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SUMMARY

The biological treatment of HW EOP filtrate in tRAACO reactor has resulted in a
reduction of 50 to 60 % in COD and Colour and thés enhanced slightly by Fenton
dosage. However, COD & Colour was still high andisitnot suitable to treat in
membrane process for TDS reduction. Treatmentgfflirate in FACCO reactor, with
Fenton and ammonium persulphate has brought atbtd 60% reductions in COD &
Colour, but the cost of treatment has increasediderably. High COD at FACCO outlet
caused fouling in the RO membrane thereby redutiagecovery efficiency. The cost of
hardness/TDS removal by lime-soda treatment andbraame filtration works out to Rs
80 /nT. Pretreatment methods to remove silica, heavylmatal hardness, such as, lime
treatment, followed by anaerobic and aerobic pr@desimproved biological treatment
need to be explored to make the process more ec¢oalohon exchange techniques and
Resin filtration for Colour/COD/TDS removal havelie experimented further to find a
viable method for tertiary treatment to remove TBX& other non-process elements
especially for ECF bleach plant effluent.

The results of present studies will be very usefput to design a Zero Liquid Discharge

system which is technically more advanced and eoacaily viable. Based on results
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obtained from the present study TNPL has alreadtiaied a ZERO LIQUID
DISCHARGE program and proposed to setup*hnpilot plant to find out feasibility of

treating bleach plant effluent combining both bgtal and membrane process.

INTRODUCTION

The pulp and paper mill operation consumes lardeme of water when compared to other
manufacturing industries. Water is used as mediurerey all the pulp and paper making
process are carried out and it is also used azleetn transport the pulp in the mills from
one unit operations to another and gets contandnaigring various processes. This
contaminated water (effluent) is treated and disgdh later as wastewater. In the 80’s water
consumption per ton of paper produced was as hegtb@ m3/MT, and at present it ranges
from 100 to 150 i MT. In the past one decade considerable effosewnade in both
national and international level to develop andrafeeclosed loop configuration in the pulp
and paper mills to minimize environmental impact ke surrounding ecosystem. The
concept is being accelerated in the recent yeaks tduincreasing awareness about
environmental among the public and consumers (dohetsal, 1996). The concept is slowly
accepted within the industry that close loopingetssential for long term sustainable
production. Nonetheless, when water circuit is eths concentration build-up of
contaminants especially chlorides and other norcgs® elements cause problem in process
operation by way of erosion, corrosion and scalfag;ing to purge or develop new systems

to treat contaminants in the wastewater.
RELEVANT SCIENTIFIC CONCEPTUAL INFORMATION

Pulping of the fibrous raw materials involves conation of chemicals and the physical
process conditions (temperature and pressureditsolve lignin present in raw material to
liberate cellulosic fibre. The fibres retain itsnggh and strength and sent for further
processing. The dissolved lignin and other orgamd inorganic components are washed
counter currently from the pulp, concentrated bgpmration and subsequently burned in the

recovery boiler to generate energy and recovertsgmmicals. Up to this stage it is possible
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to close loop the process without discharging amgtewater using modern pulping and
washing technology.

Cooked unbleached pulp has a brown, colour, dysréeence of residual liginin and other
oxidisable materials and it cannot be used as fuchleached products like printing and

writing paper. Further treatment is necessary tweimse the pulp brightness to a white
colour. Residual lignin and other oxidisable matleare removed by oxygen delignification
and bleaching with moderate pressures and tempesafihe amount of bleaching chemical
added in the first bleaching stage is directly prtipnal to the Kappa number of the

unbleached pulp i.e. a low kappa number prior &athing results in chemical savings and
reduced organic and inorganic discharge throughtemeser from the bleach plant.

However, reduction in pulp yield and pulp strentithits Kappa number to below certain

level (McDonough 1998, Gellerstedt 2009).

Chlorine, Calcium hypochlorite and Sodium hypocitdoiare the inexpensive and highly
effective bleaching agent used widely until the@®98nd this technology was phased out due
to high amount of chlorinated organic compoundsegated in bleaching collectively
measured as AOX. Chlorine and hypochlorite were at®pped in the pulp bleaching to
avoid chloroform generation and to preserve putpngth (McKenzie 1994, Pryke and
Reeve 1996, Amec 2008, Gellerstedt 2009)

The modern bleaching sequence commonly known awdfital Chlorine Free bleaching
(ECF) mainly consists of chlorine dioxide (G)Doxygen (Q) and hydrogen peroxide
(H202) (Amec, 2008, Gellerstedt 2009) and in some nliine (Q) is also used rarely
(Sonnenberg 1998, Monta and Van Tran 2008). Int@ddio the above, ECF sequence also
includes alkali stages (E) reinforced with eitheygen (O), or hydrogen peroxide (P), or
both called (EO), (EP) and (EOP) stages (Gellersz®®9). Acid (usually sulfuric acid
(H2SQy) is charged to some acidic stages for pH coniiioé Chlorine dioxide bleaching is
also conducted at higher temperature of around @&39Q °C reduces the chemical
consumption and AOX discharge (Ragnar 2005). Omowdioxide is the most selective
bleaching agent used in ECF bleaching and to peogudp with 90% ISO brightness, high
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strength, cleanliness, and brightness stabilitye Tontent of AOX in the bleach plant
wastewater reduced to 0.2 to 0.4 kg /ADt pulp vatltombination of modified cooking,

oxygen delignification and bleaching with Gl&s the only chlorine-containing chemical.

The environmental effects of bleach plant efflueatal whole mill effluents have been
studied by various investigations (Walkthal., 1991, Ljunggreret al., 1998, Stinchfield and
Woods 1995, Lehtinen and Tina 1998, Deardetrél., 1998). The above studies indicate
AOX from that treated wastewater from well-managedp and paper mills using ECF
bleaching reduced to minimum level. But colour aratal dissolved solids especially the
inorganic compounds are still an issue in spitenainy measures taken to reduce. For
example, Modified or Continuous cooking, oxygengtefication (Fiskari, 2004, Johnsa

al., 2008), ECF bleaching and modified ECF bleachivign Tran, 2006, Ragnar 2005),
Ozone bleaching (Monta and Van Tran 2008, Colodstt., 1998), reuse or recycling of
bleach plant filtrates such as alkaline and adtcates (Amec, 2008). Because much of the
technology development associated with kraft midlalsh plant closure for colour and TDS
reduction in wastewater involved reduction of watensumption and reuse and recycling of
bleach plant waste water in side the plant leatbhngndesirable consequences, such as, scale
deposits, corrosion, loss of bleaching efficienaycreased evaporative loads, reduced
production capacity, and loss of operational flékip Amec 2008) these issues have caused
many companies to reconsider the role of complebegss closure in minimizing effluent
impacts. In many cases, the optimal solution idiedtihas been partial closure of bleach
plant coupled with external secondary and tertta@patment of the remaining mill process
effluent (Amec, 2008).

Recent review indicates that combination of physi¢icrofiltration, Ultrafiltration,
Nanofiltration and Reverse osmosis) coupled witbngital and biological process are found
to be an alternative solution to reduce the coland TDS in the pulp and paper mill
wastewater especially in bleach plant (Adetal., 2010, Dubeet al., 2000, Pierre and Eric
R. Hall 2001, Ramamurthy and Wearing 1998, Milestaral., 2004, Wingatet al., 2004,
Srivastavaet al., 2005, Jainet al., 2009). The present study was carried out to have

decentralized treatment system for bleach planuesif to reduce colour and TDS using
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patented process developed by a Central governmsearch laboratory which has been
proved to be successful in removing the colour arganic TDS in effluent in combination
with membrane process to remove the inorganic TDfe. only source of high colour and
high TDS being the bleach plant effluent, treating selected volume through the dual stage
treatment will result in substantial reduction wlaur, TDS and AOX in the final effluent

and also to certain extent reusing this treatddezit in the mill result in water conservation.

