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(ABSTRACT)

Pretreatment of the textile dye wastewater was
accomplished using reducing agents. The reducing agents
studied were sodium hydrosulfite, thiourea dioxide, and
sodium borohydride. Preliminary tests were conducted using
just the reducing agents. Although there was color
reduction, the reduced wastewater was inhibitory to
biological degradation. Additional tests were conducted
with sodium hydrosulfite. These included reduction followed
by pH adjustment, nutrient addition, pH adjustment and
nutrient addition, and lime addition. These tests were also
successful in reducing the color but were not biologically
degradable.

Reduction of the dye wastewater followed by oxidation,
however, provided positive results (color reduction and
biodegradation). A series of reduction/oxidation
experiments on the textile wastewater were performed:
treatment of 17 percent, 33 percent, 67 percent, and 100

percent of the textile wastewater stream. The wastewater is



composed of 75 percent textile and 25 percent municipal
wastewater. For the 17, 33, and 67 percent of the textile
wastewater pretreated with reduction/oxidation, untreated
textile and municipal wastewater were added before transfer
into sequencing batch reactors for bioclogical treatment.
For the 100 percent textile wastewater stream, the initial,
untreated parameters were: 2650 American Dye Manufactures
Institute (ADMI) color; 780 mg/L COD; 211 mg/L TOC; and 182
mg/L BOD. The reduction/oxidation pretreatment followed by
biological treatment resulted in effluent values of 615 ADMI
color (77 percent reduction), 310 mg/L COD (60 percent
reduction), 82 mg/L TOC (61 percent reduction), and 62 mg/L

BOD (66 percent reduction).
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INTRODUCTION

Approximately 800 U.S. mills or plants engage in some
sort of dyeing process (Alspaugh, 1973). Consumer demand
for brightly colored textile goods has continued since the
development of the first dye. This demand has caused the
textile industry to develop new types of fibers and fabrics,
new types of dyes to color these new fibers, new colors that
are brighter and last longer than previous colors, and new
improved methods of dye application.

These new parameters, especially the new dyes, which
impart a color to textile wastewater, are of particular
importance from a wastewater treatment view point. The new
dyes must yield a color that is bright, and last throughout
the lifetime of the fabric. The stability of the dye refers
to the ability of the dye to maintain its structure and
color and not break down with time and exposure to sunlight,
water, soap, soil, and a variety of other parameters.
Therefore, when a new dye is made that is stable under all
of these conditions, it becomes more difficult to treat the
dye in wastewater.

Because of the developments of new fabrics, new dyes,

and new methods of dyeing, textile wastewater



characteristics are very diverse from one mill to the next.
The wastewater characteristics can also be highly wvariable
within the same mill, on a day-to-day or even hour-to-hour
basis. The most pronounced variations include the type of
dye in the wastewater and the color of the wastewater. The
colored substances, which are the dyes, impart only a small
fraction of the total organic load in the wastewater, but
color is readily apparent (McKay, 1980). To the public
colored water is toxic, polluted water and must be treated
to remove the color.

The treatment alternatives applicable to the removal of
color from textile mill wastewaters are also variable. A
certain treatment scheme may be sufficient for one textile
mill or even one type of dye, but not for another mills or
types of dyes. The removal of dyes (color) is therefore a
challenge to both the textile industry and the wastewater
treatment facilities that must treat these wastewaters.
According to Alspaugh (1973), no one specific treatment
process can handle the removal of color from all textile
wastewaters; therefore, each wastewater has a "tailored
solution requiring a combination of methods."

Samples for this research were collected from a textile
mill located in Virginia. This textile mill will be referred
to as the Mill for simplicity. The Mill produces

approximately 1.2 million pounds of dyed cotton-polyester



jogging suits per week. The cotton fabric is dyed by batch,
pad dyeing processes and is dyed with reactive dyes. The
cotton dye wastewater constitutes approximately 70 percent
of the total wastewater flow. Polyester fabric is dyed
using Theis, pressure-jet, dyeing machines and is dyed with
disperse dyes. The polyester dye wastewater stream .
constitutes approximately 30 percent of the total wastewater
flow. The wastewater from these processes is combined and
discharged to a Publicly Owned Treatment Works (POTW)
located near the Mill. The wastewater flow of the Mill is

3 million gallons per day (MGD).

