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The proposed study was undertaken to assess the suit abi lit y or Cajalllt.\' cajall using alkoxygen delignilication process. 
Molecular oxygen is a specili c oxidi sing agent ror li gnin but has limitations because or its low so lubilit y in cooking li quors. 
The prohlem of mass transfer of oxygen should be rar less th an that of woods, because of more loose and open structure and 
low specilic gravi ty of Cajalllts cajall , makes it possible ror dissolved oxygen to difruse easil y to accomp li sh the alkoxygen 
deli gni lication. The efrect or cooking variab les like oxygen pressure (0, 0.5, O.S, 1.0 and 1.2 MPa) , alk ali charges ( 16,IS and 
20 per cent as aO H), cooking time (60,90,120,and 150 min) and cooking temperature ( 155,160, 165 ,and 1701lC) on pulp 
yield, kappa number and screen rejects were studi ed. The alkoxygen de lignili cati on of Cajalllt.\' cajall led to signi li cant in­
crease in screened pulp yield , raster rate of de li gnilicat ion and substanti al drop in kappa number due to carbohydrate stabili­
zati on. The result s or these studies revea led that optimum process cond ition ror alkoxygen deli gn ili cati on process or Cajw/lls 

cajall includes the rollowing: Alkali charge = IS per cent (as NaOH), Temperature = 165"C, Time = 120 min and Oxygen 
pressure = 1.0 Mpa. The unbleached pulp or kappa number 30 and brightness 29.S per cent , (Elrepho) shows good response 
towards bleaching. To att ain stable and hi gh brightness, the pulp was bleached with chl orine dioxide and oxygen. The proper­
ties of CEDED. and C(EO)DED bleached pu lps were compared with CEHH bleached pu lp. 

Introduction 

It has been known fo r many years that oxygen in 
alkaline medi um can be used as a de lignifying agent 
in pulp bl eaching. Although molecul ar oxygen is con­
sidered as a spec ific ox idi zing agent for li gnin degra­
dation and so lubili zation react ions, the drawbac k for 
its low so lubility in cook ing liquor causes a seri ous 
problem in mass transfer in a heterogeneous system 
composed of gas 'oxygen' , liquid 'water' and solid 
'fibres ', which ex ist during pulping operations. Oxy­
gen must cross the gas liquid interface, diffu . e 
through the liquid fi lm surrounding the fibre and fi­
nall y diffusc into the fibre wa ll before reacting sur­
face.Depending on the conditi ons the rate of oxygen 
transport can limit the rate of the overall process, be­
cause of the inherent slowness of the diffusio n phe­
nomenon in vo lved ' . The mass transfer prob lem is 
aggravated by the low so lu bil ity of oxygen in aque­
ous sodium hydroxideH Typicall y, 24-timcs as much 
oxygen is consumed during bleaching at 15 per cent 
consistency as can be present in the li quid phase at 
anyone time and at 27 per cent consistency, 50-times 
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as much.Obviously the process must fac ilitate the 
transfer of oxygen into and through the liquid phase. 
Ensuring that the part ial pressure of oxygen in the gas 
phase and the gas liquid interfac ial area are both suf­
ficientl y large can do thi s. Even at the very high oxy­
gen pressure, useful mass transfer of molecul ar oxy­
gen into the fib re wa ll , where oxidation reaction 
should take place is diffi cult to obtain in one stage 

I · 4 pu pll1g . 

Studies have been carried out to develop the 
two-stage approach fo r wood pulping to produce high 
yield pulp of superi or qua li ty comparab le to Kraft. 
These general ly in vo lve a first more or less mild 
cooking stage fo ll owed by mechani ca l defibration. 
The coarse pu lp thus obtai ned is suitable for subse­
quent alka line oxygen treatment, due to its higher 
ex posed surface area:i-7. Unfortu nate ly the two stage 
pu lping process is rather cumbersome and is like ly to 
in vo lve hi gh capita l cos t. Thermo-chemi cal fibres, 
instead of wood chi ps , have been used for alkal i­
oxygen deli gni ficat ion process with one-stage alka li­
oxygen treatment to develop a new pollution-free 
alternati ve method to the ex isting Kraft process . But 
some strength deficiencies due to mechani ca l attriti on 
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are caused in the pressu ri zed refiner, whic h itse lf is 
an operation and hi gh in energy consumpti on. 