BROAD OBJECTIVE OF THE PROJECT:

To develop a method to remove colour and TDS frdaeach plant effluent by Patented
process by Central Govt Research agency for industifluents — to remove organic TDS
and colour Membrane technology to remove inorgdill& and reuse of Sodium chemicals.

METHODOLOGY:

* Analysis of Bleach effluent from bleach plant ofdw@ood and bagasse pulp mill

* Preliminary colour and organic TDS removal using platented process to determine
the extent of removal and number of passes required

» Evaluation of Membrane technology to assess thevahof inorganic TDS from
pre-treated effluent

» Concentrate handling — recovery of sodium chemiaat$ process for handling solid

waste.

QUANTIFIED DELIVERABLES OF THE PROJECTS:

» Colour reduction in effluent

* Reduction in AOX in effluent

* Recovery of Sodium chemicals

* Reduction in COD, BOD and TDS in final effluent
* Recycling 100% bleach plant effluent
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PILOT PLANT LAY OUT AND DESCRIPTION

Total Capacity of the pilot plant is 1.23hr and it is supplied by M/s Vens Marketing,

Chennai. The plant consists of six sections/ maduie. 1. Pretreatment section, 2. FACCO
reactor, 3. Ozonator, 4.Ultra filtration modules, Beverse Osmosis modules, and 6. Nano
filtration. All the modules are interconnected dmal/e bypass arrangements to take trials

with various combinations by eliminations of ongwo sections are modules.

The pretreatment section: It is provided with.1. Raw effluent storage tardvimg Cap 2000

lit to store the untreated wastewater. 2. Statiensi for mixing chemicals such as Lime and
Ferric chloride with the wastewater. 3. Lime resarwith 2300lit capacity to store milk of
lime. 4. Lime dosing pump (0 to 100 lit/hr). 5. Dg pumps to dose FeflSodium
carbonateand ferrate/fenton (0 to 4 Iph). 6. Clarifier 10@8r capacity to settle the sludge
generated after lime addition. 7. Sludge tank V@800 liter capacity to store the sludge
drawn from the bottom of the clarifier. 8. Screwnguto pump the sludge to filter press. 9.
Hydraulic type filter press to dewater the sludge disposal. 10. Mini mixing tank to mix
sodium carbonate. 11. Settling chamber of 2000 diégacity to settle the calcium carbonate
formed after soda addition. 12. Intermediate tanthwL000 liter capacity to store the

pretreated effluent.

2. FACCO reactor: It is a 25.6 m capacity FRP coated tank. Reactor consists of &GOS

stone pebbles, 3 to 50 mm in the bottom of thetoeand 2200 kg of catalyst (a mixture of
Silica, Ferric oxide, Cerium oxide, Copper oxided @oron oxide) impregnated activated
carbon in the top layer. Distribution arrangemantthe uniform flow of wastewater at the
top and bottom of the reactor. Lateral distributare provided inside the reactor for air
/ozone distribution at the top and bottom of theboa bed. A strainer is also provided near

the outlet at the top to prevent carryover of caraith the effluent
3. Ozonator: It generate around 8 gram/hr ozone from air/oxyayah a reactor with ventury

mixer to mix ozone with wastewater and a 5000 li@lfection tank to collect the ozonated

wastewater.
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4. Ultra filtration modules. The module consists of a bag filter 7**32" - 5 o
polypropylene make to remove the suspended saliisfiltration feed storage tank having
1000 liter capacity. UF module can process up t01@r consisting of a PLC system sand
filter, 100 cartridge filter and UF 100 KD polyptbnate membrane hollow type to remove

the colloidal silica and fine suspended solids.

5. Reverse Osmosis modules: This module consists of 1000 liter RO feed tank &0
filtration consists of activated carbon filter, 1@artridge filter, a high pressure pump (10

bar) and 4" dia*40"long polyamide membrane.

6. Nano filtration: This module consists Nano feed tank of 1000 btgracity to store RO

reject and Nano filtration unit consists of a sédr, activated carbon filter and iron filter as
a premodule. Then a 10u cartridge filter, high gpues pump (10 bar) and 4" dia * 40" long
Nano membrane to separate the monovalent and divasdts and a 1000 liter capacity

rejects tank.

RESULTS

PART — | : Treatment of Hard wood ECF EOP filtrate

Pretreatment with Lime and Ferric chloride: The Pilot plant was commissioned on 12.07.09
and initially bleach plant alkaline filtrate fromCEP stage was taken for the study. The EOP
effluent was treated with lime and ferric chlor@ed mixed thoroughly with static mixer and
send to Clarifier to remove sludge containing addd silica, heavy metals and some
organics. The overflow was collected in a 1000irtermediate tank. The pH after lime
treatment was 11.0. A marginal reduction in COD &ufour was observed. The effluent
was then passed through a 5 micron Polypropyleng fitter, to remove the suspended

solids.
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Treatment with FACCO Reactor: Ferrate (a mixture of 75 ppm each of Ferric nitrael
Sodium hypochlorite) was dosed as Oxidising agatihe and the wastewater was send to
FACCO reactor (Fenton activated carbon catalyticlaton) in upward flow mode @1500
lit/hr, to remove Colour and COD. FACCO processsisis of two stages; first stage is to
breakdown dissolved organics and in the secone staiglation of organics takes place at the
active sites of the carbon-silicon mesoporous gsttalising stoichiometric quantity of
oxygen abstracted from air at ambient temperatme @essure. This process does not
generate any sludge. The hydraulic retention timéhe reactor was about 16 hours. The
chemical reaction in the reactor is as follows eheydroxyl radical is the active species for

catalytic oxidation

Fe(NQy)+ HOCl— OH.+RH +OOH— CO, + H,0

The COD was initially found to reduce from 1830346 ppm (81 %) and Colour from 600
to 90 ppm (85.0 %). The entire process was runimoodisly for ten days. The out let of the
FACCO was treated in the ozonator with 16 ppm ozdrerge to reduce the COD further.
The COD came down to 160 ppm (TABLE - 1). An ingean COD and Colour was

observed after the tenth day (550 to 1196) in tR€ GO outlet. This is due to the presence
of refractory organics in the effluent and satunatof the carbon bed in the reactor. When
COD was above 400 ppm, the pumping of effluent foudit was stopped to prevent fouling

of membrane.

