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' ABSTRACT
The activated carbén treatmen2 of wastewater ofiéinatipg
from the Celanese Canada Ltd. Carpet plan? at Sorel, Quebec,
was testeq in this study. Typical plant effluent was char-
acterized and péepared. Soluble organicé in the‘éynthetic
effluent varied between 75 and 185 mg/% TOC, Organic contri-~.
bution of the dyeé alone is in £he‘range of 10% of the total
TOC while that of the dyeing process c@emicals is aéﬁﬁigh as
75%; the remaining 15% would be the approximate‘tontribé§§on A

of the soluble guar gum used as a viscosity adjusting additive

in the new continuous dyeing process.

In the first phase 6f the work, the activated carbon

adsorption gf the guar gum from its pure solution was examined

—~

in laborétory tests. Improved adsorption was observed at low
pH values and at elevated adsorption temperatures, Lignite=-

based carbon out-performed bituminous coal-based carbon, At

30 mg/% TOC of soluble guar gum, low carbon loading inlthe range.

of (5-8) mg TOC/g was recorded for various types of carbon at
20°C and neutral pH.
In the seco?g phase of the work, the activated carbon ‘
adsorption of typigal Celanese dyehouse synthetic waatewater' ‘
}
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wae examined, Although the prgsencelof non-adsorbable residues
in the range of 9-18 mg/leog'was observed, the adsorption
isotherm results Endicated - at the conventional Celanese
effluent is amenable to activated carbon éreatment. The

changing technOIOgy of tex%ile dyeing processes results also

“in alteréd composition af liquid effluent being discharged

from & dyehouse. Preseﬁce of 20 to 100 mg of polysaccharidic

guar gum per liter of conventional wastewater mixture had a

pronounced effect on the adsorption process. The stgdy rev%aled‘

that phere is an-opgdmdm range for the gum concentration in ;he
effluent (estimateelat‘10-35 ng/2) resultin§ in a favorable
change in the adepfptive'behavior. This is reflected in an
incgease by more’ than 50% and 100% in the carbon loading at.
initial concentfation and the adsorption igtensity (the slope

of Freundlich isotherm) respectively.
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- RESUME
’ N
La présente étude porte sur le traitement par oarbone
activé des eaux usées provenant de l'usine de tapis de Celanese
Canada Limité&e a Sorel, Québec. Un tableau—des eaux részdu;ires
canactéristhues de cette usine y est brossé. 'La concentration
des polluants organiques présents dans 1'échantillon synthéti—

que des eaux ‘résiduaires typiques de 1'usine gaﬁ$e en&re 75 !

et 185 mg/L TOC. ‘La copt;ibution des produits chzmlques reliés

aux procéd&s de teinture compﬁe 3 elle seule pour environ

'75% du total alors que la contribution organigue des colorants

n'est que de 10%; le 15% restant serait la contribution approxi-
mative de la portion soluble de la gomme de guar. utilis&e comme
agent d'ajustage de viscosiﬁé dans le nouveau procéﬂé de
teinture 2 la continue. N .
En éremier lieu, l'efficacit& de l'adsorptiom par carbone
activé de la gonme de guar en solution d'eau ‘Ere%est évaluéé.
Les tests de laboratoire démontrent une am&ldoration de
l'adsorption & tempé&rature éié&ée et 3 pH acide. Le carboné
de lignite s'avéra sup&rieur au carbone de houille grasse.

A une concentration dé 30 mg/% TOC de gomme de guar soluble, la

~
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capacité a' adsorption pour dlfférents types de ‘carbone activé
a 20 C et pH neutre est assez ba.Fe, de l'ordre de 5 X
8 mg TOC/q. r

'Le'seconde partie de 1l'ouvrage &value l'efficacité de .
1'adsorp£ion par carbone activé de différenﬁs &chantillons | . &‘
!synthéthues d'eau residuaire de la teintu;ﬁrle de 1'u51ne.:
Malgré'une concentration résiduelle de polluants non adsorbables
de 9 2 18 mg/% TOC, les isothermes .d'adsorption indiquent que
les eaux usées conventionnelles de l'usine peuvent &tre
efficacement traité&es par un procédé de carbone activé. Il

1 s'av§fa que la présence de 20 a 100 mg de gpmme de guar po}yt

' .saccharidique par.litre d'eau résiduaire gonvegtionnelle a un
effet trds prononcé sur le ﬁrocédé d'adsorption. -L'&tude |
démontre que la concentration optimuﬁ¢de éomme pouvant produire
un effet positif sﬁr 1'adsorption vafie approximativement de
10 & 35 mg/%. Ceci esé dénoté enﬁlaboratcire\par un accroissef
ment d;ﬁu moing 50% de la capacité d'adsqrptioh a ;a concentra-

tion initiale et un accroissement de plus de 100% de l'intensité

d'adsorption (pente de l'isotherme de Freundlich). CoN
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1., INTRODUCTION -

1.1 Treatment of Textile Effluent

Textile manufacturing and finishing processes have
recently undergoné major development resulting in refinements
in dyeing and printing techniques whi;%%ppnsiderably enhance )
the appearance of fabrics. In dyeing processes, controlling
of discrete dye particles in agueous systems presents a new
challenge. In order to control the mbbility of these particles
special thickening additives hav; beén developed to maintain
viscosity of the dyeing éolution(l). éowevér, presence of
these chemicals in the spent process solution which is ulti=-
mately discarded poses a new pollution problem.

Until recently, biological oxidation was pfedominant in

E

the textile wastewater treatment. Its appiicationvto changing

- dyehouse effluents, however, has recently been widely dis-

cussed(278). Several advanced techniéues have been proposed
as alternatives to conventional treatment processes(9'14).
Among these adsorption with activated carbon has attracted

particular attention.
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1.2 Activated Carbon Treatment Technology

In any apélications where relatively small quantities of
organic contaminants must be removed from a‘wastéwater stream,
activated carbon should be considered as a potential treatment
method. The maximum concentration of organic matter in the
effluent that can be treated economically by carbon‘will

d?ﬁigd on the particular case. Whenever the concentration of

organic compounds exceeds approximately 200 ppm, pretreatment

to remove the bulk of the organics prior to carbon treatment

v

should be considered(IS).
The adsorptive behavior of activated carﬁon has 'been weli

documented(15"19). Carbon application to'wastewater treatment

has been discussed in considerable depth by Mantell(zo),

(21) (22)

Weber and Hassler

Studies on dyes remowval by carbon have resulted in good

(23-25) N

understanding of the process and its capabilities It

has been found that activated carbon is' effective in removing

color from mixed industrial effluents containing dyes(lo'zs).

De John compared different types of carbons derived from
lignite and coal and their suitapility for industrial waste-

(26) (25)

water treatment , including textile wastes

quter(27J

emphasized the necessity of‘collecting labor-
atory and pilot plant data prior to wastewater treatment plant
design. Process design implies the calculation of contact
time and carbon exhaustion rate. Once the two parameters are

determined, the regeneration capacity and the carbon contacting

e ket i, A g 4 e
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volume are easily derived. Théyspecific column height,
diameter and the number of columns, however, can be chqgsen
only after.ponsiaeration of hydraulic and economic factors.
Furthermore, process désign for carbon adsaréti?n is complicated
by microbial activity and complex adsorption kinetics(zs).
Bi$logical actien develops in all carbon columns treating
biodegradable effluent in the presence of Putrients and in the
absence of toxic compounds. Carbon adsorption kinetics and
the mathematical treatment of it are complicated when the
column is not operated at steady state as for upflow and down-
flow arrangements. The‘moving bed, however, represents a steady
state arrangement.

The simplest ﬁos;ible design approach is basgd on the
agssumption of equilibrium between the feed concentration and
the exhausted carbon; the only requirement for design is deter-
mination of an adsorption isotherm(29’3°). However, the method
is limited to systems with no significant biological activity
and a“highly favourable (irreversible) isotherm(za).
Design methods based on pilot plant Qata"include the

(31)

Short Term Adsorption Wave Method . the Bed Depth Service

Time‘Method(32) and the Operating Line,Method(33). The accuracy,

restrictions and uses of the above design techniques have been
K (28) i

-

discussed by Benede
It is also possih}e to design carbon columns for any
system without pilot plant work from knowledge of the mass

transfer coefficients(34737) 'These mathematical models

- B et

@




represent an effort to optimize the desigq é?d to reduce

costs and planning time requiriﬁ at both éﬁﬁrpilot plant and
full-scale levels. They are égfticularly useful in estimating
effect of changes in carbon contacting conditions. .

Granualar carbon\contacting normally occurs in a™filter-
like egquipment, often ré?érred to as columns or adsorbers.

The hejght to diameter rééio for full-scale columns typically
ranges from 1.5:1 to 4:1. The preferred material of construct-
ion is usually coated carbon steel(zs).

There are three possible modes of operation for carbon
columns(38). In the moving bed (or pulsed bed) arrangement,
fresh carbon is continuously (occagionally in pulses) fed at
the top and exhausted carbon is removed at the bottom; liquid
is fed at the bottom. In the downflow arrangement, liquid is
fed from the top and the carbon is removed for disposal or
regeneration when exhausted. In the upflow arrangement, the
liquid is fed at the bottom; columns operate in a packed or
fluidized state depending on liquid flowrate.

Dividing the adsorption granular activated carbon oper-
atign in either single or multiple column sequence is usually

(39)

assessed first . There are two possible methods of arranging

<
the multiple columns: in series and in parallel, Acceording

(40), the more common column configurations are:

to Hager
single moving bed, downflow in series, downflow in parallel

‘and upflow-expanded in series.




" by Smith(4l) and Loven

. Carbon regeneration technology, which is an important
factor in a large-scale operation, has been well evaluated
(42). The techniques differ for granular
and powdered activated carbon. Regeneration can be thermal,
chemical or biological. Thermal'regeneration is performed by
means of multiple hearth furnaces, rotary kilns, fluidized
bed furnaces and transport reactors. Chemical regeneration
includes acid or base extraction, wet oxidation, chemical
oxidation and solvent extraction. Biological regeneration can
be performed aerobically apd anaerobically.

The following pé&aqraphs describe several typical examples
of carbon adsorption systems used for the treatment of

industrial textile wastewaters,

Moving bed adsorber at Hollitex Carpet plant

Industrial use of activated carbon for treatment and
recycle of textile waste effluent¥ was firét reported a few
years ago- at Hollitex Carpet Mill, Southampton, .
Pennsylvania(43'44). The étephen Leedom Carpet Co. plant
specializes in ﬁufted carpeting. Rinse water from the dye becks
which,éccounés for approximately 80% of the 500,000 USG/day
(1,893 m3/day) total watef usage is reclaimed at this planti
A moving bed adsorber has been selected for the wastewater

purification. The remaining 100,000 USG/day (379 m3/day)

which is concentfated~dye solution is segregated from rinse

-

water and discharged into municipal sewer. Color of the influent

to the adsorber Aormally ranges from 100 to 150 APHA while TOC

; ' 3




Table 1

TEXTILE INDUSTRY EFFLUENT TREATMENT* .
(DESIGN FEATURES OF ADSORBER UNITS)

) PLANT FLOW TOTAL CARBON{
INSTALLATION RATE RAW WASTE INFLUENT TREATED EFFLUENT CHARGE CARBON
PLANT NAME DATE {1000 USQ/DAY]] CHARACTERISTICS ** CHARACTERISTICS ** RECYCLE| ADSORBER TYPE {1000 LBS] REACTIVATION REFERENCES
HOLLITEX 1900 " 500 COLOR: 100-150 APHA | COLOR: 5 APHA ves | moving BED 50 MULTIPLE HEARTH| RIZZO, 1970
CARPET TOC: 210-290 TOC: 10 FURNACE ~ | MacCRUM, 1971
MASLAND - 19 50 COD: 305-1450 COD REMOVAL »» 75% NO TWO FIXED BED 3.8/SYSTEM |AEROBIC RODMAN ET AL,
AND SONS [Pilot Plant] BOD: 6700 BOD REMOVAL ! 95% SYSTEMS IN REGENERATION | 1971
= COLOR: NONE PARALLEL
HARDING 1972 [ ] TOC: 585 TOC: 235 NO - TWO FIXED BED 2.5/SYSTEM [NONE HINES, 1975
CARPETS COD: 1800 COD: 808 SYSTEMS IN .
N BOD: 507 BOD: 1968 PARALLEL
COLOR: 8400 UNITS COLOR: 200 UNITS
[Hach KIt] [Hach KH]
PALISADES 1973 75 COD: 1700 - 10500 COD REMOVAL: 55 - 70% NO TWO PARALLEL 14/SYSTEM ANAEROBIC AND | POON ET AL., 1973
INDUSTRIES 800D: 1300 - 7800 BOD REMOVAL: 85 - 73% SYSTEMS OF UP- . AEROBIC
FLOW AND DOWN- REGENERATION
FLOW CARBON
) BEDS .
. WESTMILL 1973 80 COD: 130 COoD: 10 YES PULSED BED _ 24 NONE BURKELL, 1973
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concentration varies fram-élo to 290 mg/z.l QOIOr of the
treated water is less than 5 APHA with apprbximately 10 mg/2
TOC, as shown in Table 1.

. . L}
The existing plant flow chart is shown in Figure 1. The

]

‘~’ringe water prior to its treatment flows through de~linting
- -

A"E&reens. From two 20,000 USG (76 m3) holding sumps the waste- (

water is passed at an upflow flux ofa4.7 dSG/ft2 min

(0.19 m3/m® min) through 50,000 1bs (22,680 kg) of granular
‘carbon céntained-in the 27 ft height x 9.75 ft diameter

(3.2 mx 3.0 mf moving bed adsorber. The contact time varies
between 40 and 44,minﬁtés,a Treated process water then passes
ﬁhrodgh a cooling towgr'whéré its temperature is reduced from
180°F (82°é) to 90°F '(32%) bgfsre being stored in a tower
‘for reuse. It has been recently reported that carbon used at
fhis plant is exhausted at a rate of'O.SS 1b/1000 USG |

(66 kg/1000 m3) ¢45), ' _
Reactivation of spent ca{Pon is accomplished in a six

hearth 'gas fired furnace capable ¢of treating 2000 1bs/24 hours

(907 kg/24h) . Losses of carbon duriné the réactiyahion cycle

are reported to be slightly/less than 5%. Cost for regeﬁeration

is about 9¢/1b (20¢/kg) of carbon reactivated.

insﬁalled cost of the water geclamétion unit was approxi-
mately $350,000. Total operating cost includiﬁg ma£e~up water
aﬁd municipal treatment of concentrated dye solution ig esti~-

mated at 15¢/1000 USG (4¢/m3).

