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Abstract –Elemental chlorine and chlorine compounds are commonly used in the developing countries for bleaching of 
pulp. The study deals with the bleaching of Jute Cady pulp with chlorine, chlorine dioxide, peroxide and O2 treatment 
and identification of various chlorophenolics compounds. The results show that quantity of the total chlorophenolic 
compounds formed decreases up to 77% at 100% replacement of chlorine by chlorine dioxide in C stage. A 40% and 
79% reduction in COD and color value respectively indicate a significant drop in pollution load. There is a reduction of 
52% in total chlorophenolic compound when E stage is changed to EP. The COD and color values are reduced by 30% 
and 33% respectively as E stage is changed to EP stage. Oxygen delignification stage reduced the formation of 
chlorophenolic compounds by 73%. The effluent COD and the color value is reduced by 45% and 28% respectively 
during this stage. 
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1. Introduction  
 

The world wide demand for paper and paperboard is 
continuously increasing with an average growth rate of 
2.8% per annum [1]. In India, the annual current 
production gap is 0.7 million tonnes and is expected to 
become 1.5 times more by 2015. In India, forest and 
woodlands occupy around 20%, agricultural land 50% 
and uncultivated, non-agricultural and barren land 30% 
respectively of a total land area of 328.8 million hectare 
[2]-[3]. Many fast growing annual and perennial plants 
have been identified, cultivated and studied for their 
suitability for pulp and paper manufacture [4]. 

Mainly the studies have been carried out on softwood 
and some hardwood pulps [5]. A very little data is 
available on non-wood pulps which are important in 
India, due to decreasing wood resources [6]. For this 
work such type of non wood i.e. Jute Cady is taken. Jute 
is one of the promising non wood raw materials which 
can give international quality pulp and can compete and 
replace the imported softwood pulp [7]-[8]. Jute is annual 
plant widely cultivated in eastern and central part of 
India. It is seasonal agricultural produce of tropical 
countries. India, Bangladesh, Malaysia, Thailand etc 
which are the principle jute producer countries. India is 
the world’s largest producer of jute and it contributes 
about 2/5 of the world jute production. Jute Cady is being 
used as a raw material by small and medium sized paper 
mills in India, where conventional CEH or CEHH 
bleaching sequences are still being followed. Since most 
of these mills are not having chemical recovery, they 
produce pulp of higher kappa number and subsequently 
use higher chlorine dosage in bleaching stage to achieve 
desired brightness levels. Moreover, due to inherent poor 
drainage properties coupled with poor washing efficiency 

of the washers, a large amount of dissolved organics are 
also carried over along with pulp to bleaching process. 
The low bleaching response of the pulp gives higher 
consumption of chlorine. This results in generation of 
high level of color and COD [9]-[11]. The chlorination 
and first extraction stage account for the largest amount 
of the toxic chlorinated organic compounds in pulp mill 
bleachery effluent [11]-[12]. Approximately 75 to 80% of 
the organically bound chlorine in bleach plant effluent is 
in high molecular weight material, which is not easily 
identified or even characterized [13]. These high 
molecular weight chlorinated organic compounds 
constitute the major contributor to the color and TOCl of 
the effluent. They accumulate in the receiving streams 
and over a period of time break down into low molecular 
mass compounds with detrimental biological effects. Low 
molecular weight chlorinated organic compounds formed 
during bleaching of pulp using elemental chlorine are 
reported to cause acute toxicity and mutagenicity due to 
their ability to penetrate living cell membrane [14]-[15]. 
Therefore the chlorinated organic compounds generated 
in bleach plant effluent are of great environmental 
concern in conventional CEH or CEHH bleaching 
sequences.  

Totally chlorine free bleaching processes have been 
introduced, largely in response to environmental 
restrictions and market demands [16]-[17]. These 
bleaching technologies employ oxygen based bleaching 
agents such as Oxygen delignification1 [18]-[24] 
Chlorine dioxide [25]-[28] and Hydrogen peroxide [29]-
[31]. As far as Jute Cady is concern, only a few studies 
on the behaviour of effluent during O2, ClO2 and 
peroxide bleaching sequences have been published. In the 
present investigations, the results of the detection and 
quantitative determination of various pollutants formed 
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during the above discussed stages using GC 
chromatography are reported to help in optimization of 
the process.  