The study was continued with various chemical desagd flow rates. Raw EOP pH was
ranging from 9.5 to 10.5 after lime addition pH wasreased to 10.5 to 11.0. Treated
wastewater was then neutralised with acid to arautal7.5 pH. The results are presented in
TABLE 1, 2, 3, 4,5 & 6. BOD reduced from 573 t@02ppm (60 %).The average reduction
in COD and Colour was 58 %.The settled sludge ftbenClarifier was drained once in 4

hours and analysed for its composition and resrkspresented in TABLE 7. The sludge
after lime treatment contains more organics andiwal and it is suitable for use in Cement

plant
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TABLE - 1: Results of HW EOP filtrate Lime and fierchloride pretreatment

S Nol Parameter Units Raw EOP Lime-FeCl3treated
effluent effluent
1 |pH 10.1 11.2
2 |Colour mg/lit 850 670
3 |COD mg/lit 1850 1640
4 | Total hardnesg mg/lit 120 60
as CaCQ@
5 |Calcium as mg/lit 80 50
CaCQ
6 |Magnesiumas| mg/lit 40 10
CaCQ
TDS mg/lit 4400 4950
Sodium as Na mg/lit 1400 1340
Sulphates as mg/lit 220 230
SO
10 | Chloridesasc| mgl/lit 200 210
11 | Silica mg/lit 40 18
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TABLE — 2: Results of HW ECF EOP wastewater, afieztreatment -FACCO up-flow
treatment (1000 to 1200 lit/hr flow) with 1000 ppbime and Oxidizing agent (Ferric
chloride 80 ppm and: Ferric Nitrate & Sodium Hyplache 75 ppm), COD reduction

index:0.70 gm /gm of carbon / hr.

-10-

Raw Treated Raw @ Treated R(_edu Raw  Treated R(_adu 'ﬁég?e%

WW Ww  WW WW  ction WW WW  ction
Date WwW

pH pH  Colour, Colour, % COD COD % COD

ppm ppm ppm  ppm

12.7.09 7.8 3.8 370 0 100 1240 226 81.8 168
12.7.09 8 3.5 380 100 1320 238 82,0 158
16.7.09 7.6 4.8 460 100 1780 280 84.3
17.7.09 7.5 5.1 620 40 93.5 2163 23C 89.4
18.7.09 7.1 5.4 680 80 88.2 2341 27C 88.5
21.7.09 7.7 5.6 750 90 88.0 2214 334 84.9
21.7.09 7.8 5.5 820 120 85.4 2170 318 853 142
22.7.09 7.5 5.8 820 170 79.3 2320 418 82.0
22.7.09 7.9 5.2 830 220 73.5 2208 428 80.5
22.7.09 8 6.2 820 220 59.5 2420 465 80.2 168
AVG 7.7 5.0 600 90 85.0 1830 346 81.1
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TABLE — 3: Results of HW ECF EOP wastewater FAC@®flow treatment (800 to 1000
lit/hr flow) with 800 ppm Lime and Oxidizing ageR#rric chloride 100 ppm and: Ferric
Nitrate & Sodium Hypochlorite 75 ppm), COD reduatindex:0.47 gm /gm of carbon / hr.

Raw Treated Raw | Treated R(_adu Raw Treated Reduction
WW  WW WW  WW ction WW WW
bate pH pH  Colour, Colour, %  COD COD %
ppm  ppm ppm  ppm
3.8.09 85 4.9 800 560 45.0 1750 929 46.9
48.09 8.2 5.2 780 540 34.6 1984 1131 43.0
8.8.09 8.6 7.8 810 530 34.5 1942 928 52.2
10.8.09 8.6 7.5 850 550 35.3 1912 872 54.4
11.8.09 7.8 7.4 920 500 45.7 1835 999 45.6
12.8.09 7.9 7.2 870 420 51.7 1903 1242 34.7
13.8.09 8.2 6.9 870 420 51.7 2519 1162 53.9
14.8.09 8.1 6.9 1000 650 35.0 2195 1260 42.6
AVG 8.2 6.1 900 510 43.3 2090 1065 49.0

Average BOD of raw wastewater was 573

average percentage BOD reduction w8s3.
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TABLE — 4: Results of HW ECF EOP wastewater FAC@Q®flow treatment (600 to 800
lit/hr flow) with 800 ppm Lime and Oxidizing agefferric chloride 80 ppm and: Ferric
Nitrate & Sodium Hypochlorite 75 ppm), COD reduationdex:0.56 gm /gm of carbon / hr.

Raw | Treated Raw | Treated Redu| Raw | Treated Reductio

Dat WW | WwW | WW | WW |ction | WW | WW n
ate
pH pH | Colour, Colour,] % |COD| COD %
ppm | ppm ppm | ppm

18.8.09| 8.9 7.5 750 330, 56
20.8.09| 94 6.8 850 500, 41
21.8.09| 8.7 6.7 840 550, 34 15p0870 42.8
22.8.09| 8.4 6.7 1000 5000 50 1240540 56.5
“ 8.4 6.8 1000 480 | 42.0 1240 520 58.1
AVG. 8.7 7.2 875 455 | 49.0 1610 795 52.0

19801070 46.0
1450910 37.2

ol |N| O
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TABLE - 5: Results of HW ECF EOP wastewater FACG®flow treatment (600 to 800
lit/hr flow) with 1000 ppm Lime and Oxidizing age(ferric chloride 100 ppm and: Ferric
Nitrate & Sodium Hypochlorite 75 ppm), COD reduatiodex:0.51 gm /gm of carbon / hr

Date Raw Treated Raw | Treated Reduc Raw Treated Reducti
WW  WW Ww Ww ton  WW WW on
pH pH  Colour, Colour, %  COD COD %

ppm ppm ppm  ppm

24.8.09 8.7 7.0 1000 520 48.0 1260 400 58.3

25.8.09 8.3 6.8 940 330 64.9 1060 504 52.5

920 420 54.3 1135 538 52.6

26.8.09 9.2 7.0 1000 250 75.0 1950 520 73.3

1050 310 70.5 1960 455 76.8
27.8.09 9.3 7.1 1120 280 75.0 1710 455 73.4
1150 240 79.1 1748 358 79.5
28.8.09 9.7 7.2 1080 260 75.9 1932 494 74.4
1160 280 75.9 1980 494 75.1
29.8.09 8.8 6.8 960 290 69.8 1653 622 62.4
920 310 66.3 1733 690 60.2
AVG. 8.7 7.0 960 320 66.7 1646 545 66.8
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TABLE - 6: Results of weekly average of HW ECFE®@astewater FACCO up-flow

treatment with various lime and oxidizing agentatyes

Parameters

Flow 1000 to 1200 lit/hr with 2000 ppm Lime
and Oxidizing agent(Ferric chloride 80 ppm a
Ferric Nitrate & Sodium Hypochlorite 75 ppm

Flow 800 to 1000 lit/hr with 800 ppm Lime an
Oxidizing agent(Ferric chloride 100 ppm and:
Ferric Nitrate & Sodium Hypochlorite 75 ppm

Flow 600 to 800 lit/hr with 800 ppm Lime and
Oxidizing agent (Ferric chloride 80 ppm and:
Ferric Nitrate & Sodium Hypochlorite 75 ppm

Flow 600 to 800 lit/hr with 1000 ppm Lime an

Oxidizing agent (Ferric chloride 100 ppm and:

Ferric Nitrate & Sodium Hypochlorite 75 ppm

Raw Raw FACCO
Treated Redu Treated Redu
EOP- ; EOP )
colour colour | ction COD EOP |ction,
opm ppm % opm COD, %
ppm
nds00 90 85.0 1830 346 81.1
d
900 510 43.3 2090 1065 | 49.0
875 455 49.0 1610 795 52.0
d
960 415 66.7 1646 545 66.8

TABLE -7: Results of Clarifier sludge analysis

S. No Parameter units After Lime treatment
1 Loss on ignition % 55.2
2 Silica % 2.8
3 Mixed oxides % 5.2
4 Calcium as CaO % 31.8
5 Magnesium as MgO % 4.2

