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ABSTRACT 

,\ 

'" 
\ L , 

--------------------------- -

1 

l , 

The activélted carbon t'reatmeJ of wastewater originating 

from the Celanese Canada Ltd. Carpet plant at Sorel" Qùecec, 

was te$ted in this study. Typical plant effluent was char-
1 

" acterized and prepared. Soluble orqanics in the synthetic 

efflu'ent varied between 7S and 185 mg/! TOC. Organic contri- ' 

bution of the dyes alone is in the' range of lOt of the tot~l 

TOC while that of the dyeing process chemicals is as~igh as 
,'i!t 

75%; the remaining 15% would be the approximate contrib~ion 

of the soluble guar qum used as a v1scosity adjustihq additive 

in the new continuous dyeing process. 

In the firet phase bf the work, the activated carbon 

adso~ion of the quar gum from its pure solution was exam~ned 
"'!. .,.. ., 

"--
in laboratory tests. Improved adsorption was observed at low 

pB values and at elevated adsorption temperatures. Liqnite­

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

30 mg/1 TQÇ of soluble quar qum, low carbon loadinq in the range. 

of (5-8) mg roC/g was recorded for vari'ous types of carbon at 

20°C and .neutral pB. 

In the seco?~ phase of the work, the activated carbon 

adsorption of typi~al Celanese dy~house synthe tic wastewater 
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was examined~, Although the prèsence of non-adsorbable re$idues 

• 1 ,1 
, l ' 

in th~ range of 9-18 mg/1 T~'was observed, the adsorption 
• t 

v ' isotherm results jndic&ted rat the conventiona1 Celanese 
1 l , 

~ effluent 1s amenab~~ to ac~ivated c$rbon ~reatm~nt. The 
l , 

chan9i~g techno1oqy of teiti~e dyeing prpcesses resulta,also, 
1 r 

, in alter~d composition o~ liquid eff-luent being discharqed 

fIIIJ/I-'" 

j 
from ~ dyehous,e. Pre~efXce of 20 to 100 mg: of p01ysaccharidic 

r 
guar gum p~r liter of ~onventional wastawater mixture had a 

( . 
pronounced effect on the adsorption proces8_ The st~dY re~ale4 

that there ls an ,op~imUm range for the qum concentration in the 

effluent (estimated at ,10-35 mg/1) resulting in a favorable • 

change i~ the adsfrptiv~. behavior. This i8 reflected in an 
) 

incréase by mor~ than 50% and 100% in the carbon loading At. 

initial concentration and the adsorption intensity (the slope 

of Freundlich i8otherm) respectively. 
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RESUME 

J \ " 

La prêsen~è êtude porte sur le traitement par oarbone 

activê des eauX usêes provenant de l'usine de tapis 'de Celanese 
t ' 

Cana~a Limitêe l-Sorel, Quêbec. Un tableau-des eaux rêsiduaires 

c~ractêristiqUes de cette usine y est brossA. 'La concentration 

des polluants organiques prêsents dans l"chantillo~ synthêti-
• t, . 

de l'usine ~~t~e entre 75 
J 1 

, 1 

que des eau~ rêsiduaires typiques 
1 

et 185 mg/i TOC. 'La contribution des produits chimiques reliAs 

aux ~rocêdês de teinture compte! elle seule ',pour environ 

. 75% du total alors que la contribution organiq~e des colorants 

n'est que de 10%1 le 15% restant serait la contribution approxi­

mative de la portion soluble de la gomme de guar. utilisêe comme 

agent d'ajustage de viscositê dans le nouveau procê~ê de 

teinture.1 la 'continue. . '~\ 

En premier lieu, l'efficacitê de l'adsorPtio~ par carbone 

activê de la gomme de guar en solution d'eau ~re:~st êvaluêe. 

Les tests de laboratoire dêmontrent une amê1doration ~e 

l'adsorption a tempêrature êie;êe et a pB acide. Le carbone 

de lignite s'avêra supêrieur a~ carbone de houille grasse. 

A une 'concentration de 30 mg/! TOC de gomme de quar soluble, ia 

iv 

- , t E~' , • - ~ 1- _ 1 ;,: 
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capacitê â'adsQrption pour diff4rents tyPe. de 'carbone aè~i~, 
.... .... ~ 1 

~ 200 e et ,pH neutre est assez b~e, de l'ordre de 5 ,1 

8 mq 'l'OC/g. 

Le 'seconde part~e de l'ouvrage évalue l'efficacitA de . 
; 

l'adsorption par c4rDone activA ~e diff~ents échantillons 'd 
~ 
t" 

synthêtiques d'eau residuaire de la teintu;erie de l'usine • 
• ' 'Ij 

Malq~ê une con~entration r~siduelle de poll~ants non adsorbables 

de 9 A la mq/! TOC, les isoehermes.d'adsorption indiquent que 

les eaux us6es conventionnelles de l'usine peuvent être 

efficacement traitées par un procêdê de carbone activ.. Il 

1 s' avêra que la ~résenee de 20 ! 100 mq de gomme de quar polY7 

\ .saccharidique par. li tre d'eau rAsiduaire conventionnelle a un 
'J 

effet tr~s prononc' sur le procAdé d'adsorption. 'L'~tu~e 
-

démontre que la concentration optimum de gomme pouvant produire 

un effet positif sur l'adsorption var'ie approximativement de 

10 1 35 mg/te Ceci est dénotê en laboratoire\par ttn accroisse~ 

ment d'au moins 50% de la capacité d'adsqrption , la concentra­

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

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

1.1 Treatment of Textile Effluent 

Textile,manufactu~i~g and finishing processes have 

recently undergone major development resulting in refinements 

in dyeing and printing techniques Whi~.c~nsiderablY enhance '"' 

the appearance of fabrics. In dyeing processes, controlling 

of discrete dye particles in aqueous systems presents a new 

challenge. In order to control the mbbility of these partiçles 
, 

special thickening additives have been developed to maintain 

viscosity of the dyeing solution (1) . However, presence ot 

these chemicals in the spent process solu'tion which is ulti­

mately discarded poses a new pollution problem. 

Ontil recently, bioloqical oxidation was predominant in 

the textile wastewater treatment. Its application-to changing 

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

cussed(27 8l • Several advanced techniques have been proposed 

as alternatives to conventional treatment processes(9-14). 

Among tnese adsorption with activated,carbon has attracted 

particular attention. 

.. 
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1.2 Activated CarbOn Treatment TeChno1091 

In Any app1ieations where re1atively smal1 quantities of 

organic contaminants must be removed from a. wastewater stream, / 

activated carbon shou1d be considered as a potentia1 treatment 

method. The maximum concentration of organic matter in ,the 

effluent that can be treated economica11y by carbon will 

d~ on the particu'lar case. Whenever the concentration of 

organic compounds exceeds approximately 200 ppm, pretreatment 

to rernove the bulk of the organics p~ior to carbon treatment 

should be considered(lS). 

The adsorptive behavior of activated carboq has'been wel1 

documented(l6-l9). Carbon appiication to'wastewater treatme~t 

has been discussed in considerable depth by 'Mantel~(20), 

Weber (2l) and Hassler(22). 

Studies on dyes removal by carbon have resu1ted in good 

understanding of the process and its capabilities(23-2S). It' 

has been found that activated carbon is' effective in removing 

color from mixed industrial effluents/containing dyes<10,2S). 

De John compared different types of carbons d~rived from 
, 

lignite and coa1 and their suita~ility for industrial waste-

water treatment(26), including' textile wastes(25). 

Porter (27,) emphasized the necessity of co1lecting 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 

, 
,/ o~ 
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volume are eas'ily deri ved. 

diamèter and the number of 

Th~ specifie column height, f' 
columns, however, c~n be ch~en 

onlY after consideration of hydraulic and economic factors • .. 
Furthe~ore, process design for carbon adsorption is complicated 

, 

by microbial activity and complex adsorption kinetics(28). 

Biological actien develops in all carbon columns treating 

biodegradable effluent in the presence of rutrients and in the 
, , 

absenc~ of toxie compounds. Carbon adsorption kinetics and 

the mathematieal 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 possible design approac~ is bas~ on the 
" 

assumption of equilibrium between the feed concentration and 

the exhausted carbon: the only requirement for design is deter­

mination of an adsorption isotherm(29,30). However, the method 

is limited to systems with no significant biological activity 

and a" highly favourable (irreversible) isot~erm (28) 

Oesïgn methods based on pilot plant data"' include the 
'. 

Short Terrn Adsorption Wave Method C3l}, the Bad Depth Se~vice 
~ 

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

restrictions and uses'of . the above design technique~ have been 

~discussed by Benedek (28) • 

It is also posstb~e to design carbon columns for Any 

system without pilot plant work from knowledge of the mass 

transfer coefficients (34-37) ~ 'These mathematical models 

il' 
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represent an effort to optimize the design and ta reduce 
/,~~~, 

--< 

costs and planning time required at bath the pilot plant and 
.' ;li 

full-scale levels. They are particularly useful in estimating 

effect of changes in carbon contacting conditions. • 

Grantllar carbon 'contacting normally occurs in a,j~'''f11 ter­

like equipment, often rèterred to as columns or adsorbera. 
" . 

The h~ght to diameter ràtio for full-scale columns typically 

ranges from 1.5:1 ta 4:1. The preferred material of construct­

ion is usually coated carbon steel(28). 

There are three possible mOdes of operation for carbon 

columns(38). In the moving bed (or pulsed bed) arrangement, 

fresh carbon is continuously (occasionally in pulses) fed at 

the top and exhausted carbon is removed at the bot tom; liquid 

is fed at the bottom. In the downflow arrangement, liquid is 

fed fram the top and the carbon 1s removed Ïor disposal or 

regeneration when exhausted. In the upfl'ow 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-

ation in either single or multiple column sequence 1s usually 

assessed first(39). There are two possible methods of arranging 

the mu~tiple columns: in series and in parallel. According 

ta Hager (40) 1 the more common column configurations al;e:, 

sinqlè moving bed, downflow in series, downflow in paraliel 

"and u~flow-expandéd in 'series. 

r 
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, Carbon reqeneration technoloqy, which is an tmp9rtan~ 

factor in a large-scale operationt has been weIl evaluated 

by Smith(4l) and Loven(42). Thé techniques differ for granular 
• 1 

and powœered activated carbon. Regeperation can be thermal, 

chemical or bioloqical. Thermal regeneration is performed by 

means of multiple hearth furnaces, rotary kilns, fluidized 

bed furnaces and transport reactors. Chemical regèneration 

includes acid or base extraction, wet oxidation, chemical 

oxidation and solvent extraction. Bioloqical reqeneration can 

be performed aerobically and anaerobically. 
\ 

The fOllowinq paragraphs de scribe several typical examples 

of carbon adsorption systems used for the treatment of 

industrial textil~ wastewa~ers. 

Moving bed adsorber at Hollitex Carpet plant 

Industrial use of activated carbon for treatment and 

recycle of textile waste effluent*was first reported a few 

years ago· at Hollitex Carpet Mill, Southampton, -, 

Pennsylvania {43, 44) • The Stephen Leedom Carpet Co. plant 

specializes in tufted carpeting. Rinse water from the dye becks 

which accounts for approximately 80% of the 500,000 USG/day 

(1,893 m3/day) total water usage is reclaimed at this plant<l. 
, , 

A moving bed adsorber has been 8elected for the wastewater 

purification. The remain~nq 100,000 USG/day (379 m3/day) 

which i8 concentrated,dye solution is seqreqat~d from rinse 

'water 

to the 

and discharged into 

adso~ber ~ormally 
\ 

\ 

municipal sewer. Color of the influent 

ranges from 100 to 150 APHA while TOC 
'\ 

1 

1 

l' 
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Table 1 

TEXTILE INDUSTRY EFFLUENT TREA TMENT* 
(DESIGN FEA TURES OF ADSORBER UNITS) 

RAWWASTE INFLUENT TREATED EFFLUENT 
CHARACTERISTICS •• CHARACTERISTICS •• RECYCLE ADSORBER TYPE 

COLOR: 100-150 APHA COLOR: 5 APHA YES MOVING BED 
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, 
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:. 
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concentration varies from, 210 to 290 mg/t.' Color of the 

treated water is les8 than 5 APHA'with approximately 10 mqlt 

TOC, as shaWn in Table 1. 
~ 

Th~ existing plant flow chart is shown in Figure 1. The 
,,'. .._---' -

o 

'>",?rinse water' prior to i ts treatment ~lows' through de-lintinq 
- -'t" • , 

;'~reens. From two 20,000 USG (76 m3) holding sumps the waste-

water is passed. at ~n upflow flux of' 4.7 USG/ft2 min 

(0.19 ,m~/m2 min) throuqh 50,000 l:,bs (22,680 kg) of granular 

'carbon contained in the 27 ft height'x 9.75 ft diameter 

(8.2 m x 3.0 m) mevin9 bed adsorber. The contact time varies 

betweetl 40 and 44 ,minutes • ., Treated process water then passes 
, " 

, , 

throuqh a cooling tower where its temperature is reduced from 
, ' -

l800 F (82oC) to' 90°F '(32°C) befere being stored ?n a tower 

for reuse. It has be~n recently reported that carbon used at 

this plant is exhausted at a rate of 0.55 Ib/lOOO USG 

(';6 kg/lOCO m3) (45) • !' 

Reactivation of spent carbon is accomplished in a six 

hearth"qas fired furnace capable of tréatinq 2000 Ibs/24 hours 

(907 kq/24h~. Losses' of carbon during the reactiyation cycle 
r 

are reported to be sliqhtly less than 5%. Coat for reqeneration 

is about 9~/lb (20Ç/kg) of car~on reactivated. 

Installed cost of the water ~ecl~ation unit was appro~i-
, 

mately $350,000. Total operating cost includinq make-up water 

an~ municipal treatment of concentrated dye solution i, esti­

mated at 15~/1000 USG (4ç/m3). 

.. 
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, . Bio-reqenèr~t~d, a,ctiyatad,' o,arnon 'at,'Mas~and' pla,n,t 

, J, " 

r ,_" • 

À,new textile'wastewater treatment process, invOlvin9'" 
1 r..J. , • 

, " , • # , • ~, .M ~ 

'bioloçical regeneration" of ,exhausted activatee carbon hild . 
(( ," v t' • ' .. , 

" been in operation' ~t 'e;. H.; 'Ma'Slanà. and so~ plant. in' Wakefie+d, 
, 1 

R. 1.' (46) ~ . Thé car,pet y~;~. fabriè~ dYéing' facili ty produces " 

,,' S? l' 000 '?s~/~ay: ~~89 '~'~ /day'), Of w~stewat~~ ~ prior' to discharge 

th~oU~h' 'the', ~x:nâl~ 'tr~atment' pilot PIlant' un.i t. instal,led there,. 

mean COD 'value 'çf 'tpe 'effluent is 700 mg/t, BOO 396 mg/1 and 

suspended SO~idS 27 mg/1; the dyehouse 'watér,is heavily coloréd, 

with'a mean of 2.5 units at 450 nm on the spectrophotorneter. 
1 

The pararneter ranges are also presente'd in TapIe 1. 

