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Abstract

Ammonium sulfate synthesized by # e air oxidation methods without catalyst using the reaction vessel

which was fitted with fritted glass at the bottom of it and introducing, through the bottom, ammonia

and air with constant flow rates to sulfurous acid solution of constant concentrations at the given

temperatures.

The experiment showed that the oxidation process was accelerated in accord with the increase of the

2ir flow rates when the ammonia flow rate was constantly kept at ca. 100ml/min. in high temperatures

When the pH of the solution reached 9.0

, the oxidation was nearly completed. It is assumed that in

the process of reaction, [O;—HSO3~]* would be produced as an activated complex and the reaction

was thought to be first order.

The experiment indicated that the 0.5M sulfurous solution could be oxidized up to 98 5495 at the

flow rates of ammonia and air, 100ml/min., and 4//min.
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Table | The Oxidation Percentages of Sulfite Ion under The Various Conditions.

Temp., °C 30
COnS::IteI'/Eilthn, 1. 3948 1. 4034 l 1. 3432 ] 1. 3776
Tany ate of 3 4 | 5 | 6
m re[rigiigl’g Oxid. % re[rig:;tigx,g | Oxid. % l rgrigi::li%g Oxid. % \ re[rggiiligl’g Oxid. %
0 1. 3948 0 1. 4034 0 1.3432 0 1.3776 0
5 1. 2829 8.02 1. 2398 11.65 1.1710 12.82 1.1710 15. 00
10 1. 1968 14.19 1. 1107 20.84 1. 0246 23.72 0. 9902 28.13
20 1. 0590 24. 06 0. 9300 33.72 0. 8180 39.10 0.7319 46. 88
30 - — 0. 7663 45. 36 0. 6458 51.92 0.5510 60. 00
40 0. 8180 41.34 0.6371 54.56 0. 4994 62. 82 0. 4305 68.75
50 — - 0. 5424 61.30 0. 4305 67.95 0. 3702 78.13
60 0.6371 54. 30 0. 4563 67.43 0. 3788 71.63
70 — - 0. 3788 71.72
80 0. 5080 63.55 0. 3616 74.17
90 - —
100 0. 4305 69. 10
110 —_ —_
120 0. 3616 74. 04
130 0. 3444 75.43

Table  The Oxidation Percentages of Sulfite Ion under The Various Conditions.

Temp., °C ‘ 40
Concentration,| 1. 3600 | 1. 3604 ] 1.3604 | 1. 3452
Flow Rate of R 1 B :
Air, I/min. < : 4 , o | 6
500 | om 07T | ou 5057 | ox 50 | o
Tm~ remaining Oxid. % \ remaining Ovid. % I remaining I Oxid, % ‘ remaining Oxid. %
0 1. 3690 0 1. 3604 0 1. 3604 0 1. 3432 0
5 1. 2140 11. 32 1. 1280 17.09 1. 0849 20. 26 1. 0160, 24. 36
10 1.0763 21.39 0. 9557 29. 75 0. 8868 34. 82 0.7749 42. 31
20 0. 8782 35. 85 0.7319 46. 21 0. 6027 55. 70 0. 4994 62. 82
30 0.7146 47. 80 0. 5424 60. 14 0. 4563 66. 47 0. 3875 71.31
40 0. 5769 57. 87 0. 4305 68. 36 0. 3788 72. 48
50 0. 4908 64. 16 0. 3875 71.53
60 ! 0. 4047 70.45
0 0. 3616 73.59
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Fig. 2 Plot of the changes of sulfite ion concentration

vs. time at 30°C.

Fig. 3 Plot of the changes of sulfite ion

Table [ Temperature and Flow Rate of Air.

concentration vs. time at 40°C.