The trans iti on metals in pulp, such as Mn , Cu 
and Fe' in unbleac hed pulp promote random c leav­
agex. They catalyze the formation of reactive oxygen 
based radical s, such as hydrox yl radica ls, that dom i­
nantl y attack the ce llul ose cha in9

•
11

. Magnes ium, sa lts 
and sodium silicate are good stabili zers. It is be lieved 
to func ti on by prec ipitating as magnes ium hyd roxide, 
which abso rbs the metal ion and mak ing the m un ­
ava ilable for catal ys is of peroxide decompos ition 12 or 
by form ing comp lex with them !' . 

During the past few years, considerable atten­
tion has been paid to pollution abate ment of pulping 
process. Stringent poll ution lim.its are fo rcing pulp 
and paper indu stri es to lower the cooking kappa 
nu mber. A major part of effort has been focused on 
bleaching. Environmental concerns in the paper in­
dustry have led to a need to reduce the kappa number 
of pulps ente ring the bleach plant in order to reduce 
the BOD, COD, co lour, and AOX level of the efflu­
ent d ischarged . T hi s goa l can be achieved in two 
ways: 

• Extended delign ification can be achieved by 
do ing front end and back end modification in 
conventi onal cook ing process to lower cooking 
kappa number without destroy ing the pulp 
strength or losing of pulp y ie lds. 

• Introducti on of a separate oxygen de lignifica­
ti on stage between cooking and bleaching. 

The effec t of the above opti ons he lps in penetra­
tion of cook ing liquor over 5mm thick chip particles, 
which remains poorly delignified in conventional 
cooking process . Another effec t of above option is 
maxi mum removal of lignin by oxygen de lignifica­
tion process w ith the result that load to the recovery 
boi ler is increased . This means lower po llution load 
and also saving of bleaching chemkals. 

Cajanus cajan As A Raw Material 

Cajanus cajan is commonly known as 'Tauhar' 
in Hindi . It is an important eco-friendl y leguminous 
edible crop, often grown for green manure or for 
cover on plantati on and is about 3-5m in height. The 
estimated annual collectable yie ld of Cajanus cajan is 
3.29-3.40 t/ha. Its crop provides pulpable raw ma­
terial havi ng bulk density around 180- 190 kg/m3

. The 
average product ion was 14.58 to 15.30 mt in 198 1-
1986 (ref. 14) . 

Due to shortfa ll o f cellul os ic fibrous raw mate­
ria l in Indi a, attenti on has been paid on utili zati on of 
agro-based residues as a source of ra .v materi al for 
pape rmaking. Cajal/us co jan is a promis ing raw ma­
te ri a l and can be used as a supp lement raw material. 
The present investi gat ion on Cc~jal/us cojan was stud­
ied in two parts. The obj ec tive of the first part was to 
reduce kappa numbe r by a lkali-oxygen de li gni fica­
tion . The second part focuses on the bleac hing studies 
to improve upon the bri ghtness stab ilit y. A compari ­
son of strength propert ies has been made amona 

b 

CE HH , CEDE D, and C(EO)DED bl eac hed pulps. 

Experimental Procedu re 

The Caja /lll s cajan was co llec ted from places in 
the vic inity of Saharan pur. The material was chopped 
manually, a ir-dri ed and then ana lysed for its morpho­
logical characteristi cs and che mical compositi on as 
per Tappi standard methods. The results are summa­
ri zed in Tab le I and 2. 

Pulping Studies 

The purpose of pulping studi es was to optimize 
the pulping conditions necessary to obtain pulp of 
low kappa number. Pulping studies were carried out 
in a WEVERK rotary e lectrically heated d igester of 
capac ity 0 .02m3 using di ffe rent alka li charges in the 
range of 12- 18 per cent (as NaOH), oxygen pressure 
of 0 .0, 0

0
5, 0.8 , 1.0,. and 1.2 ~Pa, at ISS , 160, 165 

and 170 C, respecti ve ly, max imum pu lpi ng time of 
60, 90, 120 and I SO min and liquor to wood ratio of 
3.5: I . At the end of cooking the pu lp was properly 
washed and screened . Kappa number, pulp yie ld ,and 
screen rejects were measured in each case. The resul ts 
are reported in Tables 3-5. 

