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Part Some Fundamental Experiments in regard to The Efficiency
of Sulfuric Acid Recovery by Static Method
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Table Current efficiency at 2.50/dr  2hrs
i H,SO % . | HySO | Fnd-electrode | Current
No.l conc. d'zl 41 — ‘ dcélrf ;ﬁm Time‘ traznsféred np:t:nt]i:al efficil;ncy
i soln, | dil. soln. Yy (1r.)‘ (mg) (volt) (%)
1| 30 1 (0.98) 2.5 2 $C6.2 4.3~4 107.0
2| 30 2 (1.59) 2.5 2 698.5 3.7~3.6 83.6
31 30 5 (4.68) 2.5 2 712.6 3.6~3.7 84.2
4] 30 10 (9.69) 2.5 2 532.1 3.3~3.6 63.5
51 30 15 (14 .73) 2.5 2 382.0 3~3.2 45.8
61 30 20 (20.01) 2.5 2 155.7 3.3~3.3 18.6
7| 30 30 (30.21) 2.5 2 28.8 3.4~ 3.6
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Table H,S0, leaked across anion membrane for lhr at the
sum concentration of conc and dil soln is 30
. HsS04 (%) | Time H%?Sk‘te 4 \Increased %‘ Relative zlf;;ra:he
No. ;;g{];]c..ll dil. soln. l‘ (hr.) 1 (mg.) | of dil. soln. ‘ value \‘ 2. 5A/dm?, 1hr
1 30 I 0 | 1 ‘ 282.7 +0.71% ] 100 53.8%
2| 25 5 1 146.1 | +0.27 51.7 36.7
3 20 10 1 69.5 +0.18 24.6 28.8
4 15 l 15 1 0 0] ‘ 0 0
15 15 0
Adm? C.D. 1hr H,30,
H,S0, 0 H,S0,
60 0 55 5 50 10
45 15 40 20 35 25 30 30

2.5



Table

H,S0, leaked across anion membrane for lhr as the

sum concentration of conc and dil soln is 60
No. = HaS0, (%) ' Time | 2504 Increased %JRelative Zsfor the
o-lconc.| g o, | (hr) | 1e2Ked il coln. |value | Y2Lue at
soln . + Y1 (mg.) : : 2.5A/dm?, 1hr.
1 60 1 376.1 +0.81 133 66 .8
2 o5 g 1 306.9 +0.58 109
J291
3 50 10 1 1288.6 +0.55 103
4 47.5 12.5 1 146.1 51 .7
B 45 15 1 129.5 45.8
8.2 | 8.2
6 .
- 20 1 {15.4 115 .4
7 35 25 i {36.2 {36 6
28.4 28 .4
8 30 30 | 0 0
60 O HZSO4 7??/07‘ mg H2504
H,S0, 30 0 260
240
720
3001,
N
260
240 kx
270
30 0 1hr. oo
H,S0, 292..4mg 103.5  '¢7
lev
ja0 *\\X
120
100
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Fig Relation between the H,S0, leaked across anion
membrane and the concentration of dil soln as
the sum concentration of both side soln is
constant 60 and30
HS0, 30 0 %5 5 20
10 15 15
30 25 5



