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TABLE VIII 

4nSORPTION EFFICIENCIES AND ADSORPTIVITY OF WOOD FOR AN INFLUENT S02 
CONCENTRATION OF. 4.60 PPM. (12.05 pG./L.) 

,-,.,--------------+---"1-------------- ­
content of wood •. % o 11 20 50 Sautrated 

r· 
of wood used, g. 6.40 6.71 1.16 6.93 6.89 

added on wood, mi. o 0.14 1.44 3.41 13.8 

to reach the saturation 
min. 9 30 80 93 125It of S02 on wood, 

Bemoved conc. I ppm. 1.75 3.33 3.88 3.96 4.15 
At zero Bemoved effic, I % 38.0 12.4 84.5 86.2 90.3 

time Quantity of S02! • 5.1511.0 24.8 26.0 27.2removed I pg 'I 
. I Wood pg/g. i 0.90 1.64 3.46 3.75 3.94 

soa Bemoved conc. ppm.! '0.1 2.10 3.69 3.96 4.15
l,. 5 Bemoved effic'. ,% 2.0 45.6 80.2 86.2 90.3 

re-r-'I:,. v t 8 S02 cumulated on ! 
i IlILI.&&u e.. d I pg. 13.85 90 142.6 159.75 163.3:.r.. d_ .....'-2_1_2_8_._5..... _Ir-g-l-g-:_t_--2-.1-1-1-3-.-4-2.;..2-0 __2_3_.6_4_. 

Bemoved conc. Ippm. o 1.19 3.33 3.96 3.95 
tt 10 Bemoved ,effic. I %, o 25.8 12.4 86.2 83.6 

S02 on i pg. 15.26 139.8 261 338 343.1 

I: Cumulated wood I 
2.38 20.82 36.47 48.78 49.76!', adsorptivity fg/g. I 

S02 retained on 15.26 215.8 548.3 1168.1 1446.2 

To"l wood adsorptivit.y, . ,f,'gig. 2.38 32.2 16.1 168.56 209.56 

To+1 VOlume of air sampled, 22.5 150 200 232.5 312.5 

quantity of SO passed I 
301.251205 2410 2800 3710 . Ii through bed. I PII' 

effiCiency, I % 5.7 18.9 22.8 41.1 40.9 

" 

/' 

.' 

j 
! 
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4l.7~ and 40:9% for dry wood, 11%, 20%, 50% and saturated wood respectively. 
! 

It i~ very clear that" the adsorptvity of S02 on wood increased with increasing 
!, 

mois~ure content in wood. 

5. For an influent S02 concentration of 1.12 ppm., the 502 retained in 

woodlranged from 29.37 pg. of S02,in 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 . 
mois~ure saturated wood. For an influent S02 concentration of 1.83 ppm., 

the '02 adsorbed in ~oo.d rangeq from 7.734" pg. for t~e dry wood to 65.26 

pg. tor 11% wood; to 107.24 pg. for 20%; to 143.23 pg. for 50%; to 745.15 
f 

pg. *or the saturated wood. For an influent concentration of 4.60 ppm., 

S02 ,dsorbe~ in wood were 15.26 pg. for the dry wood; 215.8 pg. for 11%; 

548.~ pg. for" 20%; 1168".13 pg. for 50%; and 1446.2 pg. for the saturated 
!.' • 

woodJ The influence of moisture content on the adsorption of sulfur dioxide 

on vqod at the different influent S02 concentration~ in shown in Fig. 28. 

i6. 'lbe proportionality constants ''K'' and "n" in the Freundlich equation
i 

obta~ned by substituting the experimental data into the equation are presented
• ! • 

i"
in T~ble IX. For an influen~ S02 concentration of 1.12 ppm., the values of 

_."K" :l\ncreased from 1.1 for the dry wood to 235.0 for the moisture saturated 
\ 

~ f .. 

wood.! However, the constant "n" decreased from 1 ... 38 to 0.373. For an 

1nfl~t concentration of 1.83 ppm., the constant ''K'' increased from 0.13 

to 1~.0 while the values of "n" decreased from 1.47 to 0.82. And for an 
I .' 


infltfnt concentration of 4.60 ppm., the constant "K"increased from 0.1 

for.,. wood to 33.0 for' the saturated wood while the constant "n" decreased 
I 
I 

from ~.13 down to 0.777. Referring to the above. data, the Freundlich adsorption 
1 '.. • . 

. i" " 

1sot~rms are pl~tted for the sulfur dioxide on three different influent SO~ 

cone~trations 1Q log-log papers as shown in Fig. 29 to 31. 
I 

\ 
J 
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Influence of moisture on the adsorption of 802 b.r wood at 

the different influent 802 concentrations. 



TABLE IX 

LIST OF THE VALUES OF THE CONSTANTS 11K" AND "nit IN FREUNDLICH 
EQUATION FOR THE ADSORPTION OF SULFUR DIOXIDE ON 

DOUGLAS FIR WOODCHIPS 

Pex{cent of Influent S02 concentration, ppm. 
...~ur. on 

od 

1.12 1.83 4.60I !It I n It n1% '\ n It 
i ! 

,. 

. 1.1 Ii.38 . 0.1311.47 0.10 I~.13 
. 1.6 I 1.12 0.76 , 1.55 I 

!1: 14.5 I 0.64 

t 
, 

I 


~O 34.2 I 0.184 6.3 , 1.0 15.5 I: 0.654 
jI . .\ 

, t ! I
160.0 . 0'.388 9.0 ; 0.82 . 59.0 ) 0.514 ;.1 I t 

j 

I 
235.0 ! 0.373 :14.0 33.0 

I 

: 0.77711.3,
I(S~urated) I ' ! . I 

{if!
It <:. 

'. 

