3,720 | 45 rdne | 6470 | 5.50 | 99.0 5h

172.0 | 10,500 | 4,340 L mine | 6470 5050 93 53

1720 3,000 | 1,240 2% hrse | 6470 6460 9505 Ly 4,250 1,756
172.0 4,500 | 1,860 2 hrse | 5470 6490 9%.5 )

172,0 7,500 | 2,100 25 hrs, | 5,70 6470 98‘.7 40

1%.0 9,003 3‘720 2k hys, 60?0 6,10 097 50

172,0 | 20,500 | 4,340 24 hrs, | 6470 6,50 | 100,0 5

244,0 3,000 | 1,240 L5 min, | 6485 6e75 85,1 31

44,0 4,500 | 1,860 45 min, 6485 7460 97.6 46

244,0 6,000 | 2,480 45 wn, 6485 7.60 | 98,0 iy 6,000 2,480
24k, 0 7,500 | 3,100 b5 min, | 6.85 7+90 9943 Ly

254,0 0,000 | 3,720 45 mn. | 6435 7490 99,1 53

-(;*r[-.



TABLE 6 {Continmed)

Sarplo Gp‘tdmzm} Coagvlant
Aeration Dosare Iritial | Mnal |Per Cent | Per Cent | Dosace (PP, ) at
T4me éiﬁ' Ea i ) Settling | pit of | pil of | Color Sludge o Co erova
[(Hours) 2 3 “allit), Tine Taghe tlaste |Reoval Volame *.J 2

284,0 10,500 | &,34%0 L5 rdn, £485 €,00 | 100,0 55
P
B0 | 3,000 | 1,250 | ihws, | 6,85 | 7,00 | 9240 2 sz | Lowo
244,0 4,500 | 1,860 25 hrs,. 6435 Te50 | 08,2 30 ' '
w&.i} 6,’3‘00 2,%0 Zif- hrse 6'85 ?'l’ ,‘;8&6 3!4'
24440 79500 | 3,200 2l hrs, 6485 7e50 | $843 %
2h4,0 G000 | 3,720 2l hrse 6485 =G0 CCe3 Lo
24,0 | 10,500 | 4,340 24 urs, 6435 S.00 | ©9,0 3

-



TABLE 7

THE ZFFECT OF ASRATION TIME ON CHEMICAL TREATMENT OF 803 BROW! DISPRERSED DYE WASTE
Sample
soration | Coagulant Dosage pH Initial | Final | Per Cont | Per Cent | Optirmm
Time (PoPay ) Mjusting| pi | Settling | pH of | pH of | Color Sludge pH
{Hours) Fauls Ca{OH )2 Reagent Time Wiaste | liaste |Removal Volume Range
0 12,000 | 4,960 [pS0;, | 2,70 | 45 mine | 6435 | 2470 0 60
W} 12,000 | 4,960 uzso& 300 | 5 min, | Ge35 | 3.00 | 389.5 64
0 12,000 | 4,960 L0 | 45 mine | 6435 | hLel80O | 96.8 61
0 12,000 | 4,960 I.ai.me L4e50 | 45 mine | 6a35 | 4450 | 97.5 63 3,00 to
0 12,000 | 4,960 Iime | 5,50 | 45 mine | 6435 | 5,30 | 98.6 51
0 12,000 | 4,960 Lime | 6420 | 45 min, 6435 | 6420 | 99,0 58
0 12,000 | 4,960 Iime | 6,80 | 45 mine | 635 | 7430 | 99,1 57
0 12,000 | 4,960 Lime | 6490 | 45 mine | 6435 | $e30 | 97.6 57
Lo
0 12,000 | 4,960 UpS0y | 2070 | 24 hrse | 6435 | 3,10 | 77.2 51
0 12,000 | 4,960 Hp80;, | 3,00 | 25 hrse | 6435 | 3420 | 95.4 51
0 12,000 | 4,960 . Lot0 | 24 hrse | 6435 | 4,80 | 98,0 L5
0 12,000 i&,?éﬂ Lime 1}050 2k hxg. Ga 35 11,80 9800 50 300 o
0 12,000 | 4,960 Lime | 4,50 | 24 hrs, | 6435 | 4,80 | 98,2 46 6490
0 12,000 | 4,960 Idme | 3,80 | 24 hrse | €o35 | 5440 | 98,0 41
0 12,000 | 4,960 Lime | 6,20 | 24 hrs, 6635 | 6430 | 984 45
0 12’ 000 1",960 Iime 6.80 24 hrse 60 35 6.90 9805 293
0 12,000 | 4,960 Iime | 6,90 | 24 hrs. 6e35 | 6a90 | 97.B bs
51,0 |12,000 ,960 Hp80;, | 2480 | 45 min, 6. 35 | 2,80 | 8640 o
51,0 |12,000 | 4,960 Hy80; | 4,10 | A5 mdn, | 6,35 | B0 | 9749 58 2,80 to
51,0 |12,000 | 4,960 . e 4,30 | 45 min, 6435 | 4a30 | 9845 55 6,60
51,0 | 12,000 | 4,960 Lime | 5.50 | &5 min,. 6635 | 5460 | 99.3 56