Membrane filtration treatment: The FACCO outlet viaeen toUltrafiltration , at the rate of

1200lit/hr via a sand filter and cartridge filterremove the colloidal silica, suspended solids

and bacteria. The recovery in UF was 70 %. The &jécts was drained and the permeate,

containing TDS 4800 to 5800 ppm was taken to Reeerse Osmosis (RO) membrane

filtration system at the rate of 650 lit/hr, @ 12 bar pressure,avactivated carbon filter &

10 micron filter. The RO permeate was found to aonbnly 100 to 150 ppm TDS and pH

was 6.8 .The recovery wa&® %. SMBS was used as antiscalant in RO and Nanatfotn

units.
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Nano filtration

The RO rejects was passed through Sand filter vatd carbon filter and Iron filter (filled
with MnO, beads and green sand to remove dissolved ironp@itéhr, passed through a 10
micron cartridge filter, pumped with a high pregspump, at a feed pressure of 10 kdg/tmn
the Nano membrane (MW >250 dalton) to remove tloeganic salts and COD. The Nano
membrane with a negatively charged polymer film alhrejects ions with higher charge
density, such as, SOThe permeat@ 100 lit/hr, containing water with monovalent ionas
collected in the Nano permeate tank. The rejectS0@ lit/hr was collected in the Rejects

tank. The rejects contained more sulphates andisodi

TABLE - 8: Results of membrane filtration treatméteverse Osmosis (Average of three

trials)

-15-
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S No Parameter units RO feed RO permeate RO rejects

Flow lit/hr 650 320 330

1 pH 7.8 7.3 7.8

2 Colour mg/lit 80 0 150

3 COD mg/lit 168 0 280

4 Total hardness as mg/lit 110 0 190
CaCQ

5 Calcium as mg/lit 70 0 120
CaCQ

6 Magnesium as mg/lit 40 0 70
CaCQ

7 TDS mg/lit 5600 150 10840

8 Sodium as Na mg/lit 1360 50 2620

9 Sulphates as SO mg/lit 230 0 420

10  Chlorides as cl mg/lit 210 0 380
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TABLE - 9: Results of NANO filtration treatment (&vage of three trials)

Parameter units Nano feed Nano Nano rejects
S. No permeate
Flow lit/hr 600 100 500
1 pH 7.8 7.5 7.9
2 Colour mg/lit 150 40 260
3 COD mg/lit 280 120 304
4 | Total hardness mg/lit 190 60 260
as CaCQ@
5 | Calcium as mg/lit 120 40 200
CaCQ
6 Magnesium as mg/lit 70 20 60
CaCQ
TDS mg/lit 10640 5230 11680
Sodium as Na mg/lit 2620 8410 1460
Sulphates as mg/lit 420 120 480
SO,
10 Chlorides astc mg/lit 380 160 410
Conclusion

1. The Colour and COD reduction was achieved to thel lef 80 to 85 % in the first ten
days. The rate of COD reduction was 0.70 mg of @@b of carbon/hr of activated
carbon in the FACCO reactor.

2. Due to the high sodium content (1400 ppm) and #feactory nature of the low
molecular lignin compounds and saturation of thealgat, the reduction has
decreased in the subsequent trials to 40 to 50 @) @eduction index was 0.47
mg/gm of carbon/hr. The COD reduction was sligiiproved to 55% with increase
of Ferrate dosage to 100 ppm.

3. The reduction was further improved to 60% by furtbptimization of flow (600 to
800 lit/hr) and with Fenton.
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The efficiency of sulphate removal in Nano-filt@tiwas found to be 90 %

The RO permeate i.e. the final treated wastewasts eolourless, having very low

TDS (150 ppm) which is suitable for recycling Imetprocess.

The sludge after lime treatment from the clariientains more organics and calcium

and it is suitable for use in Cement plant.

Limitations of the FACCO process

1.

-17-

Size of the reactor used to process 1%hmwas 25 M, which is very large which

needs further study to make it economically vidbltetreatment.

COD and Colour reduction was not consistent aterbfiit levels of inlet COD; at
higher levels of COD and flow rates, the reductamhieved was only 48 to 52 %

.The outlet COD also increases after seven dagp@fation due to

Acid for neutralization before reactor increases sllphate content. This increases
the inorganic TDS load to the Membrane filtratiomtuChoking of bag filters was

observed.

Carryover of fine carbon particles in the outletswabserved when flow was
increased, which causes choking problems in thesespient stages resulting in

increase in bacwash frequency.

Air distribution disturbs the carbon bed during tivard flow mode at higher flow
rates resulting in improper aeration.

Higher COD at the FACCO outlet due above reasonsesfouling of the RO &

Nano filtration membranes, which reduces the regoefficiency leading to frequent
cleaning of RO unit.
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HW — EOP filtrate effluent treatment
PILOT PLANT TRIAL (WITH FACCO REACTOR)

900

510

12.07.09 -22.07.09

875

43.3

455

960

49

415

03.08.09 -14.08.09

81.1

Trial Period

2090

1065

49

03.08.09 - 14.08.09

18.08.09602R9

1610

795

52

18.08.0962R9

Trial Period

[ Raw Effluent Colour
L] Treated Colour
M Colour Reduction

66.7

24.08.09 - 29.08.09°

1347

545

66.8

24.08.09 - 29.08.09

[0 Raw Efluent COD
L] Treated Effluent COD
B cOD Reduction

Development Council (Paper), DolPP, Govt. of InflilPMA



Colour and TDS Removal from ECF Bleach Plant Effluent By TNPL

PART — II: Treatment of Hard wood ECF Dy filtrate

Lime-Soda Treatment: The Dyt filtrate @ 750 lit/hr, from HW ECF plant was cooled
treated with lime in a Clarifier to precipitate tMagnesium salts, colloidal silica and some
of the organics. The pH after treatment was ran@iogn 11.0 to 11.5. The sludge contains
organics and inorganic salts and found to be deitfty use in Cement plant. The overflow
goes to the second stage, where it is treated suitla (NaCOs3) and allowed to settle in a
settling tank to precipitate the Calcium salts a€G;. The results are shown in TABLE 10.
The settled sludge can be used in SRP lime kilpréoluce lime. Results of sludge analysis
from clarifier after lime treatment and settlinghkaafter soda treatment is presented in the
TABLE 11 and 12 and it mostly contains organics aadcium carbonate. Lime soda
treatment reduces hardness and COD to a level I56,3but TDS and Sodium levels are
increased. The pH is then adjusted to 3.5 to 4.ACCO) using dilute Sulphuric acid,

which also reduces the alkalinity.

TABLE — 10: Results of Lime soda treatment of;tDvastewater

S. No Parameter units Raw DHT Lime-soda
effluent treated effluent

1 |pH 2.2 11.6
2 Colour mg/lit 550 270
3 COD mg/lit 2300 1740
4 Total hardness as CagO mg/lit 1720 120
5 Calcium as CaCp mg/lit 1480 80
6 Magnesium as CaGO mg/lit 240 40
7 |TDS mg/lit 9370 11300
8 Sodium as Na mg/lit 1800 4600
9 Sulphates as SO mg/lit 3170 4570
10 |Chlorides as ¢l mg/lit 1560 1540

The main advantage of Lime-Soda treatment is reimolvagolloidal silica, heavy metals,
suspended solids, portion of organics, reductioscabdur to about 50%, reduction of COD
25% and removal of total hardness. The sludge gé&sekrcontains mostly Calcium

carbonate, silica and Magnesium hydroxide and @nded for cement plant or SRP. The
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softened effluent contains only Sodium sulphates@hnlorides and it is easier to separate by

Membrane filtration.

