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CATALYZED ORGANOSOLV PULPING OF SUNFLOWER (HELIANTHUS ANNUS) STEMS

BY LOWER ALIPHATIC ORGANIC ACIDS
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Sunflower (Helianthus annus) stems were subjected to organosolv delignification with acetic, formic and propionic acids.
It was found that, among lower aliphatic organic acids, only acetic acid sufficiently delignified this raw material. The
kinetics of delignification process was also studied and it was established that optimum acetosolv delignification was
achieved with 95% acetic acid. and 0.25% hydrochloric acid as catalyst in 90 min of fractionation time. Further data on
measurement and classification of fiber dimensions of this raw material showed the absence of long fibres and abundance of

short fibres in the pulp.
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Introduction

Kraft and Neutral Sulfite Semi Chemical (NSSC) processes are
most commonly used worldwide in the pulp and paper indus-
try over the years. However. environmental and economic limi-
tations, associated with these processes are stimulating a
search for alternatives (Goyal et a/ 1992). Organosolv pulping
processes have the advantage that these conduct
delignification with minimum degradation of cellulose and
holocellulose with extraction of lignin in most valuable form
(Pannir Selvam er al 1993).

Agricultural residues and biomass have a great promise as a
raw material for pulp and paper industry. In Pakistan, forest
resources are 00 meagre as per international standards. In
this scenario of extreme scarcity of wood. potential
agroresidues and biomass should be explored as possible al-
ternative pulping raw materials.

The common sunflower (Helianthus annus), is a member of
the family Compositae. It is a native of the great plains region
of the U.S. Itis an annual herb with rough hairy stem 0.9144 to
4.572mm high. broad coarsely toothed rough leaves 76.2 to
304.8mm long and heads of flowers 76.2 to 152 . 4mm wide in
wild specimens. It is also cultivated in Russia, different parts
of Europe, Egypt and the Subcontinent. The seeds of the
plant are normally used for extraction of oil and leaves are
used as animal fodder. Pakistan imports huge quantity of sun-
flower and other vegetable oils for meeting its domestic re-
quirements. Recently under a nationwide campaign. sunflower
hasbeen grown over a wide area. Local environmental condi-
tions have been found to be quite conductive for its growth.
The stem of the plant is a mere waste after use of its seeds in
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oil extraction. Saveleva (1971) carried out studies on the kinet-
ics of biodegradation of sunflower hulls. Further Jimenez (1991)
studied the viability of sunflower stems for pulp and paper by
their alkaline pulping. No work is yet known to authors on
organosolv pulping of sunflower stems.

Svstematic studies on establishing appropriate pulping con-
ditions for organosolv pulping of sunflower steins with lower
aliphatic organic acids like acetic. formic and propionic were
made. These acids were initially selected for this study due to
the fact, that with them, pulping can be conducted at a lower
temperature and atmospheric pressure. Suitable pulping con-
ditions for each acid like percentage concentration, percent
catalyst and solid-liquor ratio would be selected in the light of
certain characteristics like percent yield, Kappa no. and Klason
lignin of the resultant pulp products.

Materials and Methods

Sunflower stems for this study were obtained through the
courtesy of the University of Agriculture, Tando Jam (Sindh).
The stems were thoroughly washed with a stream of water to
get rid off the dirt and foreign material and dried in an oven at
105-110 C° to constant weight. The dried sample was disinte-
grated in a Warner blender to particle size of 0.315-1.0 mm and
stored in a dessicator. This sample was then analyzed for its
alcohol-benzene extractives (ASTM 1983). Klason lignin. ash
and a-cellulose contents. This analysis was carried out on
the basis of initial dry weight of the raw material.

