





TABLE VIII

CONCENTRATION OF 4.60 PPM, (12.05 ).\G./L.)
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ADSORPTION EFFICIENCIES AND ADSORPTIVITY OF WOOD FOR AN INFLUENT SO

2

Mci:lsture content of wood, Y 4 0 11 20 50 Sautrated
Welght of wood used, 8. 6.40 6.71 7.16 6.93 6.89
Water added on wood, | al. 0  0.74 1.44 3.47 13.8
Time to reach the saturation ain. 9 30 80 93 125

; of 802 on wood,

Removed conc. | ppm. | 1.75 3.33 3.88 3.96 4.15
- a Removed effic, | Z 38.0 72.4 84.5 86.2 90.3
: t zero Quantity of SO, : :

}5 time removed 2, P8 5.75 '11.0 24.8 26.0 27.2

A .| Wood adsorptivity; 1g/8. 0.90 1.64 3.46 3.75 3.94

‘ s<+2 Removed conc. ] ppm. 0.1 2.10 3.69 3.96 4.15
. Removed effic. | % 2.0 45.6 80.2 86.2 90.3
remov- 3 SO. cumulated on |
. minutes “2 ° 7Y | pg. 13.85 90 142.6 159.75 163.3
edv,?by Gumulated wood 0/g | 2,17 13.42 20.21 28.5  23.64
wood P Y o
Removed conc. | ppm. 0 1.19 3.33 3.96 3.95
Removed effic. | % . 0 25.8 72.4 86.2 83.6
“ 10 S0, cumulated onm : :
inutes wood i pg. 15.26 139.8 261 338 343.1
" |Cumulated wood |
“adsorptivicy N8/&: 2.38 20.82 36.47 48.78 49.76
. } .
Total SO, retained on wood, | pg. 15.26 215.8 548.3 1168.1 1446.2
Total wood adsorptivity, . Tl.g/g. 2.38 32.2 76.7 168.56 209.56
Total volme of air sampled, liters | 22.5 750 200 232.5 312.5
Total quantity of SO, passed
" ehrough adsorben? bed pge | 301,25 1205 2410 2800 3770
Overall adsorption efficiency, | % 5.7 18.9 22.8 41.7 40.9

."
!
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41.7; and 40.9% for dry wood, 11%Z, 20Z, 50Z and saturated wood respectively.
It i; very clear that the adsorptvity of SO2 on wood increased with increasing
mois%ure content in wood.,

ES. For an influent SO2 concentration of 1.12 ppm., the SO2 retained in

‘ woodiranged from 29.37 ug. of 802‘1n the dry wood to 203.93 pg. in 11%
wood% to 299.9 pg. in 20%; 1364.7 pg. in 50%; and to 2090.5 pg. in the
moiséure saturated wood. For an influent SO2 concentration of 1.83 ppm.,
the #02 adsorbed in wood ranged from 7.734.ug. for tEe dry wood to 65.26
ug. éor 11% wood; to 167.24 ug. for 20%Z; to 143.23 yug. for 50%Z; to 745.15
Mg, éor the saturated wood. For én influent concentration of 4‘60 Ppm.,

SO2 édsorbed in wood were 15.26 ug. for the dry wood; 215.8 ug. for 11%;

548.51 ug. for 20%; 1168.13 ug. for 50%; and 1446.2 ug. for the saturated

wood# The influence of moisture content on the adsorption of sulfur dioxide
~on v;od at the different influent SO2 concentrations in shown in Fig. 28.

E6. The proportionaliéy constants "K" and "n" in the Freundlich equation
obcajned by substituting the experimental data into the equation are presented
in Téble IX. TFor an influeng 802 concentration of 1;12 PpPR., the values of

K" increased from 1.1 for the dry wood to 235.0 for the moiéture saturated
woodi However, the constant "n" decreased from'1;58 to 0.373. For an
inflqent concentration of 1.83 ppm., the constant "K" increased from 0.13
to 14.0 while the values of "n" decreased from 1.47 to 0.82. And for an
infldent concentration of 4.60 ppm., the cOnsta;t "K" increased from 0.1
for d&y wood to 33.0 for the saturated wood while the constant "n" decreased
fromi?.IS down to_0.777. Referring to the above data, the Freundlich adsorption
1soth%rms are plotted for‘the sulfur dioxide on three different influent SO

2

conce%trations in log-log papers as shown 1ﬂ Fig. 29 to 31.
b : ‘ ‘
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TABLE IX

LIST OF THE VALUES OF THE CONSTANTS "K" AND '"n" IN FREUNDLICH

EQUATION FOR THE ADSORPTION OF SULFUR DIOXIDE ON

DOUGLAS FIR WOODCHIPS

" |percent of :
moisture on .’Influent SO.2 concentration, ppm.
. od
1.12 1.83 4.60
1 K - n K | n K | n
0 1.1 | 1.38 | 0.13!1.47 0.10 | 1.13
11 14.5 | 0.64 1.6 |1.12 0.76 | 1.55
20 34.2 ’0.184 6.3 !1.0 15.5 | 0.654 |
. ‘
-] 160.0 ' 0.388 | 9.0 : 0.82 59.0  0.514
. 1 l
200 235.0 | 0.373 | 14.0 : 1.3. 33.0  0.777
(Saturated) | ‘ - i
| ,

i
. . .
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CHAPTER VI

DISCUSSION

1. The results of the experiment show that Douglas fir woodchips do have
the ability to adsorb sulfur dioxide. However, the adsorptivity, which has
been considered to be low on dry wood, iq proport}onal to the moisture
'content of wood. The higher the moisture conteﬁt in wood, the greater the
adéorptivity of SO2 and alsd the longer the time required to reach saturation. .
This is obviously shown in the figures from Fig. 9 to Fig. 2;1 For instance,
at an influent concentration of SO, of 1.12 ppm., the dry wood adsorptivity

2

was 4.69 g. SOé per g. wood, while it increased to 43.97 on the woodchips

with 20% moisture and to 348.0 on woodchips which were saturatéd. The time
;eeded to reach the saturaéion of 802 on wood was 45 minutes for the dry yood,
up to 240 minutes for the wood with 20% of moisture and 1,080 minutes for the
wood with saturated moisture.

2. In the process of adsorption, gas flowrate through the adsorption bed
has an important effect on the adsofption efficiencies. The adsorptivity
was greatly reduced by increasing the flowrate of the passing gases to the
point where adsorbate had inadequate contact with adsorbent. If the time

of retention and adsorption efficiencies are compared with the same moisture
content at two different floYrates,,it is found that the retention time of
the lower flowrate is longer than that of the higher flowrate and the
adsorption efficiencies of the low-rate are also higher than that of high-

rate. For example, comparisqons of an influent SO2 concentration of 1.12 ppm:

. (1 liter per minute of floéiaté) and 1,83 ppm. (2.5 liter per minute of flow-

<
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rape) in Tables VI and VII, we find that it took 45 minutes for the flowrate
of 1 1liter/min. to reach the end point on d:y wood, but at the same conditioms,
it took only 8 minutes for the flowrate of 2.5 liter/min. to do so. The
adsorption efficiencies for the flowrate of 1 liter/min. were also higher
than those of flowrate of 2.5 liter/min. -