 
2. Experimental Setup 
 

Various isomers of chlorophenols (Aldrich, USA) 
Chloroguaiacols, chlorocatechols, chlorovanillins, 
chlorosyringaldehydes, and chlorosyringols (all from 
Helix, Canada) were used as authentic reference 
compounds.  n-hexane and acetone used were of HPLC 
grade and diethyl ether of LR grade. Analytical grade 
acetic anhydride was used after redistillation. Other 
reagents used for identification studies were of analytical 
reagent grade. Standard solutions of chlorophenols were 
prepared in 10% acetone water. Unbleached Jute Cady 
(Cassia Acetifolia) pulp was procured from “Shreyans 
Paper Mill, Ahmedgarh, Punjab”. The pulp was washed 
and screened in the laboratory and air-dried. TAPPI Test 
method T236 cm- 85 was used to determine the residual 
lignin content of the pulp. Pulp bleaching was carried out 
in more than one bleaching stages. Efforts were made to 
achieve the target brightness for pulp. Unbleached pulp 
(40 gm O.D. pulp) was bleached under the conditions 
shown in Table 1. The conditions of peroxide and 
chlorine dioxide bleaching are given in the Table1. For 
the O2 delignification the pulp was bleached with oxygen 
in the electrically heated, rotary digester of capacity 15 
liter. 

Table 1. Bleaching conditions for different sequences 
Parameter Units C E H D EP 

Charge as active Cl   % 8.1 --- 5.4 8.1 --- 
Alkali charge as 
NaOH / H2O2                              

% --- 4.35 --- --- 4.08 
1.00 

Temperature  oC 30 70 40 70 70 
Consistency  % 3 10 7 10 10 
Retention Time  Minute 45 60 230 90 60 
End pH --- ≈ 

2.0 
10 - 
11 

10 - 
11 

4.05 10.79 

 
The oxygen prebleaching conditions and pulp 

characteristics of oxygen delignified pulp are shown in 
Table2. The oxygen bleaching was targeted at a kappa 
number drop of 50 – 55% without much sacrificing on 
viscosity. The bleach effluents generated during each 
stage of bleaching were collected, diluted to 2 liter and 
100 ml of this effluent was used for COD and color 
determination. The COD was determined [33] and 
effluent color was measured on a Shimadzu 
spectrophotometer model UV 2100/S [34]. Extraction of 
chlorophenols from the effluents was performed by 
simple modification of the procedure suggested by 
Lindstrom and Nordin31. The effluents were adjusted to 
pH 2 and extracted with 400 ml/L of 90:10 diethyl ether 
and acetone mixture for 48 hrs. Chlorophenols as acetyl 
derivatives were analyzed using Shimadzu Gas 
Chromatograph (Model GC- 9A). The experimental 
conditions are given in Table 3. 

 
3. Derivatization Procedure 
 

To 4.5 ml of sample taken in a PTFE lined screw 
capped glass tube, 0.5 ml of buffer solution of 0.5 
Na2HPO4 was added. Derivatization and extraction was 
performed by adding 1ml of n–hexane and 0.1 ml of 
acetic anhydride. After shaking the mixture for at least 3 
minutes, 1 µl of the acetyl derivative was taken from the 
hexane layer by a syringe and it was injected into the 
capillary column of GC for analysis.  

• Determination of Extraction Efficiency 

The procedure suggested by Lindstrom K et.al was 
used [35]. Some important chlorophenolic compounds, 
whose concentration were higher or whose toxicity values 
high i.e. lower 96LC50 values have also been chosen for 
analysis. 

Table 2. O2 prebleaching conditions and characteristics of O2 
delignified pulp 

Parameter Units Jute Cady 

O2 charge   kg / cm2 6 

Consistency  % 10 

Time  minute 75 

Temperature  oC 110 

Alkali charge  kg / t 35 

Magnesium sulphate  kg / t 2 

Kappa No.  
Non O2 --- 27.0 

 O2 delignified --- 15.93 

Viscosity 
Non O2 cp 29.0 

O2 delignified cp 22.74 

Brightness  
Non O2 %ISO 12.50 

 O2 delignified %ISO 25.92 
 

Table 3. GC Conditions 
Parameters 
Detector FID 
Detector Range 10o

 C 

Carrier gas (N2) flow rate 20 ml/min. 
Injection & Detector temperature 275oC 

Column Temperature 

80oC for 3 min. 
80oC – 160oC at 2oC/min. 
160oC for 5 min. 
160oC – 260oC at 10oC/min 
260oC for 15 min. 

Injection (Split less) 2 min. 
Sample Size 1µl 
Chart speed 2 cm/min. 
 