,-t • 

" 

• 
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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, is proportional to the moisture 

content of wood. The higher the moisture content in wood, the greater the 

adsorptivity of S02 and also the longer the time required to reach saturation•. 
~ 

This is obviously shown in the figures from Fig. 9 to Fig. 27. For instance, 

at an influent concentration of S02 of 1.12 ppm., the dry wood adsorptivity 

was 4.69 ~. 
, 

SOi per g. wood, while it 
~ 

in~reased to 43.97 on the woodchips 

with 20% moisture and to 348.0 on woodchips which were saturated. The time 

neede4 to reach the saturation of S02 on wood was 45 minutes for the qry ~ood, 

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 adsorption 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 flowrates,. it is found that the retention time of 

the lower flowrate is longer than that of the higher flowrate and the 

adsorption ejficiencies of the low-rate are also higher than that of high-

rate. For example, comparisqns of an influent S02 concentration of 1.12 ppm~ 
; 

(1 liter per minute of flowrate)'and 1.83 ppm. (2.5 liter per minute of flow­
• 
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u 
ra~e) in Tables VI and VII, we find that it took 45 minutes for th~ flowrate 

of 1 liter/min. to reach the end point on dry ~ood, but' at the same conditions, 

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 S02 QP different 

moisture content of wood can be predicted from these values. For instance, 

if the influent concentration of S02 pf 1.12 ppm. is employed it can be 

predicted from Fig. 28 that about 6 grams of woodchips with 100% of moisture 
. 

content will retain approximately 1,630 micrograms of S02. 

4. The temperature and humidlty in the laboratory, adjusted by the air 

conditioner, were kept constant. After five measurements at different times, 

it ~as found 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 relative humidity is 50% and the absolute humidity 

~i8 0.011 lb. water per lb. 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 than. the saturated air at the, same temperature. The effluent 

temperature of the adsorber also measured about 26°C, i.e., the effluent 

gas was partially saturated by carrying over some moisture from the wood. 
I 

Assuming' the relative humidity (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 


lb. H20 per lb. dry air~ If 100 liters of sampled air are pumped through 


the adsorb~r, assuming that.the air is at 1 atm. and 26°C. the quantities 


:of·air can. according to tge idea gas law, be estimated as follows: 

W· PVH/Ia'· (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 ~hat the moisture in the woodchips was substan­

tially reduced 'by the carrier gas. Of course, the quantities of moisture 

lost in the carrier gas are determined by the f10wrate of the gas. A low 

f10wrate of gas was applied, it did not cause great difference between the 

relative humidity of the effluent gas and that of the influent gas. The 

reason is that the higher f10wrate will produce larger forces on the adsorbent 

from which more moisture will be removed. 

5. The total quantities,of sulfur dioxide adsorbed on wood were increased 


with a reduction of. the f10wrate of sampled air. As shown in Fig. 28, 


the total S02'retained on the wood having 1 liter/min. as the f10wrate and 


... 1.12 ppm. S02 ,concentration is greater than the other two higher concentrations 

with higher f1owrates. For example, when the quantities of S02 retained on 

wood were compared, it was found that there were 2090.5 ~g. of S02 retained 

.. on the wood with ,saturated moisture content for the influent S02 concentration 
" 

of 1.12 ppm. with a f10wrate of ,~ liter/min. However, there were 745.15 

~g. and 1446.2 ~g. of S02 retained on the wood at the same conditions for 

the two higher concentrations with higher f1owrates. Three reasons are 

proposed to explain this phenomena: First, the adsorbent cannot 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 carrier gas. Third, the sulfur dioxide originally dissolved in the 

.vater and retained in the wood pores' vas re-entrained back to the carrier 


88sas the moisture was gradually transferred from the wood to the carrier 


p8 at the, fin~l stage of J:he experiment. 


, '. 
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6. The difference between the"maximum influent 502 concentration used 

in this experiment, 4.60 ppm. (11.6 mg/~), and that of most industrial 

pl~nts is very large.' There is no doubt, however, that the h!gher the 

concentr,ation o~' S02 in the fl~e gas, the more sulfur dioxide would be 

removed by wood and moisture. 

1. It was found by taking samples without 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 502 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 


was 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 adsorp~ion of sulfur 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 i~creasing moisture content in 

'6 

wood. On the c.ontra}:,y, the slope "n" decreased with an increase in the 

moisture content in wood. Als'b, it was found that the values of ''K'' of 

the dry wood samples 1.1,0.13 and'O.lO, were all much lower than those of 

w~od containing moisture. The adsorptivity of sulfur dioxide betw~en dry U 

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 water and the absorptivity is increased when the wood 

retains the extra moisture. By means of the Freundlich equa~ion, it is 

possible to closely calcuYate the adsorption phenomena of the sulfur dioxide 

.. 
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. 

on wood 	 at various moisture contents. 

9. The 	accuracy of Eq. [7] has'been confirmed by substituting and checking 

most of the data from ~ppendix Table 1 to 15. The constant k in Eq. [8] 

,cgn, therefore, easily be obtained if the values of C and ~ are measured a 
and evaluated. For example, ~- 1.12 ppm., v- 1 liter/min., Ms· 6.25 g., 

when t-	18 minutes, C - 0.91 ppm., substituting into Eq. [8], we have 
a 

0.91 	- 1.12 (1 - exp(-kxlx18/6.25» 

k • 0.592 

-Therefore, 	when t • 5 min., the theoretical value of Ca should be 

C • 1.12, (1 - exp(-0. 592x1x5/6. 25» - 0.43 ppm. 'I 

a 

This is compared· to the experimental result of 0.59 ppm. By the same 

method 	of calculation, when t - 40~min., C is obtained to be 1.09 ppm., ' , a 

which is compared to the experimental value of 1.07 ppm. 

Another example, ~. 1.83 ppm., V· 2.5 liter/min., Ms • 6.15 g., 

when t • 3 'min., C • 1.72 ppm., constant k is determined to be 2.3. a , 

By the same format of calculation mentioned above, when t ··7 min., we 

have C· 	 - 1.828 ppm. compared to the experimental result of 1.825 ppm.
a 	 . 

Also, 	when t ··1, the C is calculated to be 1.12 ppm. compared to the a 	 ' 

experimental result of 1.30 ppm. 