Bleaching Studies 

The alkali -oxygen de ligni fied pu lp of brightness 
29.8 per cent (Elrepho) and kappa number 30 was 
bleached using CEDED and C(EO) DED bleaching 
sequences. The results were compared with CEHH 
bleaching sequence and are reported in Tabl e 6. 

Pulping Evaluation Studies 

The bleached pulps were beaten in PFI mill with 
a beating pressure of 1.8 kg/cm2

, a fr"c ness level of 
400SR and laboratory hand-sheets of 60 g/m2 were 
prepared on Briti sh sheet fo rmer. These hand-sheets 
were e valuated as per the BIS method fo r the ir d iffe­
rent physica l strength properties at 27 ± 2 °c and a 
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Tab le I - Morpho logical characteri sti cs of CajwlIls cajan 

SI o. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

Parti cul ars 

Colour 

Dcnsity 

Fiber lengh, L 
vari ation 

Fiber width , D 
va ri ati on 

Lumen width , d 
vari ati on 

Cell -wall thi ckness , W 
variati on 

Flexibility coefficient , dlo x I 00 

Ratio of cell-wall thickness to fibre width , 2w/o 

Muhlesteph rati o, per cent 

Ratio of length to width, L/O 

Ratio of cell-wall thickness to lumen width , wid 

Table 2 - Proximate chemical analysis of Cajanlls cajan 

SI No. Parameters Per cent 

Cold water solubility 3.42 

2 Hot water so lubility 5.10 

3 Alcohol-benzene so lubility, vlv 1:2 4.14 

4 I per cent NaOH solubility 19.66 

5 Lignin 18.72 

6 Pentosan 15.97 

7 Hemi-cellulose 25.24 

8 u- cellulose 72.86 

9 p- cellulose 47.31 

10 y- cellulose 11 .56 

II Holo - cellulose 13.50 

12 Ash 1.72 

13 Silica 0.56 

14 Acetyl content 2. 18 

15 MethoJ<yl content 3.55 

re lati ve humidity leve l of 65 ± 2 per cent. The pulp 
evaluation resu lts are reported in Table 7. 

Unit 

kg/m~ 

Mm 

pm 

Cajan/ls cajan 

Light brown 

480 

0.312 - 0.910 

10.87 - 32.76 

4.10 - 22.64 

1.62 - 5.44 
68.03 

0.320 

6 1.5 

34.60 

0.23 

Results and Discussion 

Bamboo (14) 

Light brown 

521 

1.5 - 4.4 

40.5 

0.593 

72.0 

0.74 

Table I shows the morphological characteristi cs 
of Cajuns cajan and comparison with bamboo. The 
morphological studies reveal that the fibre length of 
Cajanus cajan is comparatively lower than bamboo. 
The lumen diam of Cajanus cajan fibre is higher, 
whereas the cell wall thickness is lower than that of 
bamboo. It can be concluded that the thin walled and 
wide lumen fibres of Cajanus cajan collapse eas ily 
when made into paper sheets and thus may result into 
a more compact stronger sheet due to good fibre 
bonding. On delignification , it produces more fl ex ible 
fibres offering more surface contact area with better 
inter-fibre bonding. 

Table 2 shows the results of proximate chemical 
analysis of Cajanus cajan . It indicates that Cajanus 
cajan has moderate quantity of solubles, i.e ., hot wa­
ter solubility 5.10 per cent and a lcohol-benzene solu­
bility 4.14 per cent, thereby creating less hindrance 
during pulp processing and paper making. Thi s plant 
has lower lignin content and comparatively hi gher 

I carbohydrate fraction in comparison to other agro­
based cellul os ic fibrous raw material s. T herefore, it 
requires lesser cooking chemicals and shorter cooking 
cycle. 
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Tahle :3 - Effect of alka li charge and oxygen pressure on pulp yield , screen rejects and kappa number during alkoxygen 
dcl ignifi c<1tion of Cajalllls caja/1 