The fractionation treatments of washed. disintegrated and clas-
sified sunflower stems were carried out in 250 ml pyrex R.B.
flask provided with a reflux condenser and placed inside a
heating mantle. These delignification treatments were being
conducted at 118.101 & 141°C for acetic. formic and propionic
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acids respectively. Ground and classified sample (10 g) was
used in each set of experiment. for respective acid. water and
catalyst (hydrochloric acid). in varying proportions, as per
working conditions. in that particular experiment. All these
experiments were carried out for a period of 180 min estab-
lished after a series of experiments. Three sets of experiments
were performed for each of the three acids under study. for
selection of optimum conditions for delignification of percent
respective acid, percent catalyst and solid-liquor ratio. All the
three variables of acid. catalyst concentration (%ww'), and
solid-liquor ratio were the same viz. 85.90.95 percent. 0.20.0.25.
0.30 percent and 1:10. 1:12.5. 1:15 in case of acetic and propi-
onic acids respectively. However. variables of acid and cata-
lyst concentration in formic acid were 70, 75, 80 percent and
0.15.0.20 and 0.25 percent.

The kinetics of these fractionation treatments, performed
for delignification of sunflower stems, were carried out by a
series of experiments for different time periods varying from
15 to 210 min. The resultant delignified products were then
analyzed and evaluated for their % vield, Klason lignin and
Kappa no. (Vazquez et al 1992). All the fractionated products
were also evaluated for their percent residual lignin (PRL),
remaining in the products after delignification treatment
(Parajoef al 1993).

Results and Discussion

The proximate chemical composition of sunflower stems has
been presented in Table 1. It shows that c-cellulose in this
particular raw material is around 50%, whereas Klason lignin
which is rather an undesired material is not too high (15%).
Moreover. ash and extractives contents are also on the lower
side. All these observations signify the fact that, sunflower
stems seems to be a worth investigating raw material. The
three experimental variables. whose effects on certain charac-
teristics of delignified products have been studied are per-
centage concentration of the acid. percent catalyst (HC1) and
solid-liquor ratio. Table 2 shows the effect of percentage varia-
tion of acetic acid used in fractionation of sunflower stems on
the eventual yield. Klason & residual lignins and Kappa nos.
of different fractionated products (Erismann ef a/ 1994). Ex-
periments were carried out under three acetic acid concentra-
tions (85%, 90% & 95% ww') using 0.25%HC1 at 118 °C for
180 min under reflux condenser. A review of Table 2 shows
that. a comparatively better delignified product having Klason
and residual lignins of 4.7 and 17.3% respectively was ob-
tained by fractionation with 90% acetic acid. Still a better frac-
tionated product having Klason lignin of 3.9% was obtained
by delignification with 95% acid. but at the cost of 5% vield.
Henceforth, the working conditions of fractionation with 90%
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acetic acid was selected as being optimum for sunflower stem
and used in further studies. Moreover. this fractionated prod-
uct had a Kappa no. of 30, which according to certain stan-
dards is bleachable grade pulp (Dong et a/ 1991). Additional
studies were performed to provide further insight on the chemi-
cal fractionation of sunflower stems by variation of catalyst
concentration. using 90% acetic acid solution, as established
in the study described earlier. The minimum catalyst concen-
tration for the most efficient delignification of this raw mate-
rial was established from this study. The concentration of
catalyst was varied in the range of 0.2, 0.25 & 0.3% and the
time utilized in each case was 180 min. A review of Table 3
shows that. optimum delignification to the extent of 4.7% was
achieved at 0.25% catalyst concentration. A lower catalyst
concentration (0.2%). although gave fractionated product in
quite higher vield of 62%, having Klason lignin 5.4%. but its
Kappa no. was slightly higher than that of desired standards.
Moreover, the use of 0.3% catalyst concentration reduced the
yield to around 50% with quite a nominal reduction in its Klason
lignin. This study therefore shows that, variation in catalyst
concentration in case of acetosolv fractionation of sunflower
stems had a pronounced effect on the eventual yield than that
of Klason lignin of the finished products.