One other textile mill discharges wastewater to this
same POTW. The approximate composition of the combined
wastewater influent to the POTW, wastewater from the two
textile mills plus the municipal wastewater, is three-
fourths textile wastewater and one-fourth municipal
wastewater. Total wastewater flow to the POTW is 7 MGD.
The POTW treatment system is comprised of extended aeration
and aerobic sludge digestion.

The POTW has been successful at removing such
wastewater parameters as biochemical oxygen demand (BOD) and
total suspended solids (TSS), but not at removing the color
(Anon, 1990a). The river, which receives the treated
effluent from the POTW, serves as a water source for a city

downstream from the POTW. Since the color is not readily



removed by the conventional methods of treatment used by the
POTW, the colored river water creates water treatment
problems for the city downstream. However, the river water
has been tested and found to contain no harmful chemicals
(Anon, 1990a). Therefore this problem was deemed to be an
aesthetic problem and not a toxicity problem.

The reactive azo dye wastewater stream used in this
research was chosen because treatment plant officials stated
that, "the treatment plant had no trouble treating the
textile wastewater until the mills began using the reactive
dyes." The reactive dye wastewater stream from the textile
mill used in this research is approximately 70 percent of
the total wastewater stream. The Navy 106 dye wastewater
stream comprises approximately 15 percent of the total
wastewater stream, which correlates to approximately 22
percent of the reactive dye wastewater stream (Anon, 1990Db)

Recently, state and federal agencies have been
considering new color standards for textile wastewater
discharged from treatment facilities (Tincher, 1989). The
Virginia State Water Control Board (VSWCB), in conjunction
with the United States Environmental Protection Agency
(EPA), is requiring color, as measured in American Dye
Manufacturers Institute (ADMI) color units, to be reduced.

This requirement calls for the color to be reduced from 800



ADMI to 300 ADMI by January 1990, to 250 ADMI by 1991, and
to 200 ADMI by January 1992 (Anon, 1991).

The POTW is currently adding quaternary amine polymers
to remove the color, which is generally achieving an
effluent color of less than 250 ADMI (Anon, 199la). The
cost of the polymers are distributed between the textile
plants that discharge to the POTW. The polymer costs are
approximately $1000.00 per day to treat the 7 MGD going
through the POTW (Anon, 1991). The choice of treatment
method, or methods, to be used in color removal may not
necessarily be governed by cost only (Gardiner and Borne,
1978). The choice may be of what will remove the color for
a specific textile wastewater, since, according to McKay
(1980), there is no universal, economical treatment scheme

for the removal of color.

Objectives

The new requirements to remove color may take the form
of pretreatment standards to be implemented by the industry
prior to discharge to a POTW (Anon, 1990a; Tincher, 1989).
Therefore, this research was conducted to fulfill two major

objectives:



(1) Development of a chemical pretreatment technique
to remove the color of one specific textile mill
wastewater effluent. The results from this
research can be used by that specific textile mill
to pretreat their wastewater prior to discharge to

a municipal treatment facility.

(2) Biologically treat the wastewater after chemical
pretreatment to simulate the municipal treatment
of the wastewater. This simulated treatment will
show how chemical pretreatment would effect the
biological treatment at the municipal wastewater

treatment plant.

The wastewater stream studied was limited to the wash
water from cotton fabric dyed with Navy 106. The wash water
can be estimated to contain up to 25 percent of the dye due
to low application efficiency (Weber et al., 1990). The
Navy 106 dye is actually a mixture of three reactive dyes;
Remazol black, Remazol red, and Remazol yellow, all of which

are reactive azo dyes (Anon, 1990b).