, Pilot ~la~t data have'shown that the pr~ce;s is economi­

cally weIl suited for handling complete,trea~ent 'of a relatively 

small volume of textile wastewater up to '7;;, 000 tiSG/day 

(284 m3/da~). In the caSe of Masland plant, the textile dye 
, 

wastes' was easily decolorized'by a single downflow pass through 
, 

fixed gra~lar activated carbon beds at an average flux of 

12 USG/ft 2 min {O.49 m3;m2 min) • 

Biol~gièal regeneration was accompli shed by contacting 

the columns in an u~flow ~ode at a flux of 10 aUSG/ft2 min 
'"" 3 2 (0.41 m /m min) with the effluent of a 1200 USG (4.5 m3) 

'. 

reactqr wherein a vi,able micro":'organism seed was maintainéd. 
~ " 

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

8.5 USG/ft2 min (0.35 m3/m2 min) and 15.6 USG/ft2 min 

(0.64 m3/m2, min). 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 
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full-scale treatrnent unit is given below. The treatrnent 
,JI 

process flow chart is shown in Figure 2. 

Aft'er equalization in a 50,000 USG (189 m3) tank, .the . 
dyehouse effluent passes downflow at an approximate rate of 

30-40 US,G~1nin ~o .15 m3/min) through ei ther one of the two 

carbon systems e~ containing three columns in series charged 

with 1200 lbs (~44 kg) Qf granular carbon per bed~ The two 

systems alternate for treatrnent and biological regeneration. 

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 

regenerated. The effluent quality of 

~to be of a tertiary treatment level. 

such a system is claimed 

, r 

F~xed bed adsorbers at Harding Carpets plant 

A wastewater treatment system which consists of two sets 

,~ of fixed bed adsorbers, éach operating with columns in series, 

has been installed at Harding Carpets, a man-made fibers plant 

in Collingwood, Ontario. Prime purpose of the treatment system 

is colour removal from the 86,000 USG/day (326 m3/day) maximum 

daily wastewater flowrate" a function it is performing weIl (47) . 

The existing plant flow chart is shawn in Figure 3. Prior 

to reaching the adsorption system, the waste liquor solution 
1 

from the dye kettles is discharged into a hold,ing pit, passes 
. 

through,screens and is transferred to a waste storage tank. 

The first set of adsorbers consists of two downfl~w fixed bed 

1 _~ ... __ 

1 • ~ JI~"\~~ f:'-;'.>i~:5: " ;' .. 
.. /--d t \' ' 

- ,. 

• 
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columris connected in series, each holding 1260 lbs (572 kg), 
. , 

of granular carboiu each' column i8 10.5 ft x 3 ft 

(3.2 ~ x 0.9 ml. Maximum flux through the columns is 

6 USG/ft:2 min (0.24 m3;,m2 min)'. The second ~et of adsorbers 

is paraI leI to the first one a~~ consists of two downflow 

fixed bed columns eonnected-in series; with a carbon loading 

similar to the first set of'columns; eaeh column ls 
o , 

,0 

10.5 ft x 4 ft (3.2 m x 1.2 ml. Fl~ through these columns 

is 3.8 USG(ft 2 min (0.15 m3/m2 min). 
-

Typical parameters ,for the raw waste and final treated 
" 

effluent are summarized in T~ble 1. Final effluent from the 

carbon adsorbera is discharged into the m~nicipal sanitary 

sewer system. 

Anaerobic-aerobic treatment with activated carbon at Palîsades 
industries 1 

A new process fQr the treatment .of high concentration 

textile dyefng and finishing wastes has been installed at , 

Palisades Industries, a commission dyér and finisher of 

synthetic and ~ynthetic-cotton blend fabrics at Peaee Dale, 

R.I. (48). Normal flowrate of w4stewater from the eight auto­

matie dyeing )igs is estimated to be 75,000 ÇSG/day 

(284 ~3/day). 

Thé existinq plant flow chart ls shown in Figure"4. The 

wastewater treatment sy~tèm consists of three"units that are 

,connected in series. Unit l is a large basin sectioned by 

interlor walls; key element in that basin 19 the 21,000 USG 

(80 m3) aerated equalization.pit which serves as a roughing 
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FIGURE 4 
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mec~anism to reduce BOO before treatment by, activated carbon 

in Units 2 and 3. Unit 2 compriseé two up~low activated 

carbon reactors receiving the mixed liquor effluent from 

Unit ~ and serving two functions: (1) Adsorption of soluble 

organics and color material and (2) Filtration of suspended 

solids. Each reactor is on stream for a predetermined length 
1 

of time before it is switched to an anaerobic regeneration 

cycle, putting the other reactor on stream in the meàntime. 

Each vessel, 8 ft (2_4 m) in diameter, is fille4 with 8000 lbs 

(3629 kg) of granular activated carbon. Unit 3 is comprised 

of'four adsorbers each 4 ft (1.2 m) in.diameter and filled 

with 3000 lbs (1361 'kg} of granular activated carbon. 'The 

four columns are operated as two paraîi~l systems, similar to 

Unit 2, Jith two columns in series. 

, 

To increase flexibility 
t 

of operation, each'pair of columns is piped to operate in 

e~ther 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 bè-"rOègenerated, biologically; this is accomplished 

by contacting the co1umns at an upflow flux of 16 USG/ft2 min 

(0.65 m3/m2 min) with the stream of eff1u~nt from a 1500 USG 

(5.7 m3) reâctor wher~in an active aerobic micro-erganism 

cu'lture ia maintained. After Unit 3 pOlishing treatment, 

effluent is discharged te the river. 
• Upder normal' flowrate, the equalization basin can remove 

approximately 50% of BqD. ~ Th~ total ave~age BOO removal for 

the entire syst~ currently tanges ~rom 65 to 73%; more qat a 

, 
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are a1so presented in Table 1. Further ~provement of the 

treatment system ls possible. 

Pu1Séd bed adsorber at Westmi1l Carpet plant ., 
A smaI1 pulsed bed column has beeQ installed at Westmi1l 

Carpet, a carpet mi1l in K~lowna, British Co1umbia~ for .reuse 

of rinse waters from dye becks process :equipment (49) ... } 

,Reclaimed water constitutes sorne 40% of the total water require-, 

mént at this plant. 

Typical parameters of the dye rinse water are: 130 mq/t 

COD, 80 mg/t TSS, 800 mg/i TDS, pH is 8 'and color i's lighti 

water qua1ity of the treated effluent allows satisfactory 

recycle of process water. 

The existing plant flow chart is' shown in Figure 5. 

T~eatment systém éonsists of fixed screens to remove the bulk 

Of the 100se fiber from the used rinse water and a sand fi1ter 

for complete removal of fine suspended solida,'followed by 

the activated carbon column. The adsorption system ia designed 

ta hand1e 4,.4 USG/ft2 min (0 .l~ m3/m2 min) for a total through-
~ 

put of 60,000 USG/day (227 m3/day). A single pulsed bed ~olumn 

with a carbon' loading of 2400 lbs (1089 kg) is 'employed; the 

vesselndimension ls approximatelY 14 ft x 3.5 ft (4.3 m x 1.1 m). 

Withdrawal and addition of carbon is carried out manually • 
.. 

At the projected caxbon use rates, regenerationcis not economi-

,ca11y justified, and carbon ia used On a once-through basis. 
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Ozone-carbon treatment system at Kanebo Naqahama plant 

A' new treatment system combining oxidation by ozone and 
'0 

adsorption by activated carbon-has been installed at the 

Kanebo Nagahama factory, Japan; it consists of two ozone 

,reaction towers followed by a single pulsed bed adsorber. 

Althouqh the phenomenon of dyes oxidation by ozone is not 

new(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 affects, 

according to the authors(5l). 

The existing plant flow chart is shown in Figure 6. From 

a 185,000 USG (700 m3) storage tank, the 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 pprn of ozone is maintained. Liquid is 

then discharqed into an intermediate tank and pumped through 

84,000 lbs (38,102 kg) of granular activated carbon pack~d in 

the 24.6 ft x 10.5 ft (7.5 rn x 3.2 m) pulsed bed adsorber. 

~reated effluent is pH,adjusted prior to discharge. 
" 1 

Typical parame:ters for the raw was'te and final treated 

effluent are summarized in: Table 1. Réacti,vation qf spent 

carbon is performed into a Nicols-Herreshoff vertical gas furnace 

capable of treating 7,300 Ibs/day (3311 kg/day). Totaloper-. 
a~ing costs are estimated at 34C/lOOO gallons (9Ç/cubic meter). 

" 
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Fixed bed adsorbers at Weeks plant 

A carbon fixed bed treatment system capable o,f removing 

both dispersed and dissqlved organic dyes fram' the dyehouse 

wastewater effluent has been operated at Weeks Pla~t(52). 

'~he Hanas Corporation plant manufactures women's hosiery: it 

operates 24 hours per day, using 150,000 USG/day '(568 m3/day) 

of water. In addition' to disperse dyes- which are.mixed on a 
" batch basis, the water is comprised 'of dispersing, softening, 

. . 
finishing agents and stripping compoun~s. Treated water is 

.. 
recycled to. the dyeho.use. 

The proposed plant flow c~art is shown in Figur~ 7. The 

pilot plant system consists of a diatomaceous earth 'filtration 

unit to remove suspended so~ids 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 connecteq 
1 

in series. Treated effluent is then recycled to the four smal! 

10-J.l:>s dye machines for the next round of dyeing. .Experimental 

results indicate that the TOC was reduced" by ë!-pproximately 

89% overall with complete color removed. Suspen4ed solids were 

reduced by ab~ut 50% across the DE filter. Str~ct quality 

control tests conducted after each treatment cycle revealed 

that the product was equal to that dy,ed on a normal operation. 

Typical parameters for the raw waste and final treated 

effluent are summarized in Table 1. Reactivati'on of spent 

carbon would be performed by the'sup~lier. 

i 
1 

• 1 

1 
1 
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Combination of activat d carbon-activated slud e at Cone Mills 

An existinq second ry treatment plant effluent was subject 
If of further pqlishing to meet more stringent wastewater 

standards(53,13). The Cone Mills corporation, Greenboro, 

North Carolina, i8 a manufacturer of cotton and eotton-synthetic 

blends. The waste treatment system' consists of two 24-hour 

aerated equalization basins (one of which is equipped for 

extended activated sludqe operation), facilities for adding 

screened domestic waste if needed, a hiqh-solids 24-hour 

extended Aeration activated 'sludge basin, clarifier's, a 3-day 

aerated stabilization basin, POS,t-chlorination, and a 4S-minute 

mixinq/reaeration basin. The existinq plant flow 'chart is 

shown ~n Figure 8. 

It'has been observed that an addition of specifie amounts 

of powdered activated carbon to the Aeration basin (2000 mg/t) , 
/ 

, , / 

improves the biologieal treatment efficiency. The exact ~ 

~echanism responsible'for its positive effect is not weIl u7d (­

stood(S4). ln the full-scale testing, the mixed liquor su 
/ 

/ 

pended solids level was brought to the 9,000-12,000 mql,R/bY 
./ 

feeding ~e powdered carbon Along one side of the main reactor 

bas~n: Carbon was fed 5 days per week Whi(" wastinq sludqe 

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

1974 yèar have indieated no major problem due to powdered, 

carbon addition. 
, , 

The Most notieeable change with the previous conventiona1 

bioloqical treatment unit has been the great increase in celor 

.--. . 

, ' 
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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 

~veral successful applications of activated carbon pro­

-cesses for treatment of textile wastewaters have been described 
J 

in Section 1.2. Adsorption as a unit process offers many 

advantages when eompared to eonventional biological processes: 

.the system requires approximately on~-seventh the land required 

for a biologieal proces~(43); no se~ondary sludge is produeed; 

even highly toxie wastes can be easily proces~ed. The 

adsorption system allows flexibility in design and operation, 

producing esthetically superior effluent, free of çolor and 
<> 

odor, at lower capital investment: The degree of treatment 

i9 such tha~ it produces effluent suitable for reuse. 

Reuse of treated ~astewatets is currently performéU in 
~ 

) both small and large textile plants using carbon adsorption 

l' 

processes. Wastewaters recycle might weIl become common 

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

supply availability as ,weIl as savings(55,56). 

The anaer6bic-aerobic bio-oxidation treatment syst~ 

with activated carbon might weIl become competitive to the . . , 

conventional biological treatment process for effluents with 

high concentrations of, biodegradable materials. 
" 

tion of powdered activated çarbon to aeti­
1 

vated sludge uni~ tend to increase operat1nq costs, 

" " 

, , , , 
.. ,'t....- , . .< 
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reduced total expense~may be realized through savinqs on 
, 

defoamers, coagUlants, sludqe handlinq and vacuum filtration· 

chemicals. Hiqher color removal is ~xpec~ed from this 

technology. 

As a general rule, suppliers of activated carbon provide 
\ 

a table of quality parameters for their 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 1isted in the 'accompanyinq 

data sheet(66). Often, most of this information is of little 

value to the individua1 whose responsibi1ities include eva1u-

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. 

Sever al carbon properties shou1d be compared. They May 

be grouped as primary and secondary properties(19,67). The 

primary properties are those Most directly cor~erned with cost 

and effectiveness of the car~on while secondary properties are 

less critical. For granular carbon, primary properties inc1ude 

adsorptive capacity, attrition resistance, permeabili~y ~nd 

extractable solubles contained in carbon. Secondary properties 

include bulk density, pH of carbon, moisture and ash contents. 

Aécordinq to Mattson(66), the three p~rameters of import­

ance for evaluation of granular activated ca~b?ns at' the labor­

atory scale level are the adsorptive caPf?ity, the rate of 

ad~orption and the resistance to attri~ion. The 'rate of 

, ( 
__ .. ...,.- _N __ ._"""'O'-, 

• .:" • .J • • ' 
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adsorption determines the contact time and flowrate required' 

to produce a given quality of effluent while thé ability of a 

granular carbon particle to resist mechanical and hydraulic 

attrition plays an important economic raIe in selecting the 

carbon that will result in the lowest operating costs. 

Following a lab scale stpdy, Most investiqators recommend 

pilot plant studies(58,59,68). ~ 

, 

Oespi te somé of i ts shortcomings 1 the a,cti va ted . carbon 

effluent treatment is becqming more widely employed as increas-, 
'" 

ingly stringent environmental regulations are being introduc~d 

and enforced. Its potential will further increase if a techno­

logieal breakthrough is realized whieh would improve adsorption 

capaeity of aet~vated earbons for low-m~lecul~r weight and 

high-p~larity compounds. 

1.4 Pollution Problem at Celanese Canada Ltd., Sorel Carpet 
Plant 
~ . 
In textile industry, several types of eontinuous dyeing 

processes are now in use for earpets aIl of which require 

thiekening additives ta control the distribution of the dye. 

The continuous d~eing process at the Celanese Canada Ltd. 

Carpet plant loeated in Sorel, Quebee, uses Syngum 9-47-0 

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

viscosity at a very low concentration. The thiokening agent 

is a highly purified guar gum manufacturedtby Stein, Hall and 

Co. Inc. 

. , 
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The"spent process solution which ia comprised,of Many 

dyes,' chemicals and gum additives is normally being discarded, 

this practice posing a serious pollution prob1em. The mixed 

dyehouse effluent has to be treated before discharge into the 

receiving water body in comp1iance with the new provincial 1 

water quality regulations be~ng introduced in Quebec. 
, 

The dyehouse effluent ~reatment procedure which is ~on-

sidered for the Celanese plant i8 a moving bed adsorption system 

emp10ying granular activated~rbon. Pre1iminary 1abor~tory . 
-and pilot plant studies carried out have indicated satisfactory 

remova1 of organic pollutants from conv~ntional 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 

watèr back into the dyeing process. 

1. 5 Objectives 

The objectives of the present study are as follows: 

1. To characterize the Celanese Sorel dyehouse effluent. 

2. To deve10p information on the adsorption by activated 

,carbon of Jaguar A-40-F gum from its pure solution. 