—
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RINSEWATER 400,000 USG/d

FIGURE 1

MOVING BED ADSORBER
Hollitex Carpet Plant
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,~Bio-regenerated actlvated earbon at Masland plant

]

A new textile wastewater treatment process lnvolvzngv”

" ‘bioclogical regeneratlon of exhausted activated carbon had

- been in operatlon at C.H. Masland and Soﬂg plant in Wakefleld,

R,Id(46). The carpet yarn fabr;c &yelng facility produces

‘,‘50 000 USG/day (189 m./day) of wastewater. Prior to discharge

through the . small treatment pllot pﬂant unit installed there,
mean COD value of ‘the effluent is 700 mg/z BOD 396 mg/% and
suspended so;lds 27 mg/%; the dyehouse waterfis heavily colored,
with'a mean of 2.5 units at 450 nm oh the spectropﬁctcmeter.»

The parameter ranges are also presented in Table 1.

Pilot plant data have: shown that the orocess is economi-

cally well suited for handllng complete treatnent of a relatlvely :

small volume of textile Wastewater up to 75 000 UsG/day
(284 m /day).‘ In the case of Masland plant, the textile dye
wastes was easily deto}orized'by a single downflow pass through
fixed granular activated carbon beds"at an aVerage‘flux of
12 usc/£t? min (0.49 n’/m? min) .
Biological regeneration was accomplished by contacting
the columns in an tpflow mode at a flux of 10 USG/ft2 min
(0. 41 m /m min) with the effluent of a 1200 USG (4.5 m )

reactor wherein a viable micro-organism seed was maintained.

~Color removal was virtually complete at the two evaluated fluxes,

8.5 USG/£t2 min (0.35 m>/m°> min) and 15.6 USG/ft2 min
(0.64 m3/m2'min)4 COD removal was 85% or higher at the lower

flux and only 48% at the higher. Description of the proposed
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FIGURE 2

BIO—REGENERATED ACTIVATED CARBON
Masland Plant ad
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full-scale treatment unit 2; given below. The treatment
process flow chart is shown in Figure 2.

Afﬁer equalization in a 50,000 USG (189 m3) tank, the
dyehouse effluent passes downflow at an approximate rate of
30-40 USG/min 1-0.15 m3/min) through either one of the two
carbon 5yétems<§;;;7containing three columns in series charged
with 1200 1lbs (544 kg) of granular carbon per bed. The two
systems alternate for treatment and biological reéeneration.

A regenerant reservoir of 5,000 USG (19 m3) is suggested.
When sufficiently regenerated, the carbon system is switched

back on stream, and the other carbon system is subsequently

q/,,\regenerated. The effluent quality of such a system is claimed

to be of a tertiary treatment level.

Fixed bed adsorbers at Harding Carpets plant

A yastewater treatment system which consiéts of Fwo sets
= Of fixgd bed adsorbers, each operating with columns in series,
has been installed at Hardihg Carpets, a man-made fibers plant
in Collingwood, Ontario. Prime purpose of the treatme&t system
is colour removal from the 86,000 USG/day (326 m3/day) maximum
dailly wastewater flowrate, a function it ié performing well(47)n
The existing plant flow chart is shown in Figure 3. Prior
to reaching the adsorption system, the waste liquor solution »
| from the dye kettles is discharged into a holding pit, passes

through screens and is transferred to a waste storage tank.

The first set of adsorbers consists of two downflow fixed Bed

o st e




FIGURE 3
FIXED BED ADSORPTION
) Harding Carpets Plant
EFFLUENT TOC=585mg/| . .
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columns connected in éefies, each holding 1260 lbs (572 kg)/
of granular carbon; each’ column is 10.5 ft x é ft
(3.2m x 0.9 m). Maximum flux through the cglumns is
6 USG/fﬂ2 min (0.24 @3/m2 min). The second set of ad;orbgrs
is parallei to the first one and consists of two downflow
fixed bed columns connected -in series, with a carbon lcading
similar to the first set of'coluan; each column is
10.5 ft x 4 £t (3.2 m x 1.2 m). Flex through these columns
is 3.8 USG/ft2 min (0.15 m>/m® min). -

'Typical paéameters‘fbr the raw waste and final treated
effluené are summarized in Table 1. Final effluent from the
carbon adsorbers is discharged into the municipal sanitary

)

sewer system. \ ]

Anaerobic-aerobic treatment with actlvated carhon at Pallsades

Industries

A new process for the treatment of high concentration
textile dyeing and finishing wastes has been installed at
Palisades Industries, a commission dyér and finisher of

synthetic and synthetic-cotton blend fabrics at Peace Dale,
(48) ’

R.I. . Normal flowrate of wastewater from the eight auto=-

matic dyeing jags is estimated to be 75,000 USG/day

+

(284 m /day).

4

wastewater treatment system consists of three.units that are

.connected in series. Unit 1 is a large basin sectioned by
interior walls; key element in that basin is the 21,000 USG

(80 m3) aerated equalization .pit which serves as a roughing

v
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The existing plant flow chart is shown in Figure'4. The
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mechanism to reduce BOD before treatment by activated carbon

in Units 2 and 3. Unit 2 comprises two upflow activated
carbon reactors receiving the mixed liquor effluent from

Unit ] and serving two functionsz (1) Adsorption of soluble
organics and color material and (2) Filtration of suspended
solids. Each rﬁactor is on stream for a predetermiged length
of time before it is switched to an anaerobic regenergtion
cycle, putting"the other reactor 6n stream in the meantime. -
Each vessel, 8 ft (2,4 m) in diameter, is filled with 8000 lbs
(3629 kg) of granular activated earbon. Unit 3 is comprised
of four adsorbers each 4 ft (1.2 m) in diameter and filled
with 3000 1lbs (1361 kg) of granular activated carbon. ' The
four columns are operated as two parafigl systems, similar to
Unié 2, Wwith two columns in series. To incre?se flexibility
of operation, each pair of columns is piped to operate in
either upflow or downflow'mode of contact at a flux of

12 'USG/ft2 min_ (0.49 m3/m2 min). The carbon columns are
designed to bé%fégenerated\biologically: this is accomplished
by contacting the columns at an upflow flux of 1§ U‘SG/ft2 min
(0.65 m>/m® min) with the stream of effluent from a 1500 USG
(5.7 m3) reéctoerheréin an active aerobic micro=-organism
cwléﬁre is maintained. After Unit 3 polishing tregiment,

effluent is discharged to the river. ‘
Under normal flowrate, the equalization basin c;n remove
approximately 50% of BOD.. The total ave§?ge BOD removal for

the entire system cgrrentiy ranges from 65 to 73%; more data

3




- 16 -

are also presented in Table 1. Further improvement of the
treatment system is possible.

Pulsed bed adsorber at Westmill Carpet plant

[ 4

A small pulsed bed column has been installed at Westmill

Carpet, a carpet mill in Kelowna, British Columbia, for reuse

of rinse‘watefs from dye becks process‘equipment(49)kj

.Reclaimed water constitutes some 40% of the total water requiré-:

mént at this plant.

Typical parameters of the dye rinse water are: 130 mg/%
cop, 80 mg/% TSS, 800 mg/% TDS, pH is 8 dnd color is light;
water quality of the treated effluent allows satisfactory
recycle of procéss water.

The existing plant floﬁ chart is' shown in Figure 5.
Treatment system consists of fixed screens to remove the bulk
of the loose fiber from the used rinse water and a sand filter
for complete removal oﬁofine susﬁended solids, followed by
the activated carbon column. The adsorption system is designed
to handle 4.4 USG/ft2 min (0,18 m3/m2 min) for a total through-
put of 60,000 USG/day (227 m3/day). A single pulsed bgd éolum;
with a carbon loading of 2400 lbs (1089 kg) is ‘employed; the
vessel, dimension is appréximately 14 £t x 3.5 ft (4.3 mx 1.1 m).

~Withdrawal and addition of carpon is carried out manually.

At the projected carbon use rates, regeneration is not economi-

cally justified, and carbon is used on a once-through basis.
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s PULSED BED ADSORBER
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Ozone~carbon treatment system at Kanebo Nagahama plant

A new treatment system combining oxidation by ozone and

adsorption by activated carbon has been installed at the
Kanebo Nagahama factory, Japan; it consists df two ozone
reaction towers folloﬁed by a single pulsed bed adsorbe;.
Although the phenomenon of dyes oxidation by ozone is not
qew(SO), the great importance of the ozone-carbon technique
lies in that these two phenomena are combined to produce a
synergistic effect in addition to their own individual effects,
according to the authors(SI).

The existing plant flow chart is shown in Figure 6. From
a 185,000 USG (700 m3) storage tank, thg Kanebo's wastewater

is pumped at a total rate of 870,000 USG/day (3,300 m3/day)

through two ozone reaction towers 16.4 ft x 9.2 ft (5.0 m x 2.8 m)
where a maximum of 50 ppm of ozone is maintained. Liquid is g
then discharged into an intermediate tank and pumped through
84,000 1lbs (38,102 kg) of graﬁular activated carbon p;ckgd in
the 24.6 £t x 10.5 £t (7.5 m x 3.2 m) pulsed bed adsorber.
Treated effluent is‘pH,adjusted prior to discharge.
Typical parameters for the raw waste and fiﬂal ;reated
effluent are summarized in Table 1. Reactivation of spent
carbon is performed into a Nicols-Herreshoff vertical gas furnace .

capable of treating 7,300 lbs/day (3311 ké/day). Total oper-

ating costs are estimated at 34¢/1000 gallons (9¢/cubic meter).
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Fixed bed adsorbers at Weeks plant

A carbon fixed bed treatment system capable of removing
both dispersed and dissolved organic dyes from'thé dyehouse
wastewater efflueﬁt has been operated at Weeks plapt(sz).
‘The Hanes Corporation piant manufactures women's hésiery: it
operates 24 hours pef day} using 150,000 USG/day (568 m3/day)
of water. In addition to dispefse dyes- which are mixed on a
batch basis, the waﬁer zs compriseé‘of dispersing, softening,
finishing agents“apd stripping compounds. Treated water is
recycled to'the'dyehquse. '

The proposed plant flow chart is shown in Figure 7. The

pilot plant systém consists of a diatomaceous earth filtration

unit to remove suspended solids followed by a holding tank;

from there, filtered water is pumped downflow at a rate of

3 USG/min (0.7 m3/h) through two carbon adsorbers connected

in series. Tréated effluent is then recycled to the four small

10-1bs dye machihes for the next round of dyeing. lExperimental

results indicate that the TOC was reduced by approximately

89% overall with complete color removed. Suspenéed solids were

reduced by gbput 50% across the DE filter. Strict quality

control tests conducted after each treatment cycle’revealed

that the product was equal to that dyed on ; normal operation.
Typical parameters for the raw waste and final treated

° | effluent are summarized in Table 1. Reactivation of spent

, carbon would be performed by the’supplier.
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Combination of activatéd carbon-activated sludge at Cone Mills

An existing seconggfy treatment plant effluent was subject

of further polishing to ﬁeet more stringent wastéwater
(53,13)

North Carolina, is a manufacturer of cotton and cott&n-syntbeti&
blends. The waste treatment system consists of two 24-hour
;erated equalization basins (one of whigh is equipped'for
extended activafed sludge operation),'facilities for adding ~n
screened domestic waste if needed, a high-solids 24-hour
extended aeration activated sludge basin, clarifiéfs, a 3=-day
aerated stabilization basin, post-chlorination, and a 45-minute
mixing/reaeration basin. The existing plant flow ‘chart is
shown }n Figure‘B.

It has been observed that an addition of sbecific amounts
of powdered activated carbon to the éeratiOn basin (2000 mg/2)
improves the bioiogical treatment efficiency. The exact g
mechanism responsible for its positive effect is not well zzigff/

u

a(54)

stoo . In the full-scale testing, the mixed liquor s :

Ve
pended solids level was brought to the 9,000-12,000 mg/% by
o 4 .
feeding the powdered carbon along one side of the main reactor

basin. Carbon was fed 5 days per week whi?e wasting sludge

5 days per week at a relatively low level. ' Results over the

. 1974 year have indicated no major problem due to powdered

carbon addition.

a

The most noticeable change with the previous conventional

biological treatment unit has been the great increase in color

[
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- removal. After carbon addition, this was reduced by 50% to

the 60 APHA color units level.

1.3 Activated Carbon Textile Effluent Treatment Process

ﬁgveral successful applications of activated carbon pro-
-cesses for treatment of textile wastewaters have been gescribed

in Section 1.2, Adsorption as a unit process offers many

advantages when compared to conventional biological processes:

.the system requires approximately ond-seventh the land required

't for a biological process(43), no sec¢ondary sludge is produced;

ks

even highly toxic wastes can be easily processed. The
adsorption system allows flexibility in design and operation,
producing esthetically superigr effluent, free of color and

odor, at lower capital investment. The degree of treatment

is such that it produces effluent suitable for reuse.

«+ vt

Reuse of treated wastewaters is currently performed in !

" both small and large textile plants using carbon adsorption !

processes. Wastewaters recycle might well become commorn

practice in the not too distant future, for reasons of water

supply availability as well as savings(ss’ss).
The anaerobic—-aerobic bio-oxidation treatment system
i with act}Veted carbon might well become qompetitive to tﬁe
conventional biological treatment process for effluents with }

hlgh concentrations of biodegradable materials.

r While the addftion of powdered activated carbon to acti-

vated sludge units would tend to increase operating costs,

f
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reduced total expense may be realized £hfough savings on
defoamers, coaqulant;, sludge handling and vacuum filtration.
chemicals. Higher color removal is gxpectéd\from this
technology.

As a general rulé, suppliers of activated carbon provide
a table of quality parametefs for theié products comparable
to the one shown in Appendix 1. It has frequently been observed

that the products received from various manufacturers do not

correspond to the specifications listed in the accompanying
data sheet(ss). Often, most of this information is of little
value to the individual whose responsibilities inclﬁde evalu-
ating the economics of several competing activated carbons. An

evaluation of each batch of activated carbon in his own system

then becomes mandatory for every user.

Several carbon properties should be compared. Thej may

(19'67). The

be grouped as primary and secondary properties
primary properties are those most directly corqerned with cost
and effectiveness of the carbon while secondary properties are

less critical. For granular carbon, primary properties include

adsorptive capacity, attrition resistance, permeability and

extractable solubles contained in carbon. Secondary properties
include bulk density, pH of carbon, moisture and ash contents.

(66), the three parameters of import-

According to Mattson
" ance for evaluation of granular activated carbons at' the labor-
atory scale level are the adsorptive capacity, the rate of

('\ adsorption and the resistance to>attrition. The rate of

. . ' .
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adsorption détermines the contact time and flowrate required’
to produce a given quality of effluent while the ability of a
granular carbon particle to resist mechanical and hydraulic
attrition plays an important economic role in selecting the
carbon that will result in the lowest operating costsf

Following a lab scale study, most investigators recommend
(58,59,68) ;

-~

piiot plant studies
Despite some of its shortcomings, the activated carbon
effluent treatment is becqming more widely employed as increas-.
ingly stringent environmental regulations are beingmintroducgd
and enforced., 1Its potentia} will further increase if a téchno—
logical breakthrough is realized which would improve adsorption

w

capacity of activated carbons for low-melecular weight and

high-polarity compounds.

e

1.4 Pollution Problem at Celanese Canada Ltd., Sorel Carpet
Plant

In textile industry, several types of continuous éyeing
processes are now in use for caréets all of which require
thickening additives to control the distribution of the dye.
The continuous dyeing process at the Celanese Canéda Ltd.