3.: The quantity of sulfur dioxide adsorbed at different conditions of

wood moisture is shown on Figure 28. The adsorption of'802 op different
moisture content of wood can be predicted from these values. For instance,

if the influent concentration of 802 of 1.12 ppm. is employed it can be
predicted from Fig. 28 that about 6 grams of woodchips with 100% of moisture
coﬁfent will retain approximately 1,630 micrograms of 802.
4. The temperature and humidity in the laboratory, adjusted by the air
conditioner, were kept constant. After five measurements at different times,
it was foqnd that the dry-bulb temperature in the laboratory was 26°C -
(78.8°F) and the wet-bulb temperature was 19°C (66.2°F). According to
humidity chart, the relatiye humidity is 50% and the absolute humidity

48 0,011 1b. water per 1lb. dry air when the dry-buld temperature is 26°C

and the wet-~bulb temperature is 19°C. In other words, the air in the laboratory
was drier thaﬁ.the saturated air at the same temperature. The effluent
temperature of the adsorber 4lso measured about 26°C, i.e., the effluent

gas was partia;ly saturated by carrying over some moisture from the wood.
Assuming the relative humidiiy (R. H.) of the effluent gas was raised to 80%,
the water requirements for the influent gas are then 0.0169 - 0.011 = 0.0058

1b. Hzo per 1lb. dry air. If 100 liters of sampled a;r are pumped through

the adsorber, assuming that the air is at 1 atm. and 26°C, the quantities

-of air can, according to the idea gas law, be estimated as follows:

W = PVW/RT = (29 x 1 x 100)/(0:082 x-299.2) = 118.2 g.
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and thus the water carried over by air = 118.2 x 0.0058 = 0.686g per 100
liter of dry air. This means that the moisture in khe woodchips was substan-
tially reduced by the éarrier gas. Of course, the quantities of moisture
lost in the carrier gas are determined by the flowrate of the gas. A low
flowrate of gas was applied, it did not cause great difference between the
relative humidity of tye effluent gas and that of the influent gas. The
reason is that the higher flowrate will produce larger forces on the adsorbent
from which more mo;sture will be removed.
5. The total quantities of sulfur dioxide adsorbe& on wood were increased
with a reduction of. the flowrate of sampled air. As shown in Fig. 28,
the total SOz~retained on the wood having 1 liter/min. as the flowrate and

«1.12 ppm. SOZ_Foncentration is greater than the other two hiéher concentrations.
with higher flowrates. For example, when the quantities of SO2 retained on
wood were compared, it was found that there were 2090.5 ug. of SO2 retained
on the wood with‘saturated moisture conteﬂt for the influent SO2 concentration
of 1.12 pPpPm. with'a flowrate of 1 liter/min. H;wever, there were 745.15
ug. and 1446.2 ug. of SO2 retained on the wood at the same conditions for

'_ the two higher concentrations wiﬁh higher flowrates. Three reasons are
proposed to explain this phenomena: First, the adsorbent cannét be kept in.
good condition tb retain adsorbate when the larger forces of carrier gas are

- applied to it. Second, the adsorptivity and absorptivity of wood (with moisture)
is greatly‘affected by the moisture in wood, being gradually carried over by
drier carriér gas. Third, the sulfur dioxide originally dissolved in the

© . water and retained in the wood pores was re-eﬁtfained back to the carrier
gas as the ﬁoistutenwas gradually transferre& from the wood to the carrier

gas at the final stage of the experiment.

\
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6. The difference betyeen the maximum 1nf1uent_802 concentration used

in this experiment, 4.60 ppm. (11.6 mg/M;), and that of most industrial
plants is very large.” There is no doubt, however, that the higher the
concentration of:'SO2 in the flue gas, the more sulfur dioxide would be
removed by wood and moisture.

7. 1t was found by taking samples wifhout the adsorbent in the system that’
no sulfur dioxide was adsorbed by the adsorber or by any adsorption equipment.
In other words, there was no 802 lost in the adsorption system caused by the
tubings and the materials of the adsorber. ‘

8. By substituting the observed results in the Freundlich equation, it

wvas found that most of the data fit the equation. The straight lines in
Fig. 29 to 31 show that the Freundlieh equation can be used to describe

the adsorption of sul fur dioxide on wood. As presented in Table IX and
Section 6 of Chapter V, the values of the constant "K" in the

Freundlich equation, Eq. [3], increase with increasing moisture content in
wood. On the éontrérft the slope "n" decreased with an increase in the
moisture content in wood. Algo, it was found that the values of "K" of

the dry wood samples 1.1, 0.13 and 0.10, were all much lower than those of
vood containing moisture. The adsorptivity of sulfur dioxide between dry ’
and wet wood was greatly different. This situation was, however, reduced
when more water was added to the wood as shown in Fig. 29, etc. Therefore,
we cdn predict that the'adsorptivity of sulfur dioxide on wood has a limit no
. matter how much moisture it contains, because it changes into the absorption
of sulfur dioxide in wate; and the absorptivity is increased when the wood
retains the extra moisture. By means of thelFreundlich equation, it is

possible to closely calculate the adsorptiop phenomena of the sulfur dioxide
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‘6

on wood at various moisture contents.

9. The accuracy of Eﬁ. {71 has‘bgen confirmed by substituting and checking
most of the data from Appendix Table 1 to 15. The cénstant k in Eq. [8]
cdn, therefofe, easily be obéained if the values of Ca and Cb are measured
and evaluated. For example, Cb= 1.12 ppm., V= 1 liter/min., MB- 6.25 g.,
when t= 18 minutes, Ca= 0.91 ppm., substituting intp Eq. [8], we have
0.91 = 1.12 (1 - exp(-kx1x18/6.25))
k= 0,52 '
-Therefore, when t = 5 min., the theoretical value of Ca should be
c, = 1.12 (1 - exp(-0.592x1x5/6.25)) = 0.43 ppm. "
This is compared to the experimental result of 0.59 ppm. By the same
method of calculation, when t = 40°mini, C, is obtained to be 1.09 PPO., .
which is compared to the experimental value of 1.07 ppm.
Another example, Cg = 1.83 ppm., V= 2,5 liter/min., M.s = 6.15 g.,
when t = 3 min., C, = 1.72 ppm., constant k is determined to be 2.3.
By the same format of calculation mentioned above, when t = 7 min., we
have cé = 1.828 ppm. compared to the experimental result of 1.825 ppm.
Also, when t = 1, the c; is calculated to be 1.12 ppm. compared to the
experimental result of 1.30 ppm.
The third example, Cb - 4.66 ppo., k is determined to be 3.0 when
V= 2.5 liter/min., M.s = 6.40 g., and t = 3 min., Ca = 4,47 ppm. We
theh obtain Ca = 4.59 ppm (when.t = 7)compared to the experimental value
. of 4.56 ppm and Ca = 3.18.ppm. (when t = 1) compared to the experimental
value of_3.96 Ppm. |
Moreover, the adsorp}:iv.ity and the. retention time of wood on the

adsorption of sulfur dioxide to any concentration of sulfur dioxide may,

according to the same equation de%eloped, be estimated.