The third example, ~ • 4.60 ppm., k is determined to be 3.0 When 

V· 2.5 liter/min., M • 6.40 g., and t • 3 min., C • 4.47 ppm. We, , s ' a 

then obtain C • 4.59 ppm (when t • 7)compared to the experimental value a .. 
I 

of 4.56 ppm and C a • 3.18 ppm. (when t • 1) compared to the experimental 

~a1ue of 3.96 ppm. 
" 

MOreover, the adsorptivity and the retention time of wood on the. 

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

according to the same equation developed, be estimated. 

v 

http:exp(-kxlx18/6.25


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 8aseous air-S02 stream. The mois­

ture content in wood played an important part in the adsorption of S02. 

The adsorption efficienc~es were very satisfactory for moistened wood 

,especially 	for saturated ~ood. The Freundlich equation can be used to 

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

tions were developed to 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. 
"r • 

1.2 At an influent concentration of S02 of 1.12 ppm. ( 2.94 pg. S02 per 

liter) and with a f10Wrate sf 1 liter/minute, dry Douglas fir woodchips 

were found to have,ap adsorptivity of 4.69 pg. of S02 per gram of wood; 

11 percent mois~ure of Woodchips increased the adsorptivity to 29.13; 

20 percent t:o 43.•97; 50 percent to 205.8; and saturated woodchips to 348.0. 

The time of the experiment taken to reach saturation of sulfur dioxide on 

wood was 45 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 ~oncentration of S02 of 1.83 ppm. (4.79 Pg. S02 per 

liter') and' w~th ~ f1~ate of 2.5 liter/minute, dry wood was found to 
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give an adsorptivity of 1.26 ~g. 502 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-
I 

tion was 8 minutes for the dry wood. Eleven percent moisture, increased 

it to 1& minutes; 20 percent to 18 minutes; 50 percent to 35 minutes; 

, and saturated was 300 minutes. 

1.4 At an influent concentration of 502 of 4.60 ppm. (12.05 ~g. 502 per 

liter) and with a flowrate of 2.5 liter/min, dry ,wood was found to have 
,' . 

an adsorptivity of 2.38 ~g. 502 per gram of wood; 11 percent moisture 

increased the adsorptivity to 32.2; 20 percent to 76.7; 50 percent to 

168.56; and saturated to 209.56. The time required to rea~h saturation 
~' 0 

was 9 minutes for the dry wood, and then increased to 30 minutes for the. 

~ood with 11 percent of moisture; to 80 minutes for 20 percent; 93 minutes 

'for 50 percent; and 125 minutes for sat~rated wood. 

2. Conclusion " 

Wood can adsorb sulfur dioxide at least at high concentrations. This 

has already been shown in some 
'. 

sources which mentioned that the sulfur 
I 

dioxide in a solution of 2 to 10 percent of 502 can be adsorbed 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 moisture content of wood and is reduced with an increase in the flow-

rate of the carrier gases. MOre research is needed to determine an optimum 
/' 

&as flavrate throush an adsorber to obtain a maximum adsorption equilibrium• 
. " 

., 



71 
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Extensive emission of sulfur dioxide is a p,robl,em in many industries. 

It was found in this study tha~ traces of sulfur dioxide in the air can 

be adsorbed on wood especially on those with sufficient moisture. The 

efficiencies of sulfur dioxide removal by moistened wood reached 100 

percent during the first minute in some experiments. The Pacific Northwest 

is one of the main lumber producing areas in the United States and a 

great amount of waste 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. 
I 

Sulfur dioxide retained in wood may present further research topics 


of how to treat the woodchips which contain S02' how to utilize and/or 


recover the chips and how to apply to the industrial production. In 


. spite Df the problems of treatment of the woodchips, this rep~rt may 
, '. 

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

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

4nd the recovery of raw material. It also reveals that some other pollutants, 

for instance, hydrogen sulfide., carbon monoxide, ammonia, nitrogen oxides, 
'6 

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


adsorption studies. 

, . 

. , 
, ' 

'" 

'# 
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APPENDIX I 

SOLUBILITY OF SULFUR DIOXIDE IN WATER .. 

Weight of S02 Partial pressure of S02' Mm. Hg. 

per 100 wt. 

of water oOe 70 e I 100e 150e 200e 300e 400e 500e 

20 646 657 

15 474 637 726 

10 308 417 474 567 698 


7.5 228 307 349 419 517 688 
5.0 148 198 226 270 336 452' 665 
2.5 69 92 105 127 161 216 322· 458 
1.5 38 51 59 71 92 125 186 266 
1.0 23.3 31 37 44 59 79 121 172 
0.7 	 15.2 20.~ 23.6 28.0 39.0 52 87 116 

.5 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 

.2 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 .3 .3 0.5 0.6 0.8 1.3 

10~~----~-------------------

. I 

2,~~~~~'+'-~--~--4-~ 

O~·~~~~__~-L~~~~__~~ O--~--~--~--~~__~__~ 
o -40 80 ,120 160 200 0 100 200 300 400 . 500 600 700 

Partial pressure of 502 , ma. Hg. 

1 
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APPENDIX II 

ESTIMAXION 	 OF ADSORBER DIAMETER 

'0' 

Campbell, et. a1.>(7) developed an equation for the diameter of 

requ~red adsorbent, bed as shown in equation (9) of the text: 

where 	 D - required adsorbent bed diameter, ft.' 

W - gas flowrate, million cu. ft. 'per day (MMCFD)
g 	 , 

oTf- Temperature in adsorber , R 

Pf- Pressure in adsorber.. psia 

V - linear gas velocity, ft./min.
g 

Assume that the gas f10wrate through the adsorbent bed is 1 liter/min., 

'. 3'then W'g 	- 1 liter/min. - 0.0353 cu. ft./min. - 50.8 ft /day 

- 50.8 x 10-6 MMCFD 

" Diameter of adsorber used is, D - 1.7 cm. - 0.0558 ft. 


cross-sectional area of adsorber, A- (0.0558)27r / 4 - 2.47 x 10-3 ft. 2 

I 

',', Gas linear velocity, V • 0.0353/2.47 x 10-3 - 14.3 ft./min.
g 

Tf -26 °c - 78.8 of - 538.8 oR; - 14.7 psiaPf 
" 

Thus the diameter of required ad sorb end is 

D -[25 (50.8x10-6)(538.8)/14.7)(14.3)]· - 5.68x10-2 ft.1 

- 1.73 cm. 