Carpet plant located in Sorel, Quebec, uses Syngum D-47-b

(Jaguar A-40~F) since its addition results in the required

%j viscosity at a very low concentration. The thickening agent
is a highly purified guar gum manufactured.by Stein, Hall and

Co. Inc.
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The' spent process solution which is comprised .of many
dyes,  chemicals and éum additives is normally being discarded,
this practice posing a serious pollution problem. The mixed
dyehouse effluent has to be treatéd before discharge into the
receiving water body in compliance with the new p;ovincial '
water quality regulations being introduced in Quebec.

The dyeﬁouse effluent treatment procedure which is con-
sidered for thé Ceianese plant is a moving bed adsorptiﬁn system
employing granular actiVated\gﬁrbon. Preliminarx laboratory
and pilot plant studies car?ied}out have indicated satiéfactory
removal of organic pollutants from conventional dyehouse mixed
effluent., An additional study is required, however, which would

investigate the effect of gums on the adsorption process. The

gums were recently introduced to the effluent originating from

‘a newly installed continuous dyeing process.

The ultimate goal is to recycle 80 to 100% of the treated

water back into the dyeing process.

1.5 Objectives

The cbjectives of the ﬁ?esent study are as follows:

1. To characterizé the Celanese Sorel dyehouse efflPent.
2, To develop informaéion on the adsorption by activatéd
.carbon of Jaguar A~-40-F gum from its pure solution.

a) To]determine the adsorptive capacity of various
types of activated carbon. |
b) To determine tﬁe effect 6f pH on adéorption.

.
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c) To determine the effect of temperature on
adsorption. .

3. To investigate‘tﬁe effect of the gnm%oq the adsorption
‘process Ereating a typical carpet dyeh&&ée effluent.
Different types of activated carbon will be tested.

4. To develop information whicﬁ could serve as a basis
for propei design, sizing and operation of the acti-

vated carbon treatment process at the Celanese plant.

@ '
\ 1 . . . .
. \ ‘ ‘.
\ 0 . & . &
. . .
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2. EXPERIMENTAL

2,1 Materials

Table 2 shows six brands "of activated carbon which Qere
examined in connection with this work. All were chosen on the
basis of the{; general applicabilitgfin wastewater treatment
under an assumption that the sampleé raceived from respective
manufactureré are representative of the typical activated
carbon grade produced on a large scale, However, a ng@ batch
of Hydrodarco 4000 was mixed with an equivalent volume of the
old Hydrodarco batch for all experiments involving the mixed
effluents. The new batch was received from the manufacturer
about 3ix months after the first one. o

The physical propertiés of the investigated granular

The data were provided by
(57)

carbons are included in Appendix 1.

the carbon manufacturers; a few were taken from literature

[N
L
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Table 2

GRANULAR ACTIVATED CARBONS'USEP

IN THIS STUDY =~ . .

Trade Name

Supplier

Location

Filtrasorb 400
Hg@rodarcb 4000

Norit

Nuchar WvV-L
PC

Witcarb 718

Calgon Canada Ltd.

Atlas Chemical Industries
Canada Ltd.

Norit, N.V.

Westvaco
Barnebey Cheney Ltd.

Witce® Chemical Canada
Ltd. '

3

Bramalea, Ont.
Brantford, Ont.
pmsterdam,
Netherlands
Cgvington, Va.
St. Jean, Que.

Toronto, Ont.




TAble,B shows the dyes selected for preparation of the
synthetic wastewatef mixtures. The powder dyes were used as
supplied by Celanese Sorel plant,

The list of textile chqmicals which were used for the

synthetic wastewater mixtures is presented in Table 4, :All

" chemicals were used as supplied by the Celanese plant in
. Sorel. All the samples received were identxcal with the

" materials used in the dyehouse,

The guar gum compound was supplied as a cream colored
dry powder by the Celanese Sorel plantﬁ The product is manu-
factured by Stein, hall and Co. Inc., New York, under the.

registered trademark of Jaguar A-40-F (Appendik 2)., The gum

‘'sample was used without further purification.

. L
R . ¥
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DYES USED FOR THE TYPICAL SYNTHETIC
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Table 3

WASTEWATER MIXTURES

Commercial Name

C.I. Clagsification

Type

Dispersol BiuerBG
Dispersol Yellow Aq
Terasil Pink FG
Nylomine Blue AG
Nylomine Red A2B100
Nylomine Yellow AG
Nylosan Yellow CRM

Disperse Blue 26
Disperse Yellow 3
Disperse Red'SS
Acid Blue 25

Acid Red 266

Acid Yellow 135
Acid Ygllow 219

S

Disperse

" Disperse

Dispe;se
Acid
A;id
Acid
Acid
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Pable 4

|

{

TEXTILE CHEMICALS USED FOR THE TYPICAL

SYNTHETIC WASTEWATER MIXTURES f&

Product

Physical State

Use -

Acetic Acid (56%)
Ammonium Sulfate
Chemcogén 6DL
Deflavit ZA
Disperse 1097
Kalex 50%
Levegal FTS
Progawet Log
Tesco DDE

Texésist AS

Liquid
Crystals
 Liquid
érystals
Liquid I
Liquid
Liquid
Liquid
Liguid
Liquid

pH Adjuster
pH Adjuster ,

Levelling Agert

‘Stripping Agent

Compatibilizer

Sequestring Agent

‘Retarding Agent

Wetting Adent

" Anti-foam Agent

Levéiling Agent

-
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2 2 Preparatlon of Stock Solutions ﬂ

*°

The three groups of products defined in Sectxon 2.1 as

Dyes, Textile Chemicals and Gums represent the major pollutants )
likely to be found in Celanese untreated effluent at Sorel
plant. A stock solution for each of these three groups was 1

a |

prepared as describea below. , ;

2.2.1 Dye, Stock Solution . . ' |

The dye stock solution was pf;pared by first adding
directly the appropriate amounts of acid éyes to 300 nml of
distilled water Eontained in al z: vblumetric flask at 20°c,
While continuously stirred with a Thermix stirfer and heater
(Model 11-493), the solution was heated to 100°C and the boiling

température was maintained for about 5 miputes.\ Following slow ;

coo iné to below 60°C, the disperse dyes were added. The stock
solution volume was adjusted to one liter with distilled water
and stored under refrigeration.

The stock solution, which was 100 times more concentrated

than the mdximum dyes concentration used in experiments, con-

q
~

tained 1930 mg/%L of total carbon.

2.2.2 Textile Chemicals Stock Solution

The textilg chemicals stock solution was prepared by adding
directly the appropriate amounts of chemicals to 100 ml of
distilled water contained in a 1‘2. voiumetric flask. Low
heat was applied to help dissolution of’¢ryst$1115e gnd vispousx
compounds while stirring at 20°C with the Thermix device. The
stock solution volume was then adjusted to 1 L. with distilled

water and stored under, refrigeratlon.
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The stock solution, which was 100 times more concentrated
than the maximum chemicals concentration used in experiments, \
contained 13,000 mg/f of total carbon.

§

2.2.3 Guar Gum Stock Solution

The guar gum stock solution was obtained by slowky sprinkl-
ing approximately 2 g of Jaguar A-40-F into the vortex of one
liter of rapidly agitated distilled water at 20°%. After 45 S

minutes,‘the‘viscgus gum solution was vacuum filtered through

a 9 cm Whatman filter paper No. 4 using a two-piece Buchner
funnel Kimble 54060, the supernatant refiltered through a 9 cm
Whatman filter paper No. 5. The resulting clear stock gum
solution free of suspended matter was sto:éd\in al 2. volumetric
\

flask under refrigeration,,

The stock solution, which was approximately 24 times more #

concentrated than the maximum gum concentration used in experi-

ments, contained 708 mg/& of total carbon,

-
L

2.3 Preparation of Activated Carbon Samples :
The following procedure was repeated for each of the six

granular activated carbons under study.

Approximately 100 g of the granular carbon sample was

pulverized with a Waring blender and sieved through the No. 325

Tyler mesh size, Canadian Standard Sieve Series (opening in
metric: 45 ym). The carbon powder was dried at 150°C in a
forced draft oven for 3 hours. It was subsequently stored in

a low humidity room in an enclosed container.
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_-(used for the pure gum adsorption tests) or a 4.7 cm Gelman

e
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2.4 Laboratory Adsorption Test Procedure

The present study was based on a standard batch adsorpt;on
procedure yielding data for adsorption 1sotherms(58’59)./ Stock
solutions were used fon»preparaﬁion of synthetic effluent by
dilutions ‘and mixing of appropriate components. PpH was adjuste%
when required by additions of either NaOH or ch.' No pH adjust-

ment was necessary for the synthetic mixed effluent with natural

PH 6.010.3 which was within the acceptable range of pH 5-7.

A 100 ml sample portions were pipeted‘into 500 ml erlen-
meyer flasks. The required amount of carbon powder was manually
mixed into the liquid in each sample flask. The flasks were"
then shaken on a Gallenkamp wrist action shaker for 60 minutes.
No carbon was added to a control flask céntaining the solution
only.’ . |

Immediately following after the shaking period each solution
wéa vacuum filtered through either a 5.5 cm Whatman filter

paper No. 5 placed in a two<piece Buchner funnel kiﬁh}e 54000

f;lter paper Metricel GN-6, pore size 0.45 um, placed in a
250 ml Millipore filter holder (used for all other teéts). The'

Whatman paper was sufficiently wetted with distilled water

Ztietons

before filtration. The Gelman paper was thoroughly washed with

300 ml of distilled water before filtration. Approximately

85t15 mi of filtrate was collected from each test.
'Approximaéely 40 ml of each filtrate sample was poured in

a clean 50 ml beaker for a TOC analysis. All carbon analyses

.
T TR SRR, < AT

P e e
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‘in this study'were‘performed wrth a Beckman Total Organic
Carbon Furnace Module (Modei 915-A&) and a Beckman'ﬁon-Dispersive
Infrared Analyser kModeI 865). A pushbutton operated Hamilton
syringe (Model CR-700-200) was used for sample 1n3ection.

( Total Carbon (TC) and Inorganic Carbon (IC7 concentration of
sample solutions were derived from callbration curves
(Appendix 3). Tora; Qrganic carbon (TOC) value was obtained

by substraction of TC and IC values; these measurements were .

.recorded on a 10" Hewlett Packard strip chart recorder (Model'
[7127A). All recorded peaks fell,withro the equipment specified’
repeatability range (:2% of full scale from 50 to 4000 mg/%).

Most experimeors were performed atlzdtloc. For the few

cases where a temperature of 65°C was required, a 15.5" x

5.5" x 8,5" Fisher Versa-Bath- (Model 131) filled with water
controlled at +0.5° was‘ﬁéed. The water bath and the shaker
were set side by side~with£250 ml stoppere& erlenmeyer flasks
submergeo in hot water.] The flasks containing solutions were
heated to 65°C prior to receiving rﬁe adsorbent. All other
operations of the adsorption procedure'remained unchanged., '

In the special,cases where tﬁe contact time was investi-
gated, a 3 %. beaker and a Thermix stirrxer (Model 1l- 493) were
‘used instead of the 500 ml shaker erlenmeyer flasks. Qne
11ter of the prepared solution was poured into the,beaker which

was set on the stirrer. At time zero, the required amount of

powdﬁr carhon was poured in the llquid stirred at 20° At

PRl o ] N 4
( I ; . .
, ‘ _
“a f - ' ’
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specific time intervals approximately 30 ml of the black

liquor was withdrawn with a 50 ml beaker and filtered accord-
ing to the established procedure.
All the tests in this study were done in agreement with

the Standard Methods for Examination of Water and Wastewater(go).

e
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3. RESULTS

3.1 Characterization Q{ Celanese Dyehouse Wastewater Effluent

3.1.1 Introduction

¢

Several attempts have been made in the recent few years
to quantitatively ;haracterize Celanese dyehouse wastewater
at Sorel(60—63). The results, however, do not always agree,
the main reason being that the dyehouse effluent compositibn
is dramatically fluctuating, even within short periods of
time(63).

’ The industrial effluent under study is comprised of three
broad groups of products which in the previous Segtion were
defined as Dyes, Textile Chemicals and Guar Gum: These products
orlglnate from the batch (Dye Becks) and/or the continuous
(Kuster, Tak type machines) dyeing operations performed at the
plant. Dyes used for the two dyeing processes aré essentially'
disperse or acid in nature (Tablé 3). O§E/of 100 pounds of
dyestuff, about 65 pounds are disperse dyes. In Table 4, all
chemicals except Disperse 1097 and Progawet Log are linked

to the batch dyeing operation. The great- amounts of textile
chemicals used are largely<;esponsible for the organic pollution

of the dyehouse effluent. Syngum D—47~D (or Jaguar A-do-F)
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constitutes the third category of pollutants present in‘the
mixed effluent, It is used as a thickener to control the
distribution of the dye for the continuous dyeing process.

3.1.2 Prediction of the Celanese Dyehoise Typical Wastewater’
" Mixtures Composition ”

For the cuf?ént study, it was imperative to select a
wastewater samplecfepreséntative Sf the typ;ca%'dyehouse
effluent. Thelgrab-sampling“method was rejected because it
is not reproducible and yields samples froﬁ which constituents
are hardly idengifiaple. Prediction from the plant dyeing
recipes of the range of pollutant concentrations likely to
occur in the final dyehouse effluent was considered a more
appropriate approach. It was carried out in the following
manner:

Five typical batch dyeing recipes were selected: one
pale shade (#2105), two medium shades (#2104, #2109) iand two -~
déep shades (#2101, #élOG). These shades t%pically fepresent
‘approximatenﬁ 90% oflthe total production; their relative pro-
“portion in the dyehouse is 3:5:2 (by;weight). The lists of - '
dyes and éheﬁicals:involved have been tabulateé in Tables 3
'and 4. J

\ Based on the same weight of virgin fabric and on the ggmé
‘unit volume of dyeing 1iqﬁor, the proportion of each component .
from the five typical recipes was summarized,,K yielding a comi

posite dyeing liquor which constituﬁes a tyﬁlcal daily iﬂbut

to the dye beck machines.
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The dye components we}e ﬁhen segregated from the textile
chemicals, with each group being treated differenﬁiy. Con-
centration of the §ye components in the batch and'theicpntinu-
ous dyeing etock pastes are identical. .The textlle chemieale
in the continuous dyeing steck paste are essentially &aquar
A~40-F, Disperse 1097 and Progawet iog. The gum concentration '
in the stoek paste is base& on viscosity requirements of the
dyeing eoletion. The initial gum concentration is currently
1 g/4 for the Kuster machine while iﬁ wes,estimated to . be
5 g/% for the Tak equipment, 'Concentrations of Jaguar A-40~F,
Dﬁ%perse 1097, Progawet Log and Texasist’AS in the stock pastes
were each derived ffem an approximate partial'mass balance
around the dyehouse where inputs were based on amounts of
purchased materials by the Company for the last six* months,

Table 5 shows the total deily volumes of baﬁch and con~
tinuous stock pastes for the dyeieg equipment. Feed volume
for the Tak equipment was based gn\the extrapolated next year
production. ‘This was estimated at 10% of the current total
production with the continuous'dyeing equipment.