'a) To determine the aÇisorptive capacity of various 

types of activated carbon. 

b) Ta determine the effect of pH on adsorption. 

,. 

1 

i ' 
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• c) To determine the affect of temperatura on 

~dsorPt:ion. 

3. To investiqate. the ef,fect of the gUDl -'o~ the adsorption 
-', 

'process treatinq a typical carpet dyehouse effluent. 

Different types of activated carbon will be tested. 

4. Tc develop information which could serve as a basis 

for proper desiqn, si~inq and operation of the acti­

vated carbon treatmènt proce~s at the Celanese plant • 

• 
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2. EXPERlMEN'l'AL 

2.1 'Materials 

Table 2 shows six brands~of activated carbon which were 

examined in connection wi th this work. All were chosen on the 

basis of their general applicability;: in wastewater treatment 

under an assumption that the samples received from respective 

manufacturers are representative of the typical activated 

carbon grade produced on a large scale. However, a new batch 

of Hydrodarco 4000 was mixed with'an equivalent volume of the 
• 

old Hydrodarco batch for all experiments involving the mixed 

effluents. Th, new batch was received from the manufacturer 

about Aix months after the first one. 
, 

The physical properties of the investigated granular 

carbons are included in Appendix 1. The data were provided by 

the carbon manufacturers; a few we~e taken from literature(57). 
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Table 2 

GRANOLAR ACTIVATED CARBONS 'USED 

IN THIS STUDY 

"l'rade Name 

Filtrasorb 400 

H~~rodarcb 4000 

Norit 

Nuchar WV-L 

PC 

Witcarb 718 

, , 

Supplier 

Calqon Canada Ltd. 

Atlas Chemical Industries 
Canada Ltd. 

Norit~ N.V. 

Westvaco 

Barnebey Cheney Ltd. 

Witc. Chemical Canada 
Ltd. 1 

, " 

Location 

Bramalea, Ont. 

Brantford, Ont. 

~sterdam, 
Nethérlands 

Covinqton, Va. 

St •. Jean, Que. 

Toronto, Ont. 

- - -------------
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11 
Table 3 ~hows the dyes selected for preparation of the 

synthetic wastewater mixtures. The pôwder dyes were used as 

supplieç by Celanese Sorel plant. 

The li'st of textil,e chepù.cals 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 identical with the 

, materials used in the dyehouse, 

The guar gum compound was supplied as a cream colored 

... dry p,owèIer by the Celanese' Sorel plant'~ The produet is manu-
\, 

factured by Stein, Hall and Co. Inc., New York" under the, 

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

'sample was used without further purification. 
, , 
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TaQle 3 

.. 
" OYES USED FOR THE TYPlCAL SYNTHETIC 

WASTEWATER MIXTURES 

Commercial Name C.I. Clas.ification Type 

. " Dispersol Blue,BG Disperse Blue 26 Disperse 

Dispersol,Ye1l~w AG Disperse YEùlow 3 ' Dispe,rse 

Terasil Pink FG Disperse Red 55 Disperse 

Nylomine B,;tue AG Acid Blue,2S Acid 

Nylomine Red A2BIOO Aoid Red 266 Acid 

Nylomine Yellow AG Acid Yellow 135 Acid 

Nylosan Yellow CRM Acid Ye110w 219 Aoid , 

, ,J; , 

1 , 
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Table 4 

1 

TEXTILE CHEMlCALS USED FOR THE TYPIW 

SYNTBETIC WASTEWAT~R MIXTURES 1 

Pl;"oduet Physieal State Ose' 

" 

Acetie Acid (56%) Liquid pH Adjuster 

Ammonium Sulfate Crystals pH Adjuster 

Chemc;ogen 6DL ,Liquid Levelling Agertt 

Ç)eflavit ZA Crystals Stripping Agent 

Disperse 1097 Liquid ,1 Compatibili~er 

, 

Kalex 50% 
, 

Liquid Sequestring' 'Agent . 
Leveg~l FTS" Liquid 'Retarding Ag,nt 

. , , 

Progawet Log Liquid Wetting Aq'"ent 
, 

Teseo ODE, Liquid Anti-foam Agent 
• .., " 

Texasist AS Liquid Levelling Agent 
A 

" 
, 

1 

." 

1 

1 

'1 
1 
1 

r 
1 

1 
1 

" 1 
1 
1 , 
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2.2 Preparation of Stock Solutions 
" 

The three groups of product,s def ined in Section 2.1 as 

Oyes, 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 
;' 

prepared as described below. 

2.2.1 Dye, Stock Solution 
, . 

The dye stock solution was prepared by first adding 

direct1y the appropriate amounts of acid ~yes to 300 ml of 

distilled water contained in a 1 ~. volumetrie flask' at 20oC. 

While continuously stirred with a Thermix stirrer and heater 

(Model 11-493), the solution was heated,to 1000C and the boi1ing 

temp rature was maintained for about 5 minutes. Fo11owing slow 

coo in~ ta be10w 600 C, the disperse dyes were added. The stock 

s 1ution volume was adjusted to one liter with disti11ed water 

and stored under refrigeration. 
1 

The stock solut~on, which ~as 100 times more concentrated 

than the maximum dyes concentration used in expe~iments, con-

tained 1930 mg/~ of total ~arbon. 

2.2.2 Textile Chemica1s Stock Solution 

The textile chemicalsstock solution was prepared by adding 

d~rectly the appropria~e amounts of chemicals to 100 ,ml of 

distilled water contained in a 1 ~. volumetrie flask. L~ 

heat was applied to help dissolution of' çrystalline fnd vis,cous 

compounds whiie stirring at 200 C with the Thermix device. The 

stock solution volume ~as then adjusted to 1' 1 .. w~th distilled 

water and stored under,refrigeration. 

- ([1 
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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/t of total carbon. 
1 

2.2.3 Guar Gùm Stock Solution 

The guar gum stock solution was Qbtained by slowly sprinkl­

ing approximately 2 9 of Jaguar A-40-F into the vortex of one 

liter of rapidly agitated distilled water at 20oC. After 45 

minutes,' the visc~us gum solution was vacuum filtered through 

a 9 cm Whatman filter p,aper No. 4 using a two-piece Buchner 

funnel Kimble 54000, the supernatant refilterèd through a 9 cm 

Whatman filter paper, No. 5. The resulting clear stock qum 

solution 'free of suspended matter was sto~ in a 1 t. volumetrie 

flask ~nder refrigeration.~ \ 

The stock solution, which was approximatelY 24 times more 

concentrated than the maximum qum concentration used in experi-

ments, contained 708 mq/~ of total carbon • 
• <, 

2.3 Preparation of Activated Carbon Samples 

The fOllowing procedure was repeated for each of the six 

granular activated carbons under study. 

Approximately 100 9 of the granular carbon sample was 
, 

pulveri~ed with a Waring blender and sieved throuqh the No. 325 

Tyler mesh size, Canadian Standard Sieve Series (openin9 in 

metric: 45 ~). The carbon pdwder was dried at ISOoC in a 

forced draft oven for 3 hours. It was subsequently stored in 
1 

a low humidity room in an enclosed container. 

,/ 

1, 

1 
• 1 
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2.4 Laboratory Adsorptipn Test Procedure 

Th. present study was based on a standard batch adsorption 

procedure yielding data for adsorption isotherms(58,59)., Stock 

solutions were used fo. preparation of synthetic effluent"by 

dilutions 'and mixing of appropriate components. pH was adjusted 
~ 

when required by additions of either NaOH or He!. No pH ad just-

ment was necessa~y for the synthetic mixed effluent with natural 

pH 6.0tO.3 ~hich was within the acceptable ran~e of pH 5-7. 

A 100 ml sample portions were pipe~d into 500 ml erlen­

Meyer flasks. The required amount of carbon powder was manually 

mixed into the liquid in each sample fla~k. The flasks were 

the~ shaken on a Galle~amp wr~st action shak~r for 60 minutes. 

No carbon was added to a control flask containing the solution 

onlyo" 

Immediately fOllowing after the shakinq period each solution 

was vacuum fil~ered through either a 5.5 cm Whatman filter 

paper No. 5 placed in a two-piece Buchner funnel K~~le 54000 

, ----lused for thé pure gum ad$orption tests) or a 4.7 cm Gelman 

filter paper Metricel GN-6, pore size 0.45 ~m, placed in a 

250 ml Millipore filter holder, (used for all other tests). 

Whatman paper was sufficiently wetted w~th distilled water 

before f~ltration. The Gelman paper was thorouqhly washed with 

The' 
r 

300 ml of distilled water before filtration. Approximately 

85t15 ml of filtrate was colleèted from each test. 
t 

Approx~ately 40 ml of each filtrate sample was poured in 

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

, 

l 
f ~ 
t ., 
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in this study were performed with a Beckman Total Organic 
. 

Carbon Furnace Module (Model 915-~) and a Beckman'No~-Dispersive 

Infrared Analyser (Model865). A pushbutton operated Hamilton 

syringe (Model CR-700-200) was used for sâmp'le injection. 
l ' ' 

1 
Total Carbon (TC) and Inorganic Carbon (IC~, concentration of 

sample solutions were derived from palibration ,curves 

(Append~" 3). To~a~ Organic carbon' (TOC) value was obtained 

by substraction of TC and tc values; these measurements were ~ , 
( 

,recorded on a 10" Hew-lett Packard strip chart recorder (Mode l , 
( li ' 
7l27A) . All recor,ded peaks fell within the equipment specified 

repeatability range (±2% of full scale from 50 to 4000 mg/1). , 

Most e~periments were performed at' 20'±loC. For the few .' 
cases where a temperature of 65°C was required, a 15.5" x 

15.5" X 8.5," Fisher Versa-Bath, (Madel l~l) filled with water 

cont,rolled at ±O. SoC was 'used. The water bath and the shaker 
1 

were set side by side wi th ~ 250 mi stoppered erlenmeyer flasks 

submerged in hot water. The flask's containing solutions were 

h~ated to 65°C prior to r~cèivin9 the adsorbent. , AlI other 
1 

operations of the adsorp;tion procedure, 'r~ained unchanged,., ' , 
. , 

In the special, ca,ses whe:re the contact time was investi-

gated, a 3 1. beaker and a ThermiX stirrer (Model 11-493) w~~e 
o 

used instead of the 500 ml shaker erlenmeyer flasks. One 

li ter of the pI;'epared solution wa's pouréd into the .beaker which 

was set on the stirrer. At time zé~O, the required amount of , 

powd\r' carbon was poured in the liquid stirred at 2.0oC. At ,L 

, ! 

, ' . , 

'. ' 

" 

Il 

1. 
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specifie time intervals approximately 30 ml of the black 

liquar was withdrawn with a 50 ml beaker and filtered accord· 

ing to the established proc~dure. 

AlI the tests in this study were dane in agreement with 

the Standard Methods for Examination of Water and Wastewater(90). 

'1 • ~ _ ~ 
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3. RESULTS 

3.1 Characterization of Celanese Dyehouse Wastewater Effluent 

" 3.1.1 Introduction 
i 

Several attempts have been made in the recent few years 

to quantitatively characterize Celanese dyehouse wastewater 

at Sorel (60-63) • The results, however, do not always aqree, 

the main reason beinq that the dyehouse effluent composition 

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 Seçtion were 

defined as Dyes, Textile Chemicals and Guar Gum. These products 

originate from the batch (Qye Becks) and/or the continuous 
"-(Kuster, Tak type machines) dyeing operations performed at the 

plant. Oyes used for t~e two dyeing processes are essentially 

disperse or acid in nature (Table 3)." Out of 100 pounds of 
J 

dyestuff, about 65 PQunds are disperse dyes. In Table 4, aIl 

chemicals except Disperse 1097 and Progawet Log are linked 

to the batch dyeing operation. The great'amounts of textile 

chemicals used are larqely);esponsible.for th~ Orqani~ pollution , 
of the dyehouse effluent. Synqum D-47-D (or Jaguar A-40-F) 

1 
~ 

.. 
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constitutes the third category of pollutants present in the 

mix~d effluent. It is used as a thickener to control the 

distribution of thè dye for the continuous dyeing' process. 

3.1.2 Prediction of the Celanese Dyehouse Typical Wastewater' 
Mixtures Composi tion " 

'-. For the currênt study, it was imperative,to select a 
~ 

wastewater sample representative of the typ~cal dyehouse 
) 

effluent. The grab-sampling method was rejected because it 

i8 not reproducible and yields samples from which constituants 
',,-

are hardly identifiable. Predic.tion from the plant dyeing 

recipes of the range of' pollutant concentrations like~y ta 

oeeur in the fina'l dyehouse effiuent was considere~ a more 

appropriate approaeh. It was carried out in the following 

manner: 

Five typical batch dyeing recipes were selected: one 

pale shade (#210S), two medium shades (#2104, it2109) land two ... 

dèep shades (#2101, 12106). These shades t~ically represent 

. approximate~ 90% o~'the total production; their relative pro~ 

,'portion in ,the dyehouse is 3: 5: 2 (by, weight). The lists of-
IJ 

dyes and chemicals dnvolved have been tabtilated in Tables 3 .' 

and 4. 

Based on the sarne weiqht of virqin fabrie ànd on the same 
- ~ 

'unit volume of dyeing liquor, the proportion of each compone~t 

from the five typipal recipes was summarized"yielding a eom-
, . 

posite dyeing liquor which constitutes a typical daily input 

ta the dye b~ck machines • 
, . 

l' 

o 

• 
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The dye components were then seqregated fro~ the textile 

chemicals, w·ith each group b.ing treated differently. Con­

centration of the dye components in the batch and 'the ~ontinu-. 
ous dyeing stock pas tes are identical.' oThe textile chemicals 

in the continuous ~yeing stock paste are essential~y Jaquar 
, 

A-40-F, Disperse 1097 and progawet Log. The qum concentration . 
in the stock pas te is hased on viscosity requirements of the 

dyeing solution. The initial gum concentration is currently 

1 ~/! for the Kuster machine while it was, estimated to,he 

5 g/t for the Tak equipment. 'Concentrat~ons of Jaguar A-~O-F, 

D~~perse 1097, Progawet Log and TexasistJ AS in the stock pas tes 

were each derived from an approximate partial mass ~alance 

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 daily volumes of batch and con­

tinuous stock pastes for tQe dyeing equipment. Feed volume 

for the Tak equipment was basad on the extrapolated next year • 
'" 

production. This was estimated at 10% of the current total , 

production with the continuous"dyeinq equipment. 

The final mixed dyehouse effluent flowrate fluctuates 

between 350,000 and 450,000 IG/day (1,591-2,046 m3/day). 
, 

Table 6 presents the calculated dilution factors, 

.. 
·H ........ t .. • .. '~ .. _1.!.'.1 .. ;:,:~ ~.~ .. _ ,.oh .~,,~ 
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Table 5 . 

VOLUMES 'OF BA'l'CH AND CON'l'INUOUS 

DYEING SOLUTIONS 

VOlume/Day . 
Dyeing Equipment 

Min~mum (IG) M.aximum (IG) 

Dye Becks 4,500 7,500 

Kuster 
, 

10,000 15,000 

Tak .- 2,,160 

, 

'c 

, . 

. 

/. 

" 
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Table- 6' 

DILUTION FACTORS FOR DYEING 

SOLUTION CONSTITUENTS 

Dilution , 

Dyeing Soluti'On Constituent Minimum 

, ., 

o , 

'.t 
Oyes 

Textile 
\ 

Chemicals 

Guar Gum 

. 
~ 

-

,14.2 

46.7 

20.4 

\ 

~ t' .' 0 

.,~ , -",' , , ,. 