LITERATURE REVIEW

The colorant industry can be divided into two major and
very broad categories; pigments and dyestuffs. Pigments are
water-insoluble substances, inorganic or organic, used to
color various types of fabric. Dyestuffs are water-soluble
and water-dispersible organic substances also used to color
various types of fabric. Pigments will not be discussed
further. Dyestuffs are a large and important group of
industrial chemicals. The world production of dyestuffs in
1978 was estimated at 640,000 tons, and production of
dyestuffs in the United States in 1980 was estimated to be
approximately 122,500 tons (Baughman and Perenich, 1988a).

The levels of aqueous and airborne discharges of
dyestuffs, as individual dye types or in the total combined
emission, are low as compared with the discharges from other
industries (Brown, 1987). The airborne discharges will not
be covered because the discharges of dyestuffs are almost
entirely in the aqueous phase. Aqueous phase discharges
occur during the course of dyestuff manufacturing operations
and during dyehouse processing operations. The actual
concentrations of dyestuffs in these aqueous discharges are

usually quite low; however, only a small amount of a



dyestuff is required to color water (Brown, 1987). The
removal of the color is probably the single most perplexing
problem in the treatment of textile wastewater (Beszedits et
al., 1980). The degradability of textile wastewater is
variable, usually poor and erratic, and the combination of
many types of dyes often creates a gray, green or black
colored wastewater (US EPA, 1974).

Dyes can be classified in many different ways. Two
more common classifications are by dye structure and by
method of dye application to the fiber. The dye structures
include, but are not limited to azo, anthraquinone,
benzodifuranone, polycyclic aromatic carbonyl, indigoid,
polymethane, phthalocyanine, quinophthalone, sulfur, nitro
or nitroso, and metal complexed. The methods of application
include, but are not limited to acid, basic, direct,
disperse, fiber-reactive (reactive), and vat. However, azo
compounds are found in nearly every dye classification based
on method of application (Anliker, 1979).»

This section will cover the relevant literature that
has been published on the chemistry, wastewater treatment of
textile mill effluents, and on the removal of color from
wastewater. Several types of dyes will be discussed, but
the emphasis will be placed on the azo group of dyes, and

specifically on reactive azo dyes.



Types of Azo Dyestuffs

The various types of azo dyes that will be briefly
discussed are acid, basic, direct, disperse, fiber reactive,
and vat. Each type will be briefly discussed; however, the
focus will be on the fiber reactive azo dyes. A compilation
of several sources was used to describe each type of
dyestuff. These references are: Abrahart, 1977; Cooper,
1978; Jones, 1973; Lewis, 1989; Rys and Zollinger, 1972;
Venkataraman, 1970; Venkataraman, 1977; and Waring and

Hallas, 1990.

Acid Dyestuffs

Acid dyes are an anionic, water soluble dye used to
primarily dye wool, but are also used to dye silk, nylon,
acrylic, and leather. Acid dyes are seldomly used to dye
cotton. Acid dyes are normally applied from a dye liquor
containing sulfuric, formic, or acetic acid to increase the
solubility of the dye. These dyestuffs contain one or more
§QNa or SOH group. Though acid dyes have various
structures, nearly all of the acid yellow, orange, red,
brown, and black are azo dyes. The acid violets, blues, and

greens are anthraquinone, and triphenylmethanes.



Basic Dyestuffs

Basic dyes are a cationic, water soluble dye used

mainly for dyeing acrylic and wool. They contain ammonium,

sulfonium, or oxonium salt groups. The affinity for the
fabric is created by addition of acetic acid. Basic. dyes
come from the azo, anthraquinone, diphenylmethane,
phenoxazine, and phenothiazine structures. These dyes are
usually quite large, larger than the other types of dyes,

and have a brilliant hue to them.