Alkal i charge, per cent Oxygen pressure, Pulp yield , Screening rejects, Screened yield, Kappa number 
as NaOH Mpa per c nt per cent per cent 

16 0.0 51 .5 1.85 49.6 57 

0.5 53. 5 1.30 52.2 54 

0.8 54.3 1.15 53.2 51 

1.0 5 1.1 1.08 50.3 49 

1.2 46. 1 1.02 45. 1 4 1 

18 0.0 49.6 1.45 48.2 4 1 

0.5 50.8 0.95 49.8 38 

0.8 51.6 0.82 50.8 33 

1.0 5 1. I 0.75 50.4 30 

1.2 47. 8 0.65 47 . 1 26 

20 0.0 46.9 0.63 46.3 37 

0.5 48.4 0.28 48 . 1 33 

0.8 49 .9 0.2 1 49.8 29 

1.0 48. 3 0.13 48 .1 27 

1.2 45 .3 0. 11 45.2 25 

Fixed cooking parameters - Alkali charge as NaO H, 18 per cent, Time from room temp to I 05(1e, 45 min , Time from 105(1e to 
I 65 (1e , 45 min , at 165(1e, 120 min and liquor to wood ratio , 3.5 : I 

Table 4 - Effect of time on pulp yield , screen rejects and 
kappa number during alkoxygen delignifi cati on of Caj{// II/s 

cajan 

Time at Pulp yield, Rejects, Screened Kappa 
maximum per cent per cent pulp yield , number 

Temperature, per cent 
min 

60 56.5 8.60 47.9 44 

90 51.8 2.30 49 .5 36 

120 51.1 0.75 50.3 30 

150 48.2 0.37 47 .8 28 

Fi xed cooking parameters - Alkali charge as NaOH, 18 per 
cent , Oxygen pressure 1.0 Mpa, Time from room temp to 
105(1e, 45 min , Time from 105 (Ie to 165 (Ie, 45 min , Time at 
temp 165 (Ie, 120 min and liquor to wood rat io, 3.5 : I 

The effect of variables such as, oxygen pressure, 
alkali charge, temperature, and cooking time was 
studied to obtain pulp of desired kappa number. 
Table 3 shows the results of alkali oxygen delignifi­
cation of Cajanus cajan at alkali charges of 16, 18, and 
20 per cent (as NaOH) with and without oxygen at 
pressures of 0.0, 0.5, 0.8 and 1.2 MPa at fixed cook-

Table 5 - Effect of temperature on pulp yield, kappa number 
and screening Rejects during alkoxygen de li gnification of 

Cajalliis cajan 

Temperature, Pulp yield, Rejects , Screened Kappa 
(Ie per cent per cent pul p yield , number 

per cent 

155 52. 1 2.35 49.8 4 1 

160 53.4 1.20 42.2 35 

165 5 1.1 0.75 50. 3 29 

170 49 .4 0.45 48.9 28 

Fixed cooking parameters - Alkali charge as NaOH, 18 per 
cent, Oxygen pressure 1.0 Mpa, Time from room temp to 
105 (Ie, 45 min , Time from 105 (Ie to max temp, 45 min , Time 
at temp max temp, 120 min and liquor to wooel ratio, 3.5 : I 

ing variables i.e. , at 165 °C, time at maximum tem­
perature; 90 min , time at temperature; 120 min and 
liquor to wood ratio of 3.5: I . Table 3 shows that 
oxygen has a considerable effect on the cooking vari­
ables. It is thus evident that on increasing oxygen 
pressure from 0.0 to 1.0 MPa the screened pulp yield 
increases. Further, on increas ing oxygen pressure be-
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Table 6 - Bleaching conditions and results or alkoxygen delignifi ed pulp of Cajall(fs cajall 

SI No. Parti cul ars 

I Chlorinati on stage, (C) 

(i) Chlorine, per cent 

2 Extracti on stage, (E I) 

(ii ) A lkali , per cent (as NaOH) 