Table

Results of electrolysis for lhr as the sum concentration

of both soln isconstant 30 20 10 and5
H,S0 % | Current X H,SO, .| End-electrode | Current
= . . censity Time | ansfered g}crde_aises%% potential efficiency
conc. soln. | cil. soln.  |(A /dm?)| (br) (mg.) il. soln. (volt) (%)
1| 30 (302D} 0 25 | 1 525.8 +1.07 10~3.8 120.6
2 25 (24.90) 5 (4.68) 25 1 398.8 +0.61 3.3~3.2 91.9
3 20 (20.01)| 10 (9.89) 2.5 1 241.6 +40.54 2.9~3.2 54.6
4| 15 (14.73)! 15 (14.73)| 2.5 1 43.6 +0.05 3.15 10.1
5| 20 (20.11) 0 2.5 1 461.8 +0.98 15~3.9 110.1
6 15 (15.05) 5 (5.06) 2.5 1 282.5 +0.47 2.7~3.2 69.4
71 15 (15.05)' 0 2.5 1 399.9 +0.84 9.7~4.25 93.3
81 1C (10.11)] (4.68) 2.5 1 237.3 40.44 | 3.4~3.5 _ 54.4
9 10 (10.11)\ ¢} 2.5 1 393.7 +0.82 14.3~4.2 90.5
10 5 (4.68) (4.68)| 2.5 | 1 ~168.2 +0.31 3.5~3.6 39.3
11 5 (4.68) [¢] 2.5 l 1 349.2 +0.74 14.3~4.5 '84.8
12| 2.5 (2.35)] 2.5 (2.35)[ 2.5 ‘ 1 " 231.3 +0.40 3.8~4.2 \ 58.2
15 15 C.E.( ) 20 10 (C.E. 54.6 )
20 HS0,
C.E. 50 C.E.
C.D.
a b
2 d
C 1,2,++,5 ¢ Necessary lime for the
| B ‘F incr easing of concentraiion
: e a—>d, c—>d, e, i
- b g .
H ll i J
5 |
1 I A
f | l Increased conceniraiion
o |
& |
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|
|
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Diagram illustrating the method for the estimate
of electrolysis time from the experimental data

Hz504% of dil soln.
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Table  Results of electrolysis for the combination of 30 0

__ H,50, 9 Carrsnt] } [Expected | End-electrode |[Current
No. | "conc. dil. /density Time | H2SO stransfered i?cii??szgﬁ” increasig % potential efficiency
soln soln [(A/dn%) (hr) (mg.) : " lof dil. soln. (volt.) (%)

1] a0 o] 25| 2 t 982.16 | +1.89%’[ 4+ 2.y | final ,Vglge | nre
2| 30 0 | 25| 4| 1,670.90 | +3.32 | +37 a4 | 977
3| 3 0| 25| 6| 23377 | +4.5 +5.2 | 3 25 ‘ 93.4
4] 30 0| 25| 12 4,108.76 ’ +8.40 +8.7| 315 82.4
50 30 0 | 2.5| 14 5,016.69 | +9.71 +9.75 | - ‘ 85.5
10t
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Fig Increasing concentration of dil soln for the time of electrolysis at the
combination of initial concentration 30 0
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60 0 2.5A/d
m21hr. H,S0,  562.78mg 1.10 30 0 525
.75mg 1.07
§ H,S0,
H,S0, 100 20 30G20 30 H
SO, 1009 209 20620 20 H,S0, 100g 20g
A) C.E.
) ®
A C.E.
Table Results of electrolysis for the combination of 25620 5
T i H,SO, (%)|Current T | HySO4 |Increased | End-electrode Current
No. apparatis; conc. dil. | density tme | yransfered |concentration potential efficiency
soln. soln. |(A/dm?)| (br) | (mg) (%) (volt.) (%)
| | |
LA fgf;’_gzg) (4_568> 2.5 1| 206.29 | oz 3.25~3.30 52.7
_ l -~
2 1 B %229200) (4.568) 2.5 1 ] 234.71 +0.44 3.4~3.35 56.8
Remerk

25620 The solution dissolved 20gr glucose in 20 H,S0, soln  100gr

25 5 C.E.91.9
H,S0,
®
§ H,S0,
2
Table H,S0, leakage at the solution mixed glucose
! H,SO0, (%) Ti H,SO, Increased | Rate for the soln.
No. [ cone. | dil. IME | pansfered | concentration | added no glucose
’ solm. |soln. | (hr)| (mg) (%) (%)
|
1 ?ggzﬁ) 0 l 1 } 23541 +0.45 | 83.3%
) | | .
— |
25G20 5 ? ‘
2 1 | 47.66 +0.19 32.6%
(24.90)] (4.68) | | .
H,S0,
H,S0,