The main Disadvantages are increase in TDS lev@0®p ppm and Sodium level by 1500
ppm. Also the addition of }$0O, to reduce the alkalinity before FACCO increase the
Sulphate level from 1400 to 3000 ppm and high cbahdost of treatment.

TABLE -11: Results of sludge analysis from clarifefter lime treatment and settling tank

after soda treatment

S. No Parameter units At\:tee;trl;:?net After soda treatment
1 Loss on ignition % 53.3 42.5
2 Silica % 5.4 0.5
3 Mixed oxides % 2.9 0.2
4 Calcium as CaO % 31.8 *53.6
5 Magnesium as MgQ % 2.6 0.2
6 Sodium as N#D % 1.2 2.4

*95.7 % as CaCe®

TABLE — 12: Particle size analysis sludge generaigering lime soda treatment

S. No Parameter units After Lime After soda treatment
treatment

Settling time mts 45 30
Sludge volume index ml/d 136 2.11
Mean particle size -| pum 21 38.6
HORIBA particle size
analyser

4 Particle size range pnm 0-45 0-66

The Lime -soda treated effluent is neutralised wiilhited Sulphuric acid, (@1500 ppm) to
reduce the pH to 3.5,at which fenton works effesdtivand collected in an Intermediate tank

and send to FACCO reactor, for treatment.
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FACCO treatment study 1 : The HW ECF Wastewater after the Lime soda treatmsat
treated using Fenton (a mixture of ferrous sulplaai@ hydrogen peroxide) and Ammonium
per-sulphate as oxidising agents using downward flwode @ 2400 lit/hr with air and
ozone distribution for catalytic oxidation in th&A€CO reactor. The hydraulic retention time
in the reactor was fixed as four hours. The reslisnved a COD reduction of 45 to 67 %
and Colour 55 to 70 % and marginal reduction in TODABLE 13). The BOD reduction
was 76.6 %. This shows that most of the biodegiladabganics were removed in the
catalytic oxidation process. But the residual COIABLE 14) and colour indicates only,
some of the refractory organics are not removee. JH after treatment was 5.2 to 5.5, due
to the formation of hydroxyl ions. The results green in TABLE 13 and 14

TABLE — 13: Results of Lime soda treated HW ECF Dlastewater before and after
FACCO treatment-Hardness & TDS levels

R et B Uicaed TACC0 R rcaed Mol
S. No WwW Ww
Hardness Hardness TDS, TDS, TDS, BOD BOD ppm %
ppm ppm ppm  ppm ppm ppm
1 2160 180 6520 8090 7190 944 197 79.1
2 2200 200 6820 8416
3 2100 190 7720 8964 8152
4 2220 200 6372 8410 833 280 66.4
5 2300 260 8000 9138 8814
6 2500 320 8910 10142 9296
7 2520 220 8530 10060 9438 796 125 84.3
8 8690 9870 10686
Avg. 2286 224 7820 9237 8930 858 201 76.6

The TDS increases by 15 %; Silica in the untre&tiédvas 60 mg/lit and 20 mg/lit in the

treated effluent.
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TABLE -14: Impact of FACCO treatment on colour a@8®D on Lime soda treated HW
ECF wastewater.

Raw WW = Treated WW Reduction Raw WW Treated WW Reduction
pate Colour, ppm Colour, ppm % CF:’gr[r? Cp:p?rlr? %

12.9.09 460 220 52.2 1602 700 56.3
12.9.09 480 210 56.3 1684 810 51.9
13.9.09 480 180 62.5 1702 1150 32.4
14.9.09 490 160 67.3 2430 1400 42.4
18.9.09 460 180 60.9 2100 1040 50.5
19.9.09 510 300 41.1 2080 880 57.7
AVG. 480 210 56.3 1930 996 48.4

FACCO treatment study 2: The flow of effluent to FACCO reactor was kept @@4id/hr

and Fenton dosage (FeSO4 100 ppm and H202 60 pmmAm@mmonium persulphate (100
ppm) was increased to improve the reduction efiicyewith air and ozone at 4 ppm
distribution at the bottom of the reactor. The teaperformance was found to improve
slightly. The COD reduction was found to be aro®d% (i.e. from 1807 to 810 ppm) and
colour by 60 % (i.e. from 535 to 213 ppm) with argiaal reduction in TDS level. The COD
reduction index across the reactor is 0.75 mg oDC@m of carbon / hr. The Peroxy
monosulphate ion HSO%rom Ammonium persulphate, having higher oxidatmotential

than OH, is an effective oxidising agent and found to delgrthe refractory organics in the

acidic effluent.The pH after treatment was 5.5.@ &he results are given in TABLE 15.
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TABLE — 15: Results of FACCO treatment study 2

Date Raw WW Treated WW Reduction Raw WW Treated WWReduction
Colour, ppm Colour, ppm % COD ppm COD ppm %
1.10.09 520 200 61.5 1443 586 59.4
520 220 57.7 1443 453 68.6
2.10.09 560 180 67.9 1866 853 54.3
540 200 63.0 1813 720 60.3
5.10.09 540 210 61.1 1840 906 50.3
540 220 59.3 1840 852 53.7
6.10.09 530 300 43.4 2106 1120 46.8
530 210 67.9 2106 986 53.2
Avg. 535 213 60.2 1807 810 56.0

FACCO treatment study 3: The FACCO reactor performance was reviewed afteorse
experiment and the chemical dosage was increagbdRenton (FeS9100 ppm and kD,
75 ppm) and Ammonium persulphate (120 ppm) to im@rthe reduction efficiency with
same wastewater flow rate @2400lit/hr, air and ez@h ppm) distribution at the bottom.
FACCO reactor performance was found to improvehertwith COD reduced by 72 %
(From 2020 to 573 ppm ) and colour by 78 % ( froAD 40 98 ppm ) with marginal
reduction in TDS level. The COD reduction indexassrthe reactor is 1.17 mg of COD /gm
of carbon / hr which is fairly good. The BOD redoot was 76.6 % (from 850 to 201
ppm).The pH after treatment was 5.2 to 5.6, Theltesre presented in TABLE 16.
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TABLE - 16: Results of FACCO treatment study 3

Date Raw WW  Treated WW Reduction Raw WW Treated WW Reduction
Colour, | Colour, ppm % COD COD %
ppm ppm Ppm

8.10.09 500 100 80.0 1760 453 74.3
9.10.09 450 170 62.2 1973 560 71.6
10.10.09 420 130 69.0 2053 586 715
12.10.09 440 70 84.1 2133 640 70.0
13.10.09 400 60 86.4 2120 613 71.1
13.10.09 85.0 2080 586 71.8
Avg 442 98 77.8 2020 573 71.7
Raw wastewater BOD 858 ppm and treated wastew&&r B01 ppm

FACCO treatment study 4: The DHT effluent without Lime-Soda treatment wasated with
Fenton (FeS®100 ppm and kD, 75 ppm) and Ammonium persulphate (120 ppm) with

downward flow of @2400lit/ hr along with air andare distribution in FACCO reactor for
catalytic oxidation. The COD was reduced by 67 Y1 1928 to 638 ppm) and colour by
68 % (From 450 to 140 ppm) in the outlet and oniyiaginal reduction in TDS level. The

COD reduction index across the reactor was 1.410mQOD /gm of carbon / hr. The pH

increased to 6.4, due to the formation of hydraryls during the process. The results are
given in TABLE 16.