~ The diameter of adsorber used, a~cording to the calculation, is just mar­

'gina1 for having 1 liter/min. of gas flow through the adsorbent bed. If 

the maximum linear velocity of the gas remained unchanged at 14.3 
. 

ft ./min., and the f10wrate increases to 2.5 liter/min. while other coo­, 

ditions remaining at constant, the required adsorber diameter will then be 

D • (2.5/1)'% x 1.73 - 2.73 em. 

http:0.0353/2.47


'<APPENDIX III 
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APPENDIX III 

DETE'RHINATION OF SULFUR DIOXIDE BY 
WEST AND GAEKE :HEmOD 

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 ftmples from 

the different concentration of sulfur dioxide. 

2. ':; 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 ~odium chloride in 1 liter of distilled water. 

2.2 	 Para-rosaniline 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. of the filtered solution into 100-ml volumetric 

flask and add 6 ml. of concentrated Hel acid. 

2.2.3 AllOW the mixture to stand for 5 minutes, then dilute to mark 

~ 	 with distilled water. This solution is a pale yellow in color with a 

greenish ,tint. It can be stored for about 2 weeks if refrigerated. 

2.3 	.Formaldehyde, 0.2% 
I ' '~ 

Dilute 5 ml. of 40% of formaldehyde to 1 liter with distilled water • 
. 	 " 

.' 
2.4 Standard sulfite solutioo, 3.0 ul.'S02 per ml. of solution 

Dissolve 59.7 mg. of 'sodium metabisulfite (assay 67% as S02) in 100. . 

ml. of distilled water. This yields a sol~tion of 0.40 mg S02 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
J 

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 S02 per 10 ml. o~ absorbing solution on rectangular coordinate 
. 	 u 

paper (Appendix Figure 1). Compute the slope of the straight line. 

4. Calculation o'f the S02 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 - V x' 	(P - Pm) x (298.2) /' (760) x (t-273.2) [14] 

where 	 Va - volume of air in liters at standard conditions 


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


P • barometic pressure in millimeter of mercury 


p. - suction at meter in millimeter of mercury 

t 	 - temperature of sample air in ·K· 
" 

Generally, the 	correction for pressure is very small and may be overlooked. 

4.2 Compute the microliters (ul.) of S02 in t~e a4mple by multiplying 

the absorbance by the'slope of the calibration curve. 

4.3 'The concentration of sample can be calculated by 
, ;., 

. 
i
, ppm. of S02 by volume • ul., S02 / Vs' 	 [15] 

.. 
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Appendix Table 1. Calculation of cu~u1ative amount of S02 on 
. . dry wood for an influent S02 concentrafion 

. 'of 1.12 ppm. 
'b' 

Dry wood used • 6.25 g. 

GaS f10wrate through the adsorber • 1 liter/min. 

'lime Sampling 
t time Vol. 

Effl. 
SO 

S02 adsorbed 
on wood 

* 
p /p 

Quantity of 502 
on wood 

. Wood 
Adsorptivity 

con3. @ t. Cum. @t. 
min. min. 1. ppm. ppm. pg/1. pg. pg. .pg.S02/g•wood 

° 1 1 0.38 0.74 1.94 0.340 1.94' 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 1.34 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 5­ 5 1.04 0.08 0,,21 0.930 1.05 28.28 4.53 
40 5 5 1.07 0.05 0.13 '0.956 0.65 28.93 4.63 
4$ 4 4 1.08 0~04 0.11 - 0.965 0.44 . 29.37 4.69 

.. 


/' 
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Appendix Table 2. CaJ.cu1ation ot cumula.tiva amount of 502 on ."rOod 
with. 11% H20 f'or an influent S02 concentration 
ot l.~ ppm. . 

Dr.y wood used • 7.0 g. 

Water added • 0.77 mI. 

Gas t1awrate through the adsorber • 1 liter/min. 

5amp- Eff1. S02 adsorbed Quantity ot 502
Time ling Vol. 502 on wood . p*/P on wood Wood 
t time conc. @ t, Cum. @ t, Adsorptivity' 


min. min. 1. ppm. ppm. pg/l. p.g. pg. )1g.S0!g.wood 


0 .1~ 1 0 1.12 0.94 0 2.94 2.94 0.42 
3 6 '6 0.029 1.091 2.86 0.026 17.20 20.14 2.88 


1.0 5 5 0.032 1.088 2.85 0.035 14.20 34.34 4.92 

15 5 5 0.066 1.054 2.77 0.059 13.85 48.19 6.89 

20 5 5 0.20 0.92 2.41 0.179 12.1 60.29 8.61
OJ 

25 5 5 0.34 0.78 2.04 0.302 10.2 70.49 10.06, 

30 5 5 0.35 0.77 2.01 0.312 10.0 80.49 10.,0 

35 5 5 0.41 0.71 1.86 0.365 9.3 89.79 12.82 

40 5 5 .0.43 0.69 1.81 .0.383 9.1 98.89 14.12 

50 10 10 0.44 0.68 1.78 0.392 17.8 116.69 16.58 

" 


60 10 10 0.59 0.53 1.39 0.526 13.9 130.59 19.45 

70 10 10 0.62 O.~o 1.31 0.553 13.1 Jl~3.69 20.58 

80 10 10 0.68 0.44 1.15 0.607 l1S 155.19 22.17 ' 

90 10 10 0.76 0.36 0.94 0.680 9.4 164.59 23.l.S 


100 10 10 0.95 0.17 0.4t~ 0.850 4~4 168.99 24.18 
 '-, 
;r-'110 10 10 0.78 0.34 0.89 0.700 8.9 177.89 25.31 


120 10 10 0.85 0.27 0.71 0.760 7.1 184.99 26.42

. 130 10 10 0.97 0.15 0.39· 0.866 3.9 188.89 26.89 


140 10 .' 10 0.98 ' 0.14 0.37 0.875 3.7 192.59 27.58

'160 20 20 1.04 0.08 0.21 0.928 4.2 196.79 28.05 

180 20 20 1.05 0.07 0.18 0.937 3.6 200.39 28.65 

'190 10 10 1.08 0.04 0~11 0.963 '1.1 201.49 28.74 

200 20 .20 . 1.09 0.0). 0.08 0.974 1.44 20).93 29.13 


.. 