TABLE 7 (Continued)

Sarmle '

Aeration| Coagulant Dosage pH Initial | Final | Per Cent |Per Cent | Optimum
Time P, Py i Miusting| pil | Settling | pd of |pH of | Color | Sludge pH
(ilours) | Fe 5 ca{0i), Reagent Time Waste | aste | Removal | Volume Range
510 12,000 | k,960 Tame | 5,90 | 45 rine | 6e35 | 5.00 '99.3 5 | 4,10 to

51,0 [12,000 | 4,960 Hy80, | 2480 | 24 hiese | 6435 | 2,50 | 96,2 52

53«0 0 12, 000 1&,9&0 ﬁzw# lh 10 24 hrs. 60 35 3¢90 99. 0 42 ’
51,0 |12,000 | 4,960 .. 4430 | 24 hrse | 6e35 | 3,90 | 100,0 Lz 2,80 to
51,0 |12,000 | 4,960 Iime | 5,50 | 24 hrs, 6435 | 560 | 99,1 L2 6,60
5{. 0 12. 41814 I", 960 Lime 509 o 24 hrs. 60 35 6»10 99.3 40

53:" 0 12, 000 [4',960 lime 6. ] 24 hrs. 6. 3,5 6. 70 997 41

76,0 (12,000 | 4,960 HpS0, | 460 | 45 mine | 6450 | %60 | 9h.8 55

7640 12,000 | 4,960 sizsoq 5670 | 45 min, 6650 | 5,70 | 9840 54

7640 (12,000 | 4,960 6420 | 45 min. 6. 50 | 6,20 | 98,2 Sh 4,60 to
76- 0 1z » 000 h" 96{3 Iime 8 . 30 "4’5 Hm’h 6. 50 7080 970 5 5)

76,0 [12,000 | 4,960 Iime | 9,00 | 45 mn, | 6,50 | 8,70 | 98,4 51

*ﬁ

?60 0 12'0{}0 1&,960 Hr)ml& 570 2k hrs, 6'50 5690 98-4 w0

7640 12,000 | 4,960 .o 6420 | 24 hrs, 6450 | 60 | 99,4 B 4,60 to
7640 (12,000 | 4,960 Idme | 730 | 24 hrse | 6450 | 6470 | 9943 g2 9,00
7640 (12,000 | %,960 Idme | 8430 | 24 hose | 6450 | 730 | 99.3 40

76,0 |12,000 | 4,960 Idme | 9400 | 24 hrs. 6450 | 8420 | 99.1 40

«(;)"[‘E*



TABLE 7 (Continued )