The final mixed dyehouse effluent flowrate fluctuates
between 350,000 and 450, 000 IG/day (1,591-2,046 m /day).

Table 6 presents the calculated dilution factors,

. “ %

'
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@ Table 5

VOLUMES OF BATCH AND CONTINUOUS
_ DYEING SOLUTIONS

Volume/Day °

Dyeing Equipment | 4, imum (1G) | Maximum (IG)
Dye Becks 4,500 7,500
Kuster 10,000 15,000
Tak = 2,160

S
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Table 6’
' DILUTION FACTORS FOR DYEING
\ SOLUTION CONSTITUENTS .

gy TR -

Dilution Factor

Dyeing Solution Constituent Minimum | Maximum

\& —
Dyes ' 14.2 31.0

. , ' Textile Chemicals 46.7 100.0
Guar Gum 20.4 45.0

[P B . '
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The values in Tables 7 and 8 represent the maximum
< * ¢
estimated concentrations of pollutants in the final dyehouse-

effluent, as calculated from the minimum dilution factors in

. Table 6 and the fecipes. Both Dyes and Textile Chemicals

stock solutions were prepared according to Tables 7 and 8.

'The range of gum concentration in the final effluent,

20-80 mg/%, was estimated in‘a simlla; manner. .

It was assumed that 90% (by weight) of acid dyes and 80%
(by weight) of disperse dyes are being adsorbed on £hé fabric,
It was also assumed that all the textile chemicals (including

Jaguar A=40-F) flnd thelr way into the dyehouse effluent with=-

~out losses. ‘ 4

F
The odorous ammonia compound was not included amongst the

textile chemicals in Table 8. “The large amounts of ammonia
prasent in toe initial‘stock paste for the dye becks will be
considerebly reduced with the introduction of new batch dyeing
process modifications. Small amounts of mono-sodium phosphate
and tetra=-sodium phosphate are also present in the batch dyeing
stpck paste. These were neglected because it is expected that
they would not be used in the dyeing process in future. Neither

ammonia nor phosphates are being removed by activated carbon(64)
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N Table 7
ESTIMATION OF MAXIMUM CONCENTRATION OF
TYPICAL DYES IN DYEHOUSE WASTEWATER
Y
Dye Concentration (mg/%) H
Dispersol Yellow AG 17.7 -
Terasil Pink FG 8.3
Nylomine Yellow AG | © 6.6
Dispersol Blue BG ‘ 2,1
Nylosan Yellow CRM 1.6
Nylomine Red A2B100 | _ 0.7 ' W
Nylomine Blue AG 0.5
/
o
NG
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ESTIMATION OF MAXIMUM CONCENTRATION OF TYPICAL
TEXTILE CHEMICALS IN DYEHOUSE WASTEWATER

B Chemical Concentration (mg/%)
Ammonium Sulfate - 314.0
cnémcern 6DL 109.9
Disperse i097 47.4
Levegal FTS 47;1
Kalex (50%) | ' 38.7
Tefagist AS 38.6
Progawet Log - 34,2
Tesaco DDE ‘ 0 . 30.7
Deflavit ZA 25.6 -
Acetic Acid . 23.6

1
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3,1.3 Descripti@n of Typical Mixtures

Table 9 desFribes 8ix synthétic wastewater mixtures which

represent a widébrange of pollutant concentrations likely to

les - ,

final dyehouse effluent.

1“ . N -
Effluents and B are gum-free mixtures. They represent

be found in the

respectively the highest and the lowest loading of Dyes and
Chemicals soluble pollutants in the final dyeﬁo;se effluent,
based on the cu fent modes of dyeing operations in the plant.
All other efflulnts are simply modifications of the basic
effluents A éndlB.

The amounH of gum pollutant present in the effluent is
loglcally expeﬁted to be more or less proportional to the

mixture total qoncentration. Indeed, a larger feed volume of

continuous dyei

ng ligquor is more heavily gum-loaded when taken

as a whole. Iﬁ face of the final dyehouse effluent composition,

this is importJnt since 60 to 70% of the total dyeing pro-
ducéion is perfered with the continuous‘dyeinq equipment.
Thus, effJuents C and D have been prepared by additions

of respectivelj 190 g/2 and 65 mg/2 of Jaguar gum to the
heavily loaded leffluent A while effluents E and F have been
prepared by additions of 65 mg/% and 20 mg/% of gum to the
less concentrat d'mixture B. |

‘\ The last t%ree columns in Table 9 show the estimated
percent contrib#tiou by Dyes, Tex;ile Chemicals and Guar Gum

respectively to the average TOC total concentration for each

effluent.

/
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Table 9
TYPICAL SYNTHETIC DYEHOUSE EFFLUENT MIXTURES
. Celanese Carpets Plant, Sorel

+

’ Estimated Percent Contribution
Name of - Total by a Group of Pollutants
Effluent Composition Concentration .
. (mg/L TOC) Dyes (%) Chemicals (%) Gum (%)
A Highest estimated concentration 148+3 - 13 87 -
-of Dyes and Textile Chemicals . .,
in final dyehouse effluent -
- ) . '
B Lowest estimated concentration 692 13 87 - o
of Dyes and Textile Chemicals i @
in final dyehouse effluent - - . !
Eale 1 9
c Addition of 100 mg/% of 18423 10 74 : 16
Jaguar A-40-F Gum to effluent
A
D | Addition of 65 mg/% of Jaguar 17113 11 78 11 *
A-40-F Gum to effluent A - .
E Addition of 65 mg/% of Jaguar : 9012 11 - 68 -’21
| A-40-F Gum to effluent B .
& ’ f
F Addltlon of 20 mg/% of Jaguar 772 12 80 8
’ A-40-F Gum to effluent B

In Table 9, the quoted gum concentrations include the non—soluble portlon which has to be
subsequently filtered (Section 3.2.,1)-

T e
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A few supplementary tests were performed on the typical
effluent D.‘ At an initia; concentration of 168 mg/¢ TOC,
the Total Suspended Matter content of mixture D was approxi=-
mately 7 mg/%. The filtrate TOC was‘163 mg/%. The low TSM“
value of the sample is partly due to the presence of disperse
dyes. At pH 6, apparent color of the synthetic effluent D ‘
corresponds to 0.53 optical density units at A = 355 nm. No
phosphorus content'wés detectable in the mixture.

Temperature of the dyehouse final effluent varies normally

between 145°F and 160°F (63°c-71°C); average pH is 7.2(83),

-

3.2 Study of Adsorption of Jaguar A-40-F Gum

3.2.1 Jaguar A-40-F Gum Solution Properties

Based on plant processes calculations, the‘gum concen-
tration in Celanese Sorel effluent varies from 20 mg/% to
80 mg/% as shown in Section 3.1. However, increaging the upper
limit by a factor of 0.25 makes the estimate safer with regard
to further possible increases in the gum reguirements at the
plant. The corrected new range then becomes 20~100 mg/f and
the upper limit 100 mg/{ was selected as ihitial concentration
for all adsbrpiion tests pefformed in Section 3.2.

Some insoluble impurities were observed hoyeve:’in the
test solution. The TSM test on a gum solution sample revealed
25+2 mg/L 5uspended matter., Prior to fiitratioﬁ, the TOC
concentration of the gum solution was 40.9:1.0 m§/£ while this

was reduced to 30.0 mg/%L TOC after. The squended matter repre-
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sented approximately 25% of thé initial ;ToC concentration.f»

" This ratio was found fairly. constant over the entire rahge
of gum concentration under study. |
For the lab scale studies, th1s amount of SM had to be
i removed prior to adsorptxon. The relatlonship between the TOC
concentrat&on of the non-flltered gum solution versus the TOC

: of the corresponding gum solution filtered is shown in Figure 9.

The gum concentration range was from 0 mg/% to 100 mg/%.
Tabu;eted dataﬂare'also presented in Appendix 4.1. The

. X \ ¢ 1 . ¢
/ filtration p;@cedure for the four test gum solutions was similar
: , ‘ -

(* to the stockjgum solution filtration procedure (Section 2.2.3).

' The expected straight line in Figure 9 has been extrapolated

after 80 mg/. A least squares fit yielded a regresszon coeffl-

—————— e

f cient of 0.301 with a standq;d error of estimate. of 0.0.
| In Figure 9, the upper 11mqg.concentration of the gum
non-filtered solution corresponds td a filtered gum solution
of 30,0 mg/4 TOC Whlch was found equivalent to 77.4:2.0 mg/L COD,
While performing adsorption tests, the 1n1t1al 30.020.6

mg/% TOC filtered gum solution was prepared by diluting the

urequired amount of stock gum solution with distllled water.
" pR" of the solution was approx1mately 5 3. ' ‘
V15c081ty of the flltered gum solution at 30.0 mg/& TOC - [

was slightly higher than pure water (Appendlx 5); -hence, this

T e YR D R § oy o

was not a subject of concern for the adsorption tests.
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'effectiveness at pH 7. 0. The order, however, is not the same ’

3.2.2 Adsorption Kinetics of Jaguar A-40~-F

A decrease~i; the concentration of gum in the solution
as a function of the cumulative contact time in presence éf
Filtrasorb 400 activated carbon is ghown in Figure 10. Two
cargon dosages of respectively 1,006 hg/n and 6,000 mg/2 wefe
employed. Prior to carbon addition, pH of the initial

30.0 mg/% TOC pure gum solution was 7.0; the mixture was con-

tinuously stirred at 20°. The data are tabulated in
Appendix 4.2 and 4.3. 1
From the two curves derived the contact time 6f 60 minutes

was established as sufficiently long to ensure a reagonable

approagh to equilibrium. Without further investigation, this

value was, selected for all other gum adsorption tests. !
y

3.2.3 Effect of pH on Adsorption of Jaquar A-40-F ‘for Varioua '
Types of Carbons .

Table 10 shows the influence of pH on adsorption of gum ;
at 20°C for one carbon dosage of 2,500 mg/z Jaguar gum solu-
tioqgwas initially at 30.0 mg/% TOC. Three different pH values
were investigated: Sio{ 7.0 and 10.0. In general, adsorption,

of gum is higher at pH '3.0; the effect is particularly pro- 9

nounced for Hydrodarco 4000 and Witcarb 7%8. "Adsorptive capacity
of all carbons was lower At'pa 10.0,

The carbons have been tabulated by order of decreasing

e . 1

.for the other £wo pH valugs, Nevertheless, it .appears that

Hydrodarca is the best adsorbent of Jaguar gum ‘at any of the

. three 1nvestigated pH. )
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Table 10

.  EFFECT OF pH ON ADSORPTION OF JAGUAR A-40~F GUM
]

. v ;ﬁa‘ Various Activated Carbons
Parameters:
‘Initial TOC Concentration = 30.0 mg /%
Carbon Dosage ='0.250 g/100 ml
Contact Time = 60 minutes
Temperature =~ 20°C :
T&pe TOC Concentration at Equilibrium |
of T . (mg/% TOC) .
Carboz pH 3.0 pH 7.0 pH 10.0
Hydrodarco 4000 4.4 13.3 15.7
| ®c 14.9 | 16.1 19.6
Norit : , 17.8 17.1 23.1
* Witcarb 718 8.3 | 17.6 24.0
Ruchar WV-L 15,9 | 18.5 23.1
‘Filtrasorb 400 | . 18.3 | 19.8 | . 24.4
’ .
w 6‘ . -
o /
1
2. X .
Q 3 o 1
. ¢ )
. .,:w ~‘u ')\ -
" ; 4 '




. 3.2.4 Effect of Temperature on Adsorption of Jaguar A-40-F
for Various Types of carbons ,

Table 11 shows the influence of temperature on adsorﬁtion
of the gum at pH 7,0 for one carbon dosage' of 2,500‘mg/§rof
Jaguar gum solution initially at 30.0 mg/% TOC. Temperaéhré
for adsorption was 65°C. The results indicated that‘adsorﬁfion
of gum is iﬁproved at 6568,,as compared to data at 20°C from
Table’lof This effect ;ariea with each type of ;cttvated

carbon used,

(2
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Table 11

EFFECT OF TEMPERATURE ON ADSORPTION
. ' OF JAGUAR A-40~F GUM

various Activated Carbons

Parameters: ' .o
Initial TOC Concentration = 30.0 mg/%
Carbon Dosage . = 0,250 g/100 ml
“. Contact Time = 60 minutes
pH . . - 7.0
Type: TOC:Concentratiod at Equilibrium-
U Tof . _ (mg/% TOC)
Carbon T 65% \ 20°C
Hydrodarco 4000 9.1 13.3
BC : 11,0 16.1
Norit | L 12.8 17.1
. Witcarb 718 | 1536 ° 1726 e
. Nuchar WV-L } 16.1 .7 18.5
' Filtrasorb 400 17.3 19.8

@
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3.2.5 Comparison of Various Types of Activated Carbons for

Adsorption of Jaguar A-40=F Gum

Six adsorption isotherms obtained at 20°C for various
tybes of activated carbon are shown in Figure 1l1. ”The
adsorption tests were performed with 30.0 mg/¢ TOC of gum

solution (C ) at neutral pH. The experimental results are

shown on a log~log graph paper for easier comparison of adsorpt-'

ive capacities. Each straight line 1n Figure 1l represents a
least squares fit of the experimental data and is equivalent

1/n where K and

to the Freundlich eméirical eguation q, = KC,
1/n are the igtercept and the slope of the linear gurve. The
loading point§ (qe) were calculated from the gum e;ncentration-
at equilibrium value (C_) as tabulated in Appendix 4.4.

The isotherms in Fiqure 11 were extrapolated ﬁp to Co'
However, at the low gum concentraéionlvalues, a smail améun;
of residual organics remains non adsorbed. . This residue was
found from thelhiﬁp carbon dosage expeéimént (Appendix 4.4).