'. t. 
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Appendix Table '3. palculation of cumulative amount of 802 on Wood 

~th U!Q:I20 lor an infiuent 502 concentration 

1of 1.12 ppm. 

Dr,y wood used • 6.81 g. 

Water' added • 1.37 ml. 

Gas fiowrate through the adsorber • 1 liter/min. 

Tim Bamp- 'i Ern. 002 adsorbed p* h Quantity of S02 "Tood 
e ling' 01. 00 on wood

2 on wood o t,Otun. @ t, Adsorptivityt time conc. ' 

min. Dlin. 1. ppm. ppm. 
, 

p.g/l. )11. )lg. }li.solg.wood 

0 0 

'10 0 

20 0 

35 0 


'45 50 50 0 1.12 2.94 0 147.0 147.0 21.57 

60 15 15 0.11 1.01 ,2.64 0.098 39.6 186.4 27.28 


23.2 209.8 30.6475 15 15 0.53' 0.59 1.55" C.h7 

90 15 ' 15 0.78 Q.34 0.89 0.70 13.3 223.1 32.73 


0.58 12.3 ,235.4' 34.45100 10 10 0.65 0.47 1.23 

, u5 15 15 ' 0.87 0.25 0.66 0.78 9.9 245.3 35.97 


125 20 20 0.73 0.39 1.02 0.65 ' 20.4 265.7 38.92 

150 15 ' 15 0.86 0.24 0.63 ' 0.78 '9.5 275.2 40.38 

160 15 15 0.95 0.17 0.44 0.85,,< 6.6 281.8 41.25 


42.38180 20 ' 20 0.97 0;15 '0.39 0.86 7.8 289.6 

43.35200 20 20 1.014 0.106 0.28 0.90 5.6 295.2 


220 20 20 1.053 0.067, 0.18 0.94 3.6 298.8 43.72 

240 ' 10 10, 1.08 ,b.04 o.n 0.97 1.1 " 299.9 43.97 


'" ';~ 

, " 
',J 

" 

, 'J 



..,.' . . r 

, 
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Appendix Table 5. ' Calculation ot cum.~tive amount ot 802 on wood'wirth,' ,.' 

, eat.urated Hi> tor influent 502 cone. ot"l.12; ppm. 

D17 wood used·· 6.0 g. It 

Water added., U.50 ml. 

, 


Gas nowrate through the adsorber .. 1 1./min., 

. rime Sampling Ef'tluent 802 adsorbed Quantity ot 802 Wood 
t, time Volume 802 cone. on 'WOOd p*/ p on 'MOOd Adsorptivit7 

@ t, Cum. @ t, 
JDin. min. ,liter ppm. ppm. pg/l. )18. ",g. )1g .802/g.wood 

0 0 
60 80 80 0 1.12 2.94 0 236.2 236.2 39.33 
90. 20 20 0.02 1.10 2.88 0.018 57.5 293.7 /J3 .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 85.6 465.7 75.59 
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 84.6 635.9 106.43 
2AO 30 30 0.05 1.07 2.80 0.045 84.0 719.9 119.74 ' 
270 30 30 0.04 1.08 2.82 ' 0.036 84.6 804.5 133.96 

300 30 30 0.07 1..05 2.75 0.063 82.5 887.0 147.59 


, '330 .30 30 0.06 1.06 2.78 0.054 83.4 970.4 163.04 

360 30 .30 0.03 1.09 2.86 0.027 85.6 1056.0 176.28


'\ 1.05390 30 . 30' 0.07 2.75 0.063 82.5 1138.5 189.54 

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 

4BO 30 30 0.18 0;94 2.46 0.160 73.9 1359.0 226.05 

510 30 30' 0.28 0.84 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 64.5 1558.0 259.74 

(;IX) 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 0.347 114.6 v 1798.6 299.53 

720 60 60 ' 0.44 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" 41.4 1978.8 329.74 

900 60 60 0.83 0.29 0.76 ,~ 0.74 44.4 2033.2 337.05 

930 30 30 0.86 0.26 0.68 0.77 20.2 2043.4 340.08 

9£:1:) 30 30 ' 0.92 0.20 0.52 0.82 15.6 2059.0 342.47 

990 30 30 0.98 0.14 0.37 0.87 11.1 2070.1 345.63 


1020 30 30 1.02 0.10 0.26 0.91 7.8 2077.9 345.89

" '1050 30 30 1.03 . 0.09 0.24 0.92 7.2 2085.1 347.29 
",1080 20 20 '1.05. 0.07 0.18 0.94 ' S.4 2090.5 348.00 .. 

' 

,} 

.. 
, " 
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Appendix Table 6. CalcUlation of cumulative amount of 802 on .. 
: drr wood for an influent 802 concentration 

of 1.83 ppm. 

Dr,y wood used. • 6.1$ g. 
.' 

Water added • None ,,' 

Gas nowrate through the adsorber • 1 liter/min.. ... 

Time Samp- V l' Efn. 802 adsorbed Quantity of S02 '-Tood
ling 0 ~ 502 on wood on wood Adsorptivit.r 

t time cone. p*/P @ t, Curn.@t, 
min. min. 1. ppm. ppm •. )lg/1. )lg. p.g. )lg.OO!e.wood 

0 0.2$ 0.625 0.756 1.074 2.82 0.413 1.762 1.762 0.29 
Q.$ 0.$ 1.2$ 1.305 0.525 1.375 0.713 1.719 .3.481 OS7 
1 1 2S 1.62 0.21 oS50 0.885 1.375 4.856. 0.79 
2 I' 2.5 1.67 0.16 . 0.418 0.912 . 1.045 5.901 0.96 
3 1 2.5 1.72 0.11 0.288 0.939 0.720 6.621 1.08 
4 1 2S .1.72$ 0.105. 0,275 0.942 0.688 7.309 1.19 
$ 1 2.5 1.78 0.0$ ·0.131 0.972 0.328 7.637 1.24 
6 1 2.5 1.82 0.01 0.026 0.994 0.065 7.702 1.25 
7 1 2.5 1.82$ 0.00$ 0.013 0.997 0.032 7.7)4 1.26 
8 1 2.5 1.83" 0 0 1.0 0 7·734 1.26 

..., . 

