CHAPTER 4

Delignification of Bana Grass Using Alkaline and Ozone.

This chapter is regarding method and result of lignin elimination using bana grass. The
methods of elimination are alkaline solution and ozone pretreatment The descriptions

are as follows;

4.1 Materials and methods
411 Materials

Bana Grass used in this study was taken from Hang Chat District, Lampang Province,

Thailand. The farming areas are approximately 1,200 rai (1,920,000 m?. Land altitudes are
280 m. above sea level. This kind of grass is utilized as livestock feed at Thai Elephant
Conservation Center in the number of 500 tons per year. Following TAPPI T 203 om-88,
T 223 om-88 and T 222 om-88, the dry grass contains 60.2% cellulose, 23.8% hemicellulose
and 8.2« lignin.

4.1.2 Sample preparation

Bana grass with the length of 3-4 m and age of 80-90 days was harvested from the land. It
then was sliced into pieces smaller than 1 mm. Next, pieces of grass were washed by
distilled water and immediately dried where air could flow in all directions. After that, the

material was grinded to a particle size smallerthan 1 mm and dried again in the oven at

103°C for hours to achieve moisture content less than 10 wt. To keep the material for

delignification, it was vacuumed and stored in sealed plastic bag in desiccator.
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4.2 Condition for alkali pretreatment

421 NaOH Pretreatment

Prepare NaOH solutions with concentrations of 0.5, 30, 55, 80 and 105 wt«% 20.0 g of

material was immersed in the solutions and incubated at 40, 65 and 90 °C for 1, 2 and 3

hrs. Then, it was washed with distilled water until pH value was neutral and dried at 103
— 105 °C for 10 hrs. The material was characterized to determine its composition. All

contents were expressed on a dry basis throughout this work.

4.2 2 NHz Pretreatment

Prepare NHs solutions with concentrations of 5, 10 and 20 wt.%. 20.0 g of material was
immersed in the solutions and incubated at 40, 65 and 90 °C for 12, 24 and 36 hrs. Then,

it was washed with distilled water until pH value was neutral and dried at 103 — 105 °C

for 10 hrs. The material was characterized to determine its composition.

4.2 3 Ca(OH)y, Pretreatment

Prepare Ca(OH), solutions of 20,60 and 100 wt.«.20.0 g of material wasimmersed in the
solutions and incubated at 40, 65 and 90 °C for 12, 24 and 36 hrs. Then, it was washed
with distilled water until pH value was neutral and dried at 103 — 105 °C for 10 hrs. The

material was characterized to determine its composition.

4.3 Condition for ozone pretreatment

Before delignification with ozone, a selected material was dried at 103 — 105 °C for 4 hrs.
20.0 g of material was mixed with 160 g of distilled water in a reactor. 5 liters per minute
of ozone flowed into the reactor for 10, 20 and 30 mins. The ozone was generated from
ECONOWATT model OZG gas 1000 mg. Then, the materials were washed with distilled
water and dried at 103 — 105 °C for 10 hrs. The material was characterized to determine

its composition.
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Figure 42 ECONOWATT model OZG gas 1000 mg.

4.4 Results and Discussion
441 NaOH and Ozone Pretreatment
4411 Effect of NaOH pretreatment

As described that lignin was removed from the sample by using NaOH solutions which

concentrations and time were varied. Table 41 shows list of composition of each
delignification condition. Since contents of lignin remover and remaining cellulose are

interested in this study, the compositions of matter were divided into cellulose, lignin,

hemicellulose, and others. It was found that the untreated material contains 60.2% of
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cellulose, 8.2+ of lignin, 23.8% of hemicellulose and 7.8+ of others. For pretreated material,

it is found that percentage of cellulose is higher and percentage of lignin is lower than the

untreated one as expected. At the highest concentration of 10.5 wt» NaOH and the highest

time of 3 hrs, it is expected that lignin must be at the lowest since high alkaline

concentration and longtime of reaction will destroy cell wall of the Bana Grass. At this
condition, percentage of lignin at 6.49« is not the lowest, but percentage of cellulose at
69.9% is the highest. The lowest percentage of lignin at 5.2« is found at 5.5 wt. NaOH and
2 hrs treatment. This is because all materials can become solvent with NaOH solution,
some of them are remaining. Also, characterization of the sample was measured and
shown in Table 41 These are percentages of solid remain, cellulose recovery and

percentage of substance remover, that are lignin, hemicellulose and others.