. Values of K, 1/n and (qe)c with the standard error of
estima;e‘for each regression ar8 given in Table 12. The
loading values at Co were cilculated from the corresponding
estimated linear regression. 'The results show that for the
rgngq‘of gum concentration under study, the adso;pE}vé capacity
of Hydrodarco 4000 at cb is 1.5;t;mes higheg than tLat of
Filtrasorb 0. - - A

< An attempt to correlate the experimental data with the
Langmuir.equation q, = QbC./(1 + bC,) was made. This relation

- ~
! ¢
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FIGURE 11 )
ADSORPTION ISOTHERMS FOR JAGUAR A-40-F

VARIOUS TYPES OF ACTIVATED CARBONS AT 20°C AND pH 7.0
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"o

was modified to the equivalent form Ce/qe - Ce/Q + 1/0b

and ce/qe was set as a function of Ce. A linear regression

was attempted, yielding the slope 1/Q and the intercept 1/Qb.

The constants Q and b for the Langmuir equation are presented
, i

in Table 13 along with the standard error of estimate for each

5
type of carbon,

The loadings at Co were also calculated from the estimated

Langmuir equation fit for each type of carbon. In Tables 12

and 13, ghe carbons were listed in the order of decreasing

(q ) . It is noticeable that the relative positions of
carbgﬂs are the same in both Tables. Furthermore, in Table 13
the estimated adsorptive capacity of Hydrodarco at C is 1.5

times higher than that of Flltrasorb carbon confirming the

rasults of the Freundlich correlation.

A comparison of the standafd errors of estimate of both
Freundlich and Langmuir linear regression indicate that |
adsorption of Jaguar A-40-F gum by activated carbon is better L
represented by Freundlich fit. V

In Table 13, the value of the Lahqmuir adsorption constant
b LS a measure cf the slope of the adsorption zsotherm in the
region of low concentration, higher values of b yield steeper

slopes. Thus, the larger the slope ;n this region, the greater

the adsorptive capacity of the carbon at the lower gum concen-
trations. In Table 13, higher values of b are gbtained for

Hydrodarco 4000 and Norit carbons. K

e - R Y N I I T L rr s s s s



Table 12

CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR
ADSORPTION OF JAGUAR A-40-F GUM

Various Types of Activated Carbons -at 20°C and pH 7.0 ‘ 4
o ‘ (q,)
Type - Interceapt Co
of . K Slope : Standard Error
Carbon (&/9) 1/n (mg TOC/g) | of Estimate
HBydrodarco 4000 4.59 0.147 7.57 0,009
PC - 2,53 0.274 6.43 . D.009
Witcarb 7 C1.92 0.327 5.85  0.014
it 2.84 0.207 ?.75 , ., 0.014
w o,
Nuchar Wv 1.53 | 0.372 5,42 0.014
Fixtrasorb 400 1.25 0.410 5.04 - . 0.022
1 %
. !
3
y
S f
.

-~

T ey



CHARACTERISTICS OF LANGMUI
ADSORPTION. OF JAGUAR

‘Various
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H

Table i3

A-40-F GUM

R ISOTHERMS FOR

es of Activated Carbon at 20°C and pH'7.0

: Langmuir Ultimate & (g)
Type Adsorption | Monolayer ‘ Co Standard
of Constant b | Capacity Q Error of
Carbon (2/mg) (mg/q) (mg TOC/g) Estimate
Hydrodarco 4000 2.53 2.23 7.11 0.053
PC 0.90 2.00 5.92 0.067
Witcarb 718 0.67 1.88 5.37 0.116
; | Norit 1.63 1.69 5,27 0.059
Nuchat WV-L 0.43 1.94 5.13 0.165
" Filtrasorb 400 40,37 1.85 4.74 0.190
1l A
<4
“A
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3.2.6 Effect of Low pH on Hydrodarco 4000 Isotherm for
Adsorption of Jagquar A~40-F

The effect of low pH on adsorption of Jaguar A~40-F
gum with Hydrodarco 40001ét 20°C is illustrated in~Figure lé.
At pH 3.5, the adsorptive capacity of Hydrodarco is~sub-
stantially higher as compared to the isotherﬁ at pH 7.0 from
Figure 11. This effect has been demonstrated in Section 3.2.3.
Furthermore, Figure 12 shows that the positive effect of lowf
pH on adsorptive capacity is more pronounced as the concen-
tration of gum increases. Experimental data for the isotherm
at pH 3,5 are also presented in Appendix 2.5.

t Characterlstlcs of the Freundlich correlation at pH.3.5

are shown in Table 14. The loadlng at C was estlmated from

the least squares fit extrapolation to 30.0 mg/L TOC.
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FIGURE 12 -

ADSORPTION ISOTHERMS FOR JAGUAR A-40-F

HYDRODARCO 4000 AT 20°C FOR pH 3.5 AND 7.0
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~ Table 14 °

CHARACTERISTICS. OF FREUNDLICH ISOTHERM FOR

ADSORPTION OF JAGUAR A=40-F -

Hydrodarco 4000 at 20°C and pH 3.5

14

(qe)
Intercept | ) (:o _ g
K . Slope . \ Standard Exrror
(z/q) 1/n (mg TOC/qg). of Estimate
4.38 0.240 9.92 0.011




' lated in Appendix 4.6.
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.

3.2.7 Effect of Elevated Temperature on Hydrodarco 4000
Isotherm for Adsorption of Jaguar A=40-F

The adsorptive capac1ty of Hydrodarco carbon is sub-
stantially 1ncreased at 65° as compared to its performance
at 20°C in Figure 1l. This effect has been demonstrated in
Section 3.2.4. Figure 13 shows that influence of high tempera-

ture on adsorptive capacity is fairly constant over the entire

. range of gum concentration, with an isotherm slope at 65°¢C

similar to that obtained at 20°cC. Experimental data are/éabu-
Characteristics of the Freundlich correlation at ﬁs°c
are shown in Table 15. The loading at Co ﬁag estimated from

the least squares fit extrapolation to 30.0 mg/R% TOC.

et
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' ~ ADSORPTION ISOTHERMS FOR JAGUAR A-40-F

* : HYDRODARCO 4000.FOR pH 7.0 AT 20°C AND 85°C
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. “Table 15

,

; CHARACTERISTICS OF FREUNDLICH ISOTHERM FOR
ADSDRPTION QF JAGUAR A-40~F

Hydrodarco 4000 at pH 7.0 and 65°¢C

\
. o

Intercept | = . . - L
K Slope , © ' -| standard Error |
(&/9) ., |. I/n {mg. TOC/g) | . of Estimate

. ’

0.0035

5.80 0.170 10.33
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~designed to astablish‘the time required to reach equilibrium

in adsorption. The synthetic mixed effluent was characterized

- 68 -

3.3 Sghdy of Adsorption of Typical Celanese Dyehouse
Wastewater Mixtures

s
&his section is concerned with the activated carbon
treatment of typical synthetic wastewater mixtures which are

likely to occur at Celanese Sorel dyegguse. The typical
effiﬁent compositions mentioned here have been déscribed in

‘

Section 3.1.

3.3.,1 Adsorption Kinetics

Two different contact times were tested in the exberimeﬁt

as effluent D (Table 9). The Hydrodarco 4000 carbon dosage
used’ was 10,000 mg/%., Initial pH of the aixture was 7.0;
the,mixture was continuously stirred af 20°¢c,
The results summarized in Table 16 shqw'no significapt ) .
TOC removal after.so minutes of contact time; this .corresponds
to,the contact time selected in Section 3.2.2 for pure gum

solution.
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Table 16°

REMAINING WASTEWATER TOC AS A
FUNCTION QF CONTACT TIME
Hydrodaf¢o~4000'(Carbon Dosage 10,000 nlg/2) *

\ - at 20°C and pH 7.0
»
B
Qc?ptact Time TOC Concentration
minutes) (mg/4%)
0 *150.0
s 60 18.3 .
120 . 18.0 ’
) / * Blank value.
-
. ¢ t o
MY 5 - - ’ X
- 3 . ( ) N
" \ .
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3.3.2 - Adsorption~Isotherms for Effluents A and B with 1
Hydrodarco 4090 '

Isotherms charaqterizing adsorption of effluents A and
B with Hydrodarco 4000 at 20°C and pH 7.0 have been developed
and results are presented in Figure 14. The artificial effluent
rgpresent two extreme situations which could occur
if no gum pollutants were present in the wastewater. \

Each Ysotherm is comprised of two distinct sections,

The first gection is the straight line wéll described by the

Freundlich/ least squares fit as shown in Table 17. This section !
is éxtrap- ated up to the initial mixture concentration. The
second secsxon of the isotherm is characterized by a sharp

decrease in carbon loading, due to the presence of non gdsorbed

-

molecules in ture. The residual concentration for
effluent A is two times that of effluent B. This is also the
approximate ratio of the initial TOQ concentrations of effluents
A and B, Table 17 .summarizes the méin characteristics of

isotherms for effluents,A\and B. Experimental data are tabu-

lated in Appendix 6.1. ? ‘< -
In Squ}on 3.3, no correlation of the data using the

) |
Langmuir equation has been possible.
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Table 17 °

'CHARACTERISTICS OF FREUNDLICH ISOTHERMS €§R

ADSORPTION OF EFFLUENTS A AND B

Hydrodarco 4000 at 20°C and pH 7.0

-
- Straight Line Section ‘
Initial - Residual

Concegtratioq Intelr(cept (qe) o Standard Concegtratlon

o . -3 Slope : o Error of R

Effluent {(mg/2 TOC) (2/g.10 °) 1/n (g TOC/9) Estimate (mg/% TOC)
i \
- 14813 0.0185 0.511 0.23 0,008 18
69t2 0.0067 0.908 0,27 0,008 9

T
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3.3.3 Adsorption Isotherms for Effluents C and D with
Hydrodarco 4000

Isotherms characteriiing adsorption of effluents C and
D with Hydrodarco 4000 at 20°C and pPH 7. 0 are presented ln
‘Figure 15. Effluent o represegls the highest soluble organic
loading likely to occurﬁln the dyehouse wastewater. Effluert
D is iQentical with C in terms of dyes and chemicals except

for the soluble.gum content which is lower in the former.

The results depicted in Figure 15 show a higher carbon loading
\
of Hydrodarco at initial concentration for effluent D and a
S ;
steeper isotherm slope. Values presented in Table 18 were

calculated from least squares regressions of experimental data

tabulated in Appendix 6.2. 4 . ?

©

-3
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' FIGURE 15
ADSORPTION ISOTHERMS FOR EFFLUENTSCANDD
) - HYDRODARCO 4000 AT 20°C AND pH 7.0
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Table 18

=

CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR

ADSORPTION OF EFFLUENTS C AND D

Hydrodarco "4000 at 20°C and pH 7.0

st

Initial N "
Qonqegtratlon Inte;cept ) o (qe)c Standard
I ~. O, ’ '__3 Slope o Error of
Effluent (mg /% TOC)- (/.10 ) 1/n (g TOC/g) Estimate \
. ) !
C 1843 0.0002 1.46 0.44 0.094 '\
D 171+3 . 0.00007 - | 1.80 0.69 0.050




- 76 -

3.3.4 Adsorption Isothermg for Effluents E and F w1th
Hydrodarco 4000

Adsorption isotherms for effluents E and F with
Hydrodarco 400Q were determined at 20°C and pH 7.0 and aré
shown in Figure 16. Effluéhl F represents the lowest soluble
organic loading expected in the d?ghouse wastewater. Effluent
F is:identical with effluent E in terms of dyes and chemicals;

theiépm content, however, is lower in effluent F. The results

présented in Figure 16 show a higher carbon loading of
Hydrodarco at initial TOC concentration for effluent F and a
steeper isotherm slope. Such behavior is similar to what was

observed for effluents C and D (Section 3.3,3), at a‘higher

concentration range. Values presented in Table 19 were cal-

culated from least squares regressions of experimental data

‘tabulated in Appendix 6.3. . , : “
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V FIGURE 16
ADSORPTION ISOTHERMS FOR EFFLUENTS E AND F
- HYDRODARCO 4000 AT 20°C AND pH 7.0
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Table 19

CHARACTERISTICS QE FREUNDLICH ISOTHERMS FOR

ADSORPTION OF EFFLUENTS E AND F

Hydrodarco 4000 at 20°C and pH 7.0

- & .
. - Initial A ‘

- \~Conceg;rat10n‘ Inte§cept (qe)C ‘Standard
: -t .o, . -3 Slope (a} Error of
Effluent (mg/% TOC). (2/9.10 7) 1/n (g TOC/q) Estimate

. f E 9012 0.00015 1.74 0.36 6,090

B A » 772 . 0.00018 1.96 0.88 0.077

#: ::"3 =

4 e —— e e e ol
v
3
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3.3.5 Adsorption Isotherms for Effluent D with Filtrasorb
400 and Norit .

cOmparison of adsorptive efficiencies of three éypes of
actlvated carbon for the art1f1c1al effluent mixture D at
120 C and pH 7.0 is presented in Figure 17. Hydrodarco 4000
isotherm is reproduced from Figure 15. Based on virgin
carbon experiments, Filtrasorb 400'exhibited the highest

adsorption capacity in the ange of TOC concentrations between

40 and‘172 mg/L. Its performaﬁce, however, is closely followed

2

'by Hydrodarco carbon as shown in Table 20. Norit performance
is the best below 40 mg/f TOC. The loading values (qe) in

c. .
Table 20 were calculated for identical initial TOC con~ & | ‘

. centration of 172 mg/%. ~ A much highe standard error of esti-'

-

mate for Filtrasorb 400 results should be noted here; it will o

be dlscqued later. Values presented 1ﬂ Table 20 .were cal-
culated from Freundllch least sguares regressions of experi-

mental data tabulated in Appendix 6.4.

0
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FIGURE 1]

ADSORPTION ISOTHERMS FOR EFFLUENT D

HYDRODARCO 4000, FILTRASORB 400 AND NORQAT 20°C AND pH 7.0
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CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR

ADSORPTION OF EFFLUENT D

Filtrasorb 400, Hydrodarco 4000 and Norit at 20°c and pH 7.0

~

Inteﬁcept *(qe)c Standard |
-3 Slope o Error of
Type of Carbon (£/g9.20 7) 1/n (g TOC/q) Estimate
Filtrasorb 400 0.00009 1,775 0.72 0.105
Bydrodarce 4000 0,00007 1.80 0.69 0.050
Norit 1.16 0.30 0.053

0.0008

)

* C_ - 172 mg/2 TOC

g

,..,....,

[P ——



3.3.6 Adsorption Isotherm for Effluent D with Hyvdrodarco
4000 Expressed for a COD Parameter

The adsorption isotherm gor effluent D treated with

’Hydrodarco 4000 at 20°C and pH 7.0 expressed for a COD para-
meter confirms the previous resuits based on -the TOC parameter.
The results are presented in Figure 18,

Table 21 shows the characteristics of the - Freundlich
isotherm obtained in, this experiment. High carbon loading
of Hydrodarco at Cé, 1.15 g COD removed/g carbon should be
noted. Values presented in the Table were calculated from
a least squares regression of experimental data presented in<i

Appendix 6.5.
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FIGURE 18§
ADSORPTION ISOTHERM FOR EFFLUENTD

HYDRODARCO 4000 AT 20°C AND pH 7.0'EXP§EssED FOR A COD PARAMETER
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s ’ Table 21
a CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR . "
e ‘ ‘ ADSORPTION OF EFFLUENT D N
by Hydrodarco 4000 at 20°C and pH 7.0 expressed for a COD Parameter
| ' ” “— ‘)
. Initial ’ i '
| Concelétratlon Intelr(;:ept . _ /(qé) § . | standara
§ o - Slope ; . O , Error of .
i (mg/% COD) A2/g.10 7} - 1/n | (g coD/g) | Estimate
¢ . : .
; ~ ' ‘ o
500 0.0006 - 1,21 R > 0.079 . ‘
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4. DISCUSSION

4.1 Study of Adsorption of Jaguar'A—ZdeF.Gum from.lts Pure
- Solution

‘Establishment of the contact time required to reach
";dsorption equilib;iuﬁ“was ;equired for the adsorption isqf
therm batch tests. The resulting value of one hour is in
agréement with usual_ contact periods for batch adsorption

experiments(sa’eg).

