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Abstract 

Black liquor disposed from paper mills using rice straw as a feed stock was 
treated via sequenced chemical-aerobic biological process. Lignin separation was 
achieved by chemical coagulation using anionic polymer and at a low pH-value. 
The lignin removal efficiency reached 80% at 1.5% lignin concentration; 
whereas the removal of the COD reached 53%. The delignified effluent was 
subjected to biological oxidation using activated sludge process. The effects of 
three different concentrations of the delignified black liquor were studied using 
activated sludge as a post treatment. The post treatment of the delignified 
effluent removed up to 75% and 72% of the chemical and biological oxygen 
demands, respectively. These values decreased as the concentration of the spent 
liquor increased. The treated wastewater was amenable for wastewater discharge 
into the sewerage network according to the Egyptian standards. 

1 Introduction 

Black liquors are highly concentrated wastewater discharged during the 
production of chemical pulps in paper industries that don't employ technologies 
for the recovery of pulping chemical. However, conventional recovery processes 
are not economically viable for small paper mills and in those using non-woody 
materials with a high silica content [l]. Consequently, soda-pulping liquors are 
classified as hazardous wastes. Black liquors derived from non-woody feedstock 
are poorly biodegradable, highly toxic and contain high color level. Rice straw is 
a non- woody ligno-cellulosic feedstock. To show that the black liquors from 
non-woody feedstock are equally problematic as those from woody feedstock, 
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the composition of rice straw and two commonly used woody feedstock is given 
in Table 1. 

Table l: Chemical composition and characteristics of some wood and rice straw 
fibrous raw materials. 

'~iermann, [3]; Rydholm, [19]. 
3 ~ c . ~ o u g a l l  et al., [14]; Calting & Grayson, [ 5 ] .  

During the soda pulping, primarily the lignin and hemicellulosic components 
of the lignocellulosic feedstock are dissolved. Consequently, the resulting liquors 
are composed for the most part of lignin and products of hemicellulose 
degradation such as sugars and organic acids. The fatty fraction of 
lignocellulosic feedstock, known as "resin", is also dissolved during the soda 
pulping and thus the resinous compound are present in the black liquor as minor 
components. 

Untreated pulp and paper mill effluents display acute lethal and chronic 
inhibitory effects to fish and aquatic organisms in the ecosystms. The organic 
matter concentration of black liquor is high, values ranging from 25 up to 120 g 
COD11 are reported [21]; [l]; [22]; [23]. Since the soda pulping process itself 
involves the addition of alkali, the resulting black liquors characteristically have 
very high pH values ranging from 9 to 14. 

By far, no economically feasible process was developed yet to alleviate the 
detritus environmental impact of the black liquor, so that some of the plants were 
closed. A novel process was patented by El-Shall, [7] ;  to easily separate the 
lignin, but the liquor after lignin separation still contain high concentration of 
organic matter; and should be subjected to a proper treatment process to decrease 
its organic matter concentration to the required limits for wastewater discharge 
into surface water or sewage net works. 

Therefore, the aim of the present study is to evaluate the treatment of the 
black liquor derived from the rice-straw feed stock, chemically as a pretreatment 
slep for separating the lignin then followed by activated sludge process as a post 
treatment. 
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2 Materials and methods 

The black liquor used in this study originates from the soda pulping of rice straw 
and it is disposed at a concentration of about 1.5% (as total solids, TS). The 
liquor contains mainly lignin in addition to minor amounts of carbohydrate and 
hemicellulose and has a pH >8. The liquor directly produced from the pulp 
separation has a concentration in the range of 9 to 7% total solids (TS) but in the 
production cycle, 3-steps washing were applied and the washing waster were 
added to the original liquor decreasing its concentration to 1.5% TS. 

Chemical treatment: The black liquor was mixed with the optimum amount of 
a anionic poly-electrolyte polymer ("Magna floc 3236" Siba Specialty Chemicals 
Water Treatment Limited) and at a pH 2.5. The lignin was instantaneously 
separated and filtered using filter cloth of 24 mesh Tyler (0.85 mm) under 
atmospheric pressure. The process was performed batch wise. 

Biological treatment: Batch laboratory experiments were carried out using 
activated sludge process. Two liters plexiglas laboratory columns were used. The 
black liquor was inoculated with activated sludge from a plant treating domestic 
sewage. On daily basis, the aeration was stopped to let the sludge to settle then 
the supernatant was drained and the column was refilled again with the spent 
solution (delignified black liquor) till a considerable amount of adapted sludge 
was produced. To study the effect of aeration period and the waste concentration 
on the activated sludge, several experiments were conducted. A fixed amount of 
sludge (3-4gll) was transferred to different columns to which variable 
concentrations of the delgnified black liquor was added. To compensate the 
deficiency of nutrients, ammonium sulfate and potassium phosphate salts has 
been added prior to the bilogical process. Detention periods ranging from one 
hour to twenty-four hours were examined. Characterization of the treated 
wastewater was carried out after 60 minutes settlement. 