Solid remain is also the key point for selecting a pretreatment method for delignification.
This is because NaOH solution can act as a solvent to any composition of the material.
Lignin is not only removed but cellulose is also eliminated. Even though high percentage
of cellulose is shown after lignification, its quantity may remain so little. As can be seen
in Table 4.1, for example, 69.9% of cellulose is found to be very high for 10.5 wt.» NaOH
and 3 hrs time, but only 45,01« of solid is remained and 52.2¢% of cellulose is recovered.
This means 31.5% of an original cellulose is recovered and 68.5% of an original one is

soluble in NaOH solution.

Figure 4.3-45 presents the composition of the sample after pretreating with alkaline with
concentrations of 0.5, 30, 55, 80 and 10.5 wt for 1, 2 and 3 hr. pretreatment. This figure
differs from Table 4.1 due to showing the percentage which is based on the untreated
material. This is because it is expected to present the percentage of remaining substance
for 1 hr pretreatment, for example, the percentage of cellulose is reduced from 60.2% to
59.9%, 55.3%, 50.8%, 43.6% and 31.6«% while the percentage of lignin decreased from 8.2
to 75, 66, 41, 36 and 3.2% for 05, 30, 55, 8.0 and 105 wt.% NaOH, respectively. The

patterns of reduction also occur for 2 hrs and 3 hrs of the pretreatment. The dramatic
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decrease of each substance and total substances, is found with increasing the

concentration of NaOH solution. This is due to NaOH solution destroys the cell-wall of

the glass so not only lignin is eliminated but cellulose is also removed from the matter.

Considering the effect of pretreatment time of NaOH solution as shown in Figure 4.6,
only NaOH solution concentration of 5.5 is presented in the figure. For example, it can

be seen that each substance isdramatically decreased for 1 hr pretreatmentbut it is slightly

reduced for 2 hrs and 3 hrs of the pretreatment. This is due to when the substance is solvent

in the solution, it also reduces the concentration of the alkaline.

Looking at the effect of NaOH solution pretreatment by varying either concentration or

time as shown in Figure 4.3-45 and 4.6, it is necessary to find the optimum pretreatment

condition for using with the alkaline high removal of lignin is expected, but high content

of cellulose remains in the intermediate for ethanol production.

In order to select the optimum condition for NaOH solution pretreatment of Bana grass,

high level of lignin removal and cellulose recovery are considered. Figure 4.7 shows
weight percent of remaining cellulose and lignin removal based on an untreated material.
Increasing of pretreatment time makes a slight decrease in both lignin and cellulose. At
55 wt% NaOH, for example, cellulose of 84.3, 83.1 and 80.3 is recovery and lignin of
504, 515 and 526 is removed. Even though increasing pretreatment time cannot affect

the lignin removal and cellulose recovery, increasing alkali concentration affects both of

them. Cellulose and lignin are dramatically reduced as described before. Again, high

removal of lignin is expected, but high content of cellulose remains in the intermediate

for ethanol production. Considering Figure 4.7, it is found that lignin remover decreased
dramatically from about 19-27+ for 3.0 wt% NaOH to 50-52¢ for 5.5 wt. NaOH, while
remaining cellulose decreased slightly from 91-90 for 3.0 wt.% NaOH to 84-80% for 5.5
wt.o NaOH. Pretreatment with 55 wt% NaOH should be the optimum concentration for

Bana grass.
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The other criteria for considering the optimum condition for alkaline pretreatment is the
ratio of cellulose and lignin since it presents high content of cellulose and low content of

lignin. This also means that high percentage of lignin is removed, but cellulose is still the
same or slightly less as before pretreatment or remaining maximum cellulose. Figure 4.8

presents the ratio of cellulose and lignin for NaOH solution pretreatment using in this

study. Pretreatment with 0.5 wty% NaOH shows the lowest ratio of around 8, while
pretreatment with 10.5 wt. NaOH presents the medium ratio of around 10. The maximum
ratio of cellulose is about 12 for 5.5 wte pretreatment It is found that high content of
lignin still be in the material if low concentration of 0.5is used. Using high concentration
of 105, not only lignin is highly removed, but cellulose is also eliminated. Using
pretreatment with 5.5 wt.o shows fair amount of lignin removal around 50« and about 80
of cellulose is remaining. It is concluded that the optimum condition for alkali
pretreatment of Bana grass is 2 hours and 5.5 wt» NaOH. The ratio of cellulose and lignin

is 12.58 that is approximately 1.7 folds of untreated material.