It shtuld be clearly understood,‘howgger,
that the contact time selected‘for this study is a laboratory
parameter and does not r;present the residential contact time

C ‘in the carbon column of the full-scale treatment p ant.

In QGneral, the remaining TOC concentfation,décrease is

‘ ragi¢ within the first ten minutes of adsorption, followed by

a progress;vely ﬁlower trend as the curvé asymptotically
approachesdzero residue. That contact timg is usually chosen

for regula} use, beyond which there is insignificant further
' (70)

-

reduction in adsorbate concentration .  The results obtained

here with Filtrasorb 400 at both high and low carbon dosaggs |

were considered sufficiently close to the normal kinetic

béhavior and no further investigatigns were necessary. _ }
The effect of viscosity on penetration é; the liquid

. into the capillary strudture of the carbon and the effect 7o

1
§
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N n
vigcosity on retarding motion of the’particles during stirring,
are algo factors affecting contact time'necessary to reach ‘
equilibrium Another factor affefxing contact time is the
suspended matter -other than activated carbon in the liquid.
4

An appreciable amount of it would reduce the mean free pQ;h
p 4

of the carbon particle and thereby increases the necessary
/ . ~

contact time, . j : . o

In this study, influencé of these two factors was reduced
to minimum with the viscosity of the gum soclution similar to
that of pure water (Appeﬂgix 5) while .insoluble fiber and
Fellulose pré?ent in the guar gum aqueous solution was\removed
prior to the adsorptioq/téétg by filtration (Section 3.2.1),.

Sinﬁe pH and temﬁerature are two factors which also affect
adsorption, experimental approach was taken to establish their
ef fect.

In general, adsorption of typical organic pollutants from
water improves with decreasing pH. According to Weber(71),
this may result from neutralization of negative charges at the

surface of the carbon with increasing hydrogen ion concentration,

.thereby reducing hindrance to diffusion and making available

more of thé active surface of the carbon. This effect can be
expected to vary for different carbons, because the charges

at the surface of the carbon depend on the composition of the
,_tf

raw materials used for carbon manufacturing and on the technique,

of activation.
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The increased adsorption at lower pH values is, well
illustrated in Figure 12 for the studied non-ionic g$iacto~
mannan guar gum adsorbate. This effect varies for different '
carbons as shown in Table 10. In Figure 12, intercepts (K)
for both isotherms are quite similar while the slopes (1/n)

o
differ appreciably. According to Weber(72)

, the intercept is
roughly an indicator of sorption capacity and the Qlope of
édsorption intensity. z
The negative effect of alKaline pH on adsorption has
also beep demonstrated in this study (Table 10). Helbig(7°)
pointed out that the impression that carbons adsorb better
in acid than in alkaline solutions probably arises from the
fact, that above pH 9.5-10.0, many édsorbabie substances are
susceptible to hydrolysis, with consequent simplification of

physical and chemical structure and therefore lower .adsorb-

ability.

of pH on activated carbon adsorption of different types of
organic compounds in single codponent systems. Results ére

reported on organic acids and bases, anionic and cationic

( .
surface-active agents, non-ionic organic co&bbunds and polymers.

These authors concluded that pH adjustment has little or no
effect on carbon adsorption of noh-ionic|organic compouﬁds,
provided that the chemical nature oflthe adsorbate is not
changgd Qy the added acid or base. An obvious extrapolation

of this conclusion in this work would be a statement thaﬁ the

In a recent study(73), Wang et al investigated the effect «é;:;

gy
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chemical nature of the gum adsorbate underwent some pH-

dependent modification. This, ‘OWever,. would have to be [

further substantiated,

Results presented herein (Figure 13) with regard to the
effect of temperature on adsorption of the d;ssolved gum by
Hydrodarco 4000 at pH 7.0 indicates tpe similarity of slopes
for both isotherms while the intercepts differ appreciably.

(70), it is usually advantageous to 5

According to Helbig
treat effluents at as high a temperature as the nature of the

liquid permits. However, the extent of adsorption should

/\.’c-.
generally increase with decreasing temperature, as adsorption ;
. 1
reactions are normally exothermic(74). This is apparently a

contradiction to theoretical considerations but actually, the

governing factor appears to be viscosity. As this is reduced

b skt

at higher temperatures, penetration of the liquid into the

submicroscopic capillary structure of the carbon is improved;
with proportionate effect on development of effective interface
and rate of adsofption. > o
! According to Hassler gs) , the influence of temperature
is not the same for all types of carbon. This is indicated by

the results\preSentedtin Table 11.

~

The Freundlich equation is commonly used for a compgrison
of powdered carbons in water treatment. Parametérs for the,
Freundlich £it have been deﬁeémined (Table 12)'with a fairly
smﬁll error of estimate, Results from the full;scale plant

' ]
operation, however, could be more difficult to analyze.

- \
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The capacity‘of ap'adsorbent is partially gogerned b&
the évailability of\;ts surface to the adsorbate molecules.
In order to characterize an adsorbeﬁé, information must be
available on its pﬁysical structure, that is its surface area,
pore size distribution and the chemical nature og the
surface.

' Abram(lg)

pointed out that the total surface area and .
total volume'give some measure of t@e‘potential capacity of
the carbon. However, the true capacityawill depénd on the
distribution of area or volume with pore size, and the distri-
bution of moleéular size to be adsorbed.

The results presented in Figure li indicate that the
lignite~based Hydrodarco 4000 carbon out-performs the bitumin-
ous coal-based Nuchar WV-L and Filtrasorb 400 carbons which
have a greater totaf surface area. However, the coal carbons
have more surface area in the micropore range while the lignite
carbon has more surface area in the transitional pore size.

De John(zﬁ) compared adsorption data from studies on
industrial waste streams where the pollutants:were predomin-
antly large molecules (0il refineries, textilé and dye plants,

Ypulp and paper mills). In each case, the lignite carbon out=-
performed the bjtuminous-coal carbon on an equivalent'volume

' basis.

According to the author, the nature-qf these pollutants .

'Y

‘(high molecular weigﬁt organics and color bodies) is such-that
\ “\‘ 4&3"
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they are adsorbed in the transitional pores. Because lignite
carbon has more sufface aéea in this range, it,shogld be
expected to perform better. Indeed, it has been reported that
adsorbing color bodies and high molecular weight orggnics
require pores ranginé in éize from 20 to 500 A°(26).'

, This could explain the behavior illustrated in Figure 11
where édsorption of the high molecular weight galactomannan °
gum is better accomplished with Hydrodarco 4000 type of carbon
as compared to coal-based carbons. Data on pore size distri~’
bution for other types of carbons reported in Figure 11 were

not available.

On the other hand, it has been sugqested(l7'2f),
face functional groups of the carbon‘plqy someé role 'n"éeter-
mining its adsorptive capacity. This phenomenon, hoY? er, is
not well understood‘yet and it has not been posgsiblle to esta-
blish the relative importance of this effect upon ;sults
reportéd in this study. | ~

It has also been feported(76) that molecular structure
of the adsorbate affects its adsorbabiiity. Carbon loadings
at ini£ial concentration (Figure 11) are fairly low, iﬁythe
range (5-7.5) mg TOC/g. This might be explained by the high
molecular weight effect, As molecularsweight increases,
solubility decreases and, therefore,, adsorption increases for
relatively low molecular weight substances. fhe Lundelius

rule states that in géheral an inverse relationship can be

anticipated between the, extent of adsorptidn of a solute and




o

its solubility_ih the solvent from which adsorption occurs.
This is well' illustrated by the recent data of Guisti- et é;‘77).

1(78) pointed out that as mole-

On the other hand, Benedek et a
cular weight increases to the extent that some pores become
ﬁnayailable, adsorption loading may become lower. The:high
molecular weight gum adsorbate (> 200,000) used in this work
grobably falls in the latter category.

In Figure ll, isotherms have been determined for virgin
batches of activated carbons. Upgn reqengration, hpwever;
th internal pore structuré of the carbon is alteied. Surface
area in the micropore range is drastically reduged while trans-

itional pore surface area is increased sllghtly(zs) .

The significance of this change in pore size distribution
is that the adsorptive performance of a regenerated carbon

cé? change signiflcantly(79). The degree of change will depend

on the nature of the organics to be adsorbed. When the solution

contains predominantly large molecules (as the gum adsorbate

in Figure ll), the system scale-up 638123 can be based on the

virgin caxbon data, because the performance of the regenerated

carbon will be at least as good as that of the virgin carbon
Adsorption data plotted as qq /M vs C ~on logarithmic i |

paper will in practically all cases yield a stralght line over

a considerable range of concentrations. However, the line

" will curwve at both ends at extremes of concentration, i.e. K

1

and 1/n are ﬂo longer.constant(70). The right;hand portion of

the lines in Figure 11 have been extrapolated up Eo’tﬁé initial

(25)

3
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" affect no sxgnificant further decrease in qrganics.

gum concentration. The organic residuals characterizedfby .

the 1eft-hand Ilower concentrations) portion of the isotherms
are due to different amounts of extractaple impurities present

' - (67,70) d(80)

in the carbons . thatvery

little, .if any, 1mpurities are washed off by distilled water

It has been -reporte

from activated carbon during a 48 hour shaking perlod. Other

(66)

authors report.the use ‘of conceqtrated HCL to. remove

inorganic ash from carbon. Although theyﬁcould hgve glightly =

improved the accuracy of the results, these supplementary

procedures were not applied in the selected experimental method

°

used in this study.

¥

. 472 Study of Adsorption of Typical Celanese Dyehouse Wastewater

Mixtures , P

The sharp breaﬁ in carbon loading"at the low~concentration

end of the isotherms in’Figure 14 is known as the apparent
end poxnt"(70), greater dosages of carhon below this point

In Figure

‘13, the residuals vary linearly from approximately 9 to 18

mg/z TOC with the bulk of organics presentﬂin-the mixtureg.

(70); the end poiﬁt'fér,a particular

" According to Helbig
liquid having this characteristic is not neceésarily the same

for all carbons, furthermore,)an end poxnt will not necessarily

" be found to exist for all carbons tested on that \iquid.

Benedek

(28, 78) studied the magnitude’of the non-adsorbable

or residual fractioh of various wastewaters and found many of
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them to be below 10 mg/f TOC. Although this is quite small,
nature of the non-adsorbable compounds is important as
industrial recycling of effluents is desirable and probable.
More work will have to be done on elucidation of the exact
nature of non-adsorbable compounds. Residuals are generally
believed to consisﬁ of highly water soluble or polar organics,
although a di?ect proof of this assumption has not been pre-
sented yet. It appears that amino acids and small ionized
organic salts may form part of the residue, just as high mole-
cular weight or colloidal organics frequently reported

v AN
sewage(78). DeWalle et al(el) reported that the high mole ar

/
weight (above 50,000) humic carbohydrate-like material is
' Y

poorly adsorbed in carbon columns. !

For the present work, analysis of results from Figures 11,
14, 15 and 16 demonstrates that the high molecular weight gum
pollutant does not form part of the residue. With no visible
.
color present in the high carbon dosage tfeéted samples, it is
likely that the residual TOC concenératiﬁl detected is dué to
at least one of the chemicals listed in Table 8.

Figure 19 shows the adsorption isotherm of Celanese dye- A

house gum-free wastewater determined by Calgon Corp.(63).
Filtrasorb 400 carbon was used at 68°C and pH 8.0. Effluent
samples were collected and analysed prior‘to introduction of
gum thickening agents in the dyei?g process. The Calgon blank

sample of 74 mg/L TOC taken as initial concentration in Figure

19 is slightly higher than the minimum predicted dyehouse ??K

) ;
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. FIGURE 19
CALGON CORP. ADSORPTION ISOTHERM

CELANESE GUM-FREE WASTEWATER

J FILTRASORB 400 AT 88°C AND pH 8.0
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wégtewater initial concentration (69t2 mg/f TOC) in Figure 14,
effluent B. For'the Calgon isotherm, the slope is 0.841 and
K is 5.8 2/g; in Fiqure 14, slope of the Hydrodarco 4000.iso-
therm was 0.908 and K was 6.7 /9.
SThe major difference between the two isotherms appears
to be the amount of non-adsorbable compounds remaining in
solution. At the same 10,000 mg/2 carbon dosage, isotherm B
in Figure 14 exhibits, a reg&dual concentration of 9 mg/% TOC
while Calgon reported a negligible value lower than 1 mg/2 TOC.
The latter result is interesting in light of other investi-
gatiops which all report a small amount of residual in their
treated waste(78). Furthermore, Figure 17 also shows the
presence of residuals for Filtrasorb 400 carbon when tested on
a current prical Celanese dyehouse wastewater mixture at 20%¢.
The substantial difference in treated sample temperatures
could explain the- discrepancy in amounts of residuﬁls, but
further investigations conducted at 68°C with Filtrasorb 400

carbon failed~to confirm this hypothesis. It is more reasonable

to asdume that the complex mixture prepared for experiments

reported in Figure 14 included-some non-adsorbfble compounds

L

which were not preéent in the effluent grab samﬁles serving as

a basis for development of the Calgon isgthermq(Figure 19).
Nevertheless, the high carbon loading at initial concen-

tration, in the range of 0.25 g TOC/g, exhibited in either case

demonstrates that the conventional dyehouse waste is amenable

to activated carbon treatment(sg).
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The results obtained in this work show that addition of
small amounts of natural guar gum change drastically the
adsorptive behavior of conventional @ffluent mixture. In com-
parison with Figure 14, the isotherms from Figures 15 and 16
exhibit no® abrupt break in carbon loading, the slope is
;;Ereased by more than‘100% and the carbon loading at initial
concentration is increased by at least 50%. The effect of
{(20-100) mg/% gum addition on a typical conventional carpet
textile waste treatment was tested. The study revealed that
there is an optimum range for the gum concentration in the
effluent (10-35 mg/2) resulting in a favorable change in the

adsorptive behavior.