4. Results and Discussions 
 

The Jute Cady pulp was bleached to 80% ISO 
brightness by CEH sequence under normal bleaching 
conditions and the effluent analyzed for different 
chlorophenolic compounds. Results show that 
chlorocatechols, generated in C stage effluent (33.62 g / 
ton) are about 3 times more than present in E stage 
effluent (13.86 g / ton), chloroguaiacol in E stage effluent 
(20.44 g / ton) are about  4 times more than in C stage 
effluent (5.28 g / ton) chlorophenols (35.28 g / ton) in E 
stage effluent are more than 3 times in C stage effluent 
(12.73 g/ton ) other compounds, present in E stage 
effluent (29.98 g /ton) are   6 times more than in C stage 
effluent (5.51 g / ton). It has also been reported by various 
authors that in general chlorocatechols are predominantly 
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present in C stage effluent and chloroguaiacol in E stage 
effluent [36]. Microgram levels of pentachlorophenol have 
also been detected by Guerre et.al for both C and E stage 
effluent. The quantity of different chlorophenolic 
compounds is much less in H stage effluent as compared 
to C stage effluent. This is due to the fact that 75 – 80% of 
the lignin gets removed during C and E stages of pulp 
bleaching. The quantity of chlorophenolic compounds 
present in E stage effluent is much higher than in C stage 
effluent. The results show that chlorocatechols and 
chlorophenols are predominant phenols contributing about 
30% each. Similarly di and tri chlorophenolics also 
contribute about 35% share each, mono, tetra, 
pentachlorophenolic compounds are ~17%, 9% and 5% 
respectively of the total chlorophenolic compounds. 

The study has been performed by substituting chlorine 
by chlorine dioxide in C stage. The results show that 
quantity of the total chlorophenolic compounds formed 
decreases up to 77% as shown in Figures  1-2. A decrease 
of 83% in C stage effluent, 74% in E stage effluent and 
87% in H stage effluent is observed when chlorine in C 
stage is completely replaced by ClO2. The formation of 
mono, di, tri, tetra, and penta chlorophenolic compounds 
decrease up to 81%, 73%, 76%, 82%, and 100% at 100% 
chlorine substitution by chlorine dioxide. Likewise the 
formation of catechols, phenols, guaiacols and other 
chlorophenolic compounds decrease up to 83%, 76%, 
76% and 75% respectively at substitution of chlorine by 
ClO2 in C stage. A 38% reduction in effluent COD and 
62% reduction in color value of CEH effluent indicate a 
significant drop in pollution load. Under same conditions 
the viscosity of pulp is improved by 24% and brightness 
of pulp is improved by 14.4 point after E stage and 8.7 
point after H stage and CE kappa number is reduced by 
6%. Chlorine dioxide is a highly selective bleaching agent 
as it attacks only lignin. It is also a strong decolorization 
agent. Increased substitution of chlorine by chlorine 
dioxide reduces the attack on cellulose that reduces the 
drop in pulp viscosity very significantly i.e. higher pulp 
viscosity and lower dissolution of cellulose fragments 
giving much lower effluent COD and color. The chlorine 
dioxide can give a pulp of higher brightness and 
cleanliness without impairing its strength. 

Reinforced extraction stage with peroxide has been 
performed i.e. Ep. The total chlorophenolic compounds 
decrease appreciably when E stage changes to Ep stage; 
there is no change in the conditions of chlorination and 
hypochlorite stage26. There is a reduction of 52% in total 
chlorophenolic compound in the CEH effluent when E 
stage is changed to Ep as shown in Figures 1-2. A 
reduction of 78% in E stage effluent in the amount of 
chlorophenolic compounds is obtained. Mono, di, tri, tetra 
chlorophenolic compound also decrease by 34%, 50%, 
61%, 31% respectively, pentachlorophenolic compound 
was not detected in E and H stage effluents.  A similar 
trend is shown by phenols, catechols, guaiacols and other 
chlorophenolic compounds as reduced by 60%, 25%, 63% 
and 67% respectively. The COD and color values are 
reduced by 30% and 33% respectively as E stage is 
changed to Ep stage. The pulp brightness is improved by 
7.8 point after E stage and 1.2 point after H stage, the pulp 
viscosity is increased by 5% and the CE kappa number is 

decreased by 13%. Peroxide is an oxidizing and 
decolouring agent. The chlorophenolic compounds are 
oxidized and thus reducing the quantity of chlorophenolics 
in Ep stage effluent. The oxidation reaction results in 
increased dissolution of lignin fragments giving a lower 
effluent COD and small reduction in CE kappa number of 
pulp. The bleaching action of peroxide also slightly 
improves the brightness of the pulp. 