Table 4.1 Characterization of untreated and pretreated materials with NaOH solutions

pretreatment
Composition wt.«, based on dry matter after
pretreatment) Remover @)
NaOH Time Hemi- Solid Cellulose Hemi-

solution o) | minute) | Cellulose cellulose Lignin | Other | remaining ceo | recovery (o cellulose | Lignin | Other

00 0 60.2 238 82 78
60 617 239 78 6.7 96.5 989 32 87 174
05 120 61.9 240 78 6.3 96.0 98.8 33 88 225
180 620 240 78 6.2 96.0 989 32 88 238
60 624 238 75 6.2 885 918 113 192 296
30 120 632 241 75 52 870 913 119 204 420
180 634 240 70 56 855 90.1 139 272 385
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Table 4.1 (continued)

Figure 4.3 Remaining composition in NaOH solution with 1 hr pretreatment.

Untreated 0.5

NaOH solution (wt.%) with 1 hr pretreatment
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Composition wt., based on dry matter after
pretreatment) Remover )
NaOH Time Hemi- Solid Cellulose Hemi-
solution o | (minute Cellulose cellulose Lignin | Other | remaining e | recovery e cellulose | Lignin | Other
60 64.9 252 52 47 782 843 172 504 533
55 120 65.4 255 52 38 764 831 181 515 62.3
180 65.9 26.1 53 27 734 80.3 195 526 746
60 65.1 240 55 55 67.1 725 324 553 528
80 120 65.9 242 54 45 66.0 723 328 56.7 62.0
180 66.9 248 54 30 640 711 334 | 580 | 755
60 67.2 213 6.7 48 470 525 580 615 711
105 120 68.5 217 65 33 46.0 523 581 635 80.6
180 69.9 210 65 27 450 522 60.3 64.3 84.7
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Figure 4.4 Remaining composition in NaOH solution with 2 hrs pretreatment.
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Figure 4.5 Remaining composition in NaOH solution with 3 hrs pretreatment.
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Figure 4.6 Effect of pretreatment time of NaOH solution.
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Figure 4.7 shows weight percent of remaining cellulose and lignin removal based on

untreated material.
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Figure 4.8 presents the ratio of cellulose and lignin for NaOH solution pretreatment.

4412 Effect of Ozone pretreatment

Table 42 lists the composition of untreated material and ozone
pretreatment of 10, 20 and 30 mins. Cellulose increases from 60.2% to 60.3% and lignin
decreases from 8.2 to 8.1% for 30 mins pretreatment. Thus, pretreatment with ozone

cannot eliminate both cellulose and lignin.
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Table 4.2 Major compositions of untreated and pretreated materials

with ozonolysis process

Time of ozone flow (miny Composition wt., based on dry matter)

Cellulose Hemicellulose Lignin Other
0 60.2 238 8.2 78
10 60.2 238 8.2 78
20 60.2 238 8.2 78
30 60.3 237 81 78

4413 Improvement of lignin removal with NaOH solution and ozone

pretreatments.

Ozone pretreatment is further used with the material with NaOH solution pretreatment.

This is because it is expected that NaOH destroys the cell wall of Bana grass, 0zone can

pass through the cell and remove lignin from the NaOH pretreated one. Then, the material
with the optimum NaOH solution pretreatment with 2 hrs and 5.5 wt» NaOH is selected.

In this condition the ratio of cellulose to lignin is 12.6 as described above.

Table 4.3 presents the compositions of the NaOH solution pretreatment material after
ozone pretreatment. As shown in the table, content of cellulose increases and that of lignin
decreases. Cellulose rises from 65.4%to 75.9% and lignin decreases from 5.2¢to 0.8% for 30
mins ozone. However, the percentage of lignin and cellulose which based on dry matter

does not present the optimum one, since the solidity of matter is also eliminated. For 30

mins ozone, solidity is reduced from 764+ to 62.6%.
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Table 4.3 Characterization of NaOH solution pretreated materials with ozonolysis

process.
Composition
Time of ozone
(Wt.%, based on dry matter) Remover ()
flow
. Hemi- Solid Celllulose Hemi-
(minute)

Cellulose | cellulose | Lignin | Other | remaining e | recovery e | cellulose | Lignin | Other

0 65.4 255 52 38 76.4 831 181 515 62.3
10 69.8 232 42 28 709 822 30.8 63.6 746
20 74.8 214 15 23 655 814 411 88.0 80.7
30 75.9 208 08 24 62.6 789 453 938 80.5

Fig 4.9 shows the composition of NaOH solution pretreatment matter with ozone. It can
be seen that all compositions decrease slightly. The total composition is reduced from
76.4% of an ozone-untreated matter to 70.92, 65.5% and 626« for 10, 20 and 30 mins,
respectively. At 30 minutes treatment, it is found that remaining ozone is the less one with
remaining only 0.5%, while cellulose is 47.5%. This condition may be the optimum one for

the combination of ozone and NaOH solution pretreatment for intermediate cellulosic

material.