• 

Factor 

Maximum 

31.0 

100.0 

45.0 

,. 
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, 
The values in Tables 7 and 8 represent the maximum 

< 1 

estimated concèntrations of pOllutants in the final dyehou$e-
. 

ef~luent, as' 'éalcula-t.ed from the ,'minimum dilution factors i~ 

,Table 6 and the recipes. Both Oyes and Textile Chemica1s , 

stock solutions were prepared according to Tables 7 ànd 8. 
, 

The range of gum concentration in the final effluent, 

20-80 mg/t, was e$timated in 'a similar manner •. ' 
r ' 

It was assumed that 90% (by weight) of aeid dyes and ~O% 
, ( 

(by weight) of disperse dyes are being adsorbed 'on the fabric. 

It was also ass~ed that aIl the textile chemicals (including 
" 

Jaguar A-40-F) find their way into the dyehouse effluent with-

out losses. _. 

1 

The odoro~s ,ammonia co~pound was not included amon~st the 

textile chemicals in Table 8. "The large amounts of q,mmonia 
, 

present in the initial stock paste for the dye becks will be 
< 

, ' 

considerably reduced witq the introduction of new batch dyeing 

process modifications. $mail amounts of mono-sodium phosphate 

and tetra-sodium phosphate are also present in the oatch dyeinq 

s~ck paste. These were neqlected 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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Table 7 

ESTIMATION OF MAXIMUM CONCENTRATION OF 

TYPICAL OYES IN OYEHOUSE WASTEWATER 

. -'-

Dye Concentration (mg/!.) 
"' 

, 

Dispersol Yellow ~~ 17.7 .. 

Terlisil 'Pink FG B.3 

Nylomine Yellow AG 6.6 

Dispersol Blue ~ i.l 

Nylosan Yellow CaM 1.6 

Nylomine Red A2BIOO 0.7 

Ny.lomin~ Blue AG 0.5 

7 ~'. 

• 
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Tablé 8 ( 

ESTIMATION OF MAXiMuM CONCENTRATION or TYPICAL 

TEXTILE CHEMICALS IN OYEHOUSE WAS'rEWATER 

Chemica1 Concentration (mg/R.), 

Ammonium Sulfate 314.0 

Chemcocjen 6DL 109.9 

Disperse 1097 41.4 

Levega!l. PTS 47.1 

Ra1ex ('0%) 38.7 . , 
Texasist AS 38.6 

Progawet Log 34.2 

Tesco ODE 30.7 
~ 

Def1avit ZA 2:,1.6 -
Acetic Ac~d . 23.6 

, . 

", 
, , 

, 1 

1 
1 

,1 
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1 

3.1.3 Descriptipn of !ypical Mixtures 
. 

Table 9 deslcribes six synthètic wastewa ter mixtures which 

represent a widJcrange of pol lutant concentrations likely to 

be found in the Ifinal dyehouse effluent. , 
l' 1 

Effluents and B are' gum~free mixture~. They represent 

respective1y th highest and the 10west loading of Oyes and . , .... ' 
Chemicals solub e pollutants in the final dyehouse effluent, 

based on 'the cut~ent modes of dyeinq operations 

AlI o~her efflu nts are simply modifications of 
1 

effluents A ~ndl B. 

in the plant. 

the basic 

The amoun~ of gum pollutant p~esent in the effluent is 
~ 1 

109ica1ly expe1ted to be more or less proportional to the 

mixture total 90ncentration. Indeed, a larqer feed volume of 

continuous dyei!ng liguor is more heavily qum-loaded when taken 
, 1 

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

this is importJnt since 60 to 70% of the total dyeinq pro­

duction is perfbrmed with the continuous dyeinq equipment. 

Thus, eff1lents C and D have been prepared by additions 

of respectivel~ 100 g/t and 65 mg/t of Jaguar gum to the 

heavily loaded effluent A whi~e effluents E ànd F have been 

prepare~ by additions of 65 mg'ft and 20 mgff. of gum to the 

less concentrat d'mixture B. 

The 'las~ t~~ee columns in Table' 9 show the estimated 

percent cOntribrtiOn by Dyes, Tex,tile èhemicals '!Loo Guar Gwn 

respectively t the average TOC total concentration for each 

effluent. , 
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Name of 
Effluent 

A 

B 

C 

, 

D 

E 

.. , 

F , 

Table 9 

TYPlCAL SYNTHETIC DYEHOUSE EFFLUENT MIXTURES 

. Celanese Carpets Plant, Sorel 

v 

~ 
"'._~ 

Estimated Percent Contribution 
Total by a Group of Pollutants 

Composition Concentration . 
(mg/! TOC) Dyes (%) Chemicals C%) Gum n) 

Highest estimated concentration 148±3 - 13 87 -
-of Oyes and Textile Cbemicals . . 
in final dyehouse effluent 

, 

v 

Lowest estimated concentration 69±2 13 87 -
of'Dyes and Textile Chemicals 
in final dyehouse effluent . . ,,,'1-

J' -" C 

• -. -
Addition of 100 mg/1 of 184±3 10 74 16 
Jaguar A-40-F Gum to effluent 
A 

. 
Additi,on of 65 mg/! of Jaguar 171±3 11 78 11 
A-40-F Gum to effluènt A -

-, -
0 

Addition of 65 mg/1 of Jaguar - 90±2 11 ~ 68 ->21 
A-40-F Gum ta effluent B , 

1 

Addition of 20 mg/! of Jaguar 77±2 12 80 8 
A-40-F Gum to effluent B -

, 

- '------ ---

In Table 9, the quoted gum concentrations include the non-soluble portion which has to be 
subsequently filtered (Sec~ion 3.2.1): . 

T t b ,"erse g ; sb'! WH f = .. 

1 

1 

.ta. 
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A few supplementary tests we~e performed on the typical 

effluent D. At an initial concentration of 168 mg/1 TOC, 
, 

the Total Suspended ~atter content 9f mixture 0 was approxi-

mately 7 mg/1. The filtrate TOC was 163 mg/R.. The low TSM 

value of the sample' is partly ~ue ta the presence ,of disper.se 

dyes. At pH 6, apparent color of the synthetic effluent 0 

corresponds ta 0.53 optical density units at À - 355 nm. No 
. , 

phosphorus content was detectable in the mixture. 

,Temperature of the dyehouse final effluent varies no~ally 
, 

o 0 0' 0 (65) between 145 F and 160 F (63 C-7l C); average pa is 7.2 • 

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 ~aries from 20 mg/R. to 

80 mg/R. as shown in Section 3.1. Howevér, increasing the upper 

limit by a factor of 0.25 makes the estimate safer wit~ regard 

to further possible increases in the gum requirements at the 

plant. The corrected new range then becomes 20-100 mg/R. and 

the upper limit 100 mg/-! was selected as initial concentration 

for all adsorption tests performed in Section 3.2. 

Some insoluble impurities were observed howeve~ in the 

test solution. The TSM test on a gum solution sample revealed 

2S±2 mg/t suspended matter. prior to filtration, the TOC 
. , 

concentration of the gum solution was 40.9±l.0 mg/! while this 

was reduced ta 30.0 mg!! TOC after. The suspended matter repre-
" 

\ 
t 

1 

! 
i 

1 
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sented approximately 2$% of thé initial' ~Tbc concentrati.on.", 
'. . 

1 This ratio.was found fairl~ constant over the 'entire range 

of gum conce~tration under study. 

For the lab scale studies," this arnount of SM h~d to be 
, "~ , , 

removed prior to adsorption. The relati~nship between the TOC 

conce~trat~on of thé non-filter~d gum solution versus the TOC 
';~ 

of ~he èorrespondin<j' gum solution filtered is shawn in Figure ·9. 

The gum concentration range:was fram a mg/R. to 100 mg/R.. 

'l"abu~i!ted dat,a (are' also presented in Appendix 4 .1. ~he 
" ,(' 

fiLtration p~~edure for the ~our test gum solutions was similar 
~ 

to the st;ocl>~{gum solut:i:.on Filtratl:on proqedure (Section 2.2.3). 

, ,~he expected straiqht line in FigUre 9 h~s been extrapolated 

after 80 mg/R.. A least squares fit yielded a regression coeffi-( 

cient of 0.301 with a stand~d erro~ of estimate,of 0.0. 

In Figure 9, the upper lim~ c,oncentration of, the gum 

non-fil~ered solution cor~esponds·to ,a filtered gum solution 
, , 

of 30',0 mg/R. "T,OC which was found equivalent to 77.4:1::2. O· mg,/.t COD. 
" 

While pérforming'adsorption tests, the initi~l 30.0tO.6 

mq/~ TOC' filtered gum solution was prepared oy dil~ting the 
. , 

,.required amount of stocJ~ gum soJ.ution with dist1l:led water. 
" ' , 

pH' of the solution was approximately 5.3,. 
l' 

Viscosity of' the filtered'gum solution at 30.0 mg/t' TOC 

w~ sliqhtly'higher than ?ur~ water (~pPendix 5): ,henca, this 

was not a sUbject of ooncern for the adsorpti~n tests . 
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3.2.2 Adsorption Kinetics of Ja~ar A-40-F 

A decrease'in the concentration of gum in the solution 

as a function of the cumulative contact time in presence of 

Filtrasorb 400 activated carbon i8 shown in Figure 10. Two 
, . 

carbon dosages of respectively 1,000 mg/~ and 6,000 mg/t were • 
employed. Prior to carbon addition, pH of the initial 

30.0 mg/t TOC pure gum solution 'was 7.0; the mixture was con­

ti~uously stirred at 20oC. The d~ta are tabulated in 

Appendix 4.2 and 4.3. 

From the two curves derived the contact ti~e of 60 rninutefl 

was established as sufficiently long to ensure a reasonable 
• 

approafh to equilibrium. Without further investigation, this 

, value was, seleèted for aIl other gum adsorption tests. 

3.2.3 Effect of pH on Adsorption of Jaguar A-40-F for Various. \ 
"Types of Carbons 

• 

Table 10 shows the influence of pH on adsorption of gum 
" , 

at 200 e for one carbon dosage of 2,500. mq/R.. Jaçuar gWll sol,u-

tio~~as initially at 30.0 mg/t TOC. Three different pH values 

were inv~stigat~d: 3~0, 7.0 and 10.0~ Ingeneral, adsorption. 

of g~ is higher at pH '3.01 the effect 1s particularly pro-

a nounced for Hydrodarcè ,4000 and Witcarb 718. 'Adsorptive èàpacity 
, 1 

Of aIl carbons was,lower at pH lO.Q. 

The carbons have been tabulated bf order of decreasing 

'effectiveness at pH 7.9. 
, . 

The order; howevér, is not the sarne 

,for the other two pH values", N~vertheless" tt ',appears that, 
, 

HydrodarcQ ois the best adsorbent of Jaguar gum'at Any of the 
, , 

. thre'e' 1nvestigated pH~ '.' 

- -, 
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FIGURE 11 
CONtACT TIME vs REMAINING TOC 

pURE GUM SOLUTION 

FILTRASORB 400 AT 2O"C AND pH 7.0 
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Table 10 

~'EFF~CT OF pH ON ADSORPTION OF JAGUAR A-40-F GUM <) 

• 
" '-,a... Various Activateâ Carbons 

Paramet~rs: 
. , 

'Initial TOC Concentration - 30.0 mg/t 
C~rbon Dosage -: 0.250',' g/100 ml 
Contact Time - 60 min~t.s 
Temperature - 200 C 

1 

Type TOC Concentration at Equilibrium . (mg/t TOC) of 
Carbo1'\ pH 3.0 pH 7.0 pH 10.0 . .. 

Hydrodarco 4000 4.4 13.3 15.7 

PC ~4.9 16.1 19.6 

Norit 
ô 17.8 17.1 23.1 -

~ \ 

Witcarb 718 8.3..., 17.6 24.0 

~uchar WV-L 15.9 18.5 23.1 
\, , 

t 

riltrasorb 400 
" 

18.3 19.8 24.4 , 

~ . 

\ ' 

ci 
\) 

1) 

. 
, , 

) 

1) 

lt . e 
" 

, , 
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3.2.4 Effect of Temperaturè on Adsorption of Jaguar A-40-F 
for varlous TYPes of Carbgns 

Table 11 shows the influence of temperature on adsorpt~on 
, , 

of the qum at pB 7.0 fqr one carbon dosaqe'of 2,500 ,mq/\of 

Jaquar gum solution initially at 30.0 mq/t TOC. Tempera~ré 
for adsorption was 6SoC. The results indicated that 'adsorption 

• ,3 

of qum is improved at 65°C, ,as compared'to data at 20°C from 

Table '10. This effect vari •• with aach type of act±vated 

carbon used. 
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o Table 11 

l l ,~ 

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

, , 

Various Activat~d carbons 

Parameters: 

~nitial TOC Concentration - 30.0 mq/t 
Carbon Dosag8 - 0 ~ 250 9'/100 ml , 

~- Contact ~ime, - 60 minutes J 

pH -' ' - 7.0 , . 

" Type' 
TOC., Conoentration at l!:qui1ibrium' 

of . (mq/t TQC) 
Carbon 650 e ~ 200 e \ , 

Hydr~darco 4000 9.1 
~ 

13.3 

PC ).1,.0 16.1 , . 
Norit 12.6 0 17.1 

, 

, , 
" , .., 'w 0 

< . 
Witcarb 718 , 

15~6 17~~ 
0 

• 
Nuchar WV-L 

" 
16.1 18.5 

Filtrasorb 400 17.3 19.8 

r, ' 

.' 

.. 
;1 . 
" 

~ 

" '1. 
~. 
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Comparison of Various Tiaes of Activated Carbons for 
AdsorPtion of Jasuar A- -F Gum , 

3.2.5 

Six adsorption isotherms obtained at 200
C for various 

1 

types of activated carbon are shown in Figure 11. The ,. 

adsorption tests 'were performed with 30.0 mg/~ TOC of gum 

solution (Co) at ne~tra1 pH. The experimental results are 

1 

shown on a log-log gr~ph paper for easier comparison of adsorpt-
1 

-ive capaeities. Each straight 1ine in Fiqure 11 represents a 

1east squàres fit of the experimenta+ data and ls equiva1ent 

to the Freundllch empirical equation q - KC lin where K and , e e 
lin are the intercept and the slope of the linear curve. The 

loading points (qe) were calculated from the gum concentration 

at equilibrium value (Ce) as tabulated in Appendix 4.4. 

The iS9therms in Fi~ure Il were extrapolated up to Co' 
, , 

However, at the 10w qum concentration Ivalues, a small amount 
.\ 

of residual organic~ remains non adsorbed' ' This residue was 

~ound from the,hi~p carbon dosage expe;iment (Appendix 4.4). 

Values of K, lin and (qe) with the standard error of 
~ Co 

estimate ,for each reqression are given ip Table 12. The 

loading values at Co were calculated trom the corresponding 
, 

estimated 1inear regression. The results show that for the 

r~ng~~of gum concentration under study, the adSO;p\ivè capaci~y 
of Hydrodarco 4000 at Co is 1.S_t~mes higher than that of 

tiltrasorb'400. 