.. 

'. . " 

( " '. 
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Appendix Table 7•. Calculation of cumulati'l'1e amount of 802 on lfood 

Witb'.ll% H20" tor an infiuent S02 

concentration of 1.8) ppm. 
'f 

~ wood used • 6.83 g. 

"'ater added • 0.7, J:ll. 

Gas' nowrate ,through the adsorber • 2., liter/tdn. 

\foodTime 	Sampl.;. Ef'n. 802 adsorbed Quantity of' 502
ling Vol. 802 on wood Adsorptivit;ron wood p*/p

t time cone. @ t" Cum.@ t 

min" min. 1. ppm. ppm~ , )lg/1. )1g. )ll· pg.SOz'g.wood 

1 2.5 0.33 1"0 3.93 0.180 9.83 9.83 1.37 
.1° 1 2., 0.47 1.36 3.30 0.257 8.2, 18.08 2.6, 

3 2, ,.0 0.65 1.18 3.09 0.356 15.45 33.,3 lh91
, 3' 7.5 0.89 0.94 2.46 0.4137 18.46 51.99 7.61 
8 2 ,.0 1.22 0.61 . 1.60 0.667 8.00 59.99 8.78 

10 2 ,.0 1.,7 0.26 0.68 0.8,8 3.40 63.39 9.38 
12 1 2" 1.68 0.15 0.39 0.918 0.98 64.37 9.42 
13 1 2., 1.7, 0.08 0.21 0.9,7 0"3 64.90 . 9.,1 
14 1 2., 1.78 0.0, 0.131 0.973' 0.33 65.23 9." 

'15 1 2., 1.81 0.02 0.0,3 0.990 0.03 6,.26 9.,6 
16 1 ~., 1.8,3 0 o ' 1.0 0 6,.26 9.56 
, 	 " 

• 0 

, . 

,(' 

http:Witb'.ll
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Appendix Table 8. 	 'Calculation of cumulative amount of 502 on 
:llOod ldth 20% H20 for an influent 502 ' • 	 . v 

concentration of 1.83 ppm. 

Dr.1 wood used'· ,.8, g. 

Water added ~ l.17 mi• 

.ri8:S,noWra~· throUgh the adsorber ~ 2;, liter/min; 
. , 

Time Samp- Eft1. 502 adsorbed Quantity ot 502 Uood 
ling Vol. 502 on woOd p*/P on WOOd. AdsorptiviV 

,t time ' cona. 	 @ t, Own. @t... 

min. min. 1.. ppm. ppm. )lY1. )1g. }lg. llg. SO!g.wood 

o 0.5 1.2, 0.28 1." 4.061 0.1,3 5.07 5.07 0.87­
1 1 2.5 0.28 1." 4.061 0.153 10.14 1,.21, 2.,9 

2 2 ,.0 0.28 1." 4.061 0.1,3 20.28 3,.49 6.07 

4. 1 0.116 1.37 3.589 0.2$1 8.97 h4.46 7.61, 2.,

4 10.0 0.50· 1.33 3.48, 0.273 34.85 79.31 13.54
10 ' 3 7., . '0.87 0.96 2.510 0.47, '18.82 98.13' 16.79 

,12 1 ,2., 1.1, 0.68 1.782 0.628 4.46 102.59 17.6, , 
, ,13 1 2., 1.38 0.4, 1.179 0.7" 2.9, 10,.54 18.14 

14 1 2., L.61 , 0.22 0.,76 0.880 1.44 106.98 18.261, 1 2., 1.81' 0.02 0.0,3 0.990 0.13 107.11 18.30' 

16 2 ,.0 1.82 0.010.026 0.991 ,0.13 107.24 18.3, 

18 1 2., 1.83 0 0 1.0 0 107.24 18.3, 


,;0<., 

" , 

, ~.' ' 

, . 
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APP1.nd:1x ~able 9. 	 Calculation of cumul8.tive amount of 802 on wood 
W;th.SO' H 0 tor an influent 802 concentration

2
'or 1.6), ppm. 

Dry "10od used • 6.72 g. "­

• 0Water added .. ).)6 	ml·. 

Gas nowra~ through the adsorber .. 2.5 liter/min• 

. . . 
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Appendix Table 10. 	 Calculation ot cumulative amount ot ~2 on wood. ':: 
with s,aturated moifjture ~ontent tor 1nr1uent 802concentration of,l~8j ppa. 

DI7 'MOOd used .: 7.0 g. 

Water Added • 'l4.0 ml• . 
Gas t10wrate through the adsorber • 2.5 l/min. 

!1me Sampl1ng Ef't1uent S02 adsorbed Quantitr ot 802 WOod 

,. t , time Volume .802 cone. on . 'WOd p*1 P on lIOOd Adsorptiv1tr 


o t, Cum..@ t, 

llin. Ilin. llter ppm. PPIl· Jl8!1. p.g. p.g. }lg.so21g.wod 


0 2.; 6.25 0.20 1.63 4.27 0.109 26.70 26.70 3.79 
; 5 12.50 0.31 1.52 3.98 0.169 49.80 76.50 10.84 

10 5' 12.50 . 0.41 1.42 ' 3.72 0.224 46.50 123.00 17.58 
15 5 12.50 0.54 ,1.29 3.38 0.295 42.30 165.30 23:60 
20 10 25.00 0.79 1.04 2.72 0.432 68.00 233.30 33.24 