Fig 4.10 compares the ratio of cellulose and lignin of material between ozone pretreatment
of untreated and NaOH solution pretreatment. It is found that without alkaline, the ratio
remains the same, but with alkaline first and then ozone, the ratio rises sharply from 12.6
to 16.6, 46.0 for 10 and 20 mins ozone and at the highest at 93.8 for 30 mins ozone. This is

because ozone pretreatment should be the method for further pretreatment with other one

that destroy cell wall so that ozone can pass though the cell wall easier.
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Fig 4.9 shows the composition of NaOH solution pretreatment matter with ozone.

100.00

| O Untreated material | 0

90.00
80.00
70.00
60.00 -
50.00 gt
40.00
30.00

Ratio of cellulose and lignin

20.00
10.00

0.00

Ozone pretreatment time (min)

Fig 4.10 compares the ratio of cellulose to lignin of material with ozone pretreatment

of untreated and NaOH solution pretreatment.

54




442 NH;3 solution and Ozone Pretreatment

4421 Effect of NH3 solution pretreatment

As described that lignin was removed from the sample by using NH3 solutions which
concentrations and time were varied. Table 44 shows list of composition of each

delignification condition. Since contents of lignin remover and cellulose remaining

cellulose are interested in this study, the compositions of matter were divided into

cellulose, lignin, hemicellulose, and others. It was found that the untreated material
contains 60.2% of cellulose, 8.2« of lignin, 23.8% of hemicellulose and 7.8 of others. For

pretreated material, it is found that percentage of cellulose is higher and percentage of

lignin is lower than the untreated one as expected. At the highest concentration of 20 wt.%

NHs solution and the highest time of 36 hrs, it is expected that lignin must be the lowest
since high NHs solution concentration and longtime of reaction will destroy cell wall of

the bana grass. At this condition, percentage of lignin at 5.4+ is the lowest and percentage

of cellulose at 64.7+ is the highest.

Solid remain is also the keypoint for selecting a pretreatment method for delignification.
This is because NHs solution can act as a solvent to any composition of the material.
Lignin is not only removed but cellulose is also eliminated too. Eventhough high
percentage of cellulose is shown after lignification, its quantity may remain so little. As
can be seen in Table 4.4, for example, 64.7+ of cellulose is found to be very high for 20.0
wt.% NHz solution and 36 hrs, but only 81.8 « of solid is remained and 87 9« of cellulose
is recovered. This means 52.9% of an original cellulose is recovered and 47.1% of an

original one is soluble in NHs solution.

Fig 4.11-4.13 presents the composition of the sample after pretreating with NH3 solution
with concentrations of 5.0, 10.0 and 20.0 wt for 12, 24 and 36 hrs pretreatment. This
figure differs from Table 4.4 due to showing the percentage which is based on the

untreated material. This is because it is expected to present the percentage of remaining
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substance for 12 hrs pretreatment, for example, the percentage of cellulose is reduced

from 60.2% to 59.8%, 57.3% and 53.4% while the percentage of lignin decreased from 5.2%
to 7.6%, 6.2% and 45% for 5.0, 100 and 20.0 wtx NHs, respectively. The patterns of
reduction are also occur for 24 hrs and 36 hrs of the pretreatment. The dramatic decrease
of each substance and total substance, is found with increasing the concentration of alkali.
This is because alkaline destroys the cell-wall of the glass so not only lignin is eliminated

but cellulose is also removed from the matter.

Considering the effect of pretreat time of NHz solution as shown in Figure 4.14 only NHs
concentration of 50% is presented in the figure. For example, it can be seen that each

substance is dramatically decreased for 12 hrs pretreatment but it is slightly reduced for

24 hrs and 36 hrs of the pretreatment.

Looking at the effect of NH3z solution pretreatment by varying either concentration or time
as shown in Fig 411413 and 4.14, it is necessary to find the optimum pretreatment

condition for using with the alkaline. High removal of lignin is expected, but high content

of cellulose remains in the intermediate for ethanol production.