TABLE - 16: Results of FACCO treatment study 4

Raw WW | Treated WW Reduction Raw WWTreated WW Reduction
bate Colour, Colour, ppm % coD COD ppm %
ppm ppm

14.10.09 360 140 61.1 2024 556 72.5
15.10.09 500 190 62.0 1739 435 75.0
19.10.09 520 110 78.5 1870 710 62.0
20.10.09 420 120 71.4 2080 850 59.1
Avg. 450 140 68.3 1928 638 67.2
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FACCO treatment study 5 ( recycling) : The FACCO treated effluent was collected in a
storage tank of 5000 lit cap and re-circulated ubgiothe FACCO reactor with additional
Fenton dosage to study the impact of recycling. T was found to reduce from 850 to
450 ppm (47 %) in the first cycle and from 450 203 pm (28 %) in the second cycle and
the color reduced to 80 ppm from 120 ppm. The tesuk given in TABLE 17

TABLE — 17: Results of FACCO treatment study 5

Raw WW Treated WW Reduction Raw WWTreated WW Reduction
Date  Colour, Colour, ppm % coD CoD %
ppm ppm ppm
21.10.09 120 120 0 850 573 32.6
22.10.09 120 90 25.0 850 514 39.5
22.10.09 120 85 29.2 850 455 46.5
23.10.09 120 80 33.3 455 320 28.8

FACCO treatment study 6 (without Ammonium persulphate)The progress was reviewed
along with CLRI personnel. The overall reduction @D & Colour was 84 % with
recycling and decided to increase the dosage levdtenton, without the use of Ammonium
persulphate. Further studies are also underwatutty $he effect of flow rate, Ozone dosage
levels and chemical dosage. Fenton dosage wasaseae(FeS©150 ppm and kD, 150
ppm) without Ammonium persulphate to improve theéueion efficiency. Wastewater flow
rate, after lime-soda treatment was fixed @2400lity FACCO inlet with air and ozone (4
ppm) distribution at the bottom of the reactor. FZQ@ reactor performance was studied for
about a week. COD was reduced by 57 % (from 19®&btband Colour by 53 % (from 460
to 223) with only a marginal reduction in TDS levéhe COD reduction index across the
reactor is 0.73 mg of COD / gm of carbon / hr, vhis comparatively lesser than with
Ammonium persulphate treatment. The pH increasé&d2odue to the formation of hydroxyl

ions during the process. The results are tabulatéABLE 18
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TABLE — 18: Results of FACCO treatment study 6tlwut Ammonium persulphate)

Raw WW Treated WW Reduction Raw WW Treated WW Reduction
Date ng)orgr’ Colour, ppm % CI;SFT? %gg %

26.10.09 450 220 51.1 1984 952 52.0
27.10.09 550 190 65.5 1706 940 45.0
28.10.09 480 230 52.1 2233 860 61.5
29.10.09 450 220 51.1 1933 800 58.6
30.10.09 450 210 53.3 2000 720 64.0
Avg. 460 223 52.6 1971 854 56.7

The FACCO reactor performance was reviewed afteeek and the chemical dosage was
increased with Fenton (Fe$@50 ppm and kD, 250 ppm) without Ammonium persulphate
to improve the reduction efficiency. COD reducedsvi@und to be 68 % (from 1820 to 565
ppm) and Colour 69 % (from 460 to 145 ppm) whictslightly higher ten the previous
study. The COD reduction index across the reast@.76 mg of COD / gm of carbon / hr,
which is comparatively lesser than with earlier.oflge results are tabulated in TABLE 19.

TABLE — 19: Results of FACCO treatment study 6thwut Ammonium persulphate)

Date Raw WW = Treated WW Reduction Raw WW Treated WWReduction
Colour, ppm Colour, ppm % COD ppm COD ppm %

2.11.09 480 200 58.3 1520 560 63.2
3.11.09 550 180 67.3 2266 480 78.8
4.11.09 400 140 65.0 2107 540 74.4
5.11.09 450 100 77.8 1813 440 75.7
6.11.09 440 90 79.5 1600 560 65.0
7.11.09 440 90 79.5 2120 570 73.1
Avg. 460 145 68.9 1820 565 68.1

FACCO treatment study 7 (without Ammonium persulphate and Lime soda tresih The
chemical dosage was kept at Fenton (F£250 ppm and kD, 250 ppm) without
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Ammonium persulphate to improve the reduction e&fficy. The wastewater flow rate to

FACCO reactor was reduced 1500lit/hr with air amdre (4 ppm) distribution at the bottom
of the reactor. The COD reduced was found to &4ly2 (from 2040 to 1350 ppm) and
Colour 10 % (from 340 to 300) in the outlet, dudHe presence hardness in the wastewater.

The COD reduction index across the reactor is ing®f COD / gm of carbon / hr, which is

comparatively lesser than the lime-soda treatddezit TABLE 20.

TABLE — 20: Results of FACCO treatment study 7tfwut Ammonium persulphate and

lime soda treatment)

Raw WW Treated WW Reduction Raw WW Treated WWReduction
Date
Cséorgr, Colour, ppm % COD ppm  COD ppm %

10.11.09 430 340 20.9 2150 1330 38.1
11.11.09 320 290 9.4 1970 1400 28.9
12.11.09 310 300 3.2 2080 1440 30.8
13.11.09 300 280 6.7 1960 1230 37.2
Avg. 340 300 10.0 2040 1350 33.8

The results of TDS and BOD reduction across FACE#xtor was found to 10.5 % and 61%

respectively (TABLE 21)
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TABLE — 21: Results of FACCO treatment study 7tfwut Ammonium persulphate and

lime soda treatment)

Date Raw WW FACCO treated = Raw WW l?roc\aitcc:ag Reduction
TDS ppm TDS ppm BOD ppm BOD ppm %
10.11.09 8750 7710 954 418
11.11.09 8599 8326 1220 385
12.11.09 8422 8156 1254 361
13.11.09 8083 7515 1071 598
16.11.09 8203 6183 1008 371
17.11.09 8244 7130 - -
Avg. 8383 7503 1101 427 61.2

FACCO treatment study 8 (with Ammonium persulphate and without Lime sodstment)
The chemical dosage was kept at Fenton (FeZ8D ppm and kD, 250 ppm) with
Ammonium persulphate 120 ppm and wastewater fldes ta FACCO @ 1500lit/hr with air
and ozone (4 ppm) distribution at the bottom ofréector. The COD reduction was only 55
% (from1830 to 780 ppm ) and Colour 58.5 % (fra®® 30 160 ppm) in the FACCO outlet.
The COD reduction index across the reactor is Omg2of COD / gm of carbon / hr. The
results are presented in TABLE 22.