Sarmple
deration| Ooagulant Dosage P Initdal | Final | Per Cent | Per Cent | Optimum
Time PoPold | AdjJusting | pil | Settling | pH of | pH of | Color Shxdge pH
(Hours) %ﬁg CalOH 52 Reagent Time Waste | Waste |Removal | Volume | Range
103«5 [10,500 | 4,340 Ha0, | H.00 | 45 min, | 6,60 | 4,10 | 96,1 57
103,5 |10,500 | 4,340 HzSQ,_} 550 | 4% ydn. 6460 5,60 97.0 56
103.5 |10,500 | 4,30 6.2¢ | 4% pin, GaE0 6.20 98,4 35 b,00 to
10365 |10,500 | 4,340 I:}.ma e300 | 45 win, €460 6,70 0.7 55 3460
10305 10.500 15’,3’4‘0 lire 8.‘}4\} 5 ¥iNe 6060 goi‘i‘e 98,14' 5@‘
103,5 |10,500 | 4,380 Tdme 9.6& hE vine 6o60 940 98,2 56
1035 |10,500 | 4,340 Hg&‘cl; 5,00 | 24 hrse 6460 4,00 9940 Ly
103.5 |10,500 | k4,340 Hp3Cp | 5450 | 24 hrse | 6460 5.83 9940 ko
103.5 |10,500 | 4,340 . 6.20 24t hrs, 6,60 6455 993 L1, La00 to
103.5 10’500 4'3!"0 Ldre 8.’%‘3 213‘ hrs. 6060 &.35 98.5 40
10345 |10,500 | 4,340 Idme G0 | 24 hrs, 6,60 | 10,20 99,9 4
1.5 | 9,000 | 3,720 Hp50 450 | 45 min 6465 | Be70 | 9648 62
124,5 9,000 | 3,720 ‘*ﬁsﬁz 5:50 i&g riin, até 5.39 982 s
1205 | 9,000 | 3,720 6.20 bt pdn. 60C5 | GelO | 993 56 550 to
12445 | 9,000 | 3,720 Lime Ge50 | 45 min, Go65 | 5430 | 100,08 52 8,80
12“"5 9!00{) 3,?2@ Liwe ?ofse ‘;*5 tine 6.65 ?.20 98;8 52
12#‘5 9’0{}0 )’?20 Line é-do 1#5 wmine 6.65 8.5Q 98;6 52
Foat— )
12‘&"5 9,000 39720 uzm& 4y 50 24 hrse 6065 @.90 %.E} L
124,5 9,000 | 3,720 Hp80), 5690 | 24 hrs, 6.65 6460 99.1 » b, 50 to
12445 9,000 | 3,720 PR 6420 | 2% hrse 6465 6,60 9G4t 42 8,80

~A’[‘{u



TABIE 7 (Contdnued)

Sample
Aderation| Coagulant Dosage pH Initial | Final | Per Cent | Per Cent | Optdmm
Time PP, ¥ Mjusting| pH | Settling | pH of | pH of | Color Sludge pH
(Hours) | Fe Ca(0H), Reagent Time Waste | Vaste | Removal | Volume Range
1234" 5 g ’ 000 3. ?20 Lime 6090 24 hrse 6065 Te 6Q 99 ol 4o
124.5 | 9,000 | 3,720 Iime | 7.50 | 2% hrs. | 6465 | 8,10| 99,3 4 | %30t
124,5 | 9,000 | 3,720 Iime | 8,80 | 24 hrse | 6465 | 8,90 99.k p | 880
24, 0 7,500 | 3,100 st% 5010 | 45 min, 6435 6,00 982 L4
2%» 0 7,500 3,100 6090 2&5 min. 6’8§ ?Q&G 990? 60 5019 to
24,0 | 7,500 | 3,100 zme 8,30 | 45 min. 6,85 | 8,80 | 99,1 s 10,60
24,0 7,500 | 3,100 Iime 9260 | 45 min, 6485 Ge30 9.1 62
244,0 | 7,500 | 3,100 Iime (10,60 | 45 mn. | 6,85 | 10,60 | 98,9 A
ko0 | 7,500 | 3,100 HaS0p, | 5410 | 24 hirse | G685 | 670 | 9748 30
244,0 7}500 31106 ﬁzm&‘ 6; 30 24 hrs. 608 5 ?.% 98. 6 %
244, 0 7500 | 3,200 6490 | 24 hrs. 6.85 750 99,4 7 5030 to
1,0 7,500 | 3,100 Iine 9,60 | 24 hrs. 6485 8,90 | 100,0 b
244,0 7,500 | 3,100 Iime |[10,60 | 24 hrs, 6485 | 10,00 98,0 L3