In order to select the optimum condition for NH3 solution pretreatment of Bana grass,
high level of lignin removal and cellulose recovery are considered. Figure 4.15 shows

weight percent of remaining cellulose and lignin removal based on an untreated material.
Increasing of pretreatment time makes a slightly decrease in both lignin and cellulose. At
5.0 wt NHgs, for example, cellulose of 99.3, 99.4 and 994 is recovery and lignin of 7.0,
9.6 and 10.9 is removed. Eventhough increasing pretreatment time cannot effect the lignin
removal and cellulose recovery, increasing alkali concentration affects both of them.
Cellulose and lignin are dramatically reduced as described before. Again, high removal

of lignin is expected, but high content of cellulose remains in the intermediate for ethanol

production. Considering Figure 415, it is found that lignin remover decreased
dramatically decreased from about 7 to 11 for 5.0 wtxNHz3 to 44 — 46¢ for 20.0 wt.o NHa,

while remaining cellulose decreased slightly from 99« for 5.0 wtx NH3 to 88+ for 20 wt.%
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NHa. Pretreatment with 20.0 wt% NH3 should be the optimum concentration for Bana

grass.

The other criteria for considering the optimum condition for alkali pretreatment is the
ratio of cellulose and lignin since it presents high content of cellulose and low content of

lignin. This also means that high percentage of lignin is removed, but cellulose is still the
same or slightly less as before pretreatment or remaining maximum cellulose. Figure 4.16
presents the ratio of cellulose and lignin for NHz solution pretreatment using in this study.
Pretreatment with 5.0 wt% NHs solution shows the lowest ratio of around 8, while
pretreatment with 20.0 wte NHs solution presents the high ratio of around 12. To selected
the condition for NHz solution pretreatment of bana grass is 36 hrs and 20.0 wt.» NHs. The

ratio of cellulose and lignin is 12.1 that is approximately 1.6 folds of untreated material.

57



Table 44 Characterization of untreated and pretreated materials with NH3 solutions
pretreatment

Composition (wt., based on dry

matter after pretreatment)

Remover ()

NHs Hemi. Solid Cellulose | ami.
solution | Time remaining | recovery
(0 (| Cellulose | cellulose | Lignin | other %) 0 cellulose | Lignin | Other
00 0 60.2 238 82 78

12 615 228 78 79 973 993 6.9 70 15
50 24 617 227 76 79 96.9 994 77 96 13
36 618 226 75 80 96.7 994 80 109 12
12 631 215 638 85 908 952 180 249 04
100 24 633 214 66 86 898 945 190 271 08
36 634 213 6.6 8.7 886 933 208 288 07
12 64.6 205 55 94 827 887 286 446 06
200 24 64.7 205 54 94 823 884 291 457 07
36 64.7 204 54 95 818 879 300 464 00
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Figure 411 Remaining composition in NHz solution with 12 hrs pretreated material.
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Figure 4.12 Remaining composition in NHz solution with 24 hrs pretreated material.
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Figure 4.13 Remaining composition in NHs solution with 36 hrs. pretreated material.
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Figure 4.14 Effect of pretreatment time of NH3 solution.
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Figure 4.15 shows weight percent of cellulose remaining and lignin removal based on an

untreated material.
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Figure 4.16 presents the ratio of cellulose to lignin for NHz solution pretreatment.
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4422 Improvement of lignin removal with NH3z solution and ozone

pretreatments.

Table 4.5 presents the compositions of the NHz solution pretreatment material after ozone
pretreatment. As shown in the table, content of cellulose increases and that of lignin
decreases. Cellulose rises from 64.7+ to 84.2% and lignin decreases from 5.4 to 1.0% for
30 mins ozone. However, the percentage of lignin and cellulose which based on dry matter
does not present the optimum one, since the solidity of matter is also eliminated. For 30

mins ozone, solidity is reduced from 81.8% to 57 9.

Table 45 Characterization of NH3 solution pretreated materials with ozonolysis process

Composition (wt., based on dry matter) Remover )

Time of ozone flow

. Hemi- Solid Celllulose Hemi-
(min)

Cellulose | cellulose | Lignin | Other | remaining <) | recovery ¢ | cellulose | Lignin | Other

0 64.7 204 54 95 818 87.9 30.0 46.4 0.0
10 68.7 192 44 77 762 87.0 36.6 594 244
20 793 163 1.6 2.8 64.6 85.1 558 87.6 76.8
30 842 123 1.0 26 579 810 70.0 938 805

Fig 4.17 shows the composition of NHz solution pretreatment matter with ozone. It can be
seen that all compositions decrease slightly. The total composition is reduced from 81.8%

of an ozone-untreated matter to 76.2, 64.6 and 57.9% for 10, 20 and 30 mins, respectively.

