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The pulp and paper industry is the sixth largest polluter discharging a variety of gaseous, liquid and
solid wastes into the environment. This pollution mainly arises due to chemicals used during
production, so this study compared these two chemicals to determine the better one for a cleaner
production process. A dewatered kenaf stem was cooked in the 20, 60 and 90% concentrations of
formic acid and sodium hydroxide at time intervals of 1, 2 and 3 h to compare the solids (total
suspended solid, total dissolved solid and total solid) of their effluent for environmental friendliness.
After examining the whole concentrations and the time intervals, 60% concentration of the acids at 2 h
pulping gave better pulp on physical examination. When the solids of the effluents of the two chemicals
were analyzed, formic acid effluent had a TSS of 5768 mg/L, TDS of 54088 mg/L and TS of 59855 mg/L,
while that of sodium hydroxide was 6053 mg/L for TSS, 96628 mg/L for TDS and 102680 mg/L for TS.
This study showed that pulping of kenaf stem with 60% formic acid for 2 h has effluent that is greener

than the use of sodium hydroxide of the same concentration at the same duration.
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INTRODUCTION

Generally, the pulp and paper industry has been
considered to be a major consumer of natural resources
(wood, water) and energy (fossil fuels, electricity) and a
significant contributor of pollutants discharge to the
environment (Hossain and Ismail, 2015). Environmental
effects have been attributed to chemicals introduced
during the manufacturing process, to natural compounds
released from plant material used as mill furnish, to

interactions of these compounds with each other and
interactions with biota in mill effluent during waste water
treatment (Hewitt et al.,, 2006). Accordingly, in both
traditional and emerging paper and pulp producers (Chen
et al., 2012) such as United States (Schneider, 2011),
China (zZhu et al.,, 2012) and India (Afroz and Singh,
2014), pulp and paper mills are considered a major
source of environmental pollutants. Pulping wood or
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agricultural residue using conventional methods releases
a range of pollutants, including organic products that
cause eutrophication in water, aluminium salts and
sometimes, sulphur dioxide to the atmosphere. Polluted
river due to pulp and paper effluent discharge has
adversely affected the aquatic fauna as well as
communities in the surrounding areas who economically
depend on this river for fishing and agriculture purposes
(Zuby and Ajay, 2014). Effluent quality is commonly
judged on the basis of such aggregate characteristics as
biochemical oxygen demand, chemical oxygen demand,
total suspended solids (TSS), total solids (TS), turbidity,
pH, color e.t.c. Total suspended solid (TSS) represents
the solid particles mixed in water or effluent. Total
dissolved solids (TDS) are measured as the mass of
residue remaining when a measured volume of filtered
water is evaporated. Total solids (TS) are the amount of
solid present in dissolved and suspended form. The
significant solid wastes such as lime mud, lime slaker
grits, green liquor dregs, boiler and furnace ash, scrubber
sludges, wood processing residuals and wastewater
treatment sludges are generated from different mills.
Disposal of these solid wastes cause environmental
problems because of high organic content, partitioning of
chlorinated organics, pathogens, ash and trace amount of
heavy metal content (Monte et al., 2009).

Pulping procedure consists of a selective extraction of
lignin from lignocellulosics like wood and nonwood
materials without degradation of cellulose. It can be
chemical pulping (e.g., kraft or soda chemical pulping),
mechanical pulping, and semichemical pulping. Soda
pulp is the original chemical pulp and is produced by
cooking chips of (usually) deciduous woods in a solution
of caustic soda under pressure. The pulping process
affects the strength, appearance and intended use
characteristics of the resultant paper product. Pulping
processes are the major source of environmental impacts
in the pulp and paper industry, each pulping process has
its own set of process inputs, outputs and resultant
environmental impacts. The story of the Nigerian paper
and pulp manufacturing sub-sector of the economy,
especially in the last three decades at best, resonates
with the familiar take of the comatose operational state of
the manufacturing sector in general. The few existing
ones have resisted pressure to make their processes
environmental benign. Pulp and paper industry is
considered as one of the most polluting industry
contributing 100 million kg of toxic pollutants that are
being released every year in the environment (Dey et al.,
2013). The introduction and development of organosolv
pulping is aimed to reduce the environment pollution by
improved pulping process. Some other organosolv
processes include ASAM (Kordsachia and Patt, 1988;
Kordsachia et al., 2002), MILOX (Ligero et al., 2010)
e.t.c. Previous studies (Preeti, 2008; Ligero et al., 2010)
have concentrated on some characteristics of effluent
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from pulping with formic acid and soda without
considering the interaction between the chemical, time,
and concentration. Chempolis belongs to Organosolv
which is a chemical pulping carried out by using organic
solvents and chemicals (Lora and Aziz, 2000; Lonnberg
et al., 1987). Chempolis process is based on acidic
delignification to remove lignin, a desired part of the
hemicelluloses and nutrients. In Chempolis process
(Rousu et al., 2002), pulping is carried out with formic
acid at slightly elevated temperatures with a conventional
liquor-to-straw ratio. Most studies in the field of organic
pulping have only focused on the properties of the pulp
while the waste is a growing public health concern
worldwide. Hence, the goal of this paper is to find out if
there exists a possibility for improving the effluent quality
by exploring the interactions of the chemicals,
concentration, and time which was not favored in prior
attempts by previous researchers.