Analysis: Raw black liquor and the treated effluents were analyzed for chemical 
oxygen demand (COD), biological oxygen demand (BOD5) and total suspended 
solids (TSS) according to the standard methods for water and wastewater 
analysis [2]. 

3 Results and discussion 

3.1 Characteristics of black liquor 

Analysis of the black liquor and the spent solution after lignin separations at the 
concentration of 9 ,7  and 1.5% (based on TS) are recorded in Table 2. These data 
indicated that the pH-value of the spent solution was acidic, whereas that of the 
original black liquor was alkaline. This was due to the acidification process at 
the optimum pH value of 2.5 at which maximum lignin separation (about 80%) 
was achieved. It is also observed that both the COD and BOD values of the 
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liquor were enormously decreased after lignin separation but the residual values 
in the spent solution did not comply with the National Regularity Standards for 
wastewater disposal into sewerage network. 

From these results, it may be seen that wide variations in the characters of the 
wastewater were exhibited in COD, BOD, and suspended solids. The results 
showed that the percent of the BOD to the COD reached only 30%. This 
indicated that the rice straw black liquor was only partially biodegradable. This 
may be due to the presence of recalcitrant organic matter. Also, it was obvious 
that there was a deficiency in the nitrogen and phosphorous for the biological 
treatment; thus it must be compensated prior to the aerobic biological treatment. 

3.2 Lignin separation 

The main objective of the separation process was to achieve instantaneous 
separation of lignin once the black liquor and the acid come into contact. This 
means that the retention time was extremely short which has a great impact on 
the economy of the process, as no voluminous reactors will be required. The 
main factors affecting the separation process were the polymer concentration and 
the pH value of the medium. Both factors were thoroughly studied and the effect 
of these two variables on the filtration rate of lignin was also investigated. 

The effect of the polymer dose on the extent of lignin recovery and the 
filtration rate was illustrated in Tables 2 & 3 and Figure 1.  These tests were 
carried out at an optimum pH value of 2.5. 

The results showed that by increasing the black liquor concentration the dose 
of the polymer was increased whereas the filtration rate decreased. 
This was related to the increase of viscosity of black liquor by increasing its 
concentration. It is worth to mention that at black liquor concentration of IS%, 
lignin was separated and floated on the surface of the solution, which allows its 
easy removal from a stirred tank by a simple skimming process. 

The moisture content of the separated lignin was very high (80-90%) and it 
was fluffy in nature, which may introduce a problem in its subsequent handling. 
On the other hand, application of vacuum filtration causes destruction of the 
flocks and its flow through the filter cloth. Therefore, the lignin was separated 
using filter cloth of 24 mesh Tyler (0.85 mm) under atmospheric pressure. 

3.3 Biological treatment 

Biological treatment commonly helps in the elimination of the soluble organic 
matter, which is difficult to remove by chemical means. The role of the aerobic 
post treatment was to reduce the recalcitrant compounds in the black liquor 
wastewater. For example, resin acids are aerobically degradable [13]; [9]. 
Aerobic treatment of the pulp and paper industrial wastewater as a post treatment 
has been found capable of eliminating the acute toxicity in the pre-treatment 
Pol. 
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Table 2: Average characteristics of the black liquor at different concentrations 
and the efficiency of lignin separation Process at the predetermined 
optimum pH and polymer dose. 

Li nin F 
Table 3: Effect of polymer concentration on lignin recovery and filtration rate at 

various black liquor concentration. 

* Based on Total Solids 

90 Polymer concentration 

80 

C, 70 .- g 60 

g 50 

40 

30 - 
2 20 

10 

0 

3 . 5.7 
S Black lquor concentration 

7 9 

Figure 1: Effect of polymer concentration on lignin recovery at various black 
liquor concentration. 
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To study the feasibility of improving the quality of the chemically treated 
effluent via post treatment, the chemical treatment was complemented with a 
batch operated activated sludge process. The mixed liquor suspended solids was 
adjusted at 3gA and it was fed with the diluted spent liquor (1.5%). The detention 
time was maintained at 24hrs for almost one month. 

During the acclimatization period, average COD and BOD removal values 
were 63% and 8296, respectively. After reaching the steady state; mixed liquor 
suspended solids was kept around 3-4gll. To study the effect of different 
concentrations of the black liquor, three concentrations were investigated; the 
first was the 1.5% TS; the second was the black liquor (7%) diluted with 50% 
sewage and the third was the concentration 7% spent liquor which its COD 
reaches 7300 mg02A. The aeration periods ranging from one to twenty four 
hours were investigated. 