Fig.2



8§ H,S0,
C.E. 5
Table Results of the electrolysis for the solution mixted glucose
H,SO, % | Current | [ H,SO, [Increased | End-electrode Current
No. dil. | density | Time | transfered| concentration| potential efficiency
conc. soln| g (A/dm®)| (b)) (mg) (%) | (volt) (%)
1 :(‘8092260) 0 2.5 | 1 | 469.37 +0.98 13.2~4.2 102.1
2 gfgﬁoj (2?55) 2.5 1| 333.34 +0.60 2.8~3.5 82.58
3 522920% } (5.0 | 25 | 1| 28670 40.60 3~3.4 71.35
4 fgggg {001_011) 2.5 1| 176.06 +0.30 3.4~3.5 42.7
7? 20620 | 0 2.5~11— 404.16 +0.85 15~4.1 - 96.8
6| 15G 20 ‘ (5.83) 2.5 1| 273.39 40.48 3.3~3.6 64.1
7 éi’f_éo) Lo 2.5 1 | 389.38 +0.85 15~4.2 o1.4
8| 12.5G20 (2?55;) 2.5 1| 294.92 +0.55 3~3.75 62.2
9 }%’ 2 (5.(5)@ 2.5 1| 244.07 +0.45 3.15~3.6 59.1
10 é?g. 1210) 0 2.5 1| 385.32 +0.80 15~4.5 9.1
11| 5620 (5‘86) 2.5 1 | 209.20 +0.37 3.5~4.25 9.1
1z ’2?023% 0 2.5 1 | 856.40 +0.75 15~5 82.9
13 2{29572)0 (55| 25 | 1| 286.32 +0.43 4.8~5.5 58.2
46/5 9.2
94 6
5 C.E.
85
C.E.
2 C.E.
15 15 15620 15 15620 15
H,S0,
2 30G20 0 15G20
15 1 15G20 0 2.5G20 12.5 2



Table Data collected from Table 8 for the object of two system electrolysis
H,S0, 2% | Current|; ~TH,SO4 ‘Increased End-electrode | Current
System | No. | cone. | .. density | + @€ | transferedconcentration potential efficiency
| soln, |Gl sollcAsdm®)| (hr) | (mg) | (%) | (volt) (%)
1 30G 20’ 0 2.5 1 } 469.37 “ +0.98 15~4.2 i 102.1
2 |27.5G 20, 2.5 2.5 1| 333.34 | 40.60 2.8~3.5 | 82.58
1 3 25G 20 5 2.5 1 286.70 4-0.60 3~3.4 ‘ 71.35
4 20820 10 2.5 1 176.06 +0.30 3.4~3.5 ] 42.7
156G 20 15 ~
5 (14.73) | (14.73) 2.5 1 \ 122.01 ‘ +0.24 2.7~3.3 29.9
15G 20 . ‘ ‘ ~
6 (14.73) 0 2.5 1 389.38 - +0.85 15~4.2 91.4
2.5 ~ 5
7 12.5(G§20 257 2.5 1 294.92 +0.55 3~3.75 62.2
10G 20 5
5 8 (10.é1> (5.03) 2.5 1 244 .07 +0.45 3.15~3.6 59.1
7.5G20 7.5 aa
9 (7.59) | (7.59) 2.3 1 180.25 +0.33 3.8~3.75 43.0
10 5G 20 10 2.5 1 93.37 +0°17 3.6~4.15 21.6
12.5 .
11 | 2.5G 20 (12.51) 2.5 1 67.83 +0.07 4~4.75 16.9
-0 77hrs  15min 15.4hrs
5 59.8 40.2 5
1.67
35.8 40
§ H,S0,
H,S0,
H,S0,
Table 10 Data gathered from the previous table as the H,S0, concentration
of both side solutions are equal
H,SO,; ¢ | Current Time H;SO, _Incresed | End-electrode | Current
No. ] dil. | density IMe | ransfered| concentration. | potential efficiency
COMC. 80N | o1p, [(A/dm?) (hr.) | (mg) (%) (volt) (%)
v] G| o | 25 | 1| 1z2.0 024 | 2.7~3.3 29.9
2 10G 20 10 2.5 1 } 115.9 +0.26 3.25~3.6 26.6
3| 7.5620| ;5| 2.5 1 | 180.25 l +0.33 3.8~3.75 43.0
. 1
4 5G 20 5 1 2.5 1 | 209.20 | +0.37 3.5~4.25 49 .1
5 2.5G 20 2.5 l 2.5 | 1 ‘ 236.32 l +0.43 4.8~5.5 58.2
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Table 11 Effect of the content of glucose dissolved

in the H,S0, solution on the quantity of No.2 30
H,S0, transfered
H,SO, % | Current . | HySO,
No. {"cone. dil. soln | density Time transfered 20
soln, AL SOML (A /dm?) | (hr) (mg.)
|
1| 15G 20| 15 (15.034)! 2.5 1 122.01
2| 15G30 15 2.5 1 58.49
3| 15G40 15 i 2.5 1 75.87 ( )C.D.
4| 15G 10 15 ; 2.5 1 106 .37 C.D.