Other investigators also observed a synergistic effect

of adsorption between some organic compounds. DiGiano et 55(24)

obtained equilibrium adsorption isqQthexrms for several dye
mixtures of Foron Blue‘ER and a dye carrier and reported that
the presence of the dye carrier significantly altered the
adsorptive behavior of the disperse dye. At a lower carrier
concentration, 100 mg/%, competitive effects caused a decrease
in the adsorptive capacity of the dye. As the carrier con-
centration was increased, however,m:;pergistic effects between
the dye and the carrier resulted in an increase in adsorptive
capacity. At the hiqhesf carrier concentration used, 400 mg#£i,
the adsorption of the dye approached that of the much more

adsorbable basic dyes.

1
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As explanation to that phenomenon, it was hypothesized
that a thin film is formed by the carrier at the carbon surface
which significantly affects adsorptién of the dye. The immedi-
ate effect of this fiim is to supé;ess the electricel/é;uble
layer surrounding the carbgg surface, thereby redyéing the
repulsive forces between the dye and the carbon surface.
Furthermore, because the dye is more soluble in the carrier
than in the aqueous phase, a concentration gradtent i; esta?lished
between the Quter region of the carrier f£ilm and the carbon
surface. Molecular diffusion of the dye within the carrier
film allows the dye to freely migrate to an active site on the
carbon surface.

In this study, however, adsorption of the disperse dyes
alone was extr;mely slow, with contact times of gour to five
weeks required to attain equilibrium. Even after this long
contact time, true equilibrium may not have been attained.

With the addition of the dye carrier, the contact times required

to attain equilibrium decreased to about one week. The effect

of the dye carrier may, therefore, be to increase the rate of

adsorption rather than increasing the actual capacity for
adsorption. With this increase in the rate of adsorption, true
equilibrium is attained in a much shorter time period.

Other instances are reported of solutes that are able to

enhance the adsorption of certain other specific solutes(sz).

The phenomenon of cooperative action of adsorbates has been

termed co-adsorption by Hassler(SZ).
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(;} The performances of Hydrodarco 4000, Filtrasorb 400 and

Norit carbons for adsorption of contaminants from the complex

dyehouse mixture are compared in Figure 17. In comparison to

the lignite and the coal-based carbon, Norit, a peat-based
carbon, exhibits a different adsorptionrbehavior. With a less
steep isotherm slope, the latter performs better than its
competitors only at the low c¢oncentration level.

(83)

It has been reported that in the marketed activated

car?ons major differences actually can exist within the same
batch because of little control over the raw materials, addi-
tives and activation conditions. This may lead to some scatter
of experimental data obtained from laboratory studies carried

out with different batches of the same carbon. This may have

been the reason for the relatively more scattered data points
involving Filtrasorb 400 carbon in this work.

Isotherms reported in Figures 14 to 18 were based on Y
virgin batches of activated carbon. According to De John(zs), .

data developed on virgin coal-based carbon may lead to under-

sized adsorption treatment unit, if the water stream contains

predominantly small molecules. Reasons for that were mentioned

“he S denlar AT e N

in the previohs Section. It follows that the adsorptive capa-
city of Filtrasorb 400 may appear to be lower than Hydrodarco

carbon if experiments were performed with regenerated carbon.

S kg o = " Bl

Dyehouse effluent mixtures which have been prepared for
the laboratory adsorption tests contain many chemicals which

(-° ' ' are unlikely to be present all at the same time in the 20,000 IG
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(91 m3) equalization tank prior‘tq the full-scale adsorption
unit. Furthermore, khe synthetic effluent was prepared

assuming a maximum daily production. The effluent conceﬁfrétion
calculations were based on a total mass balance around the
dyehouse, without taking into accouﬁt any losses of materials

by proceés evaporation, binding on fibers or any sort of output
except the regular effluent channel. The scale-up procedures
based on the parameters derived from the isotherms for this
synthetic effluent are expected to produce a rather conservative
design, Indeed, better performance is expected from the fu%l-
scale plant provided an appropriate removal of:suspended mééter

is accomplished prior to the adsorption treatment.

y
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SUMMARY OF RESULTS

4 -
The following summarizes the results obtained in the

present work:

Characterization of Celanese Dyehbuse Wastewater Effluent,

Sorel pPlant

- The Celanese industrial effluent is comprised of three
groups of pollutants which were defined as Dyes,

Textile Chemicals and Guar Gum, | ¢

# Based on élant'dyeing recipes, the range,of concentr-
ations of 7 acid and disperse dyes and 11 textile
chemicalg (including the guar gum) likely to occur in
the dyehouse effluent was predicted and typical effluent
mixtures were evaluated in terms of TOC content.

- The TOC concentration of the dyehouse effluent varies
between approximately 75 and 18§ mg/% (suspended matter’
content in the synthetic mixtures was lower than
10mg/L). Contribution of the Dyes alone is in the
range of 10% of the total concéntration while that of

_the Textile Chemicals is as high as 75%. The rehaining
15% is the contribution of the solubl; Guar Gum

thickener. .
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Study of Adsorption of Jaguar A-40-F Gum from its
Pure Solution s

- The Guar Gum thickening age@t (Jaguar A-40-F or
Syngum D-47-D) used in the continuous dyeing process
is a polysaccharidic galactomannqﬂ; it is a non—ionfc, !
high molecular weight (220,000-250,000) organic coméédnd.

- Adsorption of the gum increased at acid pH: The effect
varies with the type of carbon and at pH 3 it wag'
particularly positive for Hydrodarco 4000 and Witcarb
718 activated caxbon.

- There is a negative effect og alkaline pH on adsorption
of the gum from its pure solution dependent upon the
type of carbon.

- Positive effect of elevated temperature from 20°¢ to
65°C on adsorption of the gum was observed.

- The lignite~based Hydrodarco 4000 carbon out-performs
the bituminous coal-based Nuchar WV-L and F}ltrasorb
400 carbons for adsorption of the guar gum from its
pure solution. This may be the resulé of higher surface
area of the lignite carbon in the transitional pores.

~ Either Freundlich or Langmuir equations fit satis-
factorily the gum adsorption data points, However, it
is better represented by the former,

- Low carbon loadings in the range of (5-8) mg‘Toc/g for
adsorption of guar gum from its pure solution at

30 mg/2% TOC soluble gum concentration may be the result of

the very high molecular weight of the adsorbate.
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Study of Adsorption of Typical Celanese Dyehouse
Wastewater Mixtures

- The high carbon loading at initial wastewater concen-
trati?n, in the range of 0.25 g TOC/g, exhibited by
the typical adsorption isotherms demonstrates that
the conventional Celanese wastewater is amenable to
activated carbon treatment.

- (9-18) mg/% TOC residual after the treatment of con-
venﬁional Celanese dyehouse effluent varied linearly
with the bulk of organics present in the‘wasﬁewater.
Addition of the gﬁm to the conventibnal wasté‘did not
alter appreciably the residue TOC concentration., It
appears that the residue originated from one or sevaral
of the Textile Chemicalg present in the complex effluént
mixture,

- Addition of small amounts of pg%ysaccharidic guar gum

altered drastically the conventional dyehouse effluent
adsorptive behavior, It appears that there is an
optimﬁh range for thé gum concentration in the effluent
(10-35 mg/%) resultiﬁg in a ﬁgyorable change in thé
adsorptive behavior. °The effect of the éum addition

on tyﬁical conventional carpet textile waste was verified
for the range of gum concentration between 20 mg/% and
100 mg/%. ‘ 8 |

- Based on virgin batéhes of activated~car§on, Hydrodarco

4000 and Filtrasorb 400 carbons perform in a similar way

~
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and are the best at high TOC concentrations. The
Norit peat-based carbon performs better than its com~
petitors at low TOC concentrations:

Results presented in this section have been derived -
for higher. than average effluent loadings. Better
performance is expected from the full-scale plant pro-
vided an appropriate remgval of suspended matter is

accomplished prior to the adsorption treatment,

RECOMMENDATIONS

!

Information derived from the batch test procedure can

serve as a basis for\aﬁiigipgf/;he activated carbon

‘'effluent treatment system for the Celanese plant at

Sorel. The stu?y demonstrated that carbon accomplishes
effective purification of typical wastewater effluent.
Further investigation 'with a carbon pilot plant is
suggested} howevef,‘which would ewvaluate hydraulic
factors of the é&rrent industrial plant effluent stream
an§ confinrt éhe results of the iaboratory scale Qtudy.
As a complement to the pilot plant unit, an application ‘
of an’adsorption process model suéqtas the general-
purposé computer siﬁﬁlation program developed by

Weber(37)

is-also strongly suggested which~bould help
to estimate the effect of changes in contacting con-

ditions on the adsorption efficiency.
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~ Effect of reac#ivation of carbon on the adsorption n

efficiency should be established prior towscg)ing—up .
o \

the treatment unit. C

- Presence and accumulation of the non~adsorbable organic

o ed”

o residuils, ammonia ahd phosphates in the carbon-treated

.J.»‘*J’f"
NN

2~ affluent should be closely examined with regards to

the contemplated water reclamation, . -
’ 8 -
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) Appendix 1. Physical Properties of~1nvéstigated Granular Activated Carbons
E F | _ ;
Propgrty .Units "~ | Filtrasorb 400 | Hydrodarco 4000 Norit Nuchar WV-L PC ‘Witcarb 718
J . a P
Raw Material Bituminous Lignite Peat Bituminous | Coconut Petroleum
. Coal Coal Shell Hydro-
’ cdarbons
Total Surface | m2/g 1050-1200 600-700 650-850 1000 800-1100 1150
Area :
Average Pore A° 60 - 30-40 45 20
Diameter .
Apparent lb/ft3 25 22 17 30 31 32
Density . ,
Iodine Number, 1050 550 950 1050
min .
Moisture, max | % T2 9 8 2 5 1
. Ash, max % 18 °6 -17.5 10 5
Mesh Size § 12 x 40 . 12 x 40 8 x 20 8 x 30 12 x 30 | 18 x 40
m.s.s.)

- §0T -
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Appendix 2. Chemical Nature of Jagquar A-40~F Guar Gum

Jaguar A—éO-F (or Syngum D~47-D) is a highly purified
¥ (84,85)

guar gum manufactured by Stein, Hall and Co. Inc., N.
It is a readily dispersible, non;ionic,@high viscosity
thickener formulatea for continﬁous dyeing and printing of (
tufteé carpet. It is compatible with acid, premetalized acid,

dispersed, direct basic and nickel chelating dispersed dyes.

Guar gum is the principal component of the seed of the

gu?% plant, Cyamopsis tetragonolobus or C. psoraloides. In

nature, guar grm resides in the endospérm of the seed and is .

used as food by the embryo plant. -

The purified guar gum, chemically classified as a galacto-

mannan, is a high molecular weight (220,000-~250,000) homogeneous

carbohydrate polymer or'bolysgccﬁaridé made up,of many :

D-mannese and D-galactosé units (> 1000) linked together in

L e i

the ratio of 2 moles:1l mole, as shown in the accompanying

L)

»

illustration,

e
N oA
«

e
N

The chem;aal structure of theﬁguar gum molecule shown
-in Figure A-1 has been thoroughly studied. It was shown | ‘
chromatographically that the cleavage fraéments of the methy=
la;ed gum contain small amounts of two unknown methylated
sugars and cénsequentlyq\it is possible that a sma%l percentage
of additional branching is present in the mqlecule(as).
The quar,ﬁoleculé is essentiélly a stra;ght chain mannan

branched at regular intervals with single‘memberéd galactose

G , : ‘ - ~
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FIGURE A-1
- GENERAL STRUCTURE OF THE
'GUAR-GUM MOLECULE

CH OH - . CH OH
2 2

o
Ho /o O\M HO [y H
H OH H -
H\2H H H
H OH H OH
o .
CH_OH CH. CHOH
0 0 o
\ OHHO OH HO, \ OH HO \ OHHO
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units on alternate mannose units. The mannose units are
linked to each other by means of beta (1, 4) glycosidic
linkages. Thé galactose branching is by alpha (1, 6) linkage.
Thencis—hydroxylgroupé of the gum molecule make it an effective
hydrogen bonding agent in solution. The long, straight chain
nature of this molecule, combiged with its regular side
brénching, is unigque among the natural colloids.

Guar gum solutions are slightly cloudy due to the presence

of a small amount of insoluble fiber and cellulose(87). Solu-

tions are also thixotropic and the viscosity is relatively
unaffected by the presence of electrolytes. It is relatively

stable over the range of pH 4-10.5 and exhibits a slight

((g;;fering action.

D
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Appendix 3. Total Carbon and Inorganic Carbon Calibration Curves

The total carbon stock soclution was prepared by dissolution
of 2.125 g of Reagent Grade anhydrous potassium biphthalate

(KHC H4O4) in distilled water; the solution was diluted to

8
1 liter in a volﬁmetric flask. This stock solution contains

1000 mg/2 organic carbon. Stock soiutions of other concentrations
can be prepared by éilution of appropriate weight of potassium
biphthalate.

The inorganic carbon stock solution was prepared by

dissolving 4.404 g of anhydrous sodium carbonate (Na co,) and

2
3.497 g of anhydrous sodium bicarbonate (NaHCO3) in distilled

watei; the solution was diluted to 1 liter in a volumetric

flask. This solution contains 1000 mg/%2 inorganic carbon.

The Td stock solutions concentratioﬂs were corrected
for distilled water c?ntaminatiéna This was done By adding
to the known TC stock solutions concentrations the average
TC concentration (1.5 mg/z)]of distilled water, The IC con-
centration in distilled water was sufficiently low (K 0.5 mg/%)
to neglect it. ‘
‘ In Figures A-2, A-3 and A-4, the full scale corresponds
to 100 units scale on the chart recorder. Figure A-2 shows
the TC calibration curves for 36,5 mg/2 TC stock solution at
93% and 97% of full scale. The line at 95% of full scale was

intrapolated between the two other curvés. Figure A-3 shows

.

St
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the TC calibration curves for 201.5.mg/2 TC stock solution at
92% and 96% of full scale. The line at 94% full scale was
intrapolated betﬁeen the two other curves. Figure A-4 shows
thé IC calibration curves for 10 mg/% IC stock soluéion at 94%
and 88% of full scéle. The line at 91% full scale was intra-
polated between the two other curves. 1In these figures, each
near-full scale calibration curve was obtained by adjusting
the gain value of the analyser (with the injected sample volume
kept constant); a clock-wise rotation ofﬁkhe‘gain control
increases the’héar-ful} scale values.

Data for Figures A-2 to A~4 are also presented. in
Tables A-1 to A-3.