Oxygen delignified pulp was bleached by CEH 
sequence. Oxygen delignification stage (prebleaching 
stage) reduced the formation of the chlorophenolic 
compounds by 73% as shown in Figures 1-2. A reduction 
of total chlorophenolic compounds by 75%in C stage and 
72% in E stage effluent by oxygen delignification. In case 
of mono, di, tri, tetra and penta chlorophenolic 
compounds, a reduction of 71 - 77% is being observed. 
The similar trend is shown by phenols, catechols, 
guaiacols and others chlorophenolic compounds. These 
are also reduced by 70 - 74%. The effluent COD is 
reduced by 45% and the color value is reduced by 28%. 
There is major improvement in brightness by 7.2 points 
after H stage but viscosity drop by 5% and the CE kappa 
number is reduced by 20%. The process of oxygen 
delignification is another way to reduce the amount of 
chlorophenolic compounds. This procedure is used to 
reduce the pulp kappa number by 40 – 50% which in turn 
reduces the bleach chemical demand in the following C, 
E, and H stages to nearly the same extent which reduces 
the environmental loads – chlorophenolic compounds, 
COD and color very significantly. 
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Figure 1. Effect of changed sequence on the generation of 

chlorophenolics, COD and color in C stage effluent. 
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Figure 1. Effect of changed sequence on the generation of 

chlorophenolics, COD and color in E stage effluent. 
 
8. Conclusions 
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The results show that quantity of the total 

chlorophenolic compounds formed during bleaching 
sequences decrease up to 77% at 100% replacement 
of chlorine by chlorine dioxide in C stage. It indicates 
a significant drop in pollution load. One of the 
important economic considerations in the use of 
chlorine dioxide in bleaching is the chemical cost.  
There is a reduction of 52% in total chlorophenolic 
compound in the CEH effluent when E stage is 
changed to EP.  This modification may not require 
additional capital investment and can be easily 
implemented in existing set up of the mill. There will 
be a small increase in the cost of bleaching which can 
be easily absorbed due to improvement in the quality 
of the end product.  Oxygen delignification stage 
(prebleaching stage) reduced the formation of 
chlorophenolic compounds by 73%. It is however an 
excellent approach to reduce the pollution load yet 
requires major capital expenditure in the form of 
oxygen reactor, oxygen manufacturing and storage 
facilities, medium consistency reactor, additional 
washer and pumps. Reduced concentration of 
chlorophenolics in the bleach plant effluents is 
desirable to check the harmful effects of such 
hazardous chemicals which have been found to be 
resistant to biodegradation and accumulate in the 
body and likely to cause dangerous diseases. The 
studies indicate that these bleaching stages can 
reduce the chlorophenolics compounds substantially.  

 
Acknowledgements 

 
The author has carried this research work in the 

Department of Paper Technology, Indian Institute of 
Technology, Roorkee, India and she is thankful to all 
ministerial staff of the laboratory. 
 
References 

 
[1] R.W. Hurter, Non-wood Plant Fibre Characteristics in TAPPI 

short course notes, TAPPI, Atlanta, USA (1997). 
[2] N. Pekka, K. Pekka, A. Harri, Jaakko Poyry Consulting, Finland, 

9(2002) 66. 
[3] Jay Lhothaverdiloo, The Architectural Basis of Soil, Advances in 

Life Science and its Applications, 1:1(2012) 13-18. 
[4] R. L Cunningham, T. F. Clark, W.F. Kowlek, I.A. Wolff, Q. 

Jones, Tappi Journal 53:9(1970).  
[5] David Ibarra , Jose C. del Rio , Ana Gutierrez , Isabel M. 

Rodriguez ,Javier Romero , Maria J. Martinez , Angel T. 
Martinez,  J. Anal. Appl Pyrolysis, 74(2005) 116-122. 

[6] C. Sharma, S. Kumar, J. Environ. Monit, 1(1999) 569 – 572. 
[7] P. Axegard, O. Dahlman, I. Haglind, B. Jacobson, R. Mark, L. 

Stromberg, Nordic Pulp and Paper Res. J. 8:4(1993) 365-378. 
[8] H.K. Gupta, S. Priti, T.K. Roy, V.K. Mohindru, IPPTA – 

Quarterly Journal of Indian Pulp and Paper Technical Association, 
6:4(1998) 15 – 24. 

[9] S. Panwar, M.K. Gupta, S. Misra, Interaction Meet in 
Environment Impact of Toxic Substances Released in Pulp and 
Paper Industry, in: Proceedings, 2002, pp. 69-73. 

[10] K. Ranganthan, S. Jeyapaul, D.C. Sharma, Environmental 
Monitoring and Assessment, 134(2007) 363-372. 