, An attempt to corre1ate 'the e~perimental'data with the 

Langmuir.equation qe - QbCe/(l + bCe~ was made. This relation 

1 • 

\ 

1 
l 

1 
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FIGURE ·11 
ADSORPTION ISOTHERMS FOR JAGUAR A-40-F 

, 

VARIOUS TVP!S OF ACTIYATED CARIONS AT 20' C AtlD pH 7.0 
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was modified to the equivalent fo~ Ce/qe - Ce/O + 1/Ob 

and Ce/qe was set as ~ function of Ce" A linear reqression 

was attempted, y~eldinq the slope 1/0 and the intercept 1/0b. 

The constants 0 and b for the Langmuir equation are presented 
li' 

in rable 13 along with the standard'error of estirnate for each 
~ 

type of carbon. 

The loadinqs at Co were a1so calcu1ated from the estimated 
\ 

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

and 13, the carbons were listed in the order of decreasinq 

(ge) lt is noticeable that the relative positions of 
C 

carboHs are the same in both Tables. Furthermore, in Table 13 
'-

the estimated adsorptive capacity of Hydrodarco at Co i5 1.5 

times higher than that of Filtrasorb carbon confirming the 

results of the Freundlich' correlation. 

A comparison of the standard errors of estimate ~f-both 

Freund1ich and Langmuir 1inear regression ihdicate that 

adsorpti?n of Jaguar A-40-F gum by activated carbon is better 

rep~esented by Freundlich fit. 

In Table 13, the value of the Langmuir adsorption constant 

b 15 a measure of the slope of the adsorption isothe~ in the 

region of low concentrationr higher values ~f b yield steeper 

slopes. Thus, the larger the, s10pe i,n this _region, the greater 

the adsorpt~ve capacity of the carbon at the lower gum concen­

trations. In Table 13, higher values Of pare pbtained for 

Hydrodarco 4000 and Norit carbons. • - . 

l' __ ~ ,~ ___ .... _ 
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Table 1~' 

CHARACTERISTIC$ OF FREUNDLlCH ISOTHERMS FOR 

ADSORPTION OF JAGUAR A-40-F GUM 

Various Types of Activated Carbons"at 20°C and pH 7.0 

Type Intereept 
of K Slope 

Carbon (R./q) lin 

Hydrodaroo 4000 4.59' 0.147 

PC - 2.53 0.274 

1.92 0.327 

2.84 0.207 

Nuchar WV 1.53 0.372 

1.25 0.410 

( 

, . 

(<;le) 
Co 

(mq TOC/q) 

\ 
\ , 

, 1 

\ 
\ 

" .. \. .. \ 
.\ 

7.57 

6.'43 

5.85 

5.75 

5.42, 

5.04 

Standard Error 
of Estimate 

, 
'0.009 

b.OO9 

Q,.014 

0.014 
,.. 

0.014 

, 0.022 

" ' 

1 , 
l' 

1 r 

----"-\ -_.IIiL_!51t._",,"":mtliillUJ:41::.-.~~~o:~~ .... :,~"'7',"'.'~, 

1 

,j 
~ 
f 

1 
l 
1 
r , 
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Type 
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Carbon 

Hydrodarco 4000 

PC 

Witcarb 718 . 
Norit 

Nuchar ,wv-t 

. Fil1;rasorb 400 
, 
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" 

Table 13 

STICS OF LANGMUIR ISOTHERMS FOR 
• • !œTION- OF JAGUAR A-40-P GUM 

pes of Activated Carbon at 20°C and p~·7.0 

, 

Langmuir U1timate ' \ 

(qe) 
Adsorption Mono layer ' C Standard 
Constant b Capacity 0 0 Error of 

( R./mq) (mq/q) (mg TOC/q) Estimate 

\ 

2.53 2.23 7.11 0.053 
, . 

0~90 2.00 5.92 0.067 . 
0.67 1.88 5.37 0.116 

1.63 1.69 5.27 0.059 

0.43 1. 94 5.13 0 .. 165 ;. 

.,/. 0.,37 1. 85 4.74 0.190 

, 
, 

• 1 . 
'. " "' . 

~ 
- . 

" 

---~-_ •. ~--

l, 
f 
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3.2.6 Effect of Law pH on Hydrodarco 4000 Isotherm for 
AdsorptIon of Ja~uar A-40-F 

The eff~ct of low pH on adsorption of Jaguar A-40~F 
. 0 ' . 

gum with Hydrodarco 4000,at 20 C is i11ustrated in-Figure 12. 

A t pH 3. 5', the adsorpti ve capaci ty of Hydrodarco is sub­

stantia1ly higher as compared to the isotherm at pH 7.0 from 

Figure Il. This effect has been demonstrated in Section 3.2.34 

Furthermore, Figure 12 shows that the positive effect of low, 

pH on adsorptive capacity is more pronounced as the concen­

tration of gum increa,ses., Experimental ciata for the isotherm 
/ 

at pH 3.5 are a1so presented in Appendix 4.$. 

Characteristics of the Freundlich 

are shown in Table 14. The loadinq at 

the least squares fit extrapolation to 

1 

! . 

corre la tion at pH·3.S 

Co was es,timated 

30.0 mg/! 

, '\ 
'\ 

TOC. 

" 

from" 
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, FIGUR'E 12 ' 
ADSORPTION ISOTHERMS FOR JAGUAR A-40-F 

HYDROOARCO 4000 AT ao"C FOR pH 3.5 AND 7.0 
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Table 14 ' 

·C~CTERISTrCS,OF F~UNDLICH ISOTHERM FpR 

ADSORPTION OF JAGUAR A-40-F " 

Hydrodarco 4000 at 20°C ~d pH 3.5 

In~ercept. 
(qe) 

\. 

K S;Lopé 
Co 

S~àndarêl Error 
(tlq) lIn (mg TOClg). of Estimate 

, . 
4.38 0.240 9.9,2 0.011 

, , 

, " 

, '. 

,/ 
, j,,: J 

• ' < 
, if' . 

,~ ~""'.--- .' ' 

," ~ 1 , " 

" ' 
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3.~.7 Effect of Elevated Température on Hydrodarco 4000 
Isotherm for Adsorption' of Jaguar A-40-F 

The adsorptive capacity of Hydrpda~co ~arbon is sub­
, (f 

o ' 
stantially increased at 65 C' a~ compared to its performance 

~t iooe in Figure 11. This effec~'has b~en d~nstr~ted in 

Section 3.2.4. Figure 13 shows that influence of high tempera­

ture on adsorptive capacity i5 rair1y constant over the entire 

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

stmilar to that obtained at 20oe. Experimental data are tabu-, 

lated in Appendix,4.6. 

Characteristics of the Fre~dlich correlation at fisoc 
, 

are shown in Table 15. The loading at Co w~s estimated from 

the least squares fit extrapolation to 30.0 mg/t TOC • 

'. 
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FIGURE'13 

A,DSORPTIO'N ISOTHERMS FOR JAOUI'R, A-40-F 
HYDRODARCO ~FOR pH 7.GAT 20°C AND es·C 
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'Ta):)lEt 15 

CaARACTERISTICS OF FREUNOLICH ISOTHERM FOR 

ADSORPTION OF JAGUAR A~40·F 

Hydrod~rQO 4000 at pH 7.0 and 65°C' 

' (qe) 
" 

" 

' " Intercept , . Co 
K Slope .' S tandàrd ,Err!)r 

(m<:1. TQC/g.) '.~; .' of Estimate (R./g) , , lIn 
, 

-
,5.80 0.17~ 10.33 0 .. 005 

, , 

" 

l, 
, ., 

" 
~ '. ~. 

.' ~ 

l' ~ 
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" ""1 ' 
. ' .. 

, .. 

Il 

" 

'f, 

\ 

, . 

, j 

, . 

• J.. 

~F~_~ \ j~.'I~ l'l 

, _M "'... t • te"., .. ,. .,' -!\ ~ .. 
--...... __ N_._ ...... ·._ ... '" ___ m~~::.l1 



1; 

() 

. , 

J ' 

, ' 

- 68 -

3.a i~al Celanese 0 ehouse 

p 

secti"on ia concerned with the activated carbon 

trea~e~t of typical synthetic wastewater mixtures which are 

likely\to occur at Celanese Sorel dyeh~use. The typical 
• ,,1 ' 

effluent compositions mentioned here have been described in 

Section 3.1. 

3.3.1 Adsorption Kinetics 

Two d~f~rent contact times were tested in the exPeriment 

desig~ed to ~stablish the time requi~ed ta reach equilibrium 

in adsorption., The sy~thetic mixed effluent was characterized 

as effluent 0 (Table 9). The Hydrodarco 4'000 carbon dosa<;Ie 
\: 

used'was 10,000 mg/t. Initial pa of the mixture was 7.6; 

the,mixture was continuous1y stirred at 20oC. 

The results summarized in Table 16 show'no significant 
J 

TOC rernoval after.60 minutes of contact timéi 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 OF CONTACT TIME 

Hydrodarco 4000 (Carbon Dosage 10,000 ~q/~) ~ . ,. 

. " 

qrmtact Time 
minu~es) 

, 

0 

60 

120 
, 

* B1ank value. 

p' 

'-

,\ 

.. , 

TOC 

; . 
( 

Concentration 
(mg/R,) , 

* 150.0 

18.3 

r 1B.0 

, , 

...... 
'. 

'-

" 

, \ 

v . 

-,. ';~',::~", 

., . 

"', 

'- . 

--.. ~ ... ' 
" .·~ ... f~ 
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3.3.2 Effluents A and B with 

terizing adsorption of effluents A and 

B with Hydrodarco 4 00 at 200 C and pH 7.0 have been developed 

in Figure 14. The artificial effluent 

,mixutres epresent two extreme situations which eould oeeur 

if no g pollutants were present in the wastewater. \ 

sotherm is eomprised of two distinct sections. 

The straight 1ine wéll described by the 

Freundlie least squares fit as shown' in Table 17. This section 

decrease in 

molecules iri 

the initial mixture.concentrati9n. The 

isotherm is characterizëd by a sharp 

loadin~ due to the presence of non adsorbed 
• 

ture. The residual concentration for 
" 

e~fluent A is two times that of effluent B. This is also the 

approximate ratio of the init~al TO~ concentrat~ons of effluents 

A and B. Table 17 .summari;es the main characteristics of 

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

lated in Appendix 6.1. îr 
In Section 3~3, no correlali~~ of 

"t'" 

Langmuir equation has been possible. 

, . 

" . 
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FIGURE' 14 . 
ADSORPTION lSOTHERMS FOR EFFLUEN,tS A AND B' 
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T'able 17 4 

'CHAltACTElUSTïCS 'OF FREUNDLICB ISOTHERMS F.8R 

ADSORl'TION OF EFFWF;NTS A MID B 

Bydrodarco 4000 ai;: 20°C and. pH 7.0 li 

Straight Line SectiQn 
Initial . 

Concentration Intercept (qe) Standard 
Co 

. K C 

(1./9,10-3 ) 
Slope , ° Error of 

(mq 1 f. TOC) lIn (g 'l'OC/g) Estimate 

\ 
148±3 0.0185 0.511 0.23 0.008 

. 69±2 0.0067 0.908 0.27 , 0.0{)8 . 

',' 

.~ '-

D 

Residual 
Concentration 

CR 
(mg/l TOC) 

18 

9 
, 

---_._-

-~""'---- ~ ....-....,. .... ~... fl. ce- • ct ( • ln #.. ~5 fa 5 ? 

" N 

~ 

,." .. 

rI 
f 
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3.3.3 AdS0éation Isotherms for,Effluents C and 0 with 
Hydro arco 4000 , ' 

o 

Isotherms characterizing adsorption of effluents C and 
.;. 

D with Hydrodarco ,4000 at 20°C and pH 7 .. .0 are present~d in 

'Figure 15. ,Effluent C represen\s'the highest soluble organic 

loading likely to occur in the dyehouse wastewater., Effluerl't 

o 18 identical with C in terme of dyes and chemicals except 

for the sOluble,gùm content'which is lower in the former. 

~he resulta depicted in Figure 15 show a higher carbon loading 
\ 

of Hydrodarco at initial concentration for effluent 0 and a 
~. 

steeper isotherm slope. yalues presented ip Table 18 were 
< 

calculated from least squares regressions of experimental data 

tabulat~d in Appendix 6.2. 
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FIGURE 15 
ADSORPTION ISOTHERMS FOR EFFLUENTS C AND D 

, HYDRODARCO 4000 AT 2O·C AND pH 7.0 
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Table 18 
~ 

CHARACTERISTICS OF FREUNDLICH ISOTBERMS FOR 

ADSORPTION OP E~pLUENTS C AND' ri 

Hyd rodar co '4000 at 20°C and pH 7.0 

.. \ 

Initial " -Conqentration Intercept (qe) . .. 
C 1< C 

- - o. 
(1/9.10- 3 ) 

Slope 0 
(mg,(t" -<roc). lin (g TOC/g) 

-

f- -
184±3 0 .. 0002 1.46 0.44 

() 

171±3 ' 0.00007 . 1.80 0.69 
" 

.. 

.... 
• 

.... 

Standard 
Error of 
Estimate 

-
0.094 

0.050 

,t P'?z:rt:lll" 

1"";0 .,,,..... 
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3.3.4 Adsoration Isotherm$ for Effluents E and F with 
Hydro arco 4000 ' 

Adsorption isotherms for effluents E and F with 

Hydrodèflrco 40o-q were determined at 200 C and pH 7.0 and are 
l', 

shown in Figure 16. Efflu~flt F repr~sents the lowest soluble 
\ 

organic loading expected in the dy~house wastewater.- Effluent 
1 

F is identical with effluent E in terms of dyes and chemiqals: 
" ", 

the ,~~ content, however, is lower in effluent F. The results 
- , , 

presènted in Figure 16 show a higher carbon loading of 

Hydrodarco at initial TOC concentr,ation for effluent F and a 

steeper isotherm slope. Such behavior is similar to what was 

observed for effluents C and 0 (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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FIGURE 18 
ADSORPTION ISOTHERMS FOR EFFLU,ENTS E AND F 

HYORODARCO 4000 AT 20· C AND pH 7.0 
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Table 19 

CHARACT~ISTICS OF FREUNDLIC~ ISOTHERMS FOR 

ADSORPTION OF EFFLUEN1S E AND F 
- 0 

Hydrodarco 4000 at 20 C and pH 7.0 

. 
Initia1 

Concentration Intercept (qe) -
" 

c- K Slope Co 0 , -3 
(mg/1 Toc). (1/g.10 ) l/n (g TOC/g) 

-

90±2 0.00015 1.74 0.3~ 

77±2 - 0.00018 1.96 0.88 
- ---,- - '~ 

,'~, :.-., .. ~ ... 

e, 

<. 

. , 

'" 

Standard 
Error of 
Estimate 

0.090 

0.077 
--

o 

.. 