Table 12 Effect of current density on the quantity of HS0, transfered

H,S0, % [C’;rrentri" H,SO, | Increased End-electrode | current
No. | conc. 1 1 ") density me | yansfered { conceniration potential lefficicncy
s | il solnCAVame) by | mgy | (%) | (volty — © (4)
1| 15G20 15.03 2.5 | 122.01 l
2 15G 20 15.03 3.5 1 96.92
3 185G 20 15.03 1°5 1 —6.06
5 15G 20 15.10 5.78 1 251.34 +0.45 3.7~4.05 27.7
6| 10G 20 20.11 5.78 1 114.91 +0.34 4.5~4.5 12.1
7 5G 20 24.90 10 1 122.1 +0.35 7.1~6.65 8.9
8 10G 20 20,11 10 1 473.04 +0.66 5.75~5.2 28.7
C.D.  1.5A/dm? H,S0, C.D. 3.5M/
dm, H,S0, C.D. 2
C.D. 4 5 HS0,,
25 H,30,
10A/dr®  C.D. 10620 20 474.04mg  H,S0,
0 C.D.
8
C.D. C.E. H,S0,
C.D. 10A/dmw*  15A/dn?
Table 13 Variations of current efficiency as the current density is 10 and 15A/dn?
on the solution that the sum concentration of H,S0, is 30
H,SO, % _|Current | e M,SO, |Increased End-clectrode | Curren: | Temperature
No. | " conc. " l_ ! density | transfered\concentralion poiential  |efisienc| of soln.
soln. l dil. soln. A /dm™)| (br) | () | (%) (Volt) | (%) | °C)
1| 30G20| o 10 11,6335 | 4s.1a | 15~7.2 | 917 | 26.5~50
2 25G 201 5 (5.06) 10 1 903.61 +1.55 5.6~5.25 55.9 26~39
3 20G 20| 10(10.09) 10 1 577 .87 +1.15 '5.1~4.8 35.9 ~38
4| 15G 20| 15(15.10)] 10 1 508.75 +0.78 5.4~4.8 31.5 37.5
5 10G 20| 20-20.11) 10 1 473.04 +0.66 5.75~5.2 28.7
6 5G 20| 25(24.90)| 10 1 122.1 +0.35 7.1~5.65 8.9
7 | 30G 20 0 15.34 1 | 2,044.43 +3.96 27.5~11.25 74.0 25~35
8 25G 20| 5 (5.06)] 15.34 1 1,193.52 +2.27 8.5~7.8 48.3 26~28
20G 20| 10(10.09)|" 15.34 1 ]1,030.4 +1.68 6.6~5.5 39.7 20~49.5
10 | 15G20f 15(15.10)| 15.34 1 836.34 +1.39 6.6~5.55 | 32.4 | 27.5~49.5
11 | 10G 20 20(20.11) 15.34 1 780.66 +1.17 7.4~6.4 28.86 26~53
12 5G 20 25(25.17) 15.34 1 684.26 +0.98 10~9.15 26.4 26~65
13 | 2.5G 20127.5(27..411 15.34 1 647.01 +0.77 \ 17~23 24.4 26~38
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10A/dm*  15A/dm? H,S0,
H,30,

10A/dm?x 6hrs

Table 14 Result of the electrolysis for 6 hrs at 10A/dw current density

N % ent | o TH,S0, | Increased [ C t
. 'ﬁwy;s’g"dif/ﬁ‘ g?::;?}tr Time ‘lmznsf:“red iclcl)flrc?sa:;ation c—ffli]gfgcy Gl.cose leakage
e M v v S e e R €0 B
11 30G 20 l 0 ’ 10 ' 6 i 6,039.28" +11.16 \ 61.8% 11.49/=o‘15g?:7
1.05 19/100cc 19
0 182.26°
0.159/50cc
10.41g 1.44
6 H,S0, 11.16 10.6
§ 10
0-14
2.5Mdm* 14 20 10A/dm> 20 25 15_34A/dm?