(iii ) Brightness, per cent, Elrepho 

3 Alkali Oxygen stage, (0 ) 

(i) Alkali , per cent on o.d. pulp basis 

(i i) Oxygen pressure, Mpa 

(i ii ) MgSO~, per cent 

(iv) PH 

(v) K appa number 

(v i) Brightness, per cent elrepho 

4 Hypochlorite stage, (H I) 

(i ) Hypochlorite, per cent 

(i i ) Brightness, per cent Elrepho 

(i i i ) Copper number 

5 Hypochlori te stage, (H2) 

(i) Hypochlorite, per cent 

(i i ) Brightness , per cent Elrepho 

(iii ) Post co lour number 

(i v) Vi scosity (cuprammonium) cps 

(v) Copper number 

6 Chlorine dioxide, (0 1) 

(i) Chlorine dioxide, per cent 

(i i ) Brightness, per cent El repho 

(iii ). Post co lour number 

(iv) Viscosity (cuprammonium) cps 

7 Extraction stage, (E2) 

(i) Alkali , percent as NaOH 

(ii) Brightness, per cent Elrepho 

8 Chlorine dioxide, (0 2) 

(i) Chlorine dioxide, per cent 

(ii ) Brightness, per cent Elrepho 

(iii) Post colour number 

(i v) Vi scosity, cps (cupramonium) 

(v) Copper number 

Bleaching conditions C EI 0 

Consistency, per cent 2.8 10. 1 5.0 

Temp, flC 27 ± 2 70± 2 90± 2 

Time, min 30 120 90 

pH 24 11 .2 11 .5 

beyond 1.0 Mpa, results in a sli ght decrease in pulp 
yield . The maximum carbohydrate yield is obtained at 
oxygen pressure of I .0 MPa. 

CEl-IH CEDED C(EO)DED 

4.70 4.70 4.70 

2.30 2.30 

36.00 36.00 

2.3 

1.0 

1.0 

11 .2 

15 .0 

58 .0 

1.82 

68.00 

1.77 

0.92 

77.40 

3.90 

9. 15 

0.98 

1.2 1.2 

8 1.5 82.6 

2.0 2.4 

10.0 10.6 

0.5 0.5 

79 .8 8 1.5 

0.6 0.6 

86.3 88.2 

0.7 0.5 

10.1 10. 1 

0.15 0.13 

HI H2 DI E2 O2 
10.5 45 ±2 9.0 10.2 9.0 

45 ± 2 120 70± 2 45 ± 2 70± 2 

60 11 .0 120 90 120 

11 .0 11.4 3.5 11.5 3.5 

Table 3 gives alkali oxygen c1elignification of 
Cajal1us cajmz at different alkali charges with varying 
oxygen pressures. As far as the effect of delignifica-
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Tahle 7- Mechani cal strength properties of CEHH, CEDED 
and C(EO)DED bleached pulps of Caja/lils caja/l 

Paramcters CEHH CEDED C(EO) DED 

Burst index. kPam~/g 4.06 4.85 4.98 

Tear index. mNm"/g 3.50 4.10 :UO 

Tensile indcx, mIg 53.76 57.21 57 .9X 

Folding end urance, no 28 36 38 

tion is concerned, it can be observed that an increase 
in caustic soda charge from 16 to 20 per cent (as 
NaOH) kappa number decreases from 57 to 25, de­
pending upon the oxygen pressure. Alka li charge has 
grea t influence on the pulp yie ld . An increase in al ­
ka li charge , results in substantial yie ld loss. The 
screened pulp yie ld obta ined at an alka li c harge of 18 
per cent (as NaOH) and oxygen pressure of 1.0 MPa 
appears to be the most reasonable, whil e considering 
the kappa number and pulp y ie ld va lues . Both screen 
rejec ts and kappa number decrease continuous ly as a 
result of an increase in either alka li charge or oxygen 

pressure. 

Table 4 shows the results of a lka li-oxygen pu lp­
ing to study the effect of cooking time on pu lp yield 
and kappa number. The cooks were made for 60, 90, 
120 and 150 min while keeping all other variables 
constant. The results indicate that as the cooking time 
increases, both the screen rejec ts and kappa number 
decrease, it means that as the time of cook ing in­
creases the amount of li gnin removal also increases. 
A cooking time of 120 min may be taken as an opti­
mum pulping time at which optimum pulp yie ld is 
obtai ned at low kappa number. 