Direct Dyestuffs

Direct dyes are an anionic, water soluble dye used to

color cotton. They are closely related to acid dyes, but

have a high affinity for cellulose in the presence of sodium

chloride and sodium sulfate. Nearly all direct dyes are
azo, but there are a few dioxazines and phthalocyanines.
The most numerous acid dyestuffs contain two azo linkages

within the dye molecule (i.e. disazo dyestuffs).

Disperse Dyestuffs

Disperse dyes are a water insoluble dye used to color

man-made fibers, cellulose acetate and polyester. Nearly

10



all are azo or anthroquinone. Disperse dyes will have one
or more NH; or NRjRp, groups attached, where Ry and Ry
are CH,CH,OH, CH,CH,CN, or similar groups designed to
balance the hydrophobic and hydrophilic character of the

dye. They do not contain any sulfonic groups.
Fiber Reactive Dyestuffs

Fiber reactive dyes are an anionic water soluble dye.
Reactive dyes were first developed in 1955. They combine
ease of application with very high levels of wet fastness,
and are superior to, but more costly than, the direct dyes
used frequently for cotton dyeing. These dyes have an
attached reactive group that is capable of forming a
covalent bond between the carbon of the reactive group and
an oxygen, nitrogen, or sulfur of.the hydroxy, amino, or
mercapto group of the fiber. The covalent bond that is
formed is much stronger than the other types of bonds
(ionic, hydrogen, and Van der Waals) that other dyes are
capable of forming (Abrahart, 1977). The covalent bond
increases the fastness of the dye. Fastness is the
resistance of the dye to fading. Therefore, the dye is
stable when exposed to light, perspiration, atmospheric

gases, washing, alkalis, acids, and most other environmental

11



conditions. Thus, the fiber reactive dye is difficult to
degrade.

Fiber reactive dyes are used in the dyeing of cotton
and wool. All reactive dyes are sulfonated, i.e. they
contain one or more SO3Na or SOH3 group. They are
divided nearly equally between the azo and anthroquinone
structures with the reactive group being chlorotriazines,
vinylsulfones, and chloropyrimidines.

Wastewater containing reactive azo dyes have high salt
concentrations associated with them. The salt helps to
drive the dye from the water to the cotton during the dyeing
process and is incorporated into the wastewater.
Concentrated aqueous, alkali dyebath solutions at an
elevated temperature also force the dye to the cellulose
(cotton) rather than the water. The fixation rate for
reactive dyes varies from 50 to 90 percent. Other fixation
rates reported are from 20 to 95 percent. They have an
almost unrestricted shade range. Because of the wide range
of colors available, the United States places more emphasis
on the reactive dyes and less on the direct, sulfur, and vat

dyes.

12



Vat Dyestuffs

Vat dyes are water insoluble dyes used in the dying of
cotton. An affinity for cotton is obtained by mixing the
dye with sodium hydroxide and dithionite, and subsequent
oxidation to form the original dye on the fiber. These dyes

are mainly anthraquinone.

Chemistry of Azo Dyestuffs

Azo dyes are a specific type of dyestuff based on the
structure of the dye. For textile mill dyeing and finishing
operations, the azo group of dyes account for approximately
60 to 70 percent of the total dyestuffs manufactured and
used (Richardson, 1988). This amounts to more than 50,000
aromatic azo compounds (Anliker, 1979). Therefore, this
type of dye is environmentally important.

The azo type of dye is characterized as having at least
one azo linkage, nitrogen to nitrogen double bond (N = N) in
a large and usually complex chemical structure. Some azo
dyes have more than one azo linkage. Dyes with two azo
linkages are referred to as disazo, and dyes with three are
referred to as trisazo. The nitrogens that are double
bonded together are also attached to some type of aromatic

compound or some type of substituent group. These

13



substituent groups ( -OH, -3503, etc.) may also be attached
to some type of aromatic compound. The type and number of
substituent groups that are attached to the nitrogens and
the aromatic compounds determine the color that is seen.
Almost every color, red, yellow, blue, violet, brown, and
black, can be produced using azo dyes. However, green is

not typically derived from azo dyes.
Chemistry of Reactive Azo Dyestuffs

For the Remozal dyes, the vinyl sulfone group is the
reactive group (Abrahart, 1977). The active vinyl sulfone
group of the reactive azo dye is generated by heating under
alkaline conditions during the dyeing process (Beech, 1970;

Flege, 1970).