Studies were made on the electrophorecic deacidification of sulfuric acid by static
method utilizing ion-exchange membrane

And these were carried out by using the anion-exchange membrane manufacturing in
Japan because the efficiency of acid-recoveryis mainly influenced by the ability of
deacidification of anion membrane

Investigation was conducted under variouse eletrolysis conditions And from the results
it appears that the gradation of effectiveness of this method of acid-recovery is from
0 to 14 of dil soln at 2.5A/dm* from 14 to 20 at 10A/dm? and from 20 to
25 at 15.34A/dn



Part Researches of the Most Effective Method on the
Deacidification by Counter Current Flow Method

)
40 5 5 40

Table 15 Results of electrolysis on the constant difference of concentration between
both solutions and the time is lhr current density is 27.5A/dm2

N Curr(intr N J Increased ( C;r;\::nt | VO].un.Qéﬂﬁ
Combination of density HZ‘SQ,‘ | Recover- coneentr- ' efficieney l variation
. P trarsfered ed soln. | ation | of dilsoln,

conc, and dil. soln. ’} (%mz) i (mg.) (%) of tgx;;/s;ln. | (%) | (c0)
20G 20~0 2.5 354.24 | 0.80 +0.80 ] 80.3 —2.60
20% 25G 2c~5 (4.88) 2.5 235.06 | 5.49 +0.61 |  54.0 —0.94
differe~ | 030G 20~10(9.85) 2.5 194.41 | 10.59 ! 44.4 —1.25
nce 35G 20~15(15.04) 2.5 180.54 |- 15.46 +0.42 42.2 —0.53
40G 20~20(19.87) 2.5 248.28 20.41 +0.55 ‘ 581 —0.44
15G 20~0 2.5 349.85 0.855 +0.855 - 78.7 —6.12

20G 20~5 (4.88) 2.5 225.29 5.494 +0.614 52.1 —1.1
15% 25G 20~10(9.85) 2.5 | 184.42 | 10.226 | +0.376| 43.6 | +40.01
differe- 30G 20~15(15.23) 2.5 183.776 | 15.475 +0.241 43.3 +0.15
nce 35G 20~20(19.76) 2.5 189.21 19.94 +0.18 44.4 +0.28
40G 20~25(25.16) 2.5 265.76 | 25.387 +0.227 63.4 +0.35
45G 20~30(30.34) 2.5 476.23 | 30.69 +0.35 115.1 +0.60
10G 20~0 2.5 340.08 0.855 +0.855 74.7 —7.34
_ 15G 20~5(4.88) 2.5 210.64 5.498 +0.614 48.1 —-1.36
10% 20G 20~1¢(9.85) 2.5 176.62 10.257 +0.407 40.4 +0.24
differe- | 25G20~15(15.23) | 2.5 163.35 15.533 +0.303 37.8 +0.17
nce 30G 20~20(19.76) | 2.5 173.59 19.979 +0.219 40.6 +0.12
35G 20~25(25.16) 2.5 212.68 25.631 +0.471 49.9 ~0.37
40G 20~30(29.92) 2.5 255.72 30.13 +0.212 61.0 +0.29
5G 20~0 2.5 324.68 0.772 +0.772 72.8 | . —5.06
10G 20~5(4.88) 2.5 189.61 5.355 +0.475 44.0 —0.42
59% 15G 20~10(9.85) 2.5 145.50 10.082 +0.232 34.6 +0.32
20G 20~15(15.23) 2.5 123.18 15.51 +0.28 31.0 —0.34
differ- .| 256 20~20(19.80) 2.5 | 14775 | 19.978 | +0.178| 34.6 | +40.10
enoe 30G 20~25(25.16) 2.5 195.95 | 25.493 +0.332 |  46.6 —0.11
35G20~30(31.496) 2.5 255.26 | 31.645 +0.15 60.4 +0.08
40G 20~35(34.93) 2.5 420.72 v 35.135 +0.205 102.5 +0.57