. : o
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CHAPTER VII
SUMMARY AND CONCLUSION

1. Summary
1.1 The study of the adsorption of sulfur dioxide on Douglas fir wood-

chips has shown that the wood can be used as an adsorbent to selectively

. remove sulfur dioxide from a dilute gaseous air-SO2 stream. The mois-

t

ture content in wood played an important part in the adsorption of SOZ'

The adsorption efficiehc;es were very satisfactory for moistened wood

.especially for saturated wood. The Freundlich equation can be used to

describe the adsorption of sulfur dioxide on woodchips. Other equa-

tions were developed.tq predict the amount of sulfur dioxide accumulated
in wood, to predict the time needed to reach saturation of sulfur dioxide
on wood, and to predict the effluent concentrations from the adsorbent

bed.

of 1.12 ppm. ( 2.94 ug. SO

1.2 At an influent concentration of SO per

2 2
liter) and with a flowrate of 1 liter/minute, dry Douglas fir woodchips

~ were found to have -an adsorptivity of 4.69 ug. of SO2 per gram of wood;

11 percent mois;ure of ﬁoodchips increased the adsorptivity to 29.13;

20 percent to 43.97; 50 percent to 205.8; and saturated woodchips to 348.0.‘
The time of ;he experimenf taken to reach saturation of sulfur dioxide on
wood was AS minutes for dry wood. It was increased to 210 minutes for 11
percent moisture; to 240 minutes for 20 percent; to 720 minutes for 50
percent; and to 1,080 minutes for the saturated wood. . ‘
1.3 At an influent c;ncentration of SOonf 1.83 ppm. (4.79 ug. SO2 per

liter) and with a flowzate of 2.5 liter/ﬁinuta, dry wood was found to
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give an adsorptivity of 1.26 ug. SO2 per gram of woo@, which increased
'to 9.56 for 11 percent moisture; 18.35 for 20 percent; 21.35 for 50
percent; and.106.38 for saturated wood. The time needed to reach satura=
tion was 8 minutes for the dry wood. Eleven percent moisture increased .
it to 16 minutes; 20 percent to 18 minutes; 50 percent to 35 minutes;
“and saturated was 306 minutes.

1.4 At an influent concentration of 802 of 4.60 ppm. (12.05 ug. 802 per
liter) and with a flowrate of 2.5 liter /min, dry wood was found to have

an adsorptivity of 2.38 ug. SO2 per gram of wood; 11 percent moisture
increased the adéorptivity to 32.2; 20 percent to 76.7; 50 percent to
168.56; and'saturaCed to 209.56. The time required to reach saturation
was 9 minutes for the dry w;od, and then i&creased to 30 minutes for the
wood with 11 percent of moisture; to 80 minutes for 20 percent; 93 minutes

for 50 percent; and 125 minutes for saturated wood.

2. Conclusion

Wood can adsorb sulfur dioxide at léast at high concentrations. This
has already been shown in som; sources which mentioned that the sulfur
dioxide in a ;éluti;n of 2 to 10 percent of SO2 can be adsofbed either by
sprucewood or :hemlock chips. For lower ranges of sulfur dioxide concen-
trations, this study has shown that Douglas fir woodchips can be used as
. the adsorbent to remove traces of sulfur dioxide from a gas stream regard-
less of its low adsorptivity on dry wood.

The adsorptivity of the sulfur dioxide on wood is closely related to
the moigture content of wood and is reduced with an increase in the flow-
rate of the carrier gases. More research is needed to determine an optimhm

gas flowratq through an adsorber to obtain a maximum adsorption equilibrium.

. >
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Extensive emission of sulfur dioxide is a problem in many industries.
It was found in this study that traces of sulfur dioxide in the air can
be adsorbed on wood especially on those with sufficient moisture. The
efficiencies of sulfur dioxide re;oval by ﬁoistened wood reached 100
percent during the first minute in some experiments. The Pacific Northwest
is one of the maiﬁ lumﬁér producing areas in the United States and a
great amount of wéste woodchips and sawdust are produced from the lumber
industry. ' Using woodchips to treat the residual sulfur dioxide in the
waste gases of the plants may not only solve the problem of air pollution
but the problem of some solid waste disposal.

[

Sulfur dioxide retained in wood may present further research topics

of how to treat the woodchips which contain SO,, how to utilize and/or

2!
recover the chips and how to apply to the industrial production. 1In
- "spite of the problems of treatment of the woodchips, this report may

at least bring about an idea to some of the industries such as sulfite

pulp industry for providing a means of control of sulfur dioxide pollution

and the recovery of raw material. It also reveals that some other pollutahts,

for instance, ﬁydrogen sulfide, carbon monoxide, ammonia, nitrogen oxides,
‘0

etc. may be considered as the adsorbate and using wood for further

adsorptibn studies.
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APPENDIX I

SOLUBILITY OF SULFUR DIOXIDE IN WATER

Weight of SO2 Partial pressure of SOZ’ mm. Hg.
per 100 we. o o.' 0 o 0 o o 0
~ of water 0C 7¢C 10C 15C 20C 30C 40¢cC 50cC
20 646 657
15 . 474 637 726 . A
10 308 417 474 567 698
7.5 228 307 349 419 517 688
5.0 148 198 226 270 336 452 665
245 69 92 105 127 161 216 - 322 458
1.5 38 S1 59 71 92 125 186 266
1.0 23.3 31 37 44 59 79 121 172
0.7 15.2 20.6 23.6 28.0 39.0 52 87 116
o5 9.9 13.5 15.6 19.3 26.0 36 57 82
3 5.1 6,9 7.9 10.0 14.1 19.7
o2 2,8 3.7 4.6 5.7 8.5 11.8 ... 31.0
.15 1.9 2.6 3.1 3.8 5.8 8.1 12.9 20.0
.10 1.2 1.5 1.75 2.2 3.2 4.7 7.5 12.0
.05 0.6 0.7 0.75 0.8 1.2 1.7 2.8 4.7
.02 25 43 .3 .3 0.5 0.6 0.8 1.3
10 2

o
l -
N

[« -}
1
—t

/7°C

~
¥

10°0

SNEN

Weight of soi per 100 weight of water

6 12
//// //// '15°C
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APPENDIX II ' F

ESTIMATION OF ADSORBEk DIAMETER

o
°:

Campbeli, et. al."(7) developed an equation for the diameter of

required adsorbent bed as shown in equation (9) of the text:

D = [25(Wp) (T (Re) (V1%

where D = required adsorbent bed diameter, ft.
Wg- gas flowrate, million cu. ft. per day (MMCFD)
Tf- Temperature in adsorber, °r

Pf- Pressure in adsorber, psia

Vg- linear gas velocity, ft./min.
‘.Assume that the gas flowrate through the adsorbent bed is 1 liter/min.,

‘then W, = 1 liter/min. = 0.0353 cu. ft./min. = 50.8 £t3/day

"= 50.8 x 10~° MMcFD

Diameter of adsorber used is, D = i.7 cm. = 0.0558 ft.

Cross-sectional area of adsorber, A = (0.0558)217/4 = 2,47 x 10'-3 ft.2

3

Gas linear velocity, v8 = 0.0353/2.47 x 10~ = 14.3 ft./min.