~___ Flow Rate of Air,
T L {/min. 3 4 5 6 Total
Temp., °C T
5.89 4.17 1.79 3.13
5.89 4.17 1.79 . 8.13
5.89 4.17 L7 3.13
4.04(21. 71) 4.17(16. 68) 1.15(6.52) 3.13(12.52) 57.43
3.59 1.53 2. 80 1.79
3.59 1.53 2.16 1.15
10 3.59 1.53 2.80 115
3.59(14. 36) 1.53(6. 12) 2.16(9. 22) 1.15(5. 24) 35. 64
Total 36. 07 92. 80 16. 44 17.76
288, Sr=62.48 HHE, v=31 FEGRE) #E), Sp=14.84 EIRE ve=1
IR BEY, Sc=30.13 ve=3 /NEHEEEY, Spc=58. 89 vre=7
EIEH, Sexc=13.92 VRxe=3 B, Sp=3.59 vE=24
Table I Table of Variance Analysis.
Factor \ Sum of Squares | ]%ergere?i%n(if Mean Squares F
Between Temperature | 14.84 t 1! 14.84 14. 84/0. 15=98. 93**
Between Flow Rate | 30.13 3 i 10.04 10. 04/0. 15=66. 93**
Interaction ﬂ 13,92 3| 4.64 4.64/0.15=30. 93**
Subtotal 58. 89 7
Error \ 3.59 24 0.15
Total | 62.48 a1 | |
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ol A 300ml/ 71A & AAste] AHEY RS Table Vo A
Table V The Oxidation Percentages of Sulfite Ion under The Various Sample Quantities.
Temp., °C l 30
Flow Rate of Air, {/min. ‘ 4
Concentration, mole/! ( 1. 4034 l 1. 3604 ‘ 1. 3604
Sample Quantities, ml ‘ 200 ] 250 } 300
T ____Oxidation % | ‘
Time, min. T ‘
0 0 0 0
5 11.65 8.23 6. 96
10 20. 84 15. 83 13.29
20 33.72 29.12 22.16
30 45,36 - -
40 54. 56 47. 48 41. 78
50 61.30 - -
60 67.43 61. 40 53.17
70 71.72 - -
80 74.17 69. 00 62. 67
100 — 74. 38 70. 26
120 — — 73.12
Aot A R =& EBikEe @b o FX A e 708 = oz A it
MiatmET o2 fEsded AVAE Bz
Table VI Sample Quantities.
Sample Quantities
T | 200m! 250ml 300m!
Run \\\
1 4.17 4.69 2. 80 !
2 4.17 4.06 3.43
3 4.17 4. 05 2. 80
4 4.17 4. 69 3.43 Total
Total 16. 68 17. 50 12. 46 46. 64
Replicate ‘ 4 4 4 12
Mean ‘1 16.68/4=4.17 17, 50/4=4, 38 12.46/4=3.15
ZHE) Sr=4.45, HHE »=11, FRNME Sp=3.66, »=2, BHREE Sy=0.79, v=9,
ol 8 HRE SESHFER A=t Table izt 2o,
Table Vi Table of Variance Analysis.
Factor ! Sum of Squares E Degree of Freedom ) Mean Squares F
Between Sample Quantities 3. 66 2 1.83 20. 33**
Error ! 0.7 9 0. 09
Total 45| 11 |
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BEAES Tt 2, T RS ERE S
HENO LR fRE 1%2A WE o) Bt %
7t gz & F grh & HKES 250ml Y o KK
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E & mHY Fe o $ 2ol £94 & BN F
of ©]3te] SO=p0]-27} -3l oxygend] FE =%
Hon sulfate ion9 4 FKEEE sulfite ion 8] EBE
BWeelnt EdDz B 5 At whebA] KR tef 2
Z+e) Eififle] 3 sulfite ion o] BHEES] HE Atolo] M
FIREE T3ln = FEMES AN &EE0.1%
e 1%24 FERNCIZE —RKEo =tz =Y
T3 HEEERS gk Table I 2o,
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Fig. 4 Plot of the rate constants vs. the flow

rates of air.

Table VIl Rate Constants.