- gTT -



TABLE 8

THE EFFECT OF AERATION TIME ON CHEMICAL TREATMENT OF 803 BROWN DISPERSED DYE WASTE

Sample Optimm Coagulant
Aeration Dosage Initial | Final | Per Cont | Per Cent | Dosage (P.P.M,) at
Time P, P}l Settling | pH of | pil of Color Sludge C Color
(Hours) ¢ C Time Woste | Uaste | Removal Volume tloc C2
0 667 45 pdive 6035 | 6,60 0 19
0 1,000 L5 rdr, 6435 6475 65¢5 ks 1
0 1,333 45 mine | 6435 | 6,80 | 9845 51 »277
0 1,667 45 min, 6u35 6490 9643 3L
0 2,000 45 vin, Ge 35 6490 984 25
0 24333 L5 rdne 6e35 7,00 9842 16
0 30333 45 min, 6435 7420 97.6 25
R
4] 66? 2k hrss 61 3§ s » .. *
0 1,000 24 nrs. 6. 35 s . . 'Y
0 1, 333 24 hrs. 6.35 6090 990 iR
4] lgéé? 24 hrs. 6.35 700 98;6 24 b
o 2,000 2l hrse 6;35 700 99.11' 18
0 2 33 24 hrse 6035 7410 98.2 18
0 22333 hrse 635 725 974 18
51,0 667 5 mine 035 6470 0 1k
51,0 1,000 45 mne | 6435 | 6480 780 &S
52,0 1,333 45 mine | 6435 | 700 | 9943 43 1,235
5le0 2607 45 wdn, 6e35 7400 99.0 29
51.0 2,000 45 min, 6435 7430 99,1 28
5l.0 26303 L5 min. 6435 720 98,7 16 I
“ 51,0 | 667 2 hrss | 6035 | 6460 ) 13

s
B
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TABLE 8 {Continued)

Sample

Optiramm Coagulant

Aoration osage Initial | Anal | Por Cent | Fer Cent Enmga (P.P.%I.) at

Time Pyl l Settling pH of |pil ef Color Sudge Ga r B
(Houwrs) Pm.‘ﬁée T3l Time Waste | Waste | Reroval Volume e 033.

510 1,000 24 hrs, 6635 5460 8549 4y 15

51,0 1,333 2 hpss | 6435 | 6030 | 98,4 2 1,159

51,0 2,000 2% hrs, 6435 | 7.00 9746 19

51.0 2¢333 24 hrs, Ge 35 710 975 b

76,0 833 45 min, 6,50 s » P { I

76,0 1,000 45 min, 6a350 | 6495 987 L2

7640 1,167 45 rine 6,50 | 6495 9844 43 .

7640 1,333 45 mine 6450 700 989 40

7640 1 500 45 min, 6e 50 7405 9846 30

7640 1,667 L5 min, 6450 7+05 991 26 ey

?6‘40 % 24 hrs, 6’ 50 LA L L

7640 1,000 2% hrse 6:50 | 6490 923 3B

7640 1,167 2% hrs, 6a50 | 6430 | 98,0 7 ..