|
|
|
}
|
|

35 HS0, 5



40
10 0 30
10
15 20
®
H,S0, C.E. .
C .D. 2.5A/dm? 2
15 :
2
C.E. 3
20\
1 1 1 1 1 1 1
M 10 5 20 25 70 35
Fig Relation between the difference of
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Table 16 Results of electrolysis on the constant difference of concentration between
both solution but the current de the density is changed
. Increased N N
Combination of dcir::?; H,SO, Recovered poncentrat—‘efcf‘i]fir::fy Volime
cone. and dil. soln, transfered. | soln. on variaiion
A/ of dil. soln. % of dil. soln.
(Yon2) | mg> | | ) 5 (e0)
5G 20~0 5 645.93 1.34 +1.34 72.6 —5.61
10G 20~5(4.88) S 389.45 5.77 +0.99 44 .6 —-0.72
59% 15G 20~10(9.95) 5 274.99 10.6D +0.65 32.3 —0.55
. 20G20~15(15.348) 5 233.99 15.84 +0.49 27.3 —0.44
differe- 25G 20~20(19.87) 5 278.53 20.28 +0.41 33.1 +0.01
nee 30G 20~25(24.92) 5 282.27 25.13 | +0.21 33.2 | +0.44
35G 20~30(30.10) 5 352.58 30.34 +0.24 40.7 +0.61
40G 20~35(34.95) 5 641.27 35.38 +C.43 72.3 +0.62
5G 20~0 7.5 1,010.97 2.10 +2.10 71.1 —2.42
10G 20~5(4.88) 7.5 602.95 6.07 +1.19 45.3 —0.14
5% 15G 20~10(9.85) 7.5 461.38 10.89 +1.04 34.7 —0.32
differe- | 20G 20~15(15.04) 7.5 352.62 15.62 +0.58 26.6 —0.13
nce 25G 20~20(19.87) 7.5 431.84 20.46 +0.59 32.2 +0.24
30G 20~25(24.92) 7.5 378.05 25.35 +0.43 27.8 +0.26




5G 20~0 “ 10 1,174.97 2.39 +2.39 65.9 —0.97
10G 20~5(4.88) 10 817.44 6.41 +1.53 46.7 —0.27
5% 15G 20~10(7.934) 10 585.93 11.15 | +1.23 35.1 —0.67
0
_ 20G 20~15(15.23) 10 515.61 16.09 +0.86 30.7 —0.14
differe-| o6 20~20(19.76) 10 471.82 20.56 | +0.79 24.1 —0.15
nce 30G 20~25(24.92) 10 411.29 25.46 | 40.54 23.7 +0.12
35G 20~30(30.10) 10 469.39 30.65 40.56 27.3 +0.18
40G 20~35(34.91) 10 760.53 35.55 +0.64 41.6 +0.62
10% 20G 20~10(9.85) 5 297.22 10.62 +0.77 34.9 —0.46
) 25G 20~15(15.04) 5 252.94 15.46 +0.42 29.6 —0.34
differe- 30G 20~20(19.87) 5 339.18 20.46 +0.59 35.9 —0.14
nee - 35G 20~25(24.92) 5 326.72 25.17 +0.25 38.6 +0.51
10% 20G 20~10(9.85) 7.5 476.03 10.89 |. 4+1.04 36.0 —C.19
25G 20~15(15.04) 7.5 396.12 15.78 +0.74 30.4 —0.44
diffree- 30G 20~20(19.87) 7.5 506.69 20.59 +0.72 35.7 +0.25
nee 35G 20~25(24.92) 7.5 403.98 25.46 | +0.54 31.0 +0.10
10% 20G 20~10(9.85) 10 646.07 11.23 +1.38 37.2 —C.42
0
) 25G 20~15(15.04) 10 516.78 15.86 +0.82 29.7 —0.04
differe- 30G 20~20(19.87) 10 503.79 20.76 +0.89 28.3 —0.4
nee 35G 20~25(24.92) 10 414.23 25.49 | 40.57 24.3 +0.05
5% 30G 20~25(24.92) 1.5 160.66 25.17 +0.25 62.3 —0.05
ndiffere-|  35G 20~30(30.01) 1.5 257.29 3C.17 +0.07 10€.9 +0.56
nce 40G 20~35(34.95) | 1.5 443.22 35.38 +0.43 176.3 +0.22
5% 30G 20~25(25.58) \ 1 46.8 25.29 +0.13 32.7 —0.14
differe-| 35G 20~30(30.22) 1 215.43 30.36 | . 4+0.14 128.4 +0.31
nce 40G 20~35(34.93) i 1 372.55 35.C8 +0.15 217.8 +0.55
. |
fgﬂigf"" 30G 20~30(30.29) ‘ 2.5 150.12 30.42 | 4+0.13 35.9 +0.14
7 8
'6)) 15 C.D. C.E. C.D.
@ 15 C.D. C.E. C.D.
C.E. C.D.
H,S0,
15 C.D. 5A/dm? 15 10 5
25 20 C.D. 10A/d
me C.D. 2.5 1A/
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Studies were made on the most effective method for the electrophoretic deacidification