Table 5 shows the results of alkali-oxygen pulp­
ing, carried out at 155, 160, 165 and 170 ,oC respec­
tive ly, while keep ing all other variabl es constant. The 
results indicate that an increase in cooking tempera­
ture improves del ignifi cat ion . As te mperature in­
creases , both pulp y ie ld and screen rejects show de­
clinin g trend. The optimum pulp yie ld w ith low kappa 
number and screen rej ects was obta ined at 165°C. 

Based on the above results, it can be concl uded 
that optimum conditi ons for a lka li oxygen de lignifi ­
cat ion of Cajanus cajo/! are as fo ll ows: 

Alka li charge = 18 per cent as NaOH, 
Temperature = 165°C, 
Time = 120 min , 
Oxygen pressu re = 1.0 Mpa. 
L iquor to wood ratio = 1.5 : I . 

Tabl e 6 shows the bleaching results of a lkali­
oxygen delignified pulp of CajallLls cajall. The fin al 
brightness of CEHH , CEDED, and C(EO)DED pulps 
was observed to be 77.4, 86.3 and, 88.20 per cent (EI­
repho), respecti ve ly. The post co lou r number of 
CEHH pulp is on the hi gher s ide, i.e., 1.92 units as 
compared to CEDED and C(EO)DED pUlps, i.e., 0 .7 
and 0.5, respecti ve ly. The reason is that the hypochl o­
rite oxidises cellul ose into oxycellul ose (Copper 
number 0 .98) and introduc ing carbonyl groups in to 
the ce llul ose molecul e which result in co lour rever­
sion in paper and thereby drop in viscos itv of 9.8 cps 

6 J 

was observed t • 

In CEDED pulp the post co lour number i,' 
around 0.25 and viscos ity is 10.1 cps, because chl o­
rine dioxide removes li gnin by selecti ve oxidation 
without causing muc h carbohydrate degradati on and 
it is refl ected in terms of Copper number, i.e., 0.25 
units. Tn C(EO)DED bleached pulp, the pulp bright­
ness of around 88.2 pe r cent , (Elrepho) with less 
bri ghtness re version i.e. PC number 0.5 units and 
copper number 0 . 18 units has been observed . Oxygen 
removes most of the li gnin and destroys chromo­
phorophic groups in lignin structure in (EO) stage of 
Table 6. Chlorine dioxide further improves the 
bri ghtness stability by rupturing carbohydrate mole­
cule near carbonyl groups, di ssolvin g the smaller 
fragments and thus e liminating the carbonyl groups in 
the chain. 

Conclusions 

The proposed study ascerta in s that the alkali 
oxygen de li gnification of Cajanus cajal/ is compara­
ti ve ly a better process. The li gnin in th is plant mate­
rial is much more sensiti ve to the act ion of oxygen 
and results in pulp with hi ghe r degree of de ligni fica­
tion . The deli gnifi cati on is easier than wood chips due 
to the more open and loose structure of Cajanus cajan 
chips. There is no diffusion proble m of di sso lved 
oxygen into thi s non-woody plant because of its more 
open and loose structure and low specific gravity. 
Based on experimental resul ts, it can be conc luded 
that optimum set of parametres for alka li oxygen 
delignificati on of Cajanus cc~ja/! may be cons idered 
as fo ll ows: Alkali c harge = 18 per cent as NaOH , 
Oxygen pressure = 1.0 Mpa, Maximum temp = 165 
°C,Time at maximum te mperature = 120 min and li q­
uo r to wood rati o = 3.5 : I . 

A brightness level of 86.3 - 88 .2 pe r cent , (Elre­
pho) can be achieved with CEDED and C(EO)DED 
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bleachi ng sequences with out muc h adverse e ffec t on 
viscos ity, colour revers ion and strength properti es. 
High bri ghtness pulps of Cajal1 l1s Cajan can be used 
as a suppl ement fo r ex pens ive imported pulps for 
maki ng cu ltural papers w ith good optica l propert ies . 
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