Temp., °C % 30 40
Flow Rate of Air, //min. 3 4 5 6 3 4 5 6
Concentration, mole// 1.3948] 1.4034| 1.3432] 1.3776| 1.3690{ 1.3604] 1.3604 1.3432
Rate Constant, %X 10%ec 1. 90 2. 80 3.55 4.32 3.25 4. 40 5.83 6. 95
o} -
S s0f 10} SIS
—5» Fh] » 8t
- e
g ok 6l Flow Rate of Ammonia
] 0. 160 ml ‘min.
;i Flow Rate Of, Asmm(mix x & 200 ml min,
i 0: 100 ml/min. A / & 309 m! min.
Z *: 200 ml/min.
= £ 300 ml/min. i/
5 4
0 s 1 5 % % h 3 m 15 e P
t {min.) t (min.}

T

Fig. 5 Plot of the oxidation percentages of
sulfite ion vs. time.

Fig. 6 Plot of the changes

of pH vs. time.
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Table X The Oxidation Percentages of Sufite Ion and The Changes of pH of 2M
sulfurous Acid Solution under The Various Flow Rates of Ammonia.

Temp., °C ’ 25
Flow Rate ofAir, !/min. 2
Concentration, mole/! [ 0. 1767 ’ 0.1925 0. 1730
Flow Rate of
Ammonia, m//min ' 100 , 200 300
EN‘ Oxid. % pH | Oxid % »H Oxid. % PH
0 0 2.2 0 2.2 0 2.2
5 38. 62 6.2 32.91 7.1 26. 76 8.2
10 44. 14 8.8 38. 61 9.2 33.10 9.2
15 45. 52 9.3 35.91 9.6
20 38.73 9.8
25 40. 14 10.0

Schwab 9 Strohmeyer® of] 23l B{LEEE BE
9 GBS BmBelE d7AE Table MY #HEEHKE
el h3te] plot 3hd Fig. 4 ¢} 22 EHE <o
FECHE BRIEY —h@mEIE & F gk o
o9 HBREE BT 1% =& 5%E HEihel 4t

2. B8 Do slefAT fritted glass fFEAMREHD R
fEsmo 4 25°CiEI o2 3o 9oF 0.2M 9
acid B 250mi & wHE oH& BHRY HES 2//min.
E 24 AA o]l ammonia 8] ¥ < 2+t 100m!/min. ,
200m//min., 300ml/min. 2 3} sulfurous acid JEE<
BT A Efiel szt sulfite ion 9 BAMLE T AW

sulfurous

9 pH O] #tE Table Ko 2t

Table KY 2 H®S MiLAR #ik 2 pH Y B
£ Wil o3t plot 34 Fig. 5 ¥ Fig. 63 3o},

Fig. 5614 R¥ dhs} o] BHEPWEE 2//min. 2
243 ammonia & FHE-S 200m//min., 300m!//min.
2 & A f-o]E sulfite ion 2] EE{bZZo] For] 100ml/
min. Q1 77} BA{bERe] zZv}, whebA Ll EES A
Y- 100m//min. 2 Ed3tg o},

Table X9} Fig. 504 2= pH7F 9.08% Yoo

Befbe #Rd st7tet A& & 5 Ut

Table X The Oxidation Percentages of The Various Sulfurous Acid Solutions.