760 1,333 24 hra, 6250 | 6490 9043 37

?6;0 1, 500 2h hra, 6. 50 6;86 99’? 22

?60{} 1,66? 24 hrs. 6050 6&90 99.9 1?
10345 3.,!}00 45 min, 660 7400 9348 Ly 1,000
1035 l, 333 b5 min, 6,60 700 97.6 B

puye
LU

e



TABLE 3 {Continued)

Sample ' Optirmm Coagpnlant

foretion Dosago Initlal | Final | Per Cent | Tor Cant | Dosage (P.P.IL ) ot
Time éP% P;Ig’ ») Settling | pil of | pH of | Color Sludge ' _Color Removal

(Hours) ac G Time Yaste | Waste | Removal Volume ' ¢ C

1035 1,500 L5 min, 6450 710 08t x

10345 1,667 45 rdn, 66550 7410 984k 2 ]
1..6305 833 2l hrs. 5.60 5.89 l“l-? 23 992

103.5 1;0% 2k hys. 6060 6.90 95;5 L2

103.5 1,167 24 hrs, 6460 | 6490 98eH 33

103,5 1,333 2 hrse | 6eB0 | 7,00 | 9949 29

10345 1,500 24 hrs, 6460 | 7405 9949 23

10345 l’ 66? 24 hrs. 6¢ 60 7010 100,0 20

124.5 833 L5 win. 6465 6,90 346 % 996

12y 5 1,000 45 rin, 6665 | 6490 o2 &5

124, 5 1,333 L5 wine 6465 7400 9846 2

124, 5 1,500 45 rine 6465 210 98.6 32

124, 5 1,667 45 min. Geb5 | 7410 9747 26

124,5 833 24 hrs. 6465 | 7400 375 32

124, 5 1,000 24 hrs, 6465 | 7.00 92,2 35 1,029

12}4‘.5 l;lé? 2b hrs. é;u 65 n 05 96g8 31 .

3.2“‘95 .,500 24 hra, fs 6_5 7.10 ?8.0 23

}.213':5 1, 667 2t hrse 6.65 710 97.5 1%

n":g’cvn



TABLE 8 (Continued )

Sample Optimm Coagulant
Aeration Dosage Initial | Final | Per Cent | Per Cent I)oaage (P.P,1 ) at
Time P, P, Settling P of | pil of Color Shudge

(lours) Purifioc C3l| Time Vaste | Waste | Removal Volume ﬁuﬁ.ﬂoe C3l
24,0 667 45 rin, 6485 6460 0 g1

2H4, 0 833 L5 min, 6485 6. 70 2846 25

2}!&1&.0 1,000 %5 min, 6485 6,80 73,0 30

2%.0 1,167 L5 min, 6485 700 974 g1 ’

?}14.0 1,333 45 mine 6485 7410 972 32

I—

2.0 | 667 25 hrse | 6485 | 6,80 0 13

204,0 533 24 h!‘ﬂ. 6085 5‘80 4?03 15

244,0 1, 000 24 hrs, 6485 | 6,90 | 100,0 19 '

2%».(3 1.16? 2k hrs. 6085 ?'05 98'9 22

24,0 1,333 2h hrs. 6485 7405 100.0 15

2%.0 1, 50{} 24 }WSQ 6485 6.90 &hﬂ- }5




TIECT QF AERATION

TI’FY‘ QA‘!