Fig 4.18 compares the ratio of cellulose and lignin of material between ozone pretreatment
of untreated and NHz solution pretreatment. It is found that without alkaline, the ratio
remains the same, but with alkaline first and then ozone, the ratio rises sharply from 12.0

to 15.8, 48.9 for 10 and 20 mins ozone and at the highest at 96.6 for 30 mins ozone. This is

62



because ozone pretreatment should be the method for further pretreatment with other one

that destroy cell wall so that ozone can pass though the cell wall easier.
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Figure 4.17 shows the composition of NHsz solution pretreatment matter with ozone.
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Figure 418 compare the ratio of cellulose to lignin of material with ozone pretreatment

of untreated and NHs solution pretreatment.
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443 CaOH)y, solution and Ozone Pretreatment

4431 Effect of Ca(OH). solution pretreatment

As described that lignin was removed from the sample by using CaOH), solutions which
concentrations and time were varied. Table 46 shows list of composition of each
delignification condition. Since contents of lignin remover and remaining cellulose are

interested in this study, the compositions of matter were divided into cellulose, lignin,

hemicellulose, and others. It was found that the untreated material contains 60.2% of
cellulose, 8.2+ of lignin, 23.8% of hemicellulose and 7.8+ of others. For pretreated material,

it is found that percentage of cellulose is higher and percentage of lignin is lower than the

untreated one as expected. At the highest concentration of 100 wt.% Ca(OH), solution and

the highest time of 36 hrs, it is expected that lignin must be at the lowest since high

CaOH), solution concentration and longtime of reaction will destroy cell wall of the Bana
grass. At this condition, percentage of lignin at 7.0% is the lowest and percent of cellulose

at 63.3% is the highest.

Solid remain is also the key point for selecting a pretreatment method for delignification.
This is because CaOH), solution can act as a solvent to any composition of the material.
Lignin is not only removed but cellulose is also eliminated too. Eventhough high
percentage of cellulose is shown after lignification, its quantity may remain so little. As
can be seen in Table 4.6, for example, 63.3% of cellulose is found to be very high for 100
wt.% Ca(OH), solution and 36 hrs time, but only 87.4 « of solid is remained and 91 9% of
cellulose is recovered. This means 55.2« of an original cellulose is recovered and 44.7v of

an original one is soluble in Ca(OH), solution.

Figure 4.19-4.21 presents the composition of the sample after pretreating with Ca(OH),
solution with concentrations of 20.0, 60.0 and 100 wt. for 12, 24 and 36 hrs pretreatment.
This figure differs from Table 4.6 due to showing the percentage which is based on the

untreated material. This is because it is expected to present the percentage of remaining
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substance for 12 hour pretreatment, for example, the percentage of cellulose is reduced

from 60.2% to 59.7%, 57.9% and 55.3% while the percentage of lignin decreased from 8.2«
to 7.7%, 7.0% and 6.2% for 20.0, 60.0 and 100 wt.% Ca(OH)y, respectively. The patterns of
reduction are also occur for 24 hrs and 36 hrs of the pretreatment. The dramatic decrease

of each substance and total substances, is found with increasing the concentration of

alkali. This is due to alkaline destroys the cell-wall of the glass so not only lignin is

eliminated but cellulose is also removed from the matter.

Considering the effect of pretreatment time of alkaline as shown in Figure 4.22, only
Ca(OH), concentration of 20.0% is presented in the figure. For example, it can be seen that

each substance is dramatically decreased for 12 hrs pretreatment but it is slightly reduced

for 24 hrs and 36 hrs of the pretreatment. Looking at the effect of Ca(OH), solution
pretreatment by varying either concentration or time as shown in Figure 4.29-421 and
422, itis necessary to find the optimum pretreatment condition for using with the alkaline.

High removal of lignin is expected, but high content of cellulose remains in the

intermediate for ethanol production.