Tg =26 °c = 78.8 °F = 538.8 °R; P, = 14.7 psia

b3
Thus the diameter of required adsorbend is

D =[25 (50.8x1075)(538.8)/14.7) (14.3)]% = 5.68x1072 £¢.
= 1.73 ca.
The diameter of adsqrbef used, according to the calculation, is just mar-
‘ginal for having 1 liter/min. of gas flow through the adsorbent bed. 1If
the maximum linear velocity of the gas remained unchanged at 14.3
ft./min;, and the flowrate increases to 2.5 liter/min. while other con-
~ ditions remaining at constant, the required adsorber ditameter will then be

D = (2.5/1)*2 1073 - 2073 cm.
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APPENDIX III

DETERMINATION OF SULFUR DIOXIDE BY
WEST AND GAEKE METHOD

1. Principle:

Sulfur dioxide reacts with tetrachloromercurate to form the dichlo-
rosulfitomercurate ion, which reacts with acid-bleached para-rosaniline
- and formaldehyde to produce a red purple color:. A spectrophotometer,
which sets the exact wavelength, is used to distinquish the samples from
the different concentration of sulfur dioxide. |
2. 7 Preparation of required reagents:

2.1 Absorbing reagent: 0.1 M. sodium tetrachloromercurate
. Dissolve 27.2 g. (0.1 mole) of mercuric chloride and 11.7 g. (0.2
mole of sodium chloride in 1 liter of distilled water.
2.2 Para-rosanilinq'hydrochloride (0.04%), acid bleached
2.2.1 Dissolve 0.2 g. of para-rosaniline hydrochloride in 100 ml. of
distilled water and filter it after 48 hours.
2.2.2 Pipette 20 ml. ofrthe filtered solution i;to 100-ml volumetric
flask and add 6 ml. of concentrated HCl acid.
2.2.3 Allow the mixture to stan& for 5 minutes, then dilute to mark
with distilled water. Thig solution is a pale yellow in calor with a
greenish tint. It can be stored for about 2 weeks if refrigerated.
2.3 Formaldehyde, 0.2%
Dilute 5 ml. of 40% of formaldehyd; to 1 liter with distilled water.
2.4 Standard sulfite solution, 3.0 ul.!‘SO2 ;er ml. of solution.
Disgolve 59.7 mg. df'sodfum metabisulfite (assay 67% as 802) in 100

ml. of distilled water. This yields a solution of 0.40 mg SO2 per ml.
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3.7.3 Add 1.0 ml. of acid-bleached para~-rosaniline solution and 1.0 ml.
of the 0.2% formaldehyde solution to each tube and mix.

3.7.4 Allow 20 minutes for maximum color development and use the blank

as the reference to read the absorbance of each samples at 560 mu.

3.7.5 Plot the absorbance (optical density) as the abscissa against the

ul. of SO2 per 10 ml, of absorbing solution on rectangular coordinate

paper (Appendix Figure lf. Compute the slope of the straight line.
4. Calculation of the SO2 concentration:
4.1 Convert the volume of air sampled to the volume at standard con-

ditions of 25 °C and 760 mm Hg. The equation is

Vs = Vx (P - Pm) x (298.2) / (760) x (t-273.2) [14]
where | V; = volume of air in liters at standard conditions

V = volume of air in liters as measured by the meter

e/
|

barometic pressure in millimeter of mercury

P
m

suction at meter in millimeter of mercury

t = temperature of sample air in °*K-

Generally, the corréction for pressure is very émall and may be overlooked.
4.2 Compute the mi;roliters (ul.) of SO2 in the sample by mulciﬁlying,

the absorbance by the slope of the calibration curve.

4.3  The concentration of sample can be calculated by

ol ppm. of SO2 by volume = ul, SO2 / v, [15]

i

.«




' ml. standard ul. SO, per
et - sulfite solution 10 ml. solution  Absorbance
NI 0 o
S - 1.0 : 3.0
| 1.5 b

ul. SO, per 10 ml, solution, (x 3)
N
°
I ]

\

0 . 0,2  Ouly 0.6 0.8 1.0 ° 1.2 1.5

Absorbance

Appendix Fig. 1,. balibratibn curve in the analysis of 302 by West and Gaeke Method

18
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Appendix Table 1. Calculation of cumnulative amount of SO, on
dry wood for an influent 802 concentrazion
. of 1.12 ppm,
‘o

Dry wood used = 6.25 g.

Gas flowrate through the adsorber = 1 liter/min,

4]

Time Sampling Effl. 50, adsorbed * Quantity of 50, - Wood
t time Vol. SO on wood p /P on wood Adsorptivity
coné. , @t, cCum, Q@t,

win, min, 1. ppm. ppm. pg/l, Hge T .pg.sozlg.wood

0 1 1 0.38 0,74 1.94 0.340 1,9 1.94 0.31

3 -3 3 0,47 0,65 1.70 0.410 5,10 7.04 1,13

5 3 3 0.59 0,53 1,49 . 0.527 4,47 11.57 1.84

9 3 3 0.61 0,51 1.3 0,545 4,02 15,53 2.48
12 3 3 0.68 0.44 1,15 0,607 3.45 18,98 3.19
15 3 3 0.32 0,30 0.79 0,731 2,37 21.35 3.42
.18 3 3 0.91 0.21 0,55 0.812 1,65 23,00 3.68
21 3 3 0.95 0,17 0.45 0,848 1.35 24,35 3.89
24 3 3 0.97 0.15 0.39 0.866 1,17 25,52 4,08
27 3 3. 1.00 0,12 0,31 0.895 0.93 26.45 4,24
30 3 3 1,02 0.10 0.26 0,911 0.78 27.23 4,35
- 35 S S 1,046 0,08 0,21 0.930 1.05 28.28 4,53
40 5 5 .1007 . 0.05 0.13 '0.956 0.65 28.93 4.63
45 4 . 4 1.08 0.04 0.11 - 0.965 0.44 29,37 4,69

aS
J
Y,




Calculation of cumulative amount of SO, on wood
with 11% H,0 for an influent SO2 concen%ration

of 1.12 ppm.

Appendix Table 2.

. ©
Dry wood used = 7.0 g
Water added = 0,77 ml.
Gas flowrate through the adsorber = 1 liter/min.

Effl, Quantity of SO,

0.08

)

Samp- S0,, adsorbed
Time ling Vol. S0 2 4 p*/P on wood Wood
+ time conc. on  woo @ t, Cum., @ t, Adsorptivity
min. min. 1. ppme. ppm. ng/l. ne. PE. pg-SOZ/ g.wood
o .17 1 0 1.12 0.9% 0 2,94 2,94 0.42
3 6 6 0.029 1,091 2.86 0,026 17,20  20.1L 2,88
10 5 5 0,032 1,088 2,85 0,035 14,20 34,3k h.92
15 5 5 0,066 1,054 2,77 0,059 13.35  L8.19 6489
20 5 5 0,20 0.92 2,41 0.179 12,1 60,29 » 8.61
25 5 5 0,34 0.78 2,04 0,302 10,2 70,L9 10,06 -
30 5 S 0.3 0,77 2.01 0,312 10.0 80.L9 10.50
35 -5 5 0.1 0,71 1.85 0,355 9.3 89.79 12,82
Lo 5 5 0.3 0.69 1.81 0.383 9.1 98.89 .12 .
50 10 10 oOo.ui 0.68 1,78 0.392 17.8 115,69 16.58
60 10 10 0.59 0.53 1.39 0.526 13,9  130.59 19.L45
70 10 10 0.62 0,50 1.31 0.553 13.1  1h3.69 20.58
80 10 10 0.68 o.uk 1,15 0,607 11.5 155,19 = 22,17 -
9 10 10 0.76 0.36 0.9 0,680 9.4  164.59 23,45
100 10 10 0.95 0.17 Ok 0,850 L.u  168.99 24,18
110 10 10 0,78 0.34 0.839 0,700 8.9  177.89 25.31
120 10 10 0.85 0,27 0,71 0,760 7.1 18L4.99 26,112
ko 10 . 10 0.98 0.1y 0.37 0.875 3.7 192,59  27.58
160 20 20 1,04 0,08 0.21 0,928 L.2 196.79 28,05
180 20 20 1.05 0,07 0.18 0.937 3.6  200.39 28,65
190 10 10 1,08 o0.04 0,11 0,963 1.1  201.L9 28.7h
200 20 .20 0.03 0.97Lh 1.hh  203.93 29.13

o
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Appendix Table 3. balculation of cumulative amount of S0, on wood
|
‘ with 11%!120 for an influent SO, concentration
of 1,12 ppm.
|