The results obtained are given in Table 4a,b,c and illustrated graphically in 
Figure (2). From these results, it can be seen that at low concentration of spent 
liquor namely; 2260 mg CODII, the treatment efficiency was high. The BOD, 
COD and suspended solids removal values reached 72%, 74% and 58% 
respectively after four hours aeration. By increasing the detention period to 24 
hours, the COD and BOD5 removal values increased by only 3% and 10%, 
respectively. Based on these data, it can be concluded that four hours aeration 
was suitable for post treatment of the delignified effluent of rice straw black 
liquor. 

At higher concentrations of the spent liquor namely; 4068 and 7300 mg 
CODII, the removal efficiencies of the COD and BOD5 were decreased by 6% 
and 12% and by 15 % and 1 l%, respectively. These results indicated that upon 
increasing the lignin content in black liquor, the efficiency of biological 
treatment was decreased. This may be attributed to the fact that lignin was 
recalcitrant in aerobic treatment. This result is in agreement with Kern andKirk 
[l l ]  which indicating a poor biodegradability of high molecular weight lignin by 
aerobic treatment. The occurrence of lignin biodegradation is only restricted to 
low molecular weight derivatives [6]; 1161. Since most of the lignin present in 
chemical pulping wastewater belonged to the high molecular weight [17], very 
little removal of lignin may be expected by biological treatment. No color 
reduction was observed. On the contrary, the aerobic effluent intensified in color 
levels. This observation has been previously mentioned by Rintala & Vuoriranta 
[l81 and Kortekass et a1.[12]. This may be due to biological removal of methoxy 
groups from aromatic ring [10]. The resulting phenolic compounds bearing 
neighboring hydroxyl groups were susceptible to auto-oxidative modifications, 
which led to the formation of the colored compounds [g]. 

Also, the results obtained indicated that the sludge settling characteristics 
were generally satisfactory in terms of sludge volume index, which ranged from 
42 to 63 with an average value of 45 at the low concentration of the spent liquor. 
As the concentration of the wastewater increased the sludge settling decreased. 
Average value of sludge volume index was 37 at the higher concentration of the 
spent liquor (7%). 
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Table 4a: Biological treatment of spent liquor (1.5% TS). 

demand 

demand 

Table 4b: Biological treatment of spent liquor (7%) diluted with 50% sewage. 

Timelhours I Raw 
Characters , 
Chemical oxygen mgOdl 4068 
demand I 
% Removal 
Biological oxygen mg02/1 ( 1058 
demand 1 
% Removal 
Total suspended mg/l 262 
solids 
% Removal 
Sludge Analysis 
Volume 

Sludge Volume Index 

Table 4c: Biological treatment of concentrated spent liquor at (7% TS). 

Analysis 
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+ 7%/50% dilute 
47 7% 

Raw 0 1 2 3 4 5 6 24 
Figure 2: Effect of aeration period on the COD concentration at different spent 

liquor concentration. 

Table 5 and Figures 3 & 4 show the overall removal values as well as the 
residual concentrations of the treated effluent. The data showed that, at the 7% 
TS spent liquor concentration, the removal values of the COD and BOD reached 
91% and $996, respectively. At the 1.5% concentration of spent liquor the 
efficiency was almost the same for both COD and the BOD while the residual 
values are far less than the 7% concentration. 

Accordingly, the quality of the treated black liquor via chemical-biological 
process was amenable for wastewater discharge into sewerage network. The 
residual COD and BOD were 598 and 145 mg02/l. 

Table 5: The Removal efficiency of the overall treatment process at an optimum 
detention time (4hrs). 

40000 

35000 Effluent 
30000 Influent 

mg" 25000 

20000 

15000 

10000 

5000 

0 

COD BOD TSS 
Figure 3: Residual concentration of the final effluent from the 7% black liquor. 
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W Effluent 

N Influent 

COD BOD TSS 

Figure 4: Residual concentration of the final effluent from the 1.5% black liquor. 

4 Conclusion 

Lignin was successfully separated from the black liquor by using anionic 
polymer and acidification at pH 2.5. The removal value of lignin reached 80%. 
Aerobic post-treatment using activated sludge process with aeration time of 4 hrs 
removed 74% of COD of the 1.5% spent liquor. The residual value of COD was 
598 mg02/l. The quality of the treated effluent was complying with our National 
Regularity Standards for wastewater disposal into sewerage network. Increasing 
the concentration of black liquor from 1.5% to 3.5% and then 7% (based on TS) 
decreased the efficiency of the sequential treatment. 
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