. .30 10 25.00 1.03 0.80 2.10 0.563 52.50 285.80 40.85 
40 10 25.00 . 1.09 0.74 ' 1.94 0.595 48.40 334.20 47.78 
;5 15 37.50 1.15 0.68 1.78 0.628 66.80 401.00 51.25 
f:IJ 15 37.50 1.,26 0.57 1.49 0.688 55.80 456.80 65.00 
75 15 37.50 1.33 0.50 1.31 0.727 49.20 506.00 72.23 
90 15 37.50 1.39 0.44 1.15 0.760 43.10 549.10 78.52 

105 . 15 37.50 1.46 0.37 0.97 0.798' 36.40 585.50 83.50 
120 15. 37.50 1..52 0.31 0.81 0.830 30.40 615.90 88.07 
135 15 ' 37.50 1.57 . 0.26: ' 0.68 0.857 25.50 641.40 91.48 
ISO 10 25.00 1.57' 0.26 0.68 0.857 17.00 658.40 93.97 
160 5 12.50 1.57 0.26 0.68 0.857, 8.50 666.90 95.21 
165 15 37.50 1.60 0.23 0.60 0.874 22.50 689.40 98.36 
180 10 25.00 1.60 0.23 0.60 0.874 15.00 ' 704.40 100.25 
190 10 25.00 1.62 0.21 0.55 0.885 13.75 718.15 102.38 
200 10 25.00 '1.70 ' 0.13 0.34 0.928 " 8.50 726.65 103.74 
210 ,10 25.00 1.7.3· ,0.10 0.26 0.945 6.50 733.15 104.82 
240 ' .30 75.00 1.79. 0.04 0.11 0.978 :8.25 741.40 106.03 
300 SO 125.00 ' 1.82 0.0), 0.0.3 0.995. 3.75 74;.1; 106•.38 

t .< 	 .. 
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Appendi~ Table ll. 	Calculation of cumulative amount of SO on dry 
wood for the influent $02 cone. of 4;66 ppm., 

Dr.r wood used • 6.40' g. 
, 	 . 

Flowrate of Gas through the adsorber '. 2.$ 1./min. 

Samp- Effi. 502 adsorbed Q\lantity of 50'2 "lood
Time ling Vol. SO '. d Adsorptivity2 on wod p*/p on woot time cone. 

@ t" Cum. @ .t" 
min. nlin. 1. ppm. ppm. }lg/l }lg., p.g. P.g. S02/g•wood 

0' , 0'.5, '1.25 2.85 1.75 ' 4.60 0'.620 5.75 5.75 0'.90 
0'.5 0'.5 1.-25 3.96 0'.64 1.78 0'.861 2.23 7.98 _ 1".25 
0'.7$ 0'.5 1.25 4.20 0'.40' 1.0'5 0'.913 1.31 9.29 1.45 
1 0'.$ 1.25 4.36 0'.24 0'.63 0'.949 0'.79 10.0'8 1.$6 

1.S 0'.5 1.25 4.36 '0. D.2h ' 0'.63 0'.949 0'.79 10'.87 1.69 
2 0'.5 1.25 it.4ti 0.16 0.42 ,0'.966 0'.52 11.39 1.78 

2.S D.S 1.2$ 4.44 0.16 0'.42' 0'.966 0'.52 11.91 1.83 
3 0'.5 1.25 ll.47 0'.13 0'.34 0.972 0'.43 12.34 1.93 
4 ' -1 2.5 4.47 0'.13 D.3h 0.972 0'.86 13.20' 2.0'6 
5 1 2.$ ,4.50' 0'.10' 0'.26 0'.980' 0'.65 13.85 2.17 
6 -1 2.5 ' '4.50' 0'.10' 0.26 0'.980' 0.65 lb.5D 2.27 

v7 <',1' 2..5 4.56 0'.04" 0.11 0'.991 0.38 14.88 2.32 
8 1 2.S 4.S6 0.04' 0'.11 0'.991 0'.)8 . 15.26 2.38 
9 1 2.S 4.60 0 '0 1.0' 0 1$.26 2.)8 

" .. 
";' " 

... 
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/ Appendix Table 12. 	 Oalculation or cumulative ,amount of S020D wood 
With n% H '0 tor"ut inf'luent 502 conc. of 4.60 ppm. 

. 2 

Dr.1 wood used'" 6.71 	g. 

Wa~er added • 0.74 m1: 
. 	 . 

Gas fiowrate through 	the adsorber co 2.$ 1./r.lin. 

Quantity or 502 \'lood5amo- Ern. SOg adsorbed
'rime 11·ng.. Vol. 502 n wood p*/P on wood Adsorptivit:r 


@ t, Cum. @ t,
t time conc. 

min. min. 1. ppm. '6 ppm. }lg/l }lg. }1g. J1g.SOi g•wood 

0 0.$ 1..2$ 1.27 j.33 8.70 " 0.276 11.0 U.O 1.64 
1 O.S 1.2$ 1.)5 3.25 8.50 0.294 10.6 21.6 ).22

6.112 .1 2.5 1.50 3.10 8.10 0.326 20.3 41.9 
.3 1 2.5 1.82 2.78 7.25 0.396 18.3 60.2· 8.97 
4 1 2.5 2.1b. 2.46 6.42 0.465 16.0 76.2 ll.35 

u5 1 2.5 2.50 2.10. 5.50 o.5h4 13.8 90.0 13.1l2 

6 1 2.5 2.66 1.94 5.06 0.578 12.7 102.7 15.. 29 

7 1 2.5 2.93 1.67 4.36 0.638 10.9 113.6 16.93 

8 1 2.$ 3.10 1.50 ' 3.92 0.574 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 l. 2.5 3.b1 1.19 3.10 0.742 ·7.8 139.8 20.83 

12 3 7.5 3.73 0.87 2.27 0.812 24.6 164.4 24.51 

15 3 7.5 3.88 0.72 1.88 0.8h5 1h.1 .178.5 26.57 

18 .3 7.5 4.18 0.42 ..1.09 0.910 8.1 186.6 27.83 

20 .3 " 7,;r; 4.24 0.36 0.94 '0.922 ':7;'2 193.8 '28.78 

22 . 3' 7.5 4.28 0.32 0.84 0.931 6.3 200.1 29.81 

2$ 3 7.5 4.32 0.2ts " 0.73 0.940 5.4 ,205.5 30.59 

30 3 " 7.5 4.44 0.16 " 0.42 0.906 3.3 208.8 30.99 

33 .3 7.5 4.50 0.10 ,0.26 0.980 2.0 210.8, " 31.32 

3$ 3 7.5 4~50 0.10 0.26 0.980 2.0 212.8 31.87 

40 3 7.S 4.56 0.04 O.ll 0.991 3.0 21S.8 32.20 


.. 	 " 

./ 
I 

.. 