The effect of variation of charge ratio on different characteris-
tics of fractionated products was also studied. The data pre-
sented in Table 4 shows that, the product obtained by using
solid-liquor ratio of 1:12.5 had the optimum delignification, as
evident by its Kappa no., whereas a lower ratio of 1:10 totally
failed to delignify this raw material. Iis Klason lignin reduced
only by 4% (11.6%). probaby due to quite insufficient volume
of liquor to react with the raw material. The use of higher ratio
(1:15). seems not to be justified. as its Klason lignin just re-
duced nominally at the expense of yield. Therefore, charge
ratio of 1:12.5 was selected, being optimum, for delignification
of sunflower stems.

As a result of above studies. the base line data for acetosolv
delignification of sunflower stems was established as 90%
acetic acid, 0.2% HC1 as catalyst, and solid-liquor ratio of
1:12.5. The kinetics of delignification under the established

Table 1
Proximate chemical composition of sunflower stems
~ Constituents determined % (W W)

Ash content - 43
Alcohol-benzene extractives 3.15
a-Cellulose 49.83
Klason lignin 1520
Pentosans 23.20
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conditions of this particular raw material was also studied, by
carrying out a series of fractionation treatments for time peri-
ods varying from 15-180 min. The results of these kinetic stud-
ies have been presented in Table 5. It may be seen that rate of
delignification is rather slow in the initial fractionation time of
60 min. Thereafter. the rate is enhanced and delignification
reaction reaches at an optimum level in fractionation time of
90 min. Afterwards. delignification proceeds at a very slow
rate. This behaviour has further been highlighted in Fig 1
which shows gradual reduction of the percentage residual
lignin (PRL), remaining in the delignified products against dif-
ferent periods of fractionation. It is quite clear that a sharp
slope. as observed in Fig 1 is obtained in the first 90 min of
fractionation time. Afterwards. this decrease in PRL is less
pronounced.

Different characteristics like Klason and resdual lignins and
Kappa no. with yield of various delignified products obtained
in different periods of fractionation, have also been shown in
Table 5 (Ahmed ef a/ 1998). It is quite apparent in Figs 1-2 that
the product eventually obtained in 90 min of fractionation
time has a good vield of above 62% having Klason lignin 6%
and Kappa no. 28, which meets the desired standard (Dong
et al 1991). Henceforth, working conditions for delignification
of sunflower stems, using acetic acid as a medium are 90%
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Fig 1. Dependence of % residual lignin on time.

acid. 0.25% catalyst. solid-liquor ratio 1:12.5 and fractionation
time of 90 min. Further, studies on organosolv delignification
of sunflower stems were also made using formic and propi-
onic acids as medium. Separate set of experiments were de-
signed for the two acids. using 70, 75 and 80% acid. 0.15, 0.20
and 0.25%catalyst, 1:10. 1:12.5 and 1:15 solid-liquor ratio in
case of formic acid (Baeza ef al 1991). In case of propionic

Table 2
Establishment of acetic acid percentage
Solid—i;i_qubr CHBCO_OH HCI  Time Yield  Klason lignin %  Residual lignin%  Kappa o
ratio % Yo (min) % no
01:12.5 85 0.25 180 60.09 7.83 30.79 36.8
01:12.5 90 0.25 180 56.03 473 17.34 30.1
01125 95 0.25 180 50.80 391 13.00 237
Table 3
Establishment of catalyst (HCI) percentage
Solid-Liquor ~ CHCOOH  HCI  Time  Yield Klasonlignin%  Residuallignin%  Kappa
ratio % % (min) % no
01:12.5 9% 0.20 180 62.66 5.4 2231 332
01:125 €N 0.25 180 56.03 473 17.34 30.1
01:12.5 AN 0.30 180 49.92 3.64 11.89 284
Table 4
Establishment of solid liquor-ratio
Solid-Liquor ~ CH,COOH HCl Time Yield  Klason lignin % Residual lignin%  Kappa
___Iﬂi? _ % _ % ) (min) _ % - - - o
01:10.0 90 0.25 180 62.60 11.61 47.27 432
01:12.5 €N 0.25 180 56.03 473 17.34 30.1
01:15.0 9N 0.25 180 5522 459 16.59
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acid, the delignification conditions in respect of concentra-
tion of acid. catalyst and solid-liquor ratio utilized were
85,90,95%0.20,0.25, 0.30%and 1:10 1:12.5, 1:15 respectively
(Ahmed ef a/ 2000). The results of these studies were pre-
sented in Tables 6-11.A review of these Tables shows clearly
that. both of these acids, viz formic and propionic, were found
to be quite incapable to sufficiently delignify this raw
material. Extreme delignification conditions like 80% formic
acid and 0.25% catalyst and 90% propionic acid and 0.30%
catalyst, as given in Tables 7 and 10 show that. delignification
in these two utmost cases reached upto Klason lignin con-
tent, remaining in the fractionated product. of 8.2 and 8.5%
respectively, having Kappa Nos. 33.5 and 36.2. which are not
at all bleachable (Dong er al 1991). Moreover. it may also be
seen in Tables 6-11. that although formic and propionic acids
completely fail to delignify sunflower stems to desired level,
but yield in both these cases is also most adversely affected.