In order to select the optimum condition for Ca(OH), solution pretreatment of bana grass,
high level of lignin removal and cellulose recovery are considered. Figure 4.23 shows
weight percent of remaining cellulose and lignin removal based on an untreated material.
Increasing of pretreatment time makes a slightly decrease in both lignin and cellulose. At
20.0 wt.% CaOHy, solution, for example, cellulose of 99.2, 99.0 and 989 is recovery and
lignin of 54, 6.0 and 7.1 is removed. Eventhough increasing pretreatment time cannot

affect the lignin removal and cellulose recovery, increasing alkaline concentration affects

both if them. Cellulose and lignin are dramatically reduced as described before. Again,

high removal of lignin is expected, but high content of cellulose remains in the

intermediate for ethanol production. Considering Figure 4.23, it is found that lignin
decreased dramatically from about 5 to 7« for 20.0 to 24« for 100 wt.» CaOH)2, while

cellulose decreased slightly from 99« for 20.0 to 92 for 100 wt% CaOH). solution .
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Pretreatment with 100 wt.« CaOH), solution should be the optimum concentration for

Bana grass.

The other criteria for considering the optimum condition for alkaline pretreatment is the
ratio of cellulose to lignin since it presents high content of cellulose and low content of

lignin. This also means that high percentage of lignin is removed, but cellulose is still the
same or slightly less as before pretreatment or remaining maximum cellulose. Figure 4.24
presents the ratio of cellulose and lignin for Ca(OH). solution pretreatment using in this
study. Pretreatment with 20.0 wt CaOH). solution shows the lowest ratio of around 8,
while pretreatment with 100 wt.» Ca(OH). solution presents the high ratio of around 9. To
selected the condition for Ca(OH). solution pretreatment of bana grass is 36 hrs and 100
wt.% CaOH), solution. The ratio of cellulose and lignin is 8.9 that is approximately 1.1

folds of untreated material.
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Table 46 Characterization of untreated and pretreated materials with Ca(OH). solution
pretreatment

Composition wt., based on dry matter

after pretreatment)

Remover ()

Ca©Hy, Hemi- Solid Hemi-
solution Time remaining Cellulose
%) n Cellulose | cellulose | Lignin | other %) recovery o | cellulose | Lignin | Other
0.0 0 60.2 238 82 78
12 60.8 235 79 78 98.2 99.2 29 54 19
200 24 60.8 235 79 78 98.0 99.0 33 6.0 20
36 61.0 233 78 78 975 989 44 71 22
12 62.0 223 75 82 934 96.2 126 145 14
60.0 24 62.0 222 74 83 928 95.6 136 157 09
36 62.3 219 75 84 919 95.0 155 16.3 15
12 62.9 212 71 838 87.9 919 218 242 06
100 24 631 211 71 838 87.9 920 222 242 08
36 63.3 20.8 70 89 874 919 235 249 07
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Figure 419 Remaining composition in Ca(OH) solution with 12 hrs pretreated material.
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Figure 4.20 Remaining composition in CaOH), solution with 24 hr pretreated material.
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Figure 4.21 Remaining composition in CaOH)z solution with 36 hrs. pretreated material.
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Figure 4.22 Effect of pretreatment time of Ca(OH). solution.
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Figure 4.24 presents the ratio of cellulose to lignin for Ca(OH), solution pretreatment.
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4.4 3.2 Improvement of lignin removal with CaOH); solution and ozone

pretreatments.

Table 4.7 presents the compositions of the Ca(OH), solution pretreatment material after
ozone pretreatment. As shown in the table, content of cellulose increases and that of lignin
decreases. Cellulose rose from 632+ to 63.6% and lignin decreases from 7.0+ to 7.0% for
30 mins ozone. However, the percentage of lignin and cellulose which based on dry matter
does not present the optimum one, since the solidity of matter is also eliminated. For 30

mins ozone, solidity is reduced from 87 5% to 84 9.

Table 4.7 Characterization of Ca(OH), solution pretreated materials with
ozonolysis process

Composition (wt., based on dry matter) Remover ()
Time of Solid
ozone flow Hemi- Celllulose Hemi-
(min) remaining

Cellulose | cellulose | Lignin Other %) recovery (s cellulose Lignin Other
0 632 211 70 86 875 919 222 249 33
10 63.3 211 7.0 85 87.0 915 229 257 47
20 63.5 21.0 7.0 85 86.0 90.8 239 26.6 6.6
30 63.6 210 7.0 84 849 89.8 251 276 87

Figure 4.25 shows the composition of CaOH), pretreatment matter with ozone. It can be
seen that all composition decrease slightly. Figure 4.26 compares the ratio of cellulose to
lignin of material between ozone pretreatment of untreated and Ca(OH), pretreatment. It
is found that without alkaline and CaOH), pretreated the ratio remains the same because