TABLE - 22: Results of FACCO treatment study 8tlwAmmonium persulphate and

without lime soda treatment)

Raw WW | Treated WW Reduction| Raw WW T\r;\a/s\t/ed Reduction
Date
COD
Colour, ppm Colour, ppm % opm COD ppm %
16.11.09 332 129 61.1 1840 790 57.1
17.11.09 430 190 55.8 2080 986 52.6
Avg. 380 160 58.5 1960 888 54.9
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FACCO treatment study 9 (with Ammonium persulphate and Lime soda treatinehtfter
discussions with CLRI personnel, the lime sodatéetavastewater was taken to FACCO at
the rate of 2000 lit/hr (higher taken the previstisdy). with 120 ppm Fenton and 120 ppm
and ammonium persulphate along with air and 4 p@on® dosage (4 ppm) the bottom. The
COD was reduced by 51.7 % and color by 16.6 % a0 @duction index was 0. 62 mg of
COD / gm of carbon / hr. The results are presemdBLE 23

TABLE — 23: Results of FACCO treatment study 9tfwAmmonium persulphate and lime

soda treatment)

Date Raw WW | Treated WW Reduction Raw WW Treated WWReduction
Colour, ppm Colour, ppm % COD ppm COD ppm %
20.11.09 290 230 20.7 1200 560 53.3
21.11.09 400 350 12.5 1440 720 50.0
Avg. 345 290 16.6 1320 640 51.7
FACCO inlet pH 3.3 and outlet increased to pH 5ithvBulphuric acid. This increased {
Sulphates to 4150 ppm and after FACCO sulphates way 340 ppm

FACCO treatment study 10 (Two stage treatment with Ammonium persulphate artdout

lime soda treatment)

The lime soda treated effluent having pH 11.5 walfected in the intermediate tank and
adjusted the pH to 3.5 with dilute sulphuric adtds then dosed with Fenton 120 ppm and
ammonium persulphate 120 ppm. The wastewater wasdddownward in the FACCO
reactor @ 2000 Iph with air was distributed in Hwgtom. The COD was reduced by 41.7 %
and color by 23.3 %. The colour removal was peagmivas improved further with reduced
flow. However there is no improvement in COD reduet The COD reduction index was 0.
55 mg of COD / gm of carbon / hiReduction in COD and colour was only marginal ia th
second stage. The TDS and sulphates in the ravewatgr and treated wastewater was also
tested. The treated effluent was ozonated in thenatpr with 16 ppm ozone and no

improvement was observed (TABLE 24)
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TABLE — 24: Results of FACCO treatment study 1@otstage with Ammonium

persulphate and lime soda treatment)

Raw WW Treated WW Reduction Raw WW Treated WWReduction
Date Colour,

opm Colour, ppm % COD ppm COD ppm %
24.11.09 420 322 23.3 1440 840 41.7
3.12.09 450 190 57.7 1330 960 27.8
6.12.09 190 190 57.7 960 880 33.8

TABLE - 25: Overall results of DHT wastewater tmaant in FACCO reactor

Raw Raw FACCO
Chemical dosage WW Treated R_edu WW  Treated R_edu COD
S .No WW | ction ction reduction
ppm colour CoOD WwW .
colour % % index
ppm ppm COD
1 Fenton 80 480 210 56.3 1930 996 48.4 0.61
2  Fenton + APS 100 535 213 60.2 1502 810 46.1 0.75
3 | Fenton + APS 120 442 100 77.8 1648 573 65.2 1.17
4  Fenton + APS 120 450 140 68.3 1928 638 67.0 1.17
5 | Fenton 150 460 220 52.6 1497 854 43.0 0.73
6 Fenton 250 46( 145 68.9 1324 565 68.1 0.76
7 Fenton 250 + AP$ 380 150 58.0 1830 780 57.4 0.72
120 w/o lime soda
8 Fenton 250 + AP 430 190 55.8 2080 986 52.6 72
250,w/o lime soda
9 Fenton 250+ AP 420 230 452 1200 560 53.3 0.62
120,w/o lime soda

Note : Fenton -Ferrous sulphate & Hydrogen peroxide APS -Ammonium
persulphate

The COD reduction index expressed in mg of COD dm of carbon / hr in the reactor
varies from 0.6 to 1.2The effect of flow without lime soda and increasehemical dosage
in the reactor. Ammonium persulphate was foundet@tbective oxidising agent, but even a
120 ppm dosage increases the cost of treatmensb§/f. The partial reduction in COD in
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FACCO reactor necessitates further biologicaltinemt. The dissolved oxygen at the outlet
of the reactor was 2-3 ppm.
HW — Dy filtrate effluent treatment

PILOT PLANT TRIAL (WITH FACCO REACTOR)
COD Reduction %

2500
1930 1928
2000 1830
1648
1502 1497
g 1500 1324
S
g: 096 W raw
O 1000 1 54 M treated
O a5 780 [ reduction, %
73 65
500
8.4 6.1 5.2 67 43 8.1 7.4
0
12.9.09 1.10.09 8.10.09 14.10.09 26.10.09 2.11.09 16.11.09
PERIOD
COLOUR Reduction %
600
535
500 480 ad2 450 460 460
E 400
<
5
3 300 W raw
6' M treated
O 200 [ reduction, %
100
0

12.9.09 1.10.09 8.10.09 14.10.09 26.10.09 2.11.09 16.11.09
PERIOD

Studies were conducted using membrane filtrationliss, to remove TDS and COD, with

FACCO treatment for about three week and the resué presented below.
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Ultrafiltration: The FACCO treated effluent from the final tank vpasnped to the UF feed
tank. It is then sent to a sand filter @ 1700htitind at 1kg/chpressure through 100 micron
cartridge prefilter and then to the UF Polysulpitenmembrane (hollow type) to retain
particles (colloidal silica, bacteria and fine seisped solids) of about 0.005u or larger (MW
>100 dalton). The permea@ 1200 lit/hr, containing low molecular substances \sant to
the RO feed tank. The rejects @ 500 lit/hr wasrdr@i The recovery efficiency was 70.6 %
with COD reduction of around 200 ppm. There wasreruction in TDS and colour. The
results are presented in the TABLE 26.

TABLE — 26: Results of HW ECF [z ultrafilteration with FACCO treatment

S. No Parameter units UF feed UF permea\|te UF eeject

1 pH 7.6 7.5 7.8

2 Colour mg/lit 270 260 290

3 COD mag/lit 1740 1520 1880

4 Total hardness as| mg/lit 120 110 160
CaCQ
Calcium as CaC9| mg/lit 80 90 120
Magnesium as mg/lit 40 20 40
CaCQ
TDS mg/lit 11300 11200 11050
Sodium as Na mg/lit 4600 4500 4800
Sulphates as SO | mg/lit 4570 4460 4760

10 Chlorides as ¢l mg/lit 1540 1520 1600

RO Membrane filtration: The UF permeate was filtered through activated aatidter @
650 lit/hr and passed through 10 micron cartriddferf It is then pumped with a high
pressure pump to the RO membrane (Hydraunatics -spikal wound type) at 10 kg/ém
feed pressure. Dissolved salts and organic sutetan50 dalton were removed here and
allows only relatively pure water collected in R@rmeate tank@ 320 lit/hr. The permeate
was found to be colorless with less dissolved salts COD TABLE 27 & 28. The rejects @
330 lit/hr (the volume was reduced to 50 %) wasected in the Nano feed tank.
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(average of three trials) and ultrafilteration

S. No Parameter units RO feed RO permeate RO rejects

1 Flow lit/hr 650 320 330

2 pH 7.8 7.3 7.8

3  Colour mg/lit 290 0 296

4 COD mg/lit 720 40 1030

5 Total hardness as mg/lit 160 0 310
CaCQ

6 | Calcium as mg/lit 120 0 220
CaCQ

7  Magnesium as mg/lit 40 0 72
CaCQ
TDS mg/lit 11050 612 21168

9 Sodium as Na mg/lit 4800 150 9316

10 Sulphates as 30 mag/lit 4260 0 8510

11 Chlorides as ¢l mg/lit 1600 220 2930

TABLE — 28: Results of HW ECF {3 RO membrane filtration after FACCO treatment
(average of three trials) and ultrafilteration-M&sdance (flow*mg/lit).The rate of recovery
was50 %