Dry wood used = 6,81 g.
Wateradded = 1037 ml.
Gas flowrate through the adsorber = 1 liter/min.

- Effl, S0, adsorbed _+# Quantity of SO

Time Ying . Vol, 0, 2 ! p /P on  wood ,2 Yood

t  time con§, On Wood @ t, Cum. @ t, Adsorptivity
min, min. 1., ppm. ©ppms pg/l. . 1g. ng. PE-SOZ/G-WOOd ‘

0 , 0 '

10 0

20 0

35 0 .

‘45 50 50 0 1.2 2.9, 0 7.0  1kh7.0 21.57

60 15 15 o0.11 1,00 2.64 0,098 39.6 186.L 27.28

75 15 15 0,53 0.59 1.55< C,h7 23.2  209.8 30,61

9 15 15 0,78 0,34 0.89 0,70 13.3 223.1 32,73

100 10 10 0,65 047 1.23 0.58 12,3 .23%.0 3hekS

135 15 15 0,87 0.25 0.66 0,78 9.9  2L5.3 35.97
125 20 20 0,73 0,39 1,02 0,65 20.L 265.7 38,92
150 15 15 0.88 0,24 0,63  0.78 945 275.2 L0.38
160 15 15 0,95 0,17 O.uh 0.85 .. 6.6 281.8 L1.25
180 20 - 20 0,97 0,15 0,39 0,86 8 289.6 42,38
200 20 20 1,014 0.106 0,28 © 6 295.2 L43.35
220 20 20 1,053 0,067. 0,18 0.9 6 298.8 h3.72
200 10 . 10 1.08 0,04 0.1 © 1 299.9 43.97

o
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" Appendix Table L. Calculation of cumulative amount of 50, on wood
with 50% H,0.for ‘an influent SOé;conca)of'l.lz.ppm.
Dry wood used = 6.6k g.
Water added = 3,32 ml.,

Gas flowrate through the adsorber = 1 l./min,

~ Time Sampling Effluent SO, adsorbed * ‘ Quantity of S0, Wood
'~ t,  time Volume S0,-conc. on wood p/P on wood  Adsorptivity
- - @t, Cum.@t,
min, min, liter  ppm. ppn. jug/l, : AZ.  PE.  Mg.SO05/g.wood
0 . : 0 . |
30 0 g .
&0 " .75 0 1,12 2,94 0 210 210,0 31.6
%0 30 - 30 0.03 1,09 2,86 0.027 85.7 295.7 L4
120 30 30 0.03 1.09 2.86 0.027 85.7 38l..4 57.4
150 30 30 - 0.04 1.08 2,82 0,036 8L.5 L65.9 70.1
180 30 .30 0.06 1.06 2,78 0.054 83.4 5L9.3 82.7
210 - 30 30 0.04 1.08 2.82 0.036 84,5 632.8 95.2
230 20 20 0.97 1,05 2.75 0.063 55.0 687.8 . 103.4°
260 L0 L0 0.09 1,03 2,70 0.080 108.0 795.8 120,0
300 30 30 0.14 0.98 2,56 0.125 76.8 872.6 131.4
330 30 30 0.18 0.94, 2.46 0,160 73.8 9L6.4 142.5
360 - 30 30 - 0.25 0.87 2.28 0.22 68.4 1014.8 152.9
390 30 30 0.29 0.83 2,17 0.26 65.0 1079.8 -~ 162.5
4,20 30 30 . 0,38 0.74 1.94 0.34 58,0 1137.8 = 171.3
L50 30 30 0.47 0.65 1.70 0.42 51.0 1188.8 179.0
480 30 30 0.61 0.51 1,34 0.55 40.2 1229.0 185.0
510 30 30 0.65 0.47 1.23 0.58 36,9 1265.9 190.5
. 570 . 30 30 0.84 0.28 0.73 . 0.75 . 21,9 1314.5 197.4
\ 600 30 30 0.93 0.19 0.50 0.83 15,0 1329.5 199.9
i 630 30 30 0.96 0.16 0.42 0.86 . 12,6 1342.1 202.0
660 35 - 35 0.98 014 0,37 0.88 13.0 1355.1 204.0
7m w w 1003 . 0.2‘0 0092 906 136‘007 205.8

3

2.0
(A
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Appendix Table 5. . Calculation of cumulative amount of SO, on wood with -
- saturated Hy0 for influent S0, conc, of1.12 ppm.
Dry wood used = 6.0 g. ¢
Water added = 11,50 ml.,

Gas flowrate 'ohr'ough the adsorber = 1 1,/min,

Time Sampling Effluent SO, adsorbed Quantity of S0,  Wood
t, time Volume SO, conc. on wood p/P on wood Adsorptivity
et, Cum. &t,
min. min, 'uter ppm, Ppm. pg/lo B B Pg.SOz/g.WOOd
0 -0 o ) ‘
60 80 80 0 1l.12 2,94 0 236.2 36,2 39.33
9% 20 20 0.02 1,10 2,88 0.018 57.5 293.7 18,87
120 30 30 0.02 1,10 2,88  0.018 86.4 380.1 63.42
150 30 - 30 0.03 1.09 2,86 0.027 85.6 L65.7 75459
180 30 30 0.03 1.09 2,86 0.027 85.6 551.3 91.83

210 30 30 0,04 1.08 2,82 0.036 8L.6 63549 106.43
210 30 30 0.05 1,07 2.80 0.045 8L,0 719.9 119.74
270 30 30 0.04 1.08 2,82 ' 0,036 8L.6 80L.5 133.96
- 300 30 30 0.07 1.05 2.7 0.063 82,5 887.0 147,59
360 30 30 0.03 1.09 2.86 0.027 85,6 1056.0 176.28

420 30 30 0.14 0.98. 2.56 .0.125 71.9 1210.4 201.84
450 . 30 30 0.17 0.95 2,49 0.152 74,7 1285.1 214,37
480 . 30 30 0.18 0.9L 2,46 0.160 73.9 1359.0 226,05
510 30 30 0.28 0.8, 2,20 0.250 66,0 1425,0 °  237.81
540 30 30 0.25. 0.87 2,28 0.220 68.5 1493.5 248,17
570 30 30 0.30 0.82 2,15 0,268 6L.5 1558,0 259,74

- 600 60 60 0,32 0.80 2,10 0.294 126,0  1684.0 280,08
660 60 60  0.39 0.73 1.91  0.347 11k.6 “1798.6  299.53
720 60 60 0.4 0.68 1,78 0.392 108.8 1907.4 317.85
780 60 60  0.56 0,56  1.47 0.50 30.0 1937.4 322,10

. 840 60 60 0.77 0.35 0.92 0.69- 4l.4 1978.8 329,74
930 30 30 0.86 0.26 0,68 0.77 20.2 0434 340,08
960 350 30 . 0,92 0.20 0,52 0.82 15,6 2059.0 342.47
1020 30 30 1.02 0.10 0,26 0.91 7.8 2077.9 345,89
20 20 105 0.7 0.18 5. 2090.5 348,00

| 1080 0.9%
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Appendix Table 6. Calculation of cumulative amount of S0, on
’ ' dry wood for an influent 50, concentration
of 1.83 ppm.