Table 5
Kinetic studies of the established operational condi-

tions of delignification with acetic acid

Time Yield Klason Residual Kappa
(min) % lignin % lignin % no
15 72.77 13.52 64.39 38.9
30 7127 12.09 56.39 373
45 68.22 10.81 48.26 36.1
60 66.22 9.5 41.17 332
90 62.34 6.11 24.93 28.0
120 60.4 5.9i 23.36 274
150 5841 5.69 21.75 25.0
180 56.01 4.73 17.34 227

Acetic acid: 90%; Catalyst (HCI):0.25%: Solid-liquor ratio:1:12.5

Pulp yield (%) —

37

L1

70
€5
60

5%

S0 a . 2
o 2 & & B

10
Klason lignin (%) —>

Fig 2. Relationship between pulp vield and klason lignin.

Percent frequency (%) —>

8
6 F -]
&
Z

—~a o -

02 Y3 06 o8 1o 12 1

Fiber length (mm) (%) —>

Fig 3. Fiber length distribution curve of sunflower stems.

Table 6
Establishment of formic acid percentage
Solid-Liquor H.COOH HCl Time Yield Klason lignin % Residual lignin% Kappa
N % %  (Min) % - no
0L:125 70 0.20 180 60.39 12.58 49.72 48.1
0L:125 75 0.20 180 53.16 10.06 35.00 410
0125 80 020 180 4606 8.50 2562 356
Table 7
Establishment of catalyst (HCI) percentage
Solid-Liquor ~ H.COOH HCI  Time  Yield  Klasonlignin%  Residuallignin% Kappa
% % (min) % no
01:125 80 015 180 4760 9.90 30.84 408
01:12.5 30 0.20 180 46.06 8.50 2562 356
01:12.5 80 0.25 180 459 8.20 2463 335
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indicating an undue attack on cellulosic content of the raw
material.

The length and width of fibres of unbleached acetosolv pulp
of sunflower stems have been shown in Table 12-13 presents
the fibre dimensions of some common agroresidues (Rydholm
1965: Ahmed et al 1998). A review of data in these two tables
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clearly indicates that, although slenderness ratio of the
fibres of sunflower stems is quite low, but average length as
well as width of fibres of this particular raw material, which
are of course recommended factors for any good pulping raw
material (Britt 1970). are comparatively on the lower side (0.550
and 0.0 16 mm respectively). as compared to woods and other