Temp., °C 25
Flow Rate of !
Air, [/min. i 2
g‘;ﬁ’gf}‘“a“‘m’ | 0. 2570 ’ 0. 5190 0. 7320 1.0134 1. 3739
\ rFeSmOaain:! O}é/id' r[eSn(l:;Sin:! O};d' r[eSrr(l)aainj- O};d' E(esrr(ljaain]- O};d‘ r[esngaain:! O;i/d'
Time, min. ing ° ing o ing e ing ° ing ¢
0 0. 2570 0l 0.5190 0 0.7320 0 1.0134 0 1.3739 0
5 0.1230 52.13] 0.2521 51.40f 0.2046] 72,05 0.2046] 79.81] 0.2960] 77.61
10 0.1035] 39.71) 0.1486 71.35/ 0.1656| 77.38 0.1108] 89.07] 0.2071 84 97
15 0. 0889 65. 40| 0. 1437, 72.25 0.1535 79.04] 0.1035 89. 791 0. 2022 85. 33
20 0-0840{ 67.29) 0.1340 74.17! 0.1486 79.71/ 0.0914 90.991 0.1924] 86.04
25 0.1291 75.10, 0.1389] 81.04 0.1864] 86.68
30 0. 1242 76.04{ 0.1364 81. 37| 0. 1815 £6. 84
35 0.1181 77. 22|
40 0.1145) 77.92
45 0.1133 78.16
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Table X The Oxidation Percentages of The Various Sulfurous Acid Solutions.
Temp., °C f 25
Flow Rate of ‘
Air, I/min. 4
Concentration, | o2 0. 4945 0.7564 |  1.0633 1.5542
\ = = = = =
N - Ee?noa‘iin] O’éid' r[efn(:l:;nj O’o{id' rgsrn(ieinj Ozxid. r[esngﬁn] Oxid. rl:esrr(n?axain:I Oxid.
- - - - Q- - . o,
Time, min. ing % ing % ing % ing % ing %
0 0. 2375 0| 0.4945 O 0. 7564 0 1.0633 0 1.5342 0
5 0.0840, 64.61] 0.0974] 80.29] 0.1181] 84.36| 0.1242 88.28 0.1693 89.14
10 0.0694 70.77| 0.0804] 83.74] 0.0987] 86.94| 0.0938 91.14; 0.1279 91.80
15 0.0646] 72.82| 0.0658] 86.70] 0.0962] 87.26] 0.0792] 92.52| 0.1206] 92.28
20 » 0. 0938 87.58 0.0731 93.08 0.1108 92. 90
Table XI The Oxidation Percentages of The Various Sulfurous Acid Solutions.
Temp., °C ‘ 50
Flow Rate of
Air, [/min. ’ 2 4
Concentration, | 0. 2789 0. 4933 0. 2570 0. 4994
\ [SO :] [SO =] = o
— ), : 371, . [SO5=], (8057], .
Time min; ] remaining Oxid. % remaining Oxid. % remaining Oxid. % remaining Oxid. %
0 0. 2789 0 0. 4933 0 0. 2570 0 0. 4994 (]
5 0. 0706 74. 68| 0. 0901 81. 82 0. 0731 88. 62 0. 0268 94. 63
10 0. 0621 77.73 0. 0743 84. 93 0. 0365 94, 31 0.0134 97. 32
15 0.0512 81. 66 0. 0694 87. 40 0. 0097 98. 05
20 0. 0463 83.41 0. 0499 89. 87| 0. 0073 98. 54
25 0. 0438 84. 28 0. 0341 93. 08
1.6F -
L) ! &L\
Concentration \
0: 0.2570 M . Concentration
® 0.5190 M . 12t o 0.2375 M
10,7320 M > 0 4945 M
7 1.0134 M l/OK Al 7564 M
«1.3739 M \ v.1 0633 M
_ \ \ 3. 15542 M
S os) i |
@

\
?\\
A\~
0.6f: °
\\

A

25°C
25°C

\
\
- - . u.zw\\
N -

1 T

t(min. )
Fig.7 Plot of the changes of sulfite ion
concentration vs. time. (2//min.)

1 . :
2 10 15

21
s+
&

t(min. )

X

Fig. 8 Plot of the changes of sulfite ion
concentration vs. time. (4//min. )
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KIERE 25°C, ammonia 9] Fig 100m//min., sul-
furous acid JAWS] BEE 0.25M, 0.5M, 0. 75M, 1M,
1.5M, ZREHE 20/min. =& 4//min. QL 99 EL
&L Table X ¥ Table Mo AQ. 25°C o]
-sulfurous acid %¥Ko] 1. 5M o] A 4RI S Jehi g o}

FIERE 50°C oA 178 EeitEs Table XII 9
Zorl 50°Co]4 sulfurous acid JKike (HFIEREE

IR L] (R HEETEEY TEAY SLEd 5% PR 85

0.5M o] gl o},

Table X, Table XI %@ Table XII 8] sulfite ion 9
FA{LZ S BeRdel Wit plot 8}=1 Fig. 7, Fig. 8 &
Fig. 9 zl},

® Table X @ X9 sulfite ion 8] BH{LES &
shete] plot 9 Fig. 103 7).