S. No Parameter units RO feed RO permeaRO rejects Removal, ¢
Flow lit/hr 650 320 330 --

1 COD kgs/hr 468 12.8 340 97.2
2  Total hardness kgs/hr 104 0 104 100
3  Calcium kgs/hr 78 0 78 100
4 | Magnesium kgs/hr 26 0 26 100
5 TDS kgs/hr 7182 196 6986 97.3
6 | Sodium kgs/hr 3120 48 3072 98.5
7  Sulphates kgs/hr 2769 0 2769 100
8 Chlorides kgs/hr 1040 70.4 969.6 93.2
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RO membrane filtration - Dyt Effluent
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2000 1600
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160 150
. = e 0 |
Sulphates  Chlorides Colour COD T.Hardness TDS Sodium
Parameters

NANO Membrane filtration: The RO reject was passed through Sand filter, Aty
Carbon Filter and Iron filter (filled with Mng£beads to remove dissolved iron) @ 650 lit/hr
and then through 10 micron cartridge filter theecgjwas pumped with a high pressure pump
10 kg/cnt pressure to the Nano membrane (MW >250 daltomgriwove the inorganic salts
and COD. The Nano membrane with a negatively a@dhmplymer film rejects ions with
higher charge density, such as 4S@he permeate@ 100 lit/hr containing water and
monovalent ions was collected in the Nano perméat&. The reject @ 550 lit/hr was
collected in the reject tank. The reject containeate sulphates and sodium (TABLE 29 &
30).
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TABLE — 29: Results of HW ECF {3 NANO membrane filtration after RO filtration

(average of three trials)

S. No Parameter units Nano feed Nano permeate Nand rejec

1 Flow lit/hr 600 100 500

2 pH 7.8 7.6 7.9

3  Colour mg/lit 296 57 96

4 COD mg/lit 1030 258 1184
5 Total hardness mg/lit 310 60 100

6 Calcium mg/lit 220 20 60

7  Magnesium mg/lit 72 40 40

8 TDS mg/lit 21168 7620 23886
9 Sodium mg/lit 9316 6460 9874
10 Sulphates mg/lit 8510 410 9420
11 Chlorides mg/lit 2930 1804 4772

TABLE — 30: Results of HW ECF {3 NANO membrane filtration after RO filtration

(average of three trials)-Mass balance

S. No Parameter units Nano feed Nano permeate  NandsejeRemoval %
Flow lit/hr 600 100 500
1 COD kgs/hr 618 26 592 95.8
2 TDsS kgs/hr 12700 762 1938 94.0
3 Sodium kgs/hr 5590 648 4942 88.4
4 | Sulphates kgs/hr 5106 41 5065 99.2
5 Chlorides kgs/hr 1758 181 1577 89.7

The chloride content in Nano reject may be redunebetter selection of the membrane and
reject may be further concentrated either by usMgchanical Vapor Compression

technology or in an evaporator. The recovered Sodiulphate can be concentrated to 80 gpl
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and mixed with WBL and use in SRP as make-up chamithe sodium chloride in the

permeate may be further concentrated and disposedustrial users like Dyeing industry.

The cost of lime-soda pretreatment was found tbigke with HW DHT effluent due to high

hardness level (1400 ppm). The improvement in tbelity of raw materials, such as,

debarked Casuarina and matured wood will lowercthrecentration of non-process elements

entering in the HW pulp line and would reduce tmeait economically viable and this needs

further study. Moreover, the volume of effluenert handled would also come down due to

the aforesaid measures. Reduced TDS level in fheeet in subsequent cycles, if the RO

generated water is used in the HW bleaching processiting in reduction of the overall

pollution load and water consumption

"5}

S. No Parameters Costin Rs
1 Cost of equipment & installation charges 45 lakhs
O & M Cost of treatment HW DHT effluent treatment cost in pilot plant/ n
2 Chemicals for pretreatment - lime, soda, sulghacid 62
3 Power - 8.36 kwh @ Rs 2.06 17
4 Cost of evaporating the Nano rejects (from 8 g@Qapl) 47
@150Kkg of steam/t of water
5 Biological treatment (FACCO process) 18
6 Total 134
Savings expected upon treatment of I effluent /m*
7 Quantity of water that can be recycled thro' ster(.5*12) 6
8 Savings expected in ETP2.4 12
9 Sodium (in terms of caustic lye) 2.5 kgs 39
10 | Lime sludge 3.0 kgs & Calcium carbonate, 3.9 kg
11 | Sodium sulphate ,2.8 kgs 25.2
12 | Total 84.4
Net cost/ m* 50.4
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Limitations of the CLRI FACCO process

« Size of the reactor used to process 1’thnwas 25 M, which is very large and is not

economically viable for treatment.

COD and Colour reduction was not consistent aerbfiit levels of inlet COD. The

reduction efficiency comes down with increasingele0OD and colour.

Use of sulphuric acid for neutralisation increafes sulphate content and inorganic
load to the Membrane filtration unit.

High cost of Ammonium persulphate (Rs 140/kg) iases the cost of treatment.

Two stage FACCO treatment is not technically fdasibue to high volume of

reactor, chemical dosage and residence time.

Other issues for consideration

The membranes used were of 4” dia, which may naubiécient for simulating plant
scale process to achieve the desired flux levelse ®perating pressure at the
membrane was only 10 to 12 bar, unlike the requergnm the plant scale, which is
in the order of 60 bar and above.

TDS levels and separation of monovalent and divadatts in the Nano filtration
permeate was not satisfactory. The concentratioejett was lower which produces

high volume wastewater for further processing ireaaporator.

The recovery rate in the RO and the Nano filtrasgstem was very low, in the range
of 35 to 40%.

High COD and Colour levels in the FACCO treatedueffit caused frequent fouling
and reduced the efficiency of the Membrane systems.

CONCLUSION

The biological treatment of HW EOP filtrate in tRAACO reactor has resulted in a
reduction of 50 to 60 % in COD and Colour and thés enhanced slightly by Fenton
dosage. However, COD & Colour was still high andisitnot suitable to treat in

membrane process for TDS reduction. Treatmentgfflirate in FACCO reactor, with
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Fenton and ammonium persulphate has brought atbtd 60% reductions in COD &
Colour, but the cost of treatment has increasediderably. High COD at FACCO outlet
caused fouling in the RO membrane thereby redutiagecovery efficiency. The cost of
hardness/TDS removal by lime-soda treatment andbrame filtration works out to Rs
80 /nT. Pretreatment methods to remove silica, heavylmatal hardness, such as, lime
treatment, followed by anaerobic and aerobic pedesimproved biological treatment
need to be explored to make the process more ec¢oalohon exchange techniques and
Resin filtration for Colour/COD/TDS removal havelie experimented further to find a
viable method for tertiary treatment to remove TBX& other non-process elements
especially for ECF bleach plant effluent.

The results of present studies will be very usefput to design a Zero Liquid Discharge
system which is technically more advanced and eodically viable. Based on results
obtained from the present study TNPL has initiedeZERO LIQUID DISCHARGE
program and proposed to setup &tm pilot plant to find out feasibility of treatin

bleach plant effluent combining both biological andmbrane process.
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