Dry wood used = 6,15 g,
Water added = None ,

Gas flowrate through the adsorber = 1 liter/min.

Time SXP= v Effl. 80, adsorbed Quantity of S0,  Wood

ling * 80 on wood .
t  time cong. on wood p* /P ©+t, CumGt, Adsorptivity
4 min, min, 1, Ppne. ppm. . p.g/l. ' PEe nge ng.soz/g.mod

0 0.25 0.625 0,756 1.07h 2.82 0,L413 1,762 1,762 0.29

Q.5 0.5 1.25 1,305 0.525 1,375 0,713 1,719 3.L31 0.57
1 1 2,5 162 0,21 0.55 0,885 1.375 L.856 0.79
2 1 2,5 1.67 0,16 0,418 0,912 1,045 5,901 0.96
3 1 2,5 11..72 0,11 0.283 0,939 0.720 6,621 1.08
Yy 1 2,5 21,725 0.105 0,275 0.942 0,638 7.309 1.19
5 1 25 1.78 0.05 .0,131 0.972 0.328 17.637 1.2,
6 1 2,5 1,82 0.01 0,026 0,994 0,065 7.702 1.25
7 1 2,5 1,825 0,005 0,013 0,997 0.032 7.734 1,26
8 1 2,5 183" 0

0 1.0 0 7.73  1.26
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Appendix Table 7. Calculation of cumilative amount of S0, on Wood

ry wood used = 6,83 2o

Water added = 0,75 nl.

with 11% H,0. for an influent 50,
concentration of 1.83 ppm.

‘8

Gas flowrate through the adsorber = 2.5 liter/min.

Sampl- Effl,
ling Vol. SO2

time coné.

min, min. 1. Pppm.

BREL RS oviwizro

1 2.5 0.33
1 2.5 0.L7
2 5.0 0.65
3 7.5 0.8
2 5.0 1l.22
2 5,0 1,57
1 2.5 1.68
1 2.5 1.7
1 2,5 1.81
2l 245 1e83

SO2 adsorbed
on wood p*/P

PPme

pe/l.

3.93 0.180
3,30 0,257
3,09 0,356
2,46 0,87

1,60 0,667

0.68 0,858
0.39 0,918
0.21 0.957
0.131 C.973
0,053 0.9%90
0' 1.0

Quantity of S0, Wood
on wood

e t, Cum.et

ng.

9.83
8425
15.45
18,46
8,00
3.40
0.98
0,53
0.33
0.03
o

Adsorptivity

88

pg. ng.SOz/g.uood

9.83 '

18.08
33.53
51,99
59.99
63.39
6ly¢37
64,90
65423
65426
65.26

1.37
2.65
L.91
7.61
8.78
9.38
9.2
9.51
9.55
9.56
19,36
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Appendix Table 8. Calculation of cumulative amount of SO, on
'wood with 20% H,0 for an influent SO, '
concentration of 1.83 ppm.

Dry wood used = 5,85 g,
Vater added = .17 ml,

Gais flowrate through the adsorber = 2.5 liter/min:

Tme i:mp- Yol Effl. SO2 adsorbed Quantity of 502 Wood
ng Vol. SO, - : 3 on wood .
't time  cond., OmWod P/P g7 gun, gt, AdSOTPUTLLY
min, min. 1. ©ppm. ppm. pg/l. ne. re. pg.SOzlg.wood
0 0.5 1,25 0,28 1.55 L,061 0,153 5,07 5.07 0.87-
1 1 2,5 0.,28 1.55 b4.061 0,153 10,1k 15,21 2,59
2 2 5,0 0.28 1,55 L,061 0,153 20.28 35.L9 6407
L. 1 2,5 o.46 1.37 3.589 0.251 8.97 Lk.L6 7.81
5 4 10,0 0,50- 1,33 3,h85 0,273 3L.05 79.31 13.5L
10 3 7.5  0.87 0.96 2,510 0.475 13.82 98.13 16.79
1 2,5 1.15 0.68 1,732 0,628 L.h6 102.59 17.65
13 1 2.5 1.38 0,45 1.179 0.755 2.95 105.5L 18.1L4
1L 1 2,5 161 0.22 0,576 0,880 1.l 106.98 18,26
15 1 2.5 1,81 -0,02 0,053 0,990 0,13 107,11 18.30 -
; 2 5.2 1.82 0,01 0,026 0.991 0.13 107.24 18.35
1 1 2,

1.83 0 0 1.0 0 107.2h = 18.35

a

s
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App%ndix Table 9. Calculation of curmldtive amount of 802 on wood
' 'uith S H,0 for an influent 802 concentration

of 1. 83 ppm.

Dry wood used = 6,72 g

|

| .

| Water added = 3.36 ml.
-

‘\
\

‘ . Effl.
- Time izgg VYol.
time » conc..

an. PPm.

0.5 1.25 0,25
2 5.0 0,28
3 7.5 0.36
3 7.5 0,53
3 7.5 0475
2 5.0. 0,88
2 ‘5.0 1.2
L 10.0 1.L0
2 5.0 1,56
2 5.0 1,61
3 7.5 1,72
L 10,0 1.77°
L 10,0 1,82
2 5.0

1,83

S0,, adsorbed

.2

.

" on wood p*/P

Ppn. .

1.58
1.55
1.h7
1.30
1,08
0.95
0.59
0.L3
0.27
0.22
0.11
0.05
-"0,01

0.

pell.

helk
4,05
3692
3.k0
2.84
2,48
1.5L
1.13
0.71
0.58
0.29
0,13
0.03
0

0,153
0,197
04290
0,110
0.581
0.677
0.765
0.852
0.880
0,940
0.966
0.995

1,0

)

Quantity of SO,

on wood

@. t’ cm. @t,

Nnge »ne.
5.18 5.18
20,30 25,48
29.40 5,88
25,50 80.38
21,22 101,60
12,40 114,00
7.70 121.70
11.30 133,00
3,55 136.55
2,90 139.L5
2,18 1,63
1,30 142,93
0,30 143.23
0  1i3.23

| Gas flowrate through the adsorber = 2.5 liter/min.

Wood
Adsorptivity

0.77

379

8.17
11.95
15.11
17,96
13.10
19,80
20,30
20,79
21,08
21.26 '
21,35
21.35

90

pg.SOZ/g.wood




Appendix Table 10,

. Dry wood used = 7.0 g.
Whﬁer Aﬂded -.lhoo ml,

Gas flowrate through the adsorber = 2.5 1/min.