‘0,5‘ __ 2 1/min. ; 100F N
\ ol 0.2789 M 5 ;
0.4-\ o 0.4933 M g s
3 ——: 4 1 min. 2
\ 40,2570 M E
0.3k | a: 501 M P
e h ! 0. 4993 M E‘L Flow Rate of Air
[ G
@, e o! 2 L'min.
X .
= ® 4 /min.
2
i 1 1 ' I 2 " N
a 0.2 04 0.6 0.8 1.0 12 1.4 16
t(min. ) c(mole/D
Fig. 9 Plot of the changes of sulfite ion Fig. 10 The oxidation percentages of various
concentration vs. time at 50°C. acid solutions at 25°C.
3 BEES 25°C 2 —%E3A stz BRIES 2/ 0.75M, 1M, 1.5MDe] o3t FifbZEE w]w3lsd Table

min. 9} 4//min. 2 35S = 2 BE (0.25M, 0.5M,

XII ¢ Fig. 11 &1},

Table XII. The Oxidation Percentages of Sulfite Ion under The Different Flow Rate of
Air in Each sulfurous Acid Solution.

Temp., °C 25
Ao 2| ol 2 e o[ a2 ] 4] 2] 3
g‘(’)’l‘gf}’“a“"“’ 0. 2570] 0.237¢  0.5190| 0.4945 0.7320] 0.7564] 1.0134 1. 0633‘ 1 3739‘ 1. 5542
S~ Owd % 7
Time, mirN
0 0 0 0 0 0 0 0 0 0
5 52.13) 64.61] 51.40] 80.29] 72.05 84.36 79.81 88.28 77.61 &9.14
10 59.71  70.77) 71.33| 83.74 77.38 86.94 89.07 91.14 84.97 91.80
15 65.40, 7282 72.23| 86.70] 79.04 87.26] 89.79 9252 85.33 92 08
20 67. 29, 74.17 79.71 87.58] 90.99| ©93.08 86.04 92.90
25 75. 10 81.04 86. 68
30 76. 04 81.37 86. 84
35 77,22 |
40 77.92
45 78. 16
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Flow Rate of Air
Lor o 2 l/min. 106p o 100} 106k
g o 4 1/min.
e =
X ————a
§ 8 o} 804 w0} S0t f
=
(2]
K3
5 664 60} 60 €ogf 60
:
g 4 44 40 401 M‘u
g 0. 25M 0.5M 0.75M M L. 5M
]
i » » 4 o
n 1 1 1 1 S - A A . ;
20 10 20 40 20 40 20 40 20 [
t(min, )

Fig. 11 The oxidation percentages of sulfite ion by the flow rates of air at 25°C.

Table XV. The Oxydation Percentages of Sulfite

100

Flow Rate of Air

o 2 1/min, 100}
Ion under The Different Flow Rate of g ® 4 1/min. ///
Air in Each Sulfurous Acid Solution. L wh
3 |
Temp., °C ‘ 50 - !
° |
Flow Rate of v 60 60
Air, [/min. i 2 \ 4 ’ 2 4 %"
i T
Concentration, | 0. 979, 0.2570 04933 0.4994 :
mole/l ! g ©
W | s
2
Time, min. . .5
z X 0.25 M 2 0.5 M
0 0 0 0 0 ©
5 74. 68 88. 62, 81. 82 94. 63
10 77.73]  94.31] 84.93 97.32 20 m % 0
15 81. 66 87.40 98.05 .
- t{min. )
2? 83.41 89.87)  98.54 Fig. 12 The oxidation percentages of sulfite
2 84.28 93. 08 ion by the flow rates of air at 50°C.
Flow Rate of Air ———-2 L'min. amperature o 25°C *
----- ' 4 Dmin. e 50°C
g 100- 100} 165} wk .
2 » r
B / [
2 sl sk o so-j’ 1»;/"'«
s [ b
% iy i
g wor soh fH 60
(7] |l’ i
e ! i
A I /
g 4 40 0k s
2 i !
3 f |
bed
ST 0.25M 2 0.5M ; 0.25M wp  0.5M
% a0 0 % 19 0 ) 0 0 % D
t(min. )
Fig. 13 The oxidation percentages of sulfite ion by temperatures.