Ca(OH), pretreated can not reduce lignin for the material.
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Fig 4.25 shows the composition of Ca(OH). solution pretreatment matter with ozone.
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Fig 4.26 compare the ratio of cellulose to lignin of material with ozone pretreatment of

untreated and Ca(OH), solution pretreatment
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45 Inhibitor examination

Inhibitors which occur during ozone pretreatment process are Acetaldehyde and Total

phenolic. These inhibitors are toxic to yeast which is used in ethanol and sugar reducing
production. Hence, it should be tested after ozone pretreatment. The inhibitorsexamination
of this research are HS-GC-FID and Spectrophotometer. HS-GC-FID is the method for
Acetaldehyde analysis. Spectrophotometer is the method for Total phenolic analysis. The
result is shown as table 4.8 and 4.9. The result shows that acetaldehyde is not detected,
while total phenolic quantity from NaOH with ozone, NH3 with ozone and Ca(OH); with

ozone are 25.35+0.79, 9.83+0.03 and 3.06+0.03 respectively.

Table 4.8 Result of Acetaldehyde analysis.

No. Pretreat Result , mg/l
1 NaOH + O3 Not Detected
2 NHs+ O3 Not Detected
3 CaOH),+ 03 Not Detected

Table 49 Result of Total phenolic analysis.

No. Pretreat Result , mg/l
1 NaOH + O3 25.35+0.79
2 NH;+ O3 9.83 +0.03
3 CaOH),+ 03 3.06 £0.03
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4.6 Mass flow diagram of ozonolysis

This topic illustrates mass flow diagram of ozonolysis which is the final step in

delignification. This mass flow diagram is show the sample of reacted ozone calculation

of bana grass which is pretreated with NaOH. The descriptions are as follows;

46.1 To calculate the amount of ozone generated from ECONOWATT machine
model OZG that determines the flow of O2 in 5 per minute in 10, 20 and 30 minutes. The

amount of ozone is analyzed by lodometric method for the determination of ozone in a

process gas. (nternatiomal ozone association, Quality Assurance Committee, Revised

Standardized Procedure 001/96) as shown in Appendix D

4.6.2 Revise the experiment in 4.4.1.2 Effect of Ozone pretreatmentand measure the

remaining amount of Ozone from the reactivity (repeat this step 3 times)

4.6.3 Calculate the reacted ozone which react with bana grass by equation

Generated ozone — Remained ozone = Reacted ozone

The result is shown in table 6.1

464 The data of table 410 which is performed in 6.1.3 are shown as mass flow

diagram of ozonolysis at 10,20 and 30 min. by fig 4.28, 429 and 4.30
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Fig 4.27 The ozonolysis treatment and ozone analysis apparatus.

Table 410 Mass flow data ozonolysis

Time of ozone flow

Generated ozone

Remained ozone

Reacted ozone

(minute) (mg. (Mg,
10 160 127 33
20 330 232 98
30 490 382 108

Generated Ozone 160 mg>

Reacted Ozone
33 mg.

Remained Ozone 127 mg>

Fig 4.28 Mass flow diagram ozonolysis of 10 min.

Generated Ozone 330 mg>

Reacted Ozone
98 mg.

Remained Ozone 232 mg>

Fig 4.29 Mass flow diagram ozonolysis of 20 min.
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Generated Ozone 490 mg> Reacted Ozone Remained Ozone 382 mg>
108 mg.

Fig 4.30 Mass flow diagram ozonolysis of 30 min.

From the result of ozonolysis, it is found that at 10 min of ozonolysis, there are 33 mg. of
reacted ozone. At 20 min of ozonolysis, the amount of reacted ozone increases
dramatically to 98 mg. Finally, at 30 min of ozonolysis, the amount of reacted ozone

increases slightly t0108 mg.

4.7 Conclusion

Lignin can be removed from Bana Grass by using alkaline solution pretreatment, and
alkaline solution with ozone pretreatment. The alkaline solution are NaOH, NHs and

CaOH), .The result found that NaOH solution can eliminate the lignin of material more
than NHz and Ca(OH), . But, Ca(OH), has the worst efficiency for lignin elimination. The
best condition of lignin elimination is 5.5% wt. of NaOH, 2 hr of pretreatment which is
consider at ratio of cellulose to lignin. Ozone pretreatment only cannot eliminate lignin.

But ozone can use to pretreat with alkaline solution to increase the efficiency of lignin

elimination. The result of inhibitor examination found that it is not detect for
Acetaldehyde inhibitor of NaOH with O3z, NHs with O3 and Ca(OH), with Os pretreated.

But Total phenolic detected all of pretreatment condition.
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