~ 

-..J 
CP 

, " 
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3.3.5 AdSOrption Isotherme for Effluent 0 with Filtrasorb 
400 and Norit ' 

Comparison of adsorptive efficiencies of three types of 
, , 

activated'carbon for the' artificial effluent mixture 0 at 

'20oC'and pH 7.0 is presented in Figure 17. Hydrodarco 4000 

isot,hérm is reproduced from Figure lS'. Based on vi;rgin 
- 1 

carbon expe~iments, Filtrasorb 400 exhibited the hiqhest 

adsorption capaoity in the ~ange of TOC,eoncentratiqns between 

40 and 172 mg/1. ,Its performance, howev~r, is close1y followed 

'by ayd+?darco carbon 'as shown in Table 20. Norit performance 
1 

i8 the best below 4'0 mg/! TOC. The loading values (qe) in 
Co' 

Table 20 were ca~culated fo~ identicalj init~al TOC con-' 

centration of 172 mg/te ~ ~ much highei sta~dard error ot esti~ 

mate for Filtrasorb 400 results should be noted here~ it will 

be discusied later., V~lues' presen,ted id Ta.bl~ 20.were cal­

culated from Freundlich least squares regressions o~ experi-

mental data tabulated in Appendix 6.4. 
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FIOORE 17 

ADSORPTION ISOTHERMS FOR EFFLUENT 0 ... 
HYDRODARCO~. FIL TRASORB 400 AND NO~ AT 2O"C AND pH 7.0 

. ~ 
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~ 
CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR 

ADSORPTION OF EFFLUENT D 

Fi1trasorb 400, Hydrodarco 4000 and Norit at 20°C and pH 7.0 

" 
Intercept 

K 

Type of Carbon -3 (R./g .10 ) 

c 

Filtrasorb 400 0.00009 

Hydrodarco 4().00 0.00007 

Norit 0.0008 
_.~ 

J. c o 172 mg/! TOC 

--

* (q ) Standard, e C 
S10pe 0 Error of j 

lin (g TOC/g) Estimate 
... 

1."75 0.72 0.105 

1.80 0.69 0.050 

1.16 0.30 0.053 
--- - -

." 
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3.3.6 Adso;ption Isotherm for Effluent 0 with Hydrodareo 
4000 EKpressed for a COD Parameter 

The adsorption isotherm for effluent D treated with 

Hydrodarco 4000 at 20°C and pH 7.0 e~re8sed for a COD para-
'\ -

mater confirms the previous results based on-the TOC parameter. 

The results aré presented in Figure 18. 

Table 21 shows the characteristics of the·Freundlich 

isotherm obtained in, this experiment. Hiqh carbon loadinq 

of Hydrodarco at c~, 1.15 9 COD ·removea/q ~a~bon should be 

noted. Values presented in the Table were calculated from 

a least squares regression of expèrimental data presented in ~ 

Appendix 6. S • 
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(i FlOURE li' 
ADSORPTION ISOTHERM FOR EFFLUENT D 

. 
HYDRODARCO 4000 AT 2Q"C AND pH 7.0 EXP~ESSED FOR A COD PARAMETEA 
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Table 21 

CHARACTERISTICS OF FREUNDLICH ISOTHERMS FOR 

ADSORPTION OF EFFLUENT D 

Hydrodarco 4000 at 20°C and pH 7.0 expressed for a COD Pa~ameter 

'. J-
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" 1 
Concentration Intercept . . - ;(qé) ~ . 
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4. DISCUSSION 

4.1 StUd~ of Adso~tion of Jaquar'A-~O~F Gum From' Its Pure 
Solu Içm 

1 

Establishment of the contact time required to reach 

adsorption equilib~iumwas required for the adsorption iso­

therm batch tests. The resulting value of one hour ls ih 

agr~ement ~ith usual_contact periods for batch adsorption 

experiments(58,69). !t shOuld be clearly understood, .how'ier, 

that the contact time selected for this study i9 a laboratory 

parameter and does not represent the residenti~l contact timé 

in the carbon column of the full-scale treatment ~ant. .. 
~n general, the remaininq TOC concentration, decreas~ is 

rapi~ within the first ten minutes of a~sorption, followed by , 

a progressively slower trend as the curve asymptotically 
, 

approaches zero residue. That contact time is usually chosen 
" 

for regular use, beyond which there ls insiqnificant further 

reduction in adsorbate concentration (70) • The results obtained 

here with Filtrasorb 400 at both hiqh and low carbon dosag,s 

vere considered sufficiently close to the normal kinetic 

behavior and no further investigations were necessary. 

1 The effect of viscosity on pen~tration , the liquid 
, 

, into the capillarY stru4ture of the carbon and the affect ~ 
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Ir 

viscosity on retarding motion of the"particles durinq stirring, 

are also factors affectinq contact ~ime necessary to'reach 
f . 

equilibrium. Another factor affe~tinq contact time is the 

su~ended matter 'other than acti~ated carbon in the liquide 
i '~ 

An appreciable amount of it woul'd reduee the me,an free p\th 
r 

of the carbon particle and thereby increases the necessary 
1 

contact time. (' 
f ~ 

In this study, influenqê of these t~o factors was reduced 
> 

to minimum with the viscosity of the gum solution similar to 

that of pur~ water (Appen;ix 5) while ,insoluble fiber and 
" . 

cellulose pres~nt in the quar gum aqueous solution was removed 
, ~ 

prior to the adsorptioq test~ by filtration (Section' 3-,2.1) • 

Sirtce pH and temp~rature are two factors which also affect . 
adsorpti~n, experimental approach was taken to establish their 

effect. 

In general, adsorption of typiçal organic pollutants from 

water improves with decreasing pH. According to Weber (71) " 
l 

this May result from neutralization of negative charges at the 

surface of the carbon with-increasinq hydroqen ion concentration, 

,thereby reducing hindrance to diffusion and'making available 
, " 

more of thé active surface of the carbon. This affect can be 

expected,to vary for different carbons, because the charges 
1 , " 

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

• raw materials used for carbon manu;acturinq 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-io~ic g~1ac~o-

mannan guar qum adsorbate. This effect varies'for different ' 

carbone as shawn in Table 10. In Figure 12, intercepts (R), 

for both isotherms are guite similar while the slopes (lin) 

diffe1 appreciably. According to Weber (72) , the intercept is 

roughly an indicator of sorption capacity and the slope of 

àdsorption intensity. 1 

The negative effect of al~line pH on adsorption has 

also been demonstrated in this study (Table la). Helbig(70) 

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 adsorbabie substances are 

susceptible to hydrolysis, with consequent simplification of 

physical and chemical structure and therefore lower ,adsorb-

abi1ity. 

In a recent study(73) , Wang ~!1 investiqated the effect 

of pH on activated carbon adsorption of different types of 
" 

organic.compounds in single component systems. Results are 

reported on organic acids and bases, anionic and cationic 

surface-active' agents, non-ionic organic com~undS and polymers. 

These authors concluded that pH adjustment has little or no 

effec~ on carbon adsorption of non·ionic,orqanic compounds, 

provided that the chemioa1 nature of ,the adsorbate is not 
, 

changed by the added acid or base. An obvious extrapolation 

of this conclusion in this work would be a statement that the 
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chemical nature of the qum adsorbate underwent some pH­

dependent modification. This, Ibwever" would have to be 

further substantia~ed. 

Results presented her~in (Figure 13) with ~eqard to the 

effect of temperature on adsorption of ëhe dissolved gum by 

Hydrodarco 4000 at pH 7.0 indicates the s~mi1arity of slopes 
1 

for both isotherms while the intercepts differ appreciably. 

According to Helbig(70), it is usually advantaqeous to 

treat effluents at as hiqh a temperature as the nature of the 

liquid permits. However, the extent of adsorption should 
/'--> 

gen'erally increase with decreasing temperature, as adsorption 

reactions are normally exothermic(74). This is apparent1y a 

contradiction to theoretical considerations but actually, the 

qoverning factor appears to be viscosity. As this ls reduced 

at higher temperatures, penetration of the 1iquid into the 
, 

submicroscopic capil1ary structure of the carbon ia improved, 

with proportionate effect on development of effective interface 
--....., 

and rate of adsorption. 

Accordinq to Hass1er~S), the influence of temperature 

is not the sarne for aIl types of carbon. This is indicated by 

the results p~sented ·in Table Il. 

The Freund1ich equatio~ is cemmonly used for a comparison 

of powdered carbons in water treatment. Parametérs fer the, 

Freundlich fit have been dete~nèd (Table l2)'with a fairly 

small error of e8t~te. Results from the tull-scale plant 
, . 

opera,tien, however, could be more difficult te analyze. 
\ 
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The capacity of an adsorbent is partially goyerned by 
. l\ ' 

the availability of its surface ta theadsorbate molecules. 

In or~er to aharacterize an adsorbent, information must be 
, 

available on its physical structure, that is its surface area, 

pore size distribution ànd the chemical nature of the 

surface. 

, Abram (19) pointed out that the total surface are a and. 
, 

total volume give sorne measure of the potential capacity of 
\ . . 

the carbon. However, the true capacity will de pend on the 

di~tribution of area or volume with pore size, and the distri­

bution of molecular size to be adsorbed. 

The results presented in Figure Il indicate that the 

lignite-based Hydrodarco 4000 carbon out-performs the bitumin­

ous coal-based Nuchar WV-L and Fl1trasorb 400 carbons which 

have a greater total surface area. However, the coa1 carbons 

have more surface area in the micropore range while the lignite 

carbon has more surface are a in the transitional pore'size. 

De John(26) compared adsorption data fram studies on 

industrial waste,streams whère the pollutants'were predomin­

antly large molecules (ail refineriesl textilè and dye plants, 

~pulp and paper mi1ls). In each case, the lignite carbon out­

performed the b!tum!nous-coal carbon on an equivalent volume 

basis. 

According to the author, the nature. of these pollutants", .' • (high molecular weight organics' and color bodies) is such" that 
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they are adsorbed in the transitional pores,;. Because lignite 
,.. 

carbon has more surface area in this ranq~, it ,should be 

expected to perfor.m better. Indeed, it has been reported that 

adsorbing color bodies and high molecular weight organics 

require pores ranging in size from 20 to 500 AO(26) •. 

. This coul~ explain the'behavior illustrated in Figure Il 

,. where adsorption of the high molecular weiqht qalactomannan . 

gum is better accomplished withHydrodarco 4000 type of carbon 

as compared te coal-based carbons. Data on pore size distri-) 

bution for other types of carbons.repo~ted in Figure'll were 

not available. 

On the other hand, ,i~ has be~n suggested(17,2~) 

face functional groups of the carbon'play somé role 
f 

sur- . 

mininq its adsorptive capacity. This phenomenon, howe er, is 
" /' 

. '" not weIl understood yet and it has not been possib e to esta .. 

blish the relative importance (of this effect upon 
1 

reported in this study. , 

It has a1so Deen ~eported(76) that molecular'structure 

of the adsorbate affects its adsorbability. Carbon loadinqs / 

at initial concentration (Figure 11) are fairly low, inytHe 
. , 

range (5~7.5) mg TOC/g., This miqht be exp~ained by the hiqh 
, 

molecular weight effect. As molecular/weight increases, 

sOlubil,.:i.ty decreases and, therefore,. adsorption increases for 

relatively low molecu1ar welght substances. The Lundelius 
1 

rule states that in general an inverse relationsh~p can be 

anticipated between the, extent of adsorption of ~ solute and 

L 
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its solubility in the solvent tram which adsorption occurs. 
o , 

This is weIl' illu.~rated by the recent "data of GUi~ti'· et àl,(77) • 
\ ' --

On the other band, Benedek ~ !! (.78) pointed out' tha:t as mole"; 
"-

cular weight increases to the extent that sorne pores 'becom~ 
. 

unavailable, adsorption loading may become lower. The 'high 
1 

~ 

molecùlar weight gum adsorbate (> 200,000) used in this work 
\ 

~robably falls in the latter category. 

~n FiguFe 11, isotherms have been determined for virqin 

batches of activated carbops. Opqn regeneratiQn, h9wever, 
• 

the internal pore structure of the carbon is altered. Surface . 
, , 

area in the micropore range ls drastically red~ed wh!le t~ans­

itional pore surface area is increased slightiy(26)., 

The significance of this change in pore size distribution 
• j 

is that the adsorptive performance of a reg~nerated carbon 
.~ 1 (79) cé:J change signlficantly" • The degree of changé will depend 

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

contains predominantlylarge molecules (as the gum adso~bate 

in Figure l~), the system scale-up desi~ oan be based ,on t~e 

virgin carbon data, because the performanc~ of the reg~nerated 

carbon will be at least as g09d as thatof the virqin carbon ('25). "'" 

Adsorption data plotted as qe/M vs Ce,on logarithmic 

paper~will in practically'all cases yielda straight line over 
" • a considerable range of concentrations. However, the line 

will cuX"\Ce at both ends at extremes of :Concentrati'on, i. e. K 

and lin are ~o longer. constant(70). The right-hand portion of 
" 

the ~ines in Figure 11 have been extrapolated up to 'the init:ial 
, , 
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gum concen~ration~ The'orqanic residda1s,ch4rac~er!zed~by 
ft • . ' 

,II, , 

the left-ha~d tlower concentrations) portion of the isotherms . . 
arè due to different amounts of' ,extraotal?le impuri ties present 

in1the carbons(67,70).' It has been,re~orted(80) tha~very 
Little, ,if Any, impurities are w~shed off by d~stilled water 

, 

from activated carbon during a 4a-ho~r shakïng periode Other . -
authors(66) report,the use'of cence~trated HCt to,remove 

inorganic ash from carbon. 
l J.., 

Although they'aould have slightly -, , 

improved the accuracy of 'the' results, these supplementary 

procedures were not applied in the sele,cted ,,,experiI!tentai method 

used in this study. , , 

, " 

, 1 

4:2 tien of ica1 Ce1anese 0 ehouse Wastewater . '.' 

The sharp brea'k in carbon lQadi:~q" at the low ... concentration 

en4 of the isotherms in" Fiqure 'l4' ia ~nown as the "apparent 
(70) " end point" ; qreater dosages of c,ar~n below this point. 

,-affect no siqnificant 'fu~ther decrease in qrgan,ics. In Figure 

14, thé residua1s vary linearly from approximately 9 to 18 
, 

mq/t TOC wi~h the bulk of organics, presertt in the mixture~ 
, , ' 

'Acoording to H~lbi~ (70) ~ the end poi'nt 'fdr ,a' ~articuiar 

.. 

liquid ha~inq this characteristic is not necessarily the same 

for Ali carbons; fu'rthermore,/an end poi'nt will not necessarily 
, " 

be founà to exist f,Qr all carbone teste~',on ~~at ~iqUid. 
Benedek (28, 78) studied the magnitude 'b~'the non~adsorbable 

or residua1 fr~ction of varlous wastewaters and round many of 
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them to be be10w 10 mg/~ TOC. Although this is quite small, 

nature of the non-adsorbable compounds is important as 

indus trial recycling of effluents is desirable'and probable. 

More work will have to be do ne on elucidation of the exact 

nature of non-adsorbable compounds. Residuals are generally 

believed to consist of highly water soluble or polar organics, 

al though a direct 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 fJ 
(7B) (BI)'''; 

sewage . OeWalle ~ al reported that the high mole ar 
1 

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

,poorly adsorbed in carbon columns. 
~ 

For the present work, analysis of results from Figures Il, 

14, 15 and 16 demonstrates tbat the high moiecular weight gum 

p011utant does not forro part of the residue. With no visible 
l' 

color present in the high carbon dosage treated samples, it is 

likely that the residuai TOC concen~rati;~ detected is duè to 

at least one of the chemi~als listed in Table B. 

Figure 19 shows the adsorption isothe~ of Celaneie dye­

house gum-free wastewater determined by Calgon Corp. (63) . 

Filtrasorb 400 carbon was used at 6ac e and pH B.O. Effluent 

samples were collected and analysed prior to introduction of 

gum thickening agents in the dyeing process. The Calgon blank 
• 

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

19 is slightly higher than the minimum predicted dyehouse 

) 
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FIGURE 19 
, . 