Vol. 10 (1966)

AL kT K

FRFe] L¥ Bikel ME PR

BEE 50°C 2 —FEs st ZRAE S 2//min. o}
4l/min. 2 3G @, 7 BE 25M, 0.5M)e] A
Ebze v melsd Table XIV ¥ Fig. 128 Qr}
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Table XV. The Oxidation Percentages of Sulfite Ion under The Various Temperatures

in Each Sulfurous Acid Solution,

Flow Rate of |

Air, [/min. ' 2 “ 4
Temp., °C | w0 o om | s | % ‘ 50 25 50
g%‘fgj;‘“a“"“’ | oz 02780 o 5190! 0.4933 0. 2375‘1 0.2570]  0.4943  0.4994
——_Oxid % |
Time, min. \}
0 ! 0 0 0 o | 0 0 0 0
5 52.13 74. 68 51.40]  81.82 64. 61 88. 62 80.29,  94.63
10 5. 71 77.73 .35 8193 70.77  94.31 83.74 97.32
15 65.40,  8L.66  72.25  87.40 72.82 86.70,  98.03
20 67.29  83.41 7417 89.87 98. 54
23 84. 28 75.10  93.08
30 76. 04
33 77. 22
40 77.92
& 78.16

oo FESLER ) o sl BE 25°C ol A 1M sulfurous
acid 3¥E 28 3z 50°C oA 0.5M sulfurous acid BHE

of Wt ZAMHE 4/min.,

ammonia % 100m!/

min. @ # sulfite ion 9] Ei{kzo] 71 ok wEhAl

e HRAAE BEE 44 IM 9 0.5M 2 3 R

KIES] sulfite ion & B,

Bk BRI R EhkR

(Merk 8509 F& =239 50 2 EHiERE Table
XVI 2 Table XVII 7 e},

-Table XVI. The Oxidation Percentages of Sulfite Ion by The Amounts of Active Carbon at 25°C.

Temp., °C ‘ 25

Flow Rate of | 4

Air, I/min.

Concentration, | 1.0633 | 09366 1. 0083 0.9144 | 1058 | 099
sl Act] o | oz 0.4 o6 | o8 | 10
o | Son| o | St o | (Gt omie | i [ o | Gl o

Time, min. ™| ing ° |ing ° |ing ° |ing ° |ing ° |ing °©

0 10633 o 0.936 o 10085 o 09744 0o 10584 0 0.939 0
5 0.1242 88.28| 0.0792 91.52 0.1133] 83.79 0.1011] 89.63 0.1181| 88.86 0.1133( 88.58
10 0.0038 91.14| 0.0572 93.86 0.0987 90.24 0.0597 93.88| 0.1035/ 90.24| 0.0889| 91.02
15 0.0792 92.52| 0.0473 94.90| 0.0889) 91. 20| 0.0499] 94.88 0.0962| 90.93( 0.0840| 91. 51
20 0.0731] 93. 08 0.0889| 91.62 0.0816| 9L 75
25 0.0840) 92.08 0.0792] 92. 00
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Table XVI. The Oxidation Percentages of Sulfite Ion by The Amounts of Active Carbon at 50°C.