MATERIALS AND METHODS

Kenaf stem was chopped into 1 to 4 cm long, washed with warm
water to remove dirt and dust. The washed kenaf was dewatered to
a solid content of 40% to 45%. Five grams of kenaf stem was taken
in 400ml of pulping mixture in 1000 ml flask at atmospheric
pressure and pulped at 20, 60 and 90% concentrations of formic
acid and sodium hydroxide, cooking time was varied from 1, 2 h
and 3 h at 95°C as shown in Figure.l. At the end of each period,
the sample was filtered with a fine mesh sieve of size 0.027 mm to
get the effluent used in the analyses. The tests were carried out in
triplicate and each value is an average of three samples.

The effluent was analysed using the Standard Method for
Examination of Water and Wastewater (APHA, 2005). The
parameters determined were TSS, TDS and TS. The ANOVA tables
on appendix 2 were used to test the hypothesis which states that
duration and concentration of chemicals do not affect waste
characterization during pulping.

RESULTS AND DISCUSSION

After 1 h and 20% concentration of acids pulping, the
residue was not well pulped. At 2 h and 60%
concentration pulping, the residue was well pulped. At 3 h
and 90% concentration, some were well pulped while
others were over pulped. Table 1 shows the values of
TSS, TDS and TS of the effluent when the stem was
pulped with 20% concentration of formic acid and sodium
hydroxide at 1, 2 and 3 h intervals. With sodium
hydroxide (NaOH), the TSS values in the reaction was
highest (9903 mg/L) after 1 h but reduced with increase
in time with a value of 7385 mg/L at 3 h.

Formic acid had its lowest TSS value (5968 mg/L) at 3
h and highest at 1 h (8178 mg/L). The finding of the
present study suggest that value of TSS in effluent from
formic acid and sodium hydroxide pulping decrease with
increase in pulping time which is in agreement with Preeti
(2008) and Pooja et al. (2013). With NaOH, the values of
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Table 1. Effluent from pulping with 20% FA and NaOH.

Time (hour) Chemicals/parameter TSS (mg/L) TDS(mg/L) TS (mg/lL)
1 FA 8178 35912 44089
NaOH 9903 89338 99240
9 FA 7193 43105 50298
NaOH 8148 37533 45680
3 FA 5968 45438 51405
NaOH 7385 8139 15524

Variation of TSS, TDS and TS values with cooking at 1, 2 and 3 h with 20% concentration of FA

and NaOH.

Table 2. Effluent from pulping with 60% FA and NaOH.

Time (how) Chemicals/parameter TSS (mg/L) TDS (mg/L) TS (mg/L)
1 FA 6185 50,863 57048
NaOH 9060 118885 127945
5 FA 5768 54088 59855
NaOH 6053 96628 102680
3 FA 5433 54495 59928
NaOH 4638 68223 72860

Variation of TSS, TDS and TS values with cooking at 1, 2 and 3 h with 60% concentration of

FA and NaOH.

TDS reduced with time from 89338 mg/L at 1 h to 8139
mg/L after 3 h while TDS increased from 35912 mg/L at 1
h to 45438 mg/L after 3 h with formic acid. This may be
indicative that chemicals and raw materials react
differently. This findings showed increase in TS with time
in formic acid (44089 to 51405 mg/L) and decrease with
time in NaOH (99240 to 15524 mg/L). This suggests that
solids in the formic acid solution were not degraded much
with time and concentration.

Table 2 provides the values of TSS, TDS and TS of
effluent obtained when the stem was pulped with 60%

concentration of FA and NaOH. From the data in the
table, there is a clear trend of decreasing in the TSS
values of FA and NaOH effluent which suggest that more
organic matter was degraded with time. As illustrated in
Table 2, TDS of effluent from FA pulping increased with
increase in time while that from NaOH pulping decreased
with increase in time which shows that NaOH was able to
digest more organic matter. The TS content of FA pulped
effluent showed increment with time while NaOH pulped
effluent reduced with time.

Table 3 presents the values of TSS, TDS and TS from
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Table 3. Effluent from pulping with 90% FA and NaOH.

. . TDS
Time (hour) Chemicals/parameters TSS (mg/L) (mg/L) TS (mg/L)

1 FA 5273 55670 60942.5
NaOH 7353 285988 293340

5 FA 5122 65045.5 70167.5
NaOH 6105 210405 216510

3 FA 4973 83172 88145
NaOH 3165 129068 132233

Variation of TSS, TDS and TS values with cooking at 1, 2 and 3 h with 90% concentration

of FA and NaOH.

effluent obtained from pulping kenaf stem with 90%
concentration of FA and NaOH. As illustrated in Table 1
and 2, TSS from FA and NaOH pulping effluent
decreased with time having highest and lowest as
5273/4973 and 7353/3165 mg/L. While the value of TDS
from NaOH pulping followed the same pattern, while that
from FA increased with increase in time and the same
occurred with TS values. The effluent from NaOH pulping
showed a high reduction in TS values from 1 to 3 h with
90% concentrations which may be as a result of
reduction in the amount of solid particles in the solution
with time as can be seen in Pooja et al. (2013).