Preparation of stock solutions was based on Beckman
instructions manual for Model 915A Total Organic Carbon’

Analysef(aa).
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FIGURE A-2

TC CALIBRATION CURVES OF [0-36.5 mg/£TC]
STOCK SOLUTIONS

BECKMAN MODEL 915A TOC ANALYSER
RANGE 1,100 ptSAMPLES

100 o

peak height [units scale]

@  97% full scale
brokenline  95% full scale

O  93% fuli scale

1

gp=-

) 2

congentration [mg/f TC)




Nfeak height [units scale)

100

FIGURE A-3
' TC CALIBRATION CURVES OF [0-201.5 mg€TC]
STOCK SOLUTIONS

BECKMAN MODEL 915A TOC ANALYSER
RANGE 1, 20 J¢SAMPLES

= 1
@
8/‘0
- e
— o’ .
/ & ®  96% full scale
\ broken line  94% full scale
b O  92% tull scale
L ]
l | - RS

50 100, . 150 200
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FIGURE A-4 \

IC CALIBRATION CURVES OF [0-10.0 mg,ARIC]
STOCK SOLUTIONS

BECKMAN MODEL 915A TOC ANALYSER .
RANGE 2,100 JeSAMPLES

J- . 4

® 94% full scale
broken line  91% full scale

. O 88% tull scale

(7

~4

5 10 Lo

concentration [mgeIC] , "\




W

- 114 -

h Table A-1. Data for TC Calibration Curves for
(0=36.5 mg/2 TC) Stock Solutions

Stock Solution Concentration | Peak Height
(mg/4 TC) : (units scale)
36,5 97.0.
26.5 75.4
16.5 51.8

11.5 36,0
6.5 21.0
36.5° 93.0
26.5 v 11.4 7
18.3, - : 54.2
16.5 49.0
11.5 34,4
6.5 , . 21,0
A
{ .
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Tabla A-2. Datﬁ for TC Calibration Curves for . -
(0-201.5 mg/% TC) Stock Solutions

Stock Solution Concentration Peak Height
(mg/% TC) (units scale)
201.5 96.0
176.5 87.0
151.5 77.0
126.5 68.5
101.5 59.0
- 76.5 45.0
. 51,5 33.0
26.5 18.0
T 6.5 5.5
: {
201.5 92.0
176.5 84.0
151.5 73.5
126.5 65.5
101.5 56.0
76.5 43.5 -
51.5 . 31.0
26.5 17.5
6.5 6.0

T
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Table A-3. Data -for IC Calibration Curves for

q:\\

(0-10.0 mg/2 IC) Stock Solutions

-
v

Stock Solution Concentration
(mg/% 1C)

Peak Heiéhi

(units scale):

[ SRV RS R )

oo uno

94.0
73.8
53.4
32.8 .
18.5

HoUuNO
.
ocounaumo

88.0
67.6
47.0
26.6
13.8

I i

AN E
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Appendix 4 ABULATION OF EXPERIMENTAL RESULTS -

-

A

Study of Adsorption of Jaguar“i-463F.Gum

¢

4.1. Concentration of the Gum Solution and Concentration
of the Correspondiqg Filtered Gum Solution

5

‘| Raw Solution | Filtered Solution
(mg/L) (mg/% TOC)

.20 6.5
40 12,0
60 18.0
80 24,0 v

1
Zr' ' ) A
4 o
4

¥

%
o
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(;)- 4.2. Remaining Gum Solution Concentration as a Function
of Contact Time for Filtrasorb 400 (Carbon Dosage
1 g/2) at 20°¢ and pH 7.0 ‘ .
A ‘ 1
" | Contact Time COncenﬁ§ation .
'h (minutes) (mg/lh ” o~
) 0 30.0
S 22:5
. . : 10 22.2
! 15 22.4
. 20 21.9 . .
’ 30 22'1 @’
45 21.9
60 21.9 -
90 22.1 ’ .
120 22;:1
180 .. 21.2 .
’ . 240 20,9 i .

- Y l

Ehew , vt




L
, - 119 ~
, .
(:) ‘ 4.3. Remaining Gum Solution Concentration as a Function
. of Contact Time for Filtrasorb 400 (Carbon Dosage
6 g/4) at 20°C and pH 7.0 .
Contact Time | Concentration '
(minutes) (mg/% TOC) °
‘ 0 30.0
i 5 15.9
10 13.4
15 \ 12.8
20 11.7
e 30 . 11.6
’ 45 11.2
60 11.1
» 120 97
180 9.1
. 240 8.1
, _
1S ' *
X ’ )
|
Pf‘ 1 | ‘\. J
‘f Q) B *
i ‘ s ’




4.4.

- Various Types of Activated Carxbon

Adsorption of Jaguar A-40-F Gum at 20°C and pH 7.0 on

Kl

Concentration

s Change in Loading
|, Carbon Dosage | at Equilibrium | Concentration C AC/M
‘ M - Co AC ) qe
Type of Carbon (mg/2) {mg/% TOC) (mg/% TOC)- (mg TOC/g)
Hydrodarco 4000 Blank 29.4 - -
2000 15.5 13.9 6.95
3000 10.4 19.0 6.33
4000 5.5 23.9 5.98 .
5000 2.8 26.6 5.32 .
10000 1.7 .
Norit Blank 29.6 - -
2500 “16.9 12.7 5.08
- 4000 10.9 18.7 4,68
. 5000 8.1 21,5 4.30
6000 4.9 24,7 4.12
7500 3.2 26.4 3.52
) 10000 - 2.8 ‘ '
PC Blank 29.4 - -
2500 15.8 13.6 5.44
4000 i0.5 18.9 4,73
5000 7.2 22.2 4.44
6000 5.4 24,0 4,00
10000 4.9 .
— /

\
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N Witcarb 718 Blank . 30.0 - - :
- . . 2500 17.6 12.4 4.96 ///
| 3000 15.2 14.8 4.93
‘ 4000 . 12,5 | 17.5 4.38
5000 10.72 19:8 - '3.96
| ¥ ' ‘ 5500 9.3 20.7 3.76
o o 6000 7.6 22.4 3.73
- . . 6500 6.8 23.2 3.57
_ . 7000 5.7 24.3 3.47
2 ~ o , ) 2500 5.1 24,9 3,32
5 - 8000 ' 4.5 25.5 3.19 ;
) 10000 3.4
5 . '
¥ ‘
A . Nuc‘ﬁar WV~L Blank R.4 . - - R 1
2 : 2000 19.8 9.6 4,80 -
: 3000 16,3 13.1 4.37 _ e
) 400Q . 13,7 15.7 3.93 )
a 5000 11,1 18.3 1 3.66
£ 7500 ~ 6,2 23.2 3.09
L ) 10000 2.6 i
o C Filtrasorb 400 Blank 30.5 — -
X - . i 2500 20.1 10.4 4.16
v 3500 16.2 14.3 4.09
4000 15.0 15,5 3.88
5000 12.8 17.7 3.54
. 6000 11.6 18.9 - 3.15
- 7500 8.0 22:5 3.00 |
) 10000 2,9 -
. ~ ¥
\
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on Hydrodarco 4000

Adsorption of Jaguar A-40-F Gum at 20 c and pH 3.5

Concentration

Change in .
Carbon Dosage at Equilibrium Concentratlon Loading
M Ce AC v 9 = ac/M
(mg/%) (mg/% ‘TOC) (mg/% TOC) (mg TOC/g)
[
Blank 28,2 - -

500 23.5 4.7 9.40
1000 19.5 8.7 8.70
1500 15.6 ‘12.6 8.40
2000 12,0 16.2 8.10
2500 9.0 19.2 7.68

. 4000 4,1 24.1 6.03
& s
L 3 - ‘

s,
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on Hydrodarco 4000

U Y

Adsorption of Jaguar A~-40~F Gum, at 65°C and pH 7.0

¢
Concentratioh ' X .
p Change in
Carbon Dosage at Equélibrium Concentration- qLofﬁéggn
M’ e AC e
(mg/2) (mg/L TOC) (mg/% TOC) (mg TOC/g)
Blank 29.5 - -
1500 15,7 13.8 9.20
2000 11.7 17.8 8.90
2500 8.8 20.7 8.28
3000 5.8 23.7 7.90
4000 2.5 27.0 ' 6,75
. t
4 ' -
1\
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Appendix 5, Viscosity of the Filtered Jaguar A=40-F
Gum Solution

A Cannon-Fenske type capillary of visgometer size
No. 50 (Range 0.8-3.2 cenéistokes) with a precision of 0.2%
was usgd for the kinematic viscosity estimation of the ﬁiltered'
Jaguar A-40-F gum solution. Concentration of the 10 ml gum
sample solution used in the experimeﬂ£ was 30 mg/2% TOC.

The calibration data were obtained with a 10 ml distilled
water sample at 1o°c, 25°C and 40°c, The simplified empiri-

‘

(89)

cal relation used to computevgﬁe gum solution kinematic

viscosity was: ,
v = Ct + B/t
where v is the kinematic viscosity (centistokes) and é is
the efflux time (seconds), Constants C and B were evaluated
from the least squares fit of the calibration points.
The final expression v = 0.0027t - 2.1841/t (Standard
error of estimate = 0.0) was then used to calculate the gum

sample kinematic viscosity at three different temperatures (T).

Experimental results are the following:

Calculated Kinematic
Temperature | gfflux Time Viscosity
(e (seconds) (centistokes)
10 559.8 1.4796
25 380.2 . 1,0017
40 279.0 0.7316 |
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This set of data was plotted with the logarithm of the
kinematic viscosity (centistokes) as a function of the
reciprocal absolute'teﬁperatufe (°K-1). Based on a least
squ;res regression (Standard error of estimate = 0,006), the
resulting linear relation between the gum solution kinematic
viscosity and temperature (Range 10-40°C) was:

log v = gﬂﬂﬁéllﬁ - 3.0109

From this equation, ‘the estimated gum sample kinematic viscosity
is.l.147 centistoke at 20°C; at~650c, the extrapolated vaiue
is 0.451 centistoke. ‘

In terms of absolute viscosity, assuming the density
of the diluted gug.solution being identical to that of pure
water, this is 1.145 centipoise at 20°¢ and 0.442 centipoiée‘

at 65°¢C.

FAPI SN
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Appendix 6. TABULATION OF EXPERIMENTAL RESULTS - Study of

Adsorption of Typical Celanese Dyehouse Wastewater Mixtures

-

6.1. Adsorption of Effluents A and B at 20°c and pH 7.0 with Hydrodarco 4000

1]

~

Concentration :
. Change in
Carbon Dosage at Equilibrium Concentration Loading
M Ce AC 9de ac/M
Effluent . (mg/L) (mg/% TOC) (mg/% TOC) (g TOC/qg)
A Blank 131.2 - -
200 93.6 37.6 ° 0.188
350 73.4 57.8 0.165
500 56.5 74.7 0.149
800 37,5 93,7 0.117
1400 28.4 102.8 0.073
2000 25,17 105.5 0.053
4000 21,8 109.4 0.027
10000 18.1 113.1 0.011
15000 19.4 111.8 0.007
B ‘Blank 58.7 - -
150 34.1 24.6 0.164
200 29.7 29,0 0.145
. 350 20.9 37.8 0.108
-7 500 16.5 42,2 0.084
800 14,5 44,2 0.055
1400 12.6 46.1 0.033
B} 2000 11.5 47.2 0.024
4000 10.0 B 48.7 0.012
10000 9.1 49.6 0.005
MR e

- 92T -
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6.2, -Adsorption of- Effluents C and D at 20°C and pH 7.0 with Hydrodarco 4000

Concentration .
R Change in .
. Carbon Dosage at Equilibrium Concengration Loading
M ce AC qe = AC/M
Effluent (mg/%) (mg/% TOC) (mg/% " TOC) (g TOC/g)
c Blank 167.3 - - .
200 119.3 48.0 0.240.
, 500 89.3 78.0 0.156
« 800 . 67.4 99.9 06.125
2000 51.5 115.8 0.058
4000 - 37.7 129.6 0.032
6000 22,4 144.9 0-.024°
8000 17.3 150.0 0.019
10000 19.7 147.6 0.015
15000 15.3 152.0 0.010
D Blank 151.8 - -
200 99.9 51,9 0.260
500 78,1 73.7 0.147
"~ 800 59.1° 92.7 0.11x6
2000 42,1 109.7 0.055
4000 29,1 122.7 0.031
10000 20,0 131.8 0.013
16000 18,9 i
20000 17.2

- L2T -
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- 6.3. Adsorption of Effluents E and F at 20°C and pH 7.0 with Hydrodarco 4000

Concentration .
s . €hange in
Carbon Dosage at EQUilibrlum Concentration Loading
. M . C AC qe = AC/M
Effluent (mg/2) (mg/2 TOC) ~ (mg/% TOC) (g - TOC/g)
E Blank 78.0 - -
200 52.2 25.8 0.129
350 43.1 34.9 0.100
500 34.3 43,7 0.087
800 . 29.9 48.1 0.060
1400 26,2 51.8 0.037
2000 23.3 54.7 0.027
4000 12.8 65.2 0.016
- 10000 . 10.1 67.9 0.007
F Blank “64.9 - -
200 33,2 31,7 0.159
350 27.3 37.6 0.107
500 21.2 43.7 0.087
- 800 18.5 46.4 0.058
1400 15,9 49.0 0.035
2000 11,7 53.2 0.027
4000 10.2 54,7 0.014
10000 8,2 a

O N T =

)
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6.4, Adsorption of Effluent D at 20°C and pPH 7.0 with Piltrasorb 4000 and Norit

-

Concentration .
: : . Change in
Carbon Dosage at Equilibrium Concentration Loading
M Ce AC q, = AC/M
Type of Carbon (mg/%) (mg/% TOC) (mg/2 TOC) (g. TOC/g)
Filtrasorb 400 - Blank 154.9 - -
’ - 200 103.7 51.2 0.256
350 80.8 74.1 0,212
500 65.9 89.0 0.178 !
800 56.8 98.1 0.123 -
1000 . 50.2 104.7 0.105 >
2000 45.0 109.9 0.055 ‘1
4000 35.7 119.2 0.030
6000 26.0 128.9 0.021
8000 19.8 135.1 0.017
10000 16.7 - 138,2 0.014
15000 12.9 142,90 0.009
Norit Blank 155,0 - -
- 200 119.5 35.5 0.178
500 81.7 73.3 0.147
800 66.5 88.5 0.111
2000 43.0 112.0 0,056
© 4000 26.9 128,1 0.032
10000 11.5 143.5 0.014
- U

—t
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605‘
Hydrodarco 4000 expressed in COD

-

Adsorption of Effluent D at 20°C and pH 7 0 with’

Concentration .
. Change in
Carbon Dosage | 2% Equilibrium | o, - ontration Loading
M Ce AC 9 ™ ac/M
" (mg/L) (mg/% COD) (mg/% COD) (g CODég)
‘ s
Blank 444 - z
200 324 120 .600
500 224 220 440
800 160 284 0.355
2000 96 ‘ 348 0,174
4000 72 372 \ 0.093
10000 60 ?
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