Time Sampling
%, time
min, min, 1liter
0 2.5 6.25
5 5 12,50
10 5 12,50
15 ‘ 5 12050
20 10 25,00
30 10 25,00
40 10 25,00 .
55 15 37.50
&0 15 37.50
75 15 37.50
90 15 37.50
105 - 15 37.50
120 15  37.50
135 15 . 37.50
150 10 25,00
. 160 5 12,50
165 . 15 37.50
180 10 25.00
190 10 25,00
‘200 10 25.00
20 - 10 25,00
240 30 75.00
300 N 125.00

‘ Effluent
Volume SO, conc.

ppm.

@ © o ¢ o o o

HPHEHERREREPEREO0000
22uRLRRERRERRIRERY

e
v o
WOoN

1

-
® o
@ =3

S0, adsorbed

0.01

on wood
ppu.  ug/l.
1.63 L.27
1l.52 3.98
- l2  3.72
.1.29  3.38
1.04L 2.72
0.80 2.10
0.74 1.9L4
0.68 1,78
0.57 1.49
0.50 1.31
o.44 1,15
0.37 0.97
0.31 0.8

' 0026: 0068
0.26 0,68
0.26 0.68
0.23 0.60
0.23 0,60
0.2 0.55
" 0.,13 0,34
. 0,10 0426
0.04 O.11
0,03

p*/ P

0.109
0.169
0.22i,
0,295
0.432
0.563
0.595
0.628
0.688
0.727

0,760

0079&
0.830
0'857
0.857

00857'

0.874
0.874
0.885

0.928
0.9&5 '

0.978
0,995

Quantity of S0,

on wood

MEe

26.70
49.80
L6.50
42,30
68,00
52,50
48.L0
66,80
55.80
49.20
43.10
36440
30.40
25,50
17,00

8.50

22050
15,00 .

13.75
'8050
6.50
:8025
375

Cum.2 ¢,
HE.

26.70

76.50
123,00
165.30
233.30
285,60
334.20
401.00
4,56.80
506.00
549.10
585.50
615.90
641.L0
658,40
666,90
689.40
704,40

718.15

726,65
733.15
T41.40
Th5.15
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Calculation of cumulative amount of SO, on wood - ::
with saturated moisture content for in%

: 3 luent SO,
concentration of 1,83 pput.

Wood
Adsorptivity

ng.S0,/g.woad

3.79
10.81,
17.58
23.60
33.2,
40.85
47,78
57,25
65.00
72,23
78,52
83.50
88,07
91.L8
93.97
95.21
98.36

100,25
102,38
103474
10L.82
106,03
106,38




92

]

Appendix Table 11. Calculation of cumulative amount of SO, on dry
. wood for the influent SO, conc. of. h.Ga Prm

Dry wood used = 6,10 g,
Flowrate of Cas through the adsorber = 2.5 i./min.

Effl. S0,, adsorbed Quantity of SO Wood

Samp-
Time Vol. 2 2 .
ling So2 on wood 3* Adsorptivity
, p/P on wood
t time . conc. @t, Cum @t
min. mn, 1. ppm.  ppm. pe/l Rge Pg. Pg.50,/g.wood
0 0.5 1.25 2.85 1.75 L.60 0,620  5.75 5.75 0.90
0.5 0.5 1.25 3.96 0.6 1.78 0.861 2.23 7.98 1,25
0075 005 1025 1-3.20 OQ)JO 1005 00913 1031 9029 J-Ohs
1 0.5 1.25 L.36 0.24 0.63 0,949 0.79 10.08 1.56
1.5 0.5 1.25 L.36 ., 0.2 © 0.63 0.9L9  0.79  10.87 1.69
2 0.5 1l.25 L. 0,16 0.2 0.966  0.52  11.39 1.78
205 OOS 1025 hohh 0016 ooh2 00966 0052 11091 1083
3 0.5 1l.25 h.47 0.13 0.3L4 0.972 0.L43 12.3k 1.93
L -1 2.5 L7 0.13 . 0,34 0,972 0.85  13.20 2.06
5 1 2.5 .L.SO 0.10 0.26 0.980 0.65 - 13.85 2.17
6 "1 2.5 'L.SO 0.10 0.26 0.980 0.65 14.50 2.27
7 1 2,5 L.S6 0,04 0.11 0.991  0.38 14.88 2.32 v
B 1 2.9 L.%6 o0.04 0.11 0.991 0.38 15.26 2.38
9 1 25 L60o o .- ° 1.0 0 15,26 2.38
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* Appendix Table 12. Calculation of cumulative amount of S0, on wood
with 11% H,0 for an influent SO, conc.“of L.60 ppm.

Dry wood used = 6.71 g.
Water added = 0.7l ml.

Gas flowrate through the adsorber = 2,5 l./min.

Samp- Effl. SO, adsorbed Quantity of SO Wood _
Tine ling Vol. "o dn wood p*/P on wood 2 Adsorptivity
bt time . cond. ‘ @t, Cum.@ 4%, o
min., min. 1. ppm. , ppm. pg/l nge Rge P8-502/€-W°°d

0 0,5 1.251.,27 3.33 8.70 0.276 11.0 11.0 1.64
1 0.5 1.251.35 3,25 8.50 0.294 10.6 21.6 3,22
2 2.5 1.50 3,10 8.10 0.325 20.3 4.9 C 6.1
3 1 2.5 1.82 2.78 7.25 0.396 18.3 . 60.2. 8.97
b 1 2.5 2.14. 2.5 6.42 0.465 16.0 76.2 11.35
s 1 2.5 2,50 2.10. 5,50 0.5h4L 13.8 $0.0 13.142
6 1 2.5 2.66 1.94 5.05 0.578 12.7 102.7 15.29

7 1 2.5 2.93 1.67 L.36 0.638 10.9 113.6 16.93
8 1 2.5 3.10 1.50 3.92 0.57h 9.8 123.4 18.37
9 1 2,5 3.25 1.35 3.52 0,707 8.6 132.0 19.69
10 1 2,5 3.i1 1.19 3.10 o0.742 7.8 139.8 20.83
12 3 7.5 3.73 0.87 2.27 0.812 24.6 16L .4 24.51
15 3 7.5 3.88 o0.72 1.88 0.8:5 1h.1 .178.5 26,57
18 3 7.5 L8 o.42 .1.09 0,910 8.1 186.6 27.83
20 3 7.5 L.s2k 0,36 0.9 0.922 7.2 193.8 28,78
22 ° 3 7.5 L.28 0.32 0.84 0.931 6.3 200.1 29,81
25 3 7.5 Le32 0,28 0,73 0.9450 S.h 205.5 30.59
30 3 Te5 hoy 0,26 0.42 0,956 3.3 203.8 30.99
33 3 7.5 h4eS50 0,10 0.26 0,980 2.0 21U,8 » 31.32
35 3 7.5 4,50 0,10 0,26 0,980 - 2.0 212.8 31.87
3 7.5 L.56 0.0 0.11 0,991 3.0 215.8 32.20

o/
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Appendix Table 13. Calculation of cumulative amount of SO2 on ywood
. with 11%1{20' for the influent SO, conc.“of L.60 ppm.