Temp., °C 50
Flow Rate of ‘ 4
Air, [/min.
pocentration, | 04004 | 0.5001 | 04896 | 0516 | 0430 |  0.5043
Amounts of Ac- i
e e A o | ez | os | 0s o8 | 10
(50573 | [SO57] \ [SO57) [5057] [SO057] (5057] |
\\ l‘emaln O d remaln 07d remaln‘ Oﬂd remaln' O;d remaln O;d remﬁln LO;d
Time, min, ing ing | ing ing ° |ing ° |ing i e
0 - 0.4994 o | 0.5001 o | o0.4896 o | o 5116!I o | o.43000 o | 05043 o
5 0.0268 94.63 00390 92.33 0.0731) 94,03 0.0288 94,76 0.0244| 94 041 0.0244 95.15
10 0-0134 97.32 0.0292 94.24) 0.0609] 95.04 0.0219 95.72 0.0207] 95.19 ‘
15 0.0097| 98.05 0.0244] 95.20 0.0195| 96.19 0.015¢] 9. 39!
20 0.0073 98. 54[ 0.0195| 96.38 [ |

U —
;_/‘_.ao\\‘_"’//.L\}__.__J

&

=
-2
ot
-=
£
H
S & Temperature and concentratica.
% o 25°C, IM
s .
¢ wb s. 50°C,0.5M
£
=
2
@ o
=
\ b 1 i3 N
0 0.2 0.4 0.6 05 1.0

Amounts of active carbon.

Fig. 14 The oxidation percentages of sulfite ton
vs. the amounts of active carbon.

Table XVI 2 XVII & jEpss] oko] oidh sulfite
ion &) FEE(LES plot 8}4 Fig. 14 ¢ 7o},
v Fig. 149 EHERSY %o w2 & sulfite ion 9] Bt
e FHHRK 0 & 73l BES R

ty=|—0.7285] =0. 7285< t4, 0.00=4. 604

ty=|—1.97| =1 97<ty, c.0=4. 604
%, o] ¥ A% BEFEHRE =09 BE] $oo=
sulfite ion o] EA(LERS {EHtERS] o= B 8= &
T A=k

FEER el SO, NHj, O @ HpO 2E-B ammonium
LEAHE S. I Wolfkowitsch ¢} D. L. Zirlin®"
o #Hi%kE glou} —FEEEY sulfurous acid Bl
ammonia ¢} BREF WHARERE o FF WAAA B
{b3hs Hike off Bamsel 9A et 4 ammonia
o Fime puEstyl 9k 4 E #E Fig 5404 =
L ulel el =z Fre] 100ml/min. 4 =l EiEe] A
Table Kol A8} 7to] ammonia o] ko] &7 &45

sulfate 2

HEEY pHE 6.2-7.1-8.29 O Z Z7)13bed BEL
Zgo] ol Avt i Kiffle]l ¥ &7H & & F

A9 BHERE 6% 29 ammonium sulfite 9
Bk F2 5~10% Aold #i7d S & 4 ik
Table Xol4 Bi upe} o] EiLEL 25°C = 1M
BRAA Bimel 2983 2 o€ FAEZ FaHE
Hime VebRE ol £2 0.9 BHERLIE JF
[0,—HSOs ) &£KY FES & 5 A3+ oA
Y. K. Shin¢] BHFE®} —3ghet

Table XIII < plot & Fig. 11¢] lelA #EEs} —
F(23°Crstz 22t @l —ET oW, §Ee T
Bifbzeo] 2dE AL & F Ik o) AL FHol
TF ’*”"“‘91 fmEm ol BArael o] AAA B
< matsle] B SRS EEEES St
Folztzm AzzEch o]AL 50°CY | Table XIV &
plot 3 Fig. 12¢] glolA & ml3ts}A] ol e,

t}gof Table XV & plot & Fig. 139 01014 =4,
o] el —EE W A4 —FEEAA BES S
= Epikzee] Zrbetm vk LikE RERES ER
o] Mt %S Fohnd Hi [ slelAd

SESFERS —Fdt

FEE [ o] olA (4/min.)o] iG¥Efkel =& 3300
cal 1) wlate] I ol 1ol A (4l/min. )9 FEifLel
WA E 1200 cal & a0 9l ch