CALGON CORP. ADSORPTION ISOTHERM 
CELANESE QUM-FREE WASTEWATER 

FILTRASORB 400 AT 88·C AND pH 8.0 
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N wastewater initial concentration (69±2 mg/t TOC) in Figure 14, 

effluent B. For the Calgon isotherm, the slope is 0.S4l and 

K is 5.S g,,/g; in Figure 14, slope of the Hydrodarco 4000-~iso­

therm was 0.90S and Kwas 6.7 1/g. 
\ 
The major difference between the two isotherms appears 

to be the amount of non-adsorbable compounds remaining in 

solution. At the sarne 10,000 mg/t carbon dosage, isotherm B 

in Figure 14 exhibits, a residual concentration of 9 mg/1 TOC .,.,. 

while Calgon reported a neglig!ble value lower than 1 mg/t TOC. 

The latter result is interesting i~ light of other inv~sti­

gatiorts which all report a small amount of residual in their 

treated waste(78). Furthermore, Figure 17 also ~hows the 

presence of residuals for.Filtrasorb 400 carbon when tested on 

a current typical Celanese dyehouse wastewater mixture at 20oC. 
, 

The substantial difference in treated sample temperatures 

could explain the- discrepancy in amounts of residuals, but 

further investigations conducted at 6Soe with Filtrasorb 400 

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

to assume tha~the complex mixture prepared for experiments 

reported in Figure 14 included'some non-adsor~le compounds 
. 

which were not present in the eff]uent grab samples serving as 

a basis for development of the Calgon iS9therm~(Figure 19). 

Nevertheléss, the'high carbon loading at initial concen­

tration, in the range of 0.25 9 TOC/g, exhibited in either case 

demonstrates tha~ the conventional dyehouse waste is amenable 

to activated carbon treatment(59). 
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The results obtained in this work show that addition of 

small amounts of natura! guar gum change drastically the 

adsorptive behavior of conventional effluent mixture. In com-

parison with Figure 14, the isotherms from Figures 15 and 16 

exhibit n6 abrupt break in carbon loadinq, the slope is 
", 
increased by more than 100% and the carbon loading at initial 

conpentration is increased by at least 50%. The effect of 

(20-100) mg/t 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/t) result~nq in a favorable change in the 

adsorptive behavior. 

Other inves~iqators also observed a synergistic effect 

of adsorption bet~een some organic compounds. DiGiano et al(24) 

obtained equilibrium adsorption iSQtherms for several dye 

mixtures of Foron Blue ER and a ~ye 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/t, competitive effects caused a decrease 

in the adsorptive capacity of the dye. As the carrier con-

centration was increased, however, synerqistic effects between 
~ 

the dye and the carrier result~d in an increase in adsorptive 

capacity. At the highest carrier concentration used, 400 mgft, 

the adsorption of the dye a~proached that of the much more 

adsorbable basic dyes. 
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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 adsorption of the dye. Thi immedi-

ate effect of this film is to suppress the electrica)/double 

layer surrounding the carb?~ surface, thereby red~~ng 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 grad~ent is established 

between the iuter region of the carrier film 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 ~he disperse dyes 

alone was extremely slow, with contact times of four to five 
.1 

weeks required to attain equilibrium. Even after this long 

contact time, true equilibrium may not have been attained. 

With the addition of the dye car;ier, the contact times required 

to attain equilibrium decreased to about one week. The effect 

of t~e dye carrier may, therefore, be to increase the rate of 

adsorption rather than increasinq the actual capacity for 

adsorption. With this increase in the rate of adsorption, true 

~quilibrium is attained in a much shorter time periode 

Other instances are reported of solutes that are able to' 

enhance the adsorption of certain other specifie solute's (82) • 

The phenomenon of cooperative action of adsorbates has been 

termed co-adsorption by Hassler(82) • 
.. 
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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 li~nite and the coal-based carbon, Norit, a peat-based 

carbon, exhibits a different adsorption pehavior. With a less 

steep isotherm slope, the latter performs better than its 

competitors only at the low concentrat~on level. 

It has been reported(83) that in the marketed activated 
\'" 

carbons major differences actually can exist within the sarne 
• 

batch because of little control over the raw materials, addi-

tives and activation conditions. This May lead to sorne scatter 

of experimental data obtained from laboratory studies carried 

out with different batches of the ~ame carbon. This May have 

been the reason for the relatively more scattered data points 

invo1v~ng Filtrasorb 400 carbon in this work. 

Isotherms reported in Figures 14 to 18 were based on _" 

virgin batches of activated carbon. According to De John (25) , 

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 

in the previous Section. It follows that the adsorptive capa­

city of Filtrasorb 400 May appear to be lower than Hydrodarco 

carbon if experiments were perfo~ed with reqenerated carbon. 

Oyehouse effluent mixtur-es which have been prepared for 

the laboratory adsorption tests contain Many chemicals which 

are unlikely to be present aIl at the same time in the 20,000 IG 
.. 
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(91 m3 ) equalization tank prior to the full-scale adsorption 

unit. Furthermore, the synthetic effluent was prepared 

assuming a maximum daily production. The effluent concentration 

ca~culations were based on a total~~sS balance around the 

dyehouse, without taking into account Any losses of materials 

by process evaporatlon, binding on fibers or,any sort of output 

exc.Pt~reqular effluent channel. The scale-up procedures 

based on the parameters derived trom the isotherms for this 

synthetic effluent are expected ta producé a rather cbnservati,ve 

design. Inqeed, better performance is expected from the ful,l-
/ 

scala plant provid~d an appropriate removal of suspended matter 

ia accomplished prio+ ta the adsorption treatment. 
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SUMMARY OF RESULTS 

~ 

The followinq summarizes the results obtained in the 

present work: 

(A) Characterization of Celanese Oyehouse Wastewater Effluent, 
Sorel Plant 

- The Celanese ihdustrial effluent is oomprised of three 

groups of pollutants which were defined as Oyes, 

Textile Chemicals and Guar Gum. 

*Based on plant "dyeing recipes, the range, of concentr-

ations of 7 acid and disperse dyes and 11 textile 
/ 

chemicals (including the 9"!lar 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 185 mq/1 (suspended matter" 
'. 

content in the synthe~ic mixtures was lower than 

lO~/l). Contribution of the Oyes alone ls in the 

range of 10' of the total concèntration while that of 
, 

the Textile Chemicals is as high as 75'.. The remaining 

15' is the contribution of the soluble Guar Gum 

th!ckener. , 
' .. 
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S'tudy of Adsorption of Jaguar A-40-F Gum fram its 
Pure SolutIon .<~;;-' ; 
- The Guar Gum thiekeninq ag~ (Jaguar A-40~F or 

Syngum'D-47-D). used in the continuous dyeinq process 
, . 

is a polysaccharidic galactomannan: it is a non-ionie, 
,,~ 

high ~lecular weight (220,000-250,000) organic compound. 
~ 

- Adsorp~ion of the g:um increased at acid pH. The effect 

varies with the type of carbon and at pH 3 it was' 

partieularly positive for Hydrodarco 4000 and Witcarb 

718 activated ca~bon. 

- There is a negative effect of alkaline pH on adsorption 

of the gum from i ts pure solution dependent upon the 

type of carbon. 

- Positive effect of e1evated temperature from 200 C to 

65°C on adsorption of the gum was.observed. 

- The lignite-based Hydrodarco 4000 earbon out-perfar.ms 

the bituminous coal-based Nuohar WV-L and Filtrasorb 

400 earbons for adsorption of the guar qum from its 
~ pure solution. This May be the result of higher surface 

area of the l~gni te carbon in the transi tional pores. 

~ Either Freundlich or Langmuir equations fit satis­

factorily the gum adsorption data points. However, ~it 

i8 bettèr represented by the former. 

Low carbqn loadinqs in the range 'of (5-8) mg TOC/g for 

adsorption of guar gum from its pure solution at 

30 mg/R. TOC soluble gum concentration May be the result of 

the very h~qh molecu1ar weight of the adso~bat~. 

• 
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, ' 

ioal Celanése D ehouse 

- The high carbon loading at initial wastewater concen­

tration, in the rang'e of 0.2'5 g TOC/g, exhibited by 

the typical adsorption isother.ms demonstrates that 

the conventional Celanese wastewater is amenable to 
. . 

activated carbon treatment. 

- (9-1B) mg/t TOC residual after the treatment of con­

ventional Celanese dyehouse effluent varied linearly 

with the bulk of organics present in the,wastewater. 

Addition of the qum to ~he conventional waste did not 

alter appreciably the residue TOC concentration. It 

appears th~t the residue oriqinated from one or several 

of the Textile Chemical~ present in the complex effluent 

mixture. 

- Addition of small amounts of polysaccharidic guar gum 
~ 

altered dr,stically the conventional dyehouse effluent 

adsorptive behavior. It appears that ~here, i8 an 
\\ .. 

optimWm range for the ~ concentration in the effluent 

(10-35' mg/t) resulti~g in a ~orable change in the 
, 

adsorptive behavior. The effect of the gum addition 

on typical conventional carpet textile waste was verified 

for the ranqe of gum concent~ation between 20 mq/t and 

100 mg/t, 

- Based on virgin batches of activated, carbon, Hydrodarco ' 

4000 and Filtrasorb 400 éarbons perform in a similar way 

. , 
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ànd are the best at hlqh roc concentrations. The 

Norit peat-based carbon performs better th8:Jl its cam .. 

petitors at low TOC concentrations. 

- Results presented in this section have been derived (' 

for hiqher.than average effluent loadlnqs. Better 

performance is ~xpected from the full-scale plant pro­

vided an appropriate remQval of suspended matter is 

accompli shed prior to the adsorption treatment. 

RECOMMENDATIONS 

- Information derived from t~e batch test procedure can 

sérve as a basla fOr~the actlvated carbon 

'effluent treatment system for the Celanese plant at 

Sorel. The study demonstrated that carbon accomplishes 
. 

ef~ective purification of typical wastewater effluent. 

Further investigation'with a carbon pilot plant is 
• 

suqqested, however, 'which would evaluate hydraulic 

\ i . factors of the current ndustrlal plant effluent stream 
, 

and confi~ the results of the laboratory sèale study. 

- As a complement to the pilot plant unit, an ap~lication 

of an'adsorption process model auch as the qeneral-. ~. 

\ purpose computer simulation proqram developed by 

Weber (37) is,also str.ongly sugqèsted which ~ould help 

to estima1::e the éffec.t of changes in contactinq con­

ditions on the adsorption effieiency. 

• 
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- Effect of reactivation of carbon on the adsorption 

efficiency should'be establish~ prior toîsc~ing-up 
the treatmenè un±t. 

\ -. 

.' ~ 

- Presence and aeeumulation of the non-adsorbable organic 
~---I~ 

"<,,,,?,' residuals, amm.ôni~ and phosphates in the carbon-trea,ted 
-~,-

;~f 5 effluent should be closely examined with regards to 

the eontemplated water re91amation • '. 
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Appendix 1. Physica1 Proeerties of -Investiqated Granular Activated Carbons 
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prop~r~y 

Raw Materia1 
-

. 
Total Surf ace 
Area 

Average Pore 
niameter 

Apparent < 

Df:;tnsity 

Iodine Number# 
min _ 

Moisture, max 

. Ash, max 

Kesh Size 
CU.S.S.) 

'-----~ ----~~- ~----

.. l't' .... 

.Units· 
J 

m
2
/9. 

AO 

1b/ft3 

" , 
• 

% 

" 

-~-- -'-------

-' 

Filtrasorb 400 Hydrodarco 4000 Norit 
fil 

Nuchar WV-L PC 
-

Bituminous 
~ 

Lignite Peat Bi tuminou&-e Coconut 
Coal Coal Shel1 

./ 

10~0-1200 600-700 650-850 1000 800-'1100 

60 - 30-40 45 20 

25 22 . 17 30 31 . 
• 

~ 1050 550 950 

2 9 8 - 2 5 

18 P6 -7.5 10 -
-, 

12 x 40 - 12 x 40 8 x 20 8 x 30 12 x 30 

.. 
--------------- -"----- -- -

, 

.. 

o 
.J.. 

't 
1 
1 

Witcarb 718 

..l"'-
Petroleum 
Hydro-

. d'arbons 

1150 

32 

1 
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Appendix 2: Chemical Nature of Jaguar A~.O~F Guar Gum 
) 

Jaguar A-40-F (or Syngum D-47~D) is à-biqhly purified 
, . 

g:uar gum m~nlJ,factured by Stein, Hall and "Co. tnc., N: y. (84,,85) • 

It is a readily disper'Sible; non-ionic, ~iqh vis'cosi ty 
. 

thickener formulated for continuous dyeing and printing of 

tufted carpet. It is compat'ible with acid, premetalized acid, 

dispersed, direct basic and nickel' chelating dispersed dyes. 

GuAr gum is the principal componeht' of thë seed of the 

quar plant, Cyamopsis tetragonolobus or c. psoraloides. In 
(î . 1. 

nature, guar gum resides in the endospérm of the seed and is 
1 

used as food by the embryo plant. 

The purified guar gum, chemically classifieà as a galacto­

mallnan,' is a high molecular weight (220 , 000..,250,000) homogeneous 

carbohydrate polymer or pOly~~cCharidë made up~of many 

D-mannese a~ D-galactose units (> '1000) linked together in 

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

illustration. 

The chemiQal structure of the guar gum molecule shown 

,in Figure A-l has been thoroug~ly studied. It was shown 

chromatographically thab the cleavage fragments of the ~ethy-
~ 

lated qum conta in sma11 amoul)ts of two unknown methylated 

su~ars and consequently~ it ia possible that a sma~l percentage 

of additional branching is present in the ~lecule(86). 
~ 

Toe guar, moleculè ia essentially a straight chain mannan 

branched at regular intervals with single,memberèd galactose 

"',; ~. 
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FIGURE A-l 
GENERAL STRUCTURE OF THE 

-GUAR··GUM MOLECULE 
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units on alternate mannose units. The mannose units are 

linked to each other by means of beta (l, 4) glycosidic 

~ linkages. The galactose branching is by alpha (l, 6) linkage. 
r 

The cis-hydroxylgroups of the gum rnolecule make it an effective 

hydrogen bonding agent in solution. The long, straight chain 

nature of this rnolecule, combi~ed with its regular side 
J 

branching, is unique among the natural colloids. 

Guar gum soLutions are slightly cloudy due to the presence 

of a small amount of insoluble fiber and ce11u10se(87). Solu-
, 

tions are aiso thixotropic and the. viscosity is relatively 

unaffected by the presence Qt electrolytes. It is relatively 
t 

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

~fering a~tion. 
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Appendix 3. Total Carbon and Inorganic Carbon Calibration Curves 

The total carbon stock solution was prepared by dissolution 

of 2.125 9 of Reagent Grade anhydrous potassium biphthalate 

(KHCSH404) in distilled water; the solution was diluted to 

l liter in a volumetrie flask. This stock solution contains , 

1000 mg/t organiç carbon. Stock solutions of other concentrations 
r 

can be prepared by dilution of appropriate weight of potassium 

biphthalate. 

The inorganic carbon stock solution was prepared by 

dissolving 4.404 g of anhydrous sodium carbonate (Na2C03) and 

3.497 g of anhydrous sodium bicarbonate (NaHC03 ) in distilled 

water~ the solution was diluted ta 1 liter in a volumetrie 

,flask. This solution contains 1000 mg/! inorganic carbon. 

The TC stock solutions concentrations were corrected 
, . 

for d!stilled wateF contamination~ This was aone by adding 

to the known TC stoèk solutions concentrations the average 

TC concentration (1.5 mg/i) jff distilled water. The IC con­

centration in disti1led water was sufficiently low (~ 0.5 mg/!) 

to neglect it. 