All the concentrations with the two chemicals have their
maximum TSS after 1 h and minimum after 3 h which
gave highest value at 20% for 1 h and lowest at 90% for
3 h (9903 and 3165 mg/L) The finding is consistent with
findings of past studies by Preeti (2008) and Pooja et al.
(2013), in which there were decreases in the TSS values.
The effluent from NaOH pulping showed a high reduction
in TS values from 1 to 3 hours in all the concentrations
which may be as a result of reduction in the amount of
solid particles in the solution as reflects in Pooja et al.
(2013). With formic acid, TS value did not decrease
rather it showed a minimal increase with time along the
concentration lines. This showed that solids in the
solution did not degraded much with time and
concentration.

In this research, solids in the pulping effluent are
considered with respect to environmental quality. High
values of solids in effluent are detrimental to the
environment. Federal Ministry of Environment has
effluent standard for discharge into the environment. The
maximum limit for total dissolved solid is 2000 mg/L, total
suspended solid is 30 mg/L while total solid is 2030 mg/L
(FEPA, 1991). From the two pulping processes, though
formic acid effluent has values far above the limit, it is
lower than that of sodium hydroxide.

Conclusion

Environmental qualities of solids from soda and formic

acid pulping of kenaf stem were compared. This was
done by pulping at three different concentrations of the
chemicals during three time periods. Based on the
information from the bench, it was found that pulping with
formic acid and soda at 60% concentration for two hours
has better environmental quality. This was selected from
other conditions because it gave better pulp on physical
examination as well as better environmental qualities on
analyses. Though the results do not indicate that this
option is the best in all parameters analyzed, it ranked
the best in most of the parameters. Turning kenaf waste
into resources is not only a good idea but also a proven
one; it could have a very positive impact on people and
the planet while building a profitable business. However,
further research is needed to check other effluent
parameters to know whether they toe the same line as
the solids.
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Appendix 2
ANOVA tables for Hypothesis
TDS
2hrs
FA NaOH
20% 43105 37533
60% 54088 96628
90% 65046 210405
ANOVA
SUMMARY Count Sum Average Variance
0.2 2 80638 40319 15523592
0.6 2 150716 75358 9.05E+08
0.9 2 275451 137725.5 1.06E+10
FA 3 162239 54079.67 1.2E+08
NaOH 3 344566 114855.3 7.72E+09
Anova:
Source of
Variation SS df MS F P-value F crit
Rows 9.74E+09 2 487E+09 1.637995 0.379076 19
Columns 5.54E+09 1 5.54E+09 1.8641 0.305439 18.51282
Error 5.94E+09 2 2.97E+09
Total 2.12E+10 5

From the ANOVA, p > a in both rows and columns which shows that there is no statistical significant difference in chemicals and concentrations.
Therefore, the null hypothesis is accepted in both rows and columns.

TSS
2 hrs
FA NaOH
20% 71925 81475
60% 5767.5 6105
90% 5122 6052.5
ANOVA
SUMMARY Count Sum Average Variance
0.2 2 15340 7670 456012.5
0.6 2 118725 5936.25 56953.13
0.9 2 111745 5587.25 432915.1
FA 3 18082 6027.333 1122378
NaOH 3 20305 6768.333 1427265
ANOVA
Source of Variation SS df MS F P-value F crit
Rows 4977025 2 2488513 40.70878 0.023976 19
Columns 823621.5 1 8236215 13.47336 0.066862 18.51282
Error 122259.3 2 61129.63
Total 5922906 5

From the ANOVA, the p < a on the rows which shows that there is statistical significant difference in the concentrations.

P > a on the columns which

shows that there is no statistically significant difference in the chemicals. Therefore, the null hypothesis is rejected and the alternative hypothesis
accepted for the rows. And the null hypothesis is accepted for the columns.
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TS

2 hrs
FA NaOH
20% 50297.5 45680
60% 59855 102680
90% 70167.5 216510

Anova:
SUMMARY Count Sum Average Variance
0.2 2 95977.5 47988.75 10660653
0.6 2 162535 81267.5 9.17E+08
0.9 2 286677.5 143338.8 1.07E+10
FA 3 180320 60106.67 98751727
NaOH 3 364870 121623.3 7.56E+09
ANOVA
Source of Variation SS df MS F P-value F crit
Rows 9.37E+09 2 4.68E+09 1.571999 0.388803 19
Columns 5.68E+09 1 5.68E+09 1.905084 0.301539 18.51282
Error 5.96E+09 2 2.98E+09
Total 2.1E+10 5

From the ANOVA, p > a in both rows and columns which shows that there is no statistical significant difference in chemicals and concentrations.
Therefore, the null hypothesis is accepted in both rows and columns.