94 


Appendix Table 13. 	 Calculat:Lon ot cumula.tive 8l1lOU1'!t or 502 on wood 
~th 11%820 tor the inf'luent 302 conc. of 11..60 ppm. 

Dr,y wood used • 7.16 g. 

Water added.· 1.44 ml• 

. Gas tlowrate through the adsorber • 2.5 1./min. 

Samp- Efn. S02adsorbed Quantity of 502 Wood
'l'ime ling Vol. SO 	 on wood :A.d.sorptivityon wood p*/Pt time cont @ t, Cum. @t, 
min. min. 1. ppm. ppm. p.g/l p.g. p.g. )1g.SOz!g.wood 

0 1 2.5 0.715 3.885 9.93 0.155 24.8 24.8 3.46 
. 2 2 5 0.795 3.805 9.90 0.173 • 45.5 70.3 9.83 

-.t 5 3 7.5 0.910 3.69- 9.65 0.198 72.3 Jl~2.6 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 47.5 261.3 36.47 
12 1 2.5 1.59 3.01 7.90 0.345 19.8 280.8 39.38 
13 1 2.5 1.74 2.86 7.50 0.377 18.8 299.6 41.92 
15 ·2 5 2.14 2.46 6.45 0.465 32.2 .331.8 . 46.43 
18 4 10 2.38 2.22 5.82 0.516 - ~8.2 390.0. 54.50 
21 2 5 2.82 1.78 4.66 0.613 23.2 413.2 57.63 

. 25 4 10 3.25 1.35. 3.54 0.706 35.4 .448.6 62.50 
30 5 12.5 3.89 . 0.71 • 1.86 0.844 23.2 471.8 65.84 
35 5 12.5 4.05 0.55 . 1.44 0.880 '18.0 . 489.8 68.45 
38 .4 10 4.17 0.43 1.13 0.905 11.3 501.1 69.99 

42 6 15 ... 4.24' 0.36 0.94 0.920 14.2 513.3 . 72.03 

50 6 15 ·4.36 0.24 0.63 0.946 9.5 524.8 73.46 

55 4 10 -4.40 0.40 . 0.52 0.957 5.2 530.0 74.13 

60 10 25· .. 4.44 0.16 0.42 0.964 . 10.5 . 540.5 75.62 

70 h. 15 .4.48 0.12 0.31 0.973 .4.7 545.2 76.47 

75 4 10 4.52 0.08 0.21 0.982 2.1 5!t7 .3 ' 76.56 

80 5 12.5 4.57 0.03 0.08 0.992 1.0 . $48.3 76.70 


-'j 	
, 

, '. 
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Appendix Table 14. 	 Calculation or cumulative amount of .S02 on Wood with 
,0% H 0 tor 1n£luent.SO~ cone. of ~.60 ppm. .

2 j.,' 

Dry wood used • 6.93 g. 


Water added • 3.47 ml • 


. '0 

, . 

http:1n�luent.SO
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Appendi.x Table 15. 	 Calculation of cumulative amount of SO on' , 

wood with saturated moisture content tgr an, 

influent 502 cone. ot.4.60 ppm. 


Dr.Y wood used 6.89 g • a 

. Water added • '1.3.8 	ml. 

Gas tlowrate through the adsorber • 2.~ l.flnin~. 

Time Samp_ ¥ 1 Efn. 502adsorbed. Quantity of 502 Wood 
Ung . o. SO 	 d AdsorptiviVon wood p*/p on woo. t time cont . 

@ t, Cum. @ t, 
min. min. 1. ppm. ppm. }lg/l }lg. Jlg. p.g.so,;g. 'troed 

0 1 2.5 0.445 4.155 . 10.9 0.097 27.2 27.2 3.94 ,
5 5 12.5 0.445 h.155 10.9 0.097 136.1 16.3~J] 23.64 

7'; 3 7.5 0.595 4.005 10.5 0.129 78.8 242.1 35.05 


10 4 10 0.754 3.846 10.1 0.164 101.0 3h3.1 49.76 

15 4 10 1.19 3.41 8.94 0.258 89.4 h32.5 62.43 

20 6 15 1.43 3.17 8 • .30 0.311 121.J..5 . 557.0 80.69 

25 4 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.h 728.3 105.hl 

.35 4 10 2.30 2.30 6.02 0.500 60.2 788.5 114.28 

40 ,10 25 2.50 2.10. 5.50 0.543 137.5 . 926.0 134.37 


i50 10 25 2.65 1.95 5.10 0.576 127.5 1053.5 152.78 
60 6 15 2.85 1.75 4.58 0.620 68.6 1122.1 162.51 
65 4 10' 3.17 1.43 3.74 0.689 .37.4 . 1159.5 168.05 
70 10 25 3.37 1.23 3.22 0.7.32 80.5 1240.0 179.95 
80 10 25 .3.42 1.18 .3.09 '0.74.3 . 77.3 1317.3 190.82 
90 6 15 .3.50 1.1<> 2.88 0.761 43.2 1360.5 197.35 
95 4 10 3.60 1.00 2.62 0.783 . 26.2 1386.7 200.17 

100 10 25 .3.90 ,0.70 1.83 0.847 . 45.7 1432.4 207.46 
no 10 2$ 4.44 0.16 0.41 0.965 10•.3 1442.7 209.14 
120 •. 6 15 4.52 0.08 . 0.20 0.982 ' .3.0 1445.7 209.4.3 
125 ' 2 5 4.56 0.q4 0.10 0.991 0.5' 1446.2 209.56 

, <J 