The formation of the active vinyl sulfone group is shown

below (Abrahart, 1977; Flege, 1970):

Dye-SO,—-CH,-CH,-0SO3Na + NaOH => [1]

Dye—SOz—CH=CH2 + Na2804 + Hzo

The active vinyl sulfone group is the double bonded carbon

of the product. During dyeing, the sulfone group partitions

itself between the cellulose of the cotton and the water of

14



the dyebath (Flege, 1970). The reaction of the sulfone
group with water yields a hydroxyethylene sulfone group

attached to the dye molecule as shown below (Flege, 1870):

Dye-SO,-CH=CH, + H,0 => Dye-SO,-CH,-CH,~-OH [2]

These dyes are deactivated and will not react with the
cotton to form any covalent bonds. They may, however,
diffuse into the fabric. These dyes are removed from the
fabric by washing (Beech, 1970). Approximately 25 percent
of the dye may be "washed out" after dyeing and discharged
in the wastewater effluent. This wash water may also
contain some non-bonded active reactive dye that may be

toxic (Weber et al., 1990).

Wastewater Treatment of Azo Dyestuffs

This section will describe the treatability of textile
wastewater. The treatment of textile effluents consists of
one or more of the following treatment processes;
biological, chemical, and physical. The transformation and
transport of a compound may also be an important process in

the degradation of that compound. A schematic showing the

general degradation routes of azo dyes is shown in Figure 1.
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Biological Treatment of Azo Dyestuffs

The biological treatment of azo dyes can be

accomplished in either an aerobic or anaerobic environment.

Aerobic Biological Treatment of Azo Dyestuffs.

Aerobic biological treatment consists of degradation of
a substance in the presence of oxygen. At a wastewater
treatment plant this usually includes some sort of activated
sludge system. From a study conducted on several types of
dye wastewaters (acid, basic, direct, disperse, fiber
reactive, and vat), aerobic biological treatment was found
to be effective in the removal of biochemical oxygen demand
(BOD) and total organic carbon (TOC), but was ineffective in
color removal (Horning, 1977).

One of the problems with industrial wastewater, such as
textile dye wastewater, is that it is usually nutrient
deficient (Eckenfelder, 1989). The nutrients, nitrogen and
phosphorus, can be provided by the mixing of the textile
wastewater with municipal wastewater (Eckenfelder, 1989;
Beszedits et al., 1980; Ghosh et al., 1978; Porter, 1970).
This would indicate that the dyes will not significantly

interfere with the operation of an aerobic biological
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treatment system. However, the treatment of dye wastewater
is complicated by the great variety of materials contained
within the wastewater from dyeing operations (Weeter and
Hodgson, 1977).

The biodegradation of some types of azo dyes have been
studied using the activated sludge from typical wastewater
treatment plants. It has been reported that up to 90
percent color removal in an activated sludge system can
occur; however, the mechanism for this unusually high
removal rate was not investigated (Horning, 1975).
Typically azo dyes are not aerobically biodegradable.
According to Pagga and Brown (1986), the biodegradation of
the azo dyes cannot be expected to occur in an aerobic
environment. But the degradation of azo dyes can be
expected to occur in an anaerobic environment (Brown and
Laboureur, 1983a). Dyes containing more than one azo
linkage are even less likely to be degraded (Brown and
Laboureur, 1983a) According to Porter (1973), acid dyes
may or may not be removed by aerobic biological treatment.
In general, it appears that dyestuffs cannot be aerobically
biodegraded due to their rather large and complex chemical
structure.

The aerobic degradation of dyestuffs may be enhanced,
however. The addition of hydrogen peroxide has been

successful for some cases, but not enough is known to say if
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