FRIMES sulfite on & BFHREE Moz FHER

r

rlo

rulu S

& Ab8d &8 (Table XVI, XVII 9 Fig. 14 32)
=z MibEe] FiERE AHEER o& Wet ZRA
guE Aol EHEEHA BE®E] og5d 28HA
o}

Dasett &} ParkerlV Ee(EFwiol A ohg-ol KIEEE
Oz"r‘HSOs H[Oz—’HSOs ]
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0,+2HS05~ 2 HSO5 + [05-2150;7)
b2 Hsof+1/40,

Stationary state approximation!®&-
o1£o] AREERS T,

d[Oy->HSO4-
AOHSOT) 60, g,

—HS03-] (HSO3-)—A[O—HS05-]

d[HSQ5
—AASOT) 4 (01804 ks

[HSO;}“] [Oz‘*HSOa—]
d[HSO
"[_#‘]— £1[02—HS0357]

Stationary state o] A d[O—HSO37)/dt=00] =2

o] &3te} HSO4~

HIEEE L kD WG EZEY T¥ER gd W P 89

ka[O2)(HSO3-)2= {k-3[HSO3~] + k1) [O2—HSO0;57)

k3{0,) [HSO;5-12

(0:~HS057 )= =" 150, T + 4

_LL%S:)_J_ ki[O;—HS057)

klk?[oﬂ [HSO,77?
k-a[HSO3-J+4
o] ® ko] HMERelmE b [HSOs bk o5 M#
9 BEE AY —Edez

(][1‘1504'] . klkg[oﬂ [HSOQ']Z
dt - k-3(HSO37]
=k [HSO5-)
%, 1R =k BE

Table X, X 2 XII9 $EFNS T Table
XVII 2 Table XIXg} 7e},

Table XVII. Rate Constants at 25°C.

Themp., °C | 2

Flow Rate of 1 o 1

Air, I/min. <

Cnocentration, - -

e | 0.2570 0.5100 0.7320 0.0134 1.5739 0.2373 0.4943| 0. ob-il | 1.5542

£x10% sec! | 026 | 062 | 004 | 151 | 195 [ 028 | oe | 110 [ 16 ] 2.38
Table XI{. Rate Constants at 50°C. Table XVIILoff glo}Al @t METH Atol ol

Temp., °C

Flow Rate of

Air, [/min. 2 \ 4

|
mole/!

02489‘ 04993! 0.2570. 0.4994

|
\
Concentration, l

kx104, sec!

3.62 ; 6.98 ‘ s.68 | 8.1

FHE FER 0.1%2 HENZE —REEBIHRA

of §- & 2&sicl,  Table XVIII & plot 3t Fig. 15
T 99

3.0r-
Flow Rate of Air
o 2 L'min.
o 4 4'min.
2.0
o
L%
wi
=)
=4
X
ST
1.0
- i ke .r l‘
0 0.2 0.4 0.6 1.0 1.2 ] 1.6

¢ (mole/D)

Fig. 15 Plot of rate constants vs. concentration.
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L BE7F 22(50°C) mHEKMe) F(4/min. )5} 54
ol Z 5t BAE W sulfite ion o) MmO =
7kt 98.54%°] MLm= A ERMILE AT

2. Ammonia o] BSEME-E 100ml/min. o] gtk

3. JHHE pH 7L 0.00] =2ee fiELS ke St
st 3,

4. BRMEBEIA = KIEol activated complex [Os—s
HSOs7 1% AA #1720 A9 Ed8: A 2o}

5. RUEIE 25°C AL %A BES %9 4 (L
SM)levt @At WA= EhFke) Wik
Stz RN & Biftaie] dolxl e abgig

6. B REES: HEEN Aol ol = MAMMG Kz
staieh,

TLE KRS AT il F4 simE e

HERpole] Fa FBHEML, #HEHEEA 1o1A BISE

o T SR B4 44T #ES Bl vlold
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