Table 8

Establishment of'solid-liquor ratio

Solid-Liquor ~ H.COOH HCI Time Yield  Klason iignin% Residual lignin% ..‘-_Kappa
ratio Yo Y% (min) Y% no
01:10.0 20 0.20 180 48.25 8.90 28.1 389
01:12.5 80 0.20 180 46.06 8.50 2562 356
- 0L150 &0 02 180 44.05 835 2407 329
Table 9
Establishment of propionic acid percentage
Solid-Liquor C,H,COOH  HCl  Time Yield  Klasonlignin%  Residual lignin%  Kappa
ratio % % (min) Y ~no
01:12.5 85 0.25 180 63.25 10.02 4148 42.1
01:12.5 %0 0.25 180 60.19 997 39.27 410
0L:125 95 025 180 56.62 9.19 34.05 81
Table 10
Establishment of catalyst (HCI) percentage
Solid-Liquor C,H,. COOH HCI Time Yield Klason lignin % Residual lignin%  Kappa
ratio Y% % (min) % no
01:12.5 XD 02 180 694 12.72 ST 556
01:12.5 90 0.25 180 60.19 997 39.27 410
01:12.5 %0 03 180 4038 847 2 362
Table 11
Establishment of solid-liquor ratio
Solid-Liquor ~CH_COOH  HCl  Time  Yield  Klasonlignin% Residuallignin%  Kappa
ratio % % (min) % B no
01:10.0 ] 025 180 672 10.5 46.18 453
01:12.5 €N 0.25 180 60.19 997 39.27 410
01:15.0 A0 0.25 130 58.92 991 3821 409
Table 12
Fibre dimensions of sunflower stems
imlg Fiber Medium fiber Short fiber Relation Diameter o
(L.F) (M.E) (S.E) of 8.F (25-4011) (10-251) (2-1010) Mean Mean  Slender-
(2.0-3.0 mm) (1.0-2.0 mm) (0.1-1.0 mm) to MLF length dia ness
% Mean % Mean %% Mean %% Mean %  Mean %  Mean I) (d) Ratio
Freq  length Freq length Freq length Freq dia(n) Freq dia(u) Freq dia (u) (mm) (mm) ld
(mm) (mm) {(mm)
NIL NIL 1249 1.18 87.51 047 1.0.143  13.15 29.10 77.33 1852 952 970 0016 3437
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Table 13
Fibre dimensions of some common agroresidues

Fiber length (mm) Diameter (1) Slenderncss

Agroresidues — =i e === ratio (1/d)
Max Min Average Max Min Average

Wheat straw 3. 0.7 15 27 7 13 110
Rice Straw 3.5 0.6 L5 14 5 9 170
Bagasse 28 08 17 34 10 20 85
Corn Stalk 29 05 L5 24 14 18 85
Cotton Stalk 27 038 1.03 23 8 13 79
Esparto 1.6 0.5 1.1 14 7 9 120
Kenaf 25 0.8 L5 50 25 295 51
common agroresidues. Statistical analysis of the data on fi- References

bre dimensions, collected during the study, was also carried
out to determine the percentage frequencies and mean length
of the long. medium and short fibres categorized on the basis
of Klemm classification (Casey 1960, 1981). The data pre-
sented in Table 12 further reveals that long fibres are totally
absent in acetosolv pulp of sunflower stems. Morcover. the
percentage frequencies and mean length of medium and short
fibres present in these raw materials have also been shown
and it is quite evident therein, that overall short fibres are
totally dominant as compared to medium. as far as their
percentage frequencies are concerned. and are in the ratio
1:0.143. However, diameters of these fibres are mostly in the
medium class (10-25p). The fibre length data has further been
enlightened by fibre distribution curve (Fig 3). based on per-
centage of length of bires plotted against their respective
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nario of the fibre dimensions of unbleached acetosolv pulp
of sunflower stems that. it is not a superior class of pulp.
with absence of long and abundance of short fibres. This
observation further corresponds with a UNIDO report,
confirming the use of sunflower stems as raw material for
only liner board grades and corrugating medium (UNIDO
Monographs 1979).

Conclusion

It has therefore been concluded from these studies that among
lower aliphatic organic acids. only acetic acid in 95% concen-
tration delignifies sunflower stems. having catalyst (HC1)
concentration and solid-liquor ratio of 0.25% and 1:12.5 re-
spectively. As for fibre dimension, it has been established
that, it is a short length fibrous material having medium width
and low slenderness ratio.
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