In Figures A-2, A-3 and A-4, the full scale corresponds 

to lpO units sCAle on the chart recorder. Figure A-2 shows . 
the TC calibration curves for 36.5 ~/! TC stock solution at 

93' and 97' of full scale. The 1ine at 95% of full sca1e was 

intrapolated between the two other cu~es. Figure ~-3 shows 

" " 

, .. " ",t." 1 j t !. 1~, 
; '. t ' f ~ 
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the TC calibration curves for 20l.S.mg/t TC stock solution at 

92% and 96% of full scale. The line at 94% full scale was 

intrapolated between the two other curves. Figure A-4 shows 

the lÇ calibration curves for 10 mg/t lC stock solution at 94% 

and 88% of full scale. The line at 91% full scale was intra-

polated between the two other curves. In these figures, each 
./ 

near-full scale calibration curve was obtained by adjusting 

the gain v~lue of the analyser (with the injected sample vOl~e 

k~pt constant); a clock-wise rotation of~he gain control 

increases the near-full scale values. 

Data for Figures A-2 ta A-4 are a1so presented. in 

Tables A-l to A-3. 

Preparation of stock solutions was based on Beckman 

instructions ma~ual for Madel 91SA Total Organic Carbon 

Analyser' ( 88) • 

r' 
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FIGURE A-2 
TC CALIBRATION CURVES OF [0-38.5 mg/tTC] 
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FIGURE A-3 
, TC CALIBRATION CURVES OF [Q-201.5I11Q1fTC] 
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FI~UAE A-4 " 
le CALIBRATION CURVES OF [Q.10.0 mg.AIC] 

STOCK SOLUTIONS 
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Table A-l. Data for rc Calibration Curves for 
(0 .. 36,.5 .mg/R. 're) Stock Solutions 

Stock Solution Concentration. Peak Heiqpt 
(D19'/1 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 , 71.4 
18.3

0 

, 54.2 
16.5 49.0 . , 11.5 34.4 

6.5 21.0 , 
J 

1 

" 
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Table A-2. Data for TC Calibration Cu~es for. 
(0-201.5 mq/t TC) Stock Solutions 

-
Stock Solution Concentration Peak H'eiqht 

(mg/t TC) (units sca1e) 

201.5 96.0 
176.5 87.0 
151.5 77.0 
126.5 6~.5 
101.5 59'.0 

- 76.5 45.0 
.51.5 33.0 

26.5 18,.0 - , 6.S S.5 
1 

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 l- 6.0 

,1 

• 

" 

( 

, 



" 

o 

. .. 

'-
" 

, , 

f. 

- 116 -

, ~ " 

r" .\ 

" 

Table A-3. Data·for IC Calibration Curves for 
(0-10.,0 mq/l IC) Stock Solùtions 

.. 
• , 

Stock Solution Concentration Peak Be;qht 
(mq/t' le) (units sca.le)' 

10.0 94.0 
7.5 73.8 
5.0 53.4 
2.5 32.8 
1.0 18.5 

'<l 10.0 88.0 
7.5 

, 
67.6 

5.0 47.0 
2.5 26.6 
1.0 " 13.8 
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4JABULATI~ . OP EXPERlMEN'l'AL RESULTS -
stûdy of Aê!sorptton d'! Jaguar X-4Ô-' .,Gum 

, (' ;1 

4.1. Concentration of the Gum SOlution and Concentration 
of the .correspondinq Fllterêd Gum Solution 

:,., 

-Raw Solution Filtered Solution 
(Jnq/R.) ~mq/R. TOC) 

. 
20 6.5 

0 

12.0' 40 
60 18.0 
90 24.0 1. 

-

J 

J 

" . 
-

\ 
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4.2. Remainirlq Gus Solution CO,ncentratlon as a Function 
of Contact ~1me for Filtrasorb 400 (Carbon Dosage 
1 9/t) at 20~C and pH 7.0 

\ " 

Contact 'rime conoen~ ation 
(minutes) (m9/1 ) 

0 30.0 
S 22.5 

'10. 22.2 
lS 22.,4 
20 21.9 
30 22.1 
4S 21.9 
60 21.9 
90 22 .. 1 , 

120 22.1 
180 . , 21.2 
24~ 20.9 

\ 
1 

" 

" 

" , 
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, , 

4.3. Remaining Gum Solution Concentration as a Function 
of Contact Ttmé for Filtra.orb 400 (Carbon D~sage 
6 q!1) at 20°C and pa 7.0 

Contact frime Conceptra'tion 
(minutes) (mg/! TOC) • 

-
0 30.0 
5 15.9 

10 13.4 
15 12.8 
20 11.7 
30 , 11.6 
4S 11.2 
60 11.1 
90 10 .. 0 

... 120 9~? 
180 9.1 
240 8.1 
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4.4. Adsorption- of' Jaguar A-40-F Gum at 200 C and pH 7.0 on 
, Varioua Types of Activated Carbon 

- - Concentration Change in - Loading 
0 _ ,Carbon Dosage at Equilibrîum Concentration 

q - AC/M 
M C Ile e 

---Type of Carbon (1ll<J/ f.) tmg/teTQC) (1ll<J/ f. TOC)- (mg TOC / 9 ) , 

Jiydrodarco 4000 Blank 29.4 - - -
2000 15.5 ~3.9 6.95 
1000 10.4 19.0 6.33 0 

4000 5.5 23.9- 5.98 -, 
5000 .?8 20.6 5.-32 _ -

10000 1.7 -. 

Norit Blank 29.6 - - -
2500 . - 16.9 12. T 5.08 

~ 4000 10.9 18.7 4.-68 
, . .. 5000 8.1 21.5- -4.JO 

- 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 iO.5 18.9 4.73 
5000 7.2 22.2 4.44 
6000 5.,4 24.0 4.00 

D 
10000 4.9 . -- / 
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Witcarb 718 B1ank 
2500 
3000 . 4000 . 
5000 
5500 
60110 
6500 

~ 7000 
t 1500 • 8000 , 

10000 

, 
"-

Nuchar WV-L B1ank 
2000 

, 3000 
400Q. -
5000 
7500 

. 
" 

10000 

Pi1trasorb 400 B1ank , 
2500 -
3500 
4000 
5000 

~ 6000 
7500 

10000 

. , ,..., 

'J 

. 30.0 -
17.6 12.4 
15.2 14.8 
12. ~ 17.5 
10:2 19~ 8 , 

9.3 20.7 
7.6 22.4 
6.8 23.2 
5.7 24.3 
5.1 24.9 
4.5 , 25.5 
3.4 

A.4 , -. 
19.8 9.6 
16 .• 3 13.1 
13.7 15.7 
Il,1 18.3 

, 6.2 23.2 
2.6 

30.5 ,,-
20.1 10 ... 4 
16.2 14.3 
15.0 15,5 
12.8 17.7 
11.6 18.9 

8.0 22;5 
2.9 

.. 

-
4.96 
4.93 
4.38 

\.., '3.96 

" 3.76 
3.73 
3.57 
3.47 
3.32 
3.-19 

-
4.80 
4.37 
3.93 
3.66 
3.09 

~ 

-
4.16 
4.09 
3.88 
3.54 
3.15 
3.00 
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4.5. Adsorption of Jaquar A-40-F Gum at 200e and pB 3.5 
on Hydrodarco 4000 

"li 

Concentration Change in at Equi1ibrium Loading Carbon Dosage 
Ce 

Concentration 
qe - llC/M M llC \ 

(mq/R. ) (mg/t TOC) (mq!l TOC) (mg TOC/g) 

1 

B1ank - 28.2 - -. 
500 23.5 4.7 '. 9.40 

1000 19.5 8.7 8.70 
1500 15.6 112.6 8.40 
2000 12.0 16.2 8.10 
2500 9.0 , 19.2 7.68 
4000 4.1 .2-4.1 6.03 
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4.6. Adsorption of Jaguar A-40-F Gum,at 65°C and pH 7.0-
on Hydrodarco 4000 

Concentration Change in . 
at Equilibrium Loading Carbon Dosage C Concentra tion-

qe - ÂC/M M· e âC 
(mg/t) (mg/R. Toc) (mg/R. TOC) (mg TOC/g) 

• 
, 

Slank 29.5 - -
1500 15.7 13.8 9.20 
2090 11.7 17.8 8.90 
2500 8.8 20.7 8.28 
3000 5.8 t 23.7 7.90 
4000 2.5 27~O ' 6.75 
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Appendix 5. 'Viscosity of the Filtered Jaguar A·40-F 
Gum Solution 

, 

A Cannon-Fenske type capillary of viS90meter size 
l , 

No. 50 (Range 0.8-3.2 centistokes) with a precision of tO:2\ 

was used for the k!nematic viscosity est~ation of the filtered' 

Jaguar A-40~F gum solution. Concentration of the 10 ml qum 

sample solution used in the experiment was 30 mq/~ TOC. 

The calibration data were obtained with a 10 ml distilled . 
water samp1elat 10oe, 250 C and 40oC. The simplified empiri-

. • cal relation (89) used to compute~e gum solution kinematic 

G:) 

0 

viscosity was: , 

" - Ct + B/t 

where ~ is the kinematic viscosity (centistokes) and t is 

the efflux bime (seconds). Constants C and B were evaluated 

fram the 1east squares fit of the calibration poi~ts. 

The final expression" - 0.00~1t - 2.1841/t (Standard 

error of estimate - 0.0) was then used to calculate the qum 

sample kinematic viscosity at three differen~ temperatures (T). 

~xperimental results are the fo1lowinq: 

Temperature Calculated Kinematic 
Eff1ux Time Viscosity 

(oC) (seconds) (centi stokes) 

10 559.8 1.4796 
25 380.2 1,0011 
40 279.0 0.7316 

1 

l' 
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• This set of data was plotted with the loqarithm of the 

kinematic viscosity (centistokes) as a function of the 

reciprocal absolute.t~Pératu~e (oK-1). Based on a ~east 
squ~res regression (Standard error of estimate - 0.006), the 

resulting linear relation between the qum solution kinematic 

viscosity and temperature' (Range 10-40oC) was: 

log \1 - 900 'T4778 - 3.0'109 

From this equation, the estimated gum sample kinematic viscosity 

i8 1.147 centistoke at 20°C; at.6S0c, the extrapolated value 

1s·0.45l centistoke. 

In terms of absolute visaosity, assuminq the density 

of the di1uted qum.solution being identical to that of pure 

water, this 18 1.145 centipo1se at 20°C and 0.442 centlpoise 

at 65°C. 
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Appendix 6. 
Mixtures 

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

Concentration Chanqe in Loadinq 1 Carbon Dosaqe at Equi1ibrium Concentration 
C qe - AC!,M 1 M " e Ile 

Effluent, (mg/!) (mg/! TOC) (mg/! TOC) (g TOC/g) ! 
1 

, 

A B1ank 131.2 - -
200 93.6 37.6 r 0.188 . 
350 73.4 57.8 0.165 
500 56.5 74.7 0.149 

. 800 37.5 93.7 0.117 
1400 2~.4 102.8 0.073 
2000 25.7 105.5 0.053 
4000 21.8 109~4 0.027 

10000 18.1 113.1 0.011 
1 15000 19.4 111.8 0.007 1 

• 

B 'B1ank - 58.7 - -
j 

150 34.1 24.6 0.164 
200 29.7 29.0 0.145 
350 20.9 37.8 0.108 1 

~ - . -
1 - '" 500 16.5 42.2 0.084 

800 14.5 44.2 0.055 
1400 12.6 46.1 0.033 

1 

2000 Il.5 41.2 0.024 
4000- 10.0 - 48.1 0.012 

10000 9.1 49.6 
1 

0.005 
------ -_ .. ~-
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6.~ -Adsorption of- Effluents C and D at 20 C and pH 7.0 with Hydrodarco 4000 

- . 

. 
Concentration Change in at Equi1ibrium Loading 

\ Carbon Dosage C Concentration q - âC/M M e âC e 
Effluent (mg/l) (mg/l TOC) (mg/t- TOC) (g TOC/g) 

C 81ank 1\7.3 - -
200 119,,3 48.0 0.240. 
500 89.3 78.0 0.156 

0 r . 800 • 67.4 99.9 0.125 
2000 51.5 115.8 0.058 
4000 . 37.7 129'-6 0.032 1 

6000 22.4 144.9- 0-.024 . 
8000 17.3 150.0 0.019 

1 

10000 19.7 141..6 0.015 
, 15000 15.3 152.0 0.010 ----. 

D B1ank 151.8 - - 1 

200 99 t 9 ' 51.9 0.260 ! 

500 7,8.1 73.7 0.147 
- 800 59.1 ' 92.7 0.116 
2000' ~2.l 109.7 0.055 
4000 29~.1 122.7 0.031 

10000 20,0 131.8 0.013 
16000 18.9 . --
20000 17.1 
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- 6.3. Adsorption of Effluents E and F at 20
QC and pH 1.0 with Hydrodarco 4000 

" 

" Concentr'atic:ln Change in 1 

Carbon Dosage at ~Uilibr~um Concentration Loading 1 

M .- Ce AC qe - AC/M • 
Effluent (mg/t) (mqll TOC) (mq/t TOC) (g ·TOC/g) • 

1 

. 

E Blank 78.0 - -
200 52.2 25.8 0.129 
350 43.1 .. 34.9 0.100 1 

500 34.1 43.7 0.01)7 i 

. 800 . 29.9 48.1 0.060 1 

1400 26.2 51.8, 0.031 
2000 23.3 54.7 0.027 
4000 12.8 65.2 0.016 

- 10000 . 10_1 67.9 0.007 

(" . 1 

F Blank 64.9 .- -
20.0 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.O~4 

« 10000 '8.2 • 

1 
~ _-tl., 

N 
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o 6.4. Adsorption of Effluent·D at 20 C and pH 7.0 with Filtrasorb 4000 and Norit 

, 

.Concentration Change in 
Carbon Dosage at Equilibr ium' Concentration Loading 

C q - AC!M M e AC e 
Type of Carbon (mg/1) (mg/! TOC) (mg/! TOC) (g.TOC/g) 

-
-

. 
Filtrasorb 400 " Slank 154.9 - -

200 103.7 51.2 0.256 

- 350 80.8 74.1 0.212 
500 65.9 S9.0 0~17S 
800 56.8 98.1 0.12.3 

1000 50.2 104.7 0.105 
2000 .. 45.0· 109.9 0.055 
4000 35.7 119.2 0~O30 
6000 - 26 •. 0 128.9 0.021 
8000 19.8 135.1 0.017 

, 10000 16.7 - 138 .. 2 0-.014 
15000 12.9 142.0 0.009 

Norit Slank 155.0 ~ .. 
- 200 119.5 35.5 0.178 

500 81.7 73.3 0.14J 
S'OO 66.5 88.5 . 0.111 

2000 43.0 112.0 0.056 
~ , 4000 26.9 128.1 0.032 ~ 

10000 Il.5 143.5 0.014 

\, 
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6.5. Adsorption of Effluent "0 at 20°C and ~B 7.0 with" 
Hycb:odarco 4000 expressed in COD 

Concentration Chanqe in at Equilibrium Loadinq Carbon Oosaqe C Concentration 
qe - AC/M M e àC 

, (mg/1) (mg/t COD) (mq/t COD) (q COD~) 

! 

Blartk 444 - 600 , 200 32·4 120 
500 224 220 > .440 
BOO 160 284 ,0.355 

2000 96 348 O~174 
400.0 7.2 372 \ 0.093 

lOOOQ 60 
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