[11] Arun Kumar Maiti, Nandan Bhattacharyya, Biochemical 
characteristics of a polycyclic aromatic hydrocarbon degrading 
bacterium isolated from an oil refinery site of west bengal, India, 
Advances in Life Science and its Applications, 1:3(2012) 48-53. 

[12] Y- b. Sun, H – y. Guo, T.W. Joyce, H-m Chang, JPPS, 18:2(1992) 
49. 

[13] Y.T. Tsai, J.J.  Renard, R.B. Phillips, TAPPI Journal, 77:8(1994) 
149-151. 

[14] K.P. Kringstad, A.B. McKauge, TAPPI/CPPA, in: Proceedings 
International Pulp Bleaching Conference, Orlando, 1988, pp. 63. 

[15] G.K. Sudhakar, Ruchi Verma, Vijay Bhaskar, Lalit Kumar, 
Therapeutic drugs causing Thyroi disorders, Advances in Pure and 
Applied Chemistry, 1:3(2012) 54-57 

[16] R.M. Berry, C.E. Luthe, R.H. Voss, P. Axegard, Pulp and Paper 
Canada, (1985) 155-157. 

[17] Rajnee Naithani, I.P. Pande, Physicochemical assessment of water 
quality with respect to Remote sensing and GIS techniques, 
Advances in Pure and Applied Chemistry, 1:1 (2012) 1-6. 

[18] H. Takagi, Japan Tappi Journal, 63:4(2009) 378-382. 
[19] Z. Dongcheng, C. Xin-Sheng, P. Yunqiao, J. Arthur Ragauskas, 

Journal of Colloid and Interface Science 306(2007) 248–254. 
[20] P. Khristova, J. Tomkinson, L.G. Jones, Industrial Crops and 

Products, 18(2003) 101-110. 
[21] C.P. Leh, W.D. Rosli, Z. Zainuddin, R. Tanaka, Industrial Crops 

and Products, 28(2008) 260-267. 
[22] U.D. Patel, S. Suresh, Separation and Purification Technology, 

61(2008) 115-122. 
[23] M. Salmela, R. Alen, M. T. H.  Vu., Industrial Crops and 

Products, 28(2008) 47-55. 
[24] Thi Hong Man Vu, Hannu Pakkanen, Raimo Alen., Industrial 

Crops and Products, 19 (2004) 49-57. 
[25] G. Vazquez, J.G. Alvarez, E.M. Rodriguez et.al., Bioresources 

Technology, 81(2002) 141-149. 
[26] Y. Ni, G.J. Kubes, A.R.P. Van Heiningen, JPPS, 20:4(1994) 105. 
[27] S. Raghuveer, IPPTA Convention Issue, 17(2002). 
[28] U. K.Ghosh, Journal of Scientific & Industrial Research, 65(2006) 

68-71. 
[29] T. Lehtimaa, V. Tarvo et.al, Journal of Wood Chemistry and 

Technology, 30(2010) 19-30. 
[30] S.R. Carmen, Frrire, J.D. Armando, Silvestre, Carlos Pascoal 

Neto, V. Dmitry,  Evtyguin, Bioresourses Technology,  
97:3(2006) 420 – 428. 

[31] P. Khristova, J. Tomkinson, G.L. Jones, Industrial Crops and 
Products, 18(2003) 101-110. 

[32] S. Abrantes, E. Amaral et.al, Industrial Crops and Products, 
25(2007) 288-293. 

[33] Training manual on COD analysis, E. Merck (I) LTD., Mumbai 
400 022 

[34] WTW instructional manual for Photometer MPM 2010 and 
Thermoreactor CR 2010 Wissenschaftlich-Technischen 
Werkstatten, D-82362, Weilheim, Gmbh. 

[35] Lindstom, K. and Nordin, J., J. Chromatogr, 128(1976) 13-26. 
[36] C. Sharma, S. Mahanty, S. Kumar, N.J. Rao, Analytical Sciences, 

15(1999) 1115-1121. 
 
 

Dr Divya Prakash obtained a Ph.D degree in 
2007 in paper technology department from 
Indian Institute of Technology, Roorkee, 
India. She has been working as Assistant 
Professor at SIET, Saharanpur since 
2000.She is the peer reviewer of many IEEE 
conferences held in India and abroad. Her 
key areas are environmental issues. Her 

publications are in Journals and International Conferences of 
repute. 
 
 
 
 
 


	Comparative Studies of ClO2, O2 and H2O2 Bleaching Stages on the Formation of Chlorophenolic Compounds in Jute Cady Pulp