CHEMICAL TRIATMRIT OF 803

TABIE 9

B

RO DISPERSED DYE VASTE

Sample Coagulant
ieration Dosage pii Initial | Final | Per Cent | Per Cant | Optirmun
TAme PeBolip ) | Mdjusting| pi | Settling | nilof |pH of | Oolor Shiddge | o
(Hours) m c C3L| Reagent Time vaste | Waste |Removal | Volume | Range
o 1,333 iizfﬂa , 330 | 45 rdn, 6o '3,} 330 986 32
o 1,333 .. 690 | 45 mirie 6e35 | 6490 | 9846 Ly 6490
et
0 1,333 sxzsoi' 4,30 | 2B hrse | 6435 | H70 | 99,3 fa 2030 %o
0 1,333 .o 6690 | W hrse | 6a35 | 6690 | 99,0 L1 6490
o 1,333 Iime (10,30 | 24 hrs. 6e35 2+90 0 12
5140 1,333 Hp S0y, 3-5‘3 45 rin, 6035 370 992 31
51,0 1,333 Hy80, | %80 | 45 min, 6e35 | 480 | 98,9 35 360 to
51.0 1,333 . » 6,90 | 45 rin, 6435 6.80 9843 35 8465
51,0 1,333 Iine 7¢55 | 45 min, 635 740 90e2 35
51.0 1,333 Iime | 8.65 145 mine | 6435 | 8,30 | 91,8 26
g
51,0 1,333 HpS0, | 4480 | 2h hrse | 6435 | 5.80 | 984 41 | 3.60 to
51,0 1,333 e o | 6490 | 2bhirsy | 6435 | 6,90 | 9845 37 | 865
51,0 1,333 Lime 7455 | 24 hrs, 6435 755 97.6 o !
51' 0 l! 333 Idmo 9.90 g‘t" hrs. 6. 35 9.“’0 0 12

A~



T4BIE 9 (Continued)

Sample (bagulmt
Aeration Dosage nil ‘ Initial| Final | Per Cent | Per Cent | Optiraum|
Time 54* M M;}umting pil | Settling | pH of | pH of | Color Sludge pH
(Hours) ifloe C Reagent Tine Waste | Yaste | Removal | Volume | Range
7640 1,000 uzsc;a 2:70 | &5 min, 6650 | 2490 | 98,7 3
?60{} 1,000 Mz%@ L40 1}5 riin. 605‘0 4,60 9,0 Ly 2,70 to
26,0 1,000 . e 6485 | 45 min, 6e5C | 6485 | 81,8 Ly 6'85
7640 1,000 Idme | 7,70| 45 min, 6450 | 7460 57.25 30 .
*
7640 1,000 Hy50, | 270 24 hrs, 5e50 | 2,80 | 9.1 28
7640 1,000 H550), 4G | 24 hrs, 6450 | 4,80 | 99,1 32 2 20 b
7640 1,000 . 6635 | 20 hpse | 6,50 | 6,90 | 96,2 b5 6-;
7640 1,000 Lime | 7470 | 2% hrse | 6.50 | 7.60 | 57.5 27 55
7640 1,000 Iime |10, 24 hrs. 6450 | 9490 0 7
7640 1,000 Iime [11,30 | 24 hrs, 6450 | 10,30 | 26,2 12
103, 5 1,000 0,80, | 2490 | 45 rdn, GoB0 | 3400 | 96,7 il
103.5 1,000 xzao;j_ 580 | 45 mine | 6460 | Eu50 | 97.8 % | 2.90 to
1035 1,000 6490 1@5 mine 6460 | 6a95 | 92.6 47 Z 00
103.5 1,000 Time | 7.80 | %5 miny | 6.60 | 7.80 | ok 6 9
103.5 1,000 lime |10a730 is*f; rin, | 6,60 | 10430 3.0 7
1035 1,000 Ame (11,85 | 45 min, 6460 | 145 | 19,6 12
hontf— )
10345 1,000 Hy80, | 2490 2% hrs, 6e60 | 2485 | 99,3 21 2490 to
3.03.5 1, 000 . 6.90 2:" hrs. 6.60 6180 91"'6 42




TABLE 9 (Continued )