Dry wood used = 7.16 g.
‘Water added. = 1Ll ml.
Gas flowrate through the adsorber = 2.5 1./min.

Samp~ Effl. SO,adsorbed Quantity of SO Wood
Tinme ling Vol. SO 2 d 3* /p on wood ZAdsorptivity
t time cong. on woo P @ t, Cum. &1,
min, min. 1. ppm. ppm. pg/l ng. ng. P SOZ/ gewood
0 1 2.5 0,715 3.885 9.93 0,155 2L.8 2b.8  3.L6
. 2 2 5 0,795 3.805 9,90 0.173 . 45,5  70.3 9.83
5 3 7.5 0,910 3.69 9.65 0,198 72.3 12,6 20,21
8 3 7.5 0.99 3,61 9.45 0.215 70.9 213.5 29.80
10 2 5 1.27 3.33 8.73 0.276 L7.5 261.3 36.47
12 1 2.5 1,59 3.01 7.9 0©.345 19,8 280.8 39.38
13 1 2.5 1.7h 2.8 7.50 0.377 18.8 299.6 l1.92
15 2 .5 2,1 2,6 645 o0.465 32,2 -331.8 L6.43
18 L 10 2.38 2,22 5.82 0.516 -53.2 390.0 54450
! 2 5 2,82 1,78 L.66 0,613 23.2 L13.2 - 57.63
25 L 10 3,25 1.35. 3.5 0.706 35.4 .LLB.6 62.50
30 5 12.5 3.89 -0.71 -1.86 o0.844h 23.2 L71..8 65,84
3. 5 12.5 L.05 0.55 1., 0.880 -18.0 L8%9.8 68.4L5
38 L 10  Le17 0,43 1,13 0,905 11.3 501.1 69.99
L2 6 15 ‘L.,24- 0,36 0.9% 0,920 14.2 513.3 - 72.03
50 6 15 L.36 0.,24 0,63 0.946 9.5 52h.8 73.L46
55 L4 10 "L.4O 0.0 0.52 0.957 5.2 530.0 7h.13
60 10 . 25 ‘L4 0,16 0.,h2 0.964 - 10.5 5LO.S 75.62
7 6. 15 L8 0,12 0.31 0.973 .Lk.7 SL5.2 7617
80 5 12,5 L.57 0,03 0.08 0.992 1.0 548.3 76.70
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Appendix Table 1li. Calculation of cummlative amount of S0, on wood with
. . 503 1,0 for influent 50, conc. of ls¢60°ppm. ‘
Dry wood used = 6,93 g.
Water added = 3.47 ml.
Gas flowrate through the adsorber = 2,5 l./min.

.__Samp- Effl. S0, adsorb, Quantity of SO Wood

Time Vol. 2 2 .
1in SO : 3 on wood Adsorptivity
t tizng con% . on wood p/P . .
@+t, Cum. @%

min.pdn. 1, Ppm- ppm. Pg/l Mg .. nge pg.SO/goWOd

0 1 2,5 0.635 3,965 10.4 0.138 . 26.0 26.0 3.75
10 12 30 0.635 3,965 10.k 0.138 312.0 ° 338.0 48.78
17 5 12,5 0.675 3.925 10.3 0.147 128.0 L466.0 67.05
20 .2 5 0.80 3.80 10.0 0.174 50.0 516.0 Th.L6
25 L4 10 115 3.b5 9.05 0.250 90.5 65L.8 She3l
30 L 10 1,59 3.01 7.9 0,346 79.0 733.08 105.L8
3% 6 15 2,06 2,54 6.65 0.8 99.5 833.3 120.0L
L2 8.2 2,62 1,98 5,20 . 0.548 104.0 937.3 135,07
L8 L 10 2,70 1.90 L.97 0.587 9.7 987.0 - 142,25
50 Lk 10 2,94 1.66 L.35 0.638 L3.5 1020.5 148.37
55 b 10 3.1 1.19 3.2 0.7h1 31.2 1061.7 153.07
58 2 5 3,61 0.99 2,50 0,784 13.0 107L4.7 154.8L
60 4 10 3:73 0.87 2.28 0.810 22.8 1097.5 158,18
65 L 10 3.89 0.71 1.86 0.846 18.6 1116.1 160.07

. 70 6 15 L.05 0.55 1.4L4 0,880 21.6 1137.7 16L4.10

75 b 10 hL.,20 O,40 1,05 0,912 10.5 1l148.2 165.47
80 6 15 L.30 0.30 0.78 0.935 11.7 1159.9 167.43
85 L 10 LJLO 0,20 0,53 0.956 5.3 1165.2 . 168,12
9 b 10 L.52 0,08 0.21 0.982 2,1 1167.3 16843
93 .3 0.04

7.5 L.56 0.11 0,991 0.83 1168.13 168.56



http:1n�luent.SO

96

Appendix Table 15. Calculation of cumilative amount of SO, on -
. wood with saturated moisture content for an.
influent SO, conc. of .4.60 ppm.

Dry wood used = 6,89 g.
" Water added = 13.8 ml.

Gas flowrate through the adsorber = 2.5 1./min,,

Samp- Effl. SO, adsorbed " Quantity of SO Wood
Time 3ing VOle 0, 2 e om wood 2 pdsorptivity
b dwe conc. @t, Cunm. @t,
min. min. 1. ppm. ppm.  pg/l ng. Pee pg.SOz/g.wood
0 1 2,5 O.Lh5S L.155 10.9 0.097 27.2 27.2 3.94
5 5 12,5 O,Lh5 4.155 10.9 C.097 136.1  163.3 23,64
765 3 7.5 0.595 4,005 10.5 0,129 78.8  2h2.1 35.05
10 L 10 o0.75h 3.846 10,1 0.164 101.0  343.1 49.76
15 4k 10 1,19 ‘3.1  8.9% 0.258 89.h  L32.5 62,443
20 6 15 1.,b3 3,17 8,30 0.311 12Lh.5- 557.0 80,69
25 L 10 1.82 2,78 - 7.29 0,396 . 72.9  629.9 91.32
30 6 15 2,10 2,50 6.55 0,456 98.Lh  728.3 105.11
35 L 10 2,30 2,30 6,02 0,500 60.2 . 788.5 114.28
O 10 25 2,50 2,10, 5.50 0.543 137.5  926.0 13k.37
50 10 25 2.65 1,95 5.10 0.576 127,5 1053.5 152,78
60 6 15 2,85 1.75 . L.58 0.620 68,6 1122,1 162.51
65 L 10 3,17 1.3 3.7k 0.689 37.h - 1159.5 168.05
70 10 25 3,37 1.23 3,22 0.732 80.5 1240.0 179.95
80 © 10 25  3.4k2 1,18 3,09 '0.7h3 77.3 1317.3 190.82
9 6 15 3.50 1.10 2.88 0.761 L3.2 1360.5 197.35
95 - L 10 3.60 1.00 2.62 0.7%3 26,2 1386.7 200,17
100 L 10 25 3,90 0.70 1.83 0.847 bL5.7 1h3R.L 207.46
110 10 25 L.k 0.6 0.41 0,965 10,3 k2.7 - 209.14
120'! 6 15 h052 0008 . 0020 0!982 . 300 n‘hs-? ‘ 2090)-‘3
125 2 5 L5 0.0k 0,10 0.991 0.5

Uk6.2 209.56