Sample Coagulant
Aeration Dogage pH Initisl | Final | Per Cent | Per Cent | Optimum
Time P, P, 1 Mjusting| pil | Sebtiling| pil of | pil of | Color Sludge pH
(lours) oc C Reagent Time Waste | Waste | Removal | Volume | Range
103.5 1,000 Iime | 7.80| 24 hrse | 6.60 | 7.50| 7045 30 2490 to
103.5 1,000 Lime |[10.,30| 24 hrs. 6e 60 Ge60 Q 7 6490
103.5 1,000 Iime |11l.45| 24 hrs, 6e60 | 10,10 2348 12
124,.5 1,000 Z’igmq 4,80 | 45 rdn. Ge b5 4,90 984 41
124,5 1,000 . » 6.95 45 mine 6e65 0495 022 Ly 3,10 to
124,5 1,000 Iine 7680 | 45 min, Geb5 775 8049 33 6495
124,5 1,000 ILime (10,45 | 45 wmin, 665 | 1045 6e5 G
12#. 5 .1‘ 000 Lime 11,10 1&5 mine 6‘ 65 11,00 1242 12
‘__
1243 1,000 HyS0, | 3410 | 2 hrs. | 6465 | 340 | 974 2t
12 '5 3" 000 i , 0 .30 24 hirs. 6; 6"‘ » ; 802 32 ~
1245 1,000 81 682 B hre: 6465 2.3{5} e 35 | A0 %
1245 1,000 Lime | 7480 | 24 hrse | 6465 | 7.50| 81,0 29 695
124, 5 1,000 Lime (1045 | 24 hrs. 6465 | 9,90 0 7
124, 5 1,000 Lime |(11.10 | 24 hrs. 665 | 10,10 174 13
24,0 1,167 H550,, 5430 | 45 min, 685 | 6,00 840 43 1,30 to
th 0 1.16? e 6080 "4'5 min, 6.85 7.00 9?;8 ¥ 6‘80
244, 0 1,167 Lime 870 | 45 rin. 6485 2,90 y( 18 *
25440 1,167 Halil 10,70 | 45 mine 685 {10,50 3.6 o]
‘_._
2L, 0 1,167 Hz%‘[} 3630 | 24 hrs. 6485 4,00 | 100,0 18 330 %o

6480




TABLE 9 (Continued)

Sample Coagulant
seration Dosage pi Initial | Final | Per Cent | Per Cent | Optirunm
Time PoPg Mjusting| pH | Settling | pH of | pil of | Color Sludge pH
(llours) | Purifloe C31 heagent Time Vaste | laste | Removal | Volume | Range
2%; 0 1.167 ?izﬁ(}a 5080 2k hrse 6-35 6:13’0 100,0 21
2, 0 1,167 . . Ga80 | 24 hrs. 6485 750 9940 18 3,30 to
24, 0 1,167 Iime | 8470 | 24 hrse | 6485 | 9400 | 8049 12 6,30




ABBTRACT

THE EFFECT OF BIOOXIDATION ON THE
COAGULATICH OF LISPERSED COLOR

by
Gory Thomas Laing

The objective of this invostigalion was to determine the effect
of aerated lagoon blologieal treatment on color removal by chemical
coagulation of two dark dispersed dye wastes. Cherdcal ocoagulation
wag degirable because it offectively reduced the color of the dise
porsed dye wastes The aerated logoon was thought to be a possible
neans of reducing the chardeal coagulant demand of dye wastes.

A sirmlated, aerated lapoon opersted on a batch basis was used
to treat samples of dye wastes, for varlous perlods of time, Samples
withdrawm from the lagoon were perdodically analyzed for B.0.D.,
CoDeley optirum coagulent dosage, suspended solids, and color romovale
Reductions in Ce0.0s up to W por cent were effected by the aerated
lagoone The aerated lagoon also removed 3.5 to 25 per cent of the
color of the originel wastes Chemical coagulation effected 90 to
100 per cant color removal aond sbout 63 per cent C.0.0. removal.
Reductions in the chertical coapulant dosage caused by the aerated
lagoon ranged fron 21 to 41 per cent. Thoe per cent sludge volume
aftor sottling for 45 minutes and 24 hours ranged from 45 to 64 per
cent and from 41 to 48 per cent, rvespectively. Although settling



was complete in 45 mimutes, the sludge continued to compact for

24 houxs.
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