by the counter current flow method on sulfuric acid utilizing ion-exchange membrane.
And it was carried out on the anion-exchange membrane manufacturing in Japan

Under various conditions the difference of concentration between conc soln and dil.
soln was kept constant and the current density was varied

From the results it was learmed that the counter current flow method was better than the
static method because the effectiveness of recovery of acid in the former wes better than in
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Recovery Experiments of Static and Counter Current
Method Using Ten Cell Chambers
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0.5cm
-176¢m ()
@
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28 HS0, 100
) 74cc
(€)]
)
0 3.35 wolt
1 3.30
30 3.29
45 3.27
60 3.25
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90 3.23

120 3.22
)
No. mm
4
16
13
15
15
8.4cm
H,SO, lcc
1.5x 10x 0.675 10.0lcc
50cc 20
() lcc
I Vi il B w® W
= No. H.S0.% = No. H250:%
D) ' 19.90 @ 12.33
® 15.07 @ 11.72
® 14.45 ® 10.65
@) 15.24 ® 9.76
)} 14.69 W) 9.17
)
182.89° 0 182.260
2.4
@
14
0 -14 398 25dm? 24hrs 100 H
,90, 14/25 30 1kg 166.6gr 16
30 X 14/25 16 X 3.36
30G 20 4.032 3,189 1 1.264
0.76dm 10 24 30G 20 1.2 1 50

ccx 5 250cce 5 0 2 2
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10mm
MG
4 5 6mn
5 6
10 20
MG

©)

No. | mmMERBEAIL | ¥ CE | URERE | M BB E OB MEKHE
1 5%—10% | ®msw | s/l €9.5|  S0cm? 24854
2 | 159%—20% 30.2% 5/35HL 88.5 50cm? 24854}
3| c%-% 56.5% { 5/351 47.3|  scem? 24851
4 ‘ 5%—35% 40% | 1L 493.1 50cm? 245

5A/dn? C.D. 5 -10 15 -20 0 -35

C.E
No.1 5 10 15
10 15 X 5/35 10
kg 15 10
55.559r X 2.548
20 2.548 0.510 3.058 15
G20 1.555 2,647.6 1
92cm® 5 1



292.1cc 4.868cc/ 310cc

1 63.6
25G20 40620 1.237 1.340
15 520 25G20 3.21cc/ 1 % 30
-35 4505cc/ 1 9 5 35 0.6%cc/ 7 25

Table 17 Results of preliminary experiment C.D. B5A/d?
Increased. Rate to

!
. | Repetition no. | .
. " Initial 9 of | Flow rate’ 1 concentration the 595
No. | cone. soln. dil. soln. | gass: r:;tltllslrough lof dil. soln, increased
| Ceo/min,y | PPN [T T 0h | (o)
1| 1489 G20 s.17% | 5.8 s+ | +aas | 150
24.9 G20 14.77% | 3.08 3 +3.95 | 79.0
3 40.11 G20 30.04% 2.47 3 +3.06 61.4

Rmark AGB 100gr of A H,S0, soln  Bgr glucose

5 No.1 5.88x
75/100 44.1cc/ NO.2 2.44cc/  No.3 1.51cc/
©)]
5A/dm?  4.6A/92cn?
15620 5
A) 4.41cc/ 4.73cc/
C.E.
4 5 325 333 658cc 10.1
5.215 658ccx 100 5.48 /100 621.8cc
12.7205gr
5.215 1.0349 621.8cc 643.5
g 643.50x 221 33 5ROgr 10.1 1.0694 658cc
703.665g 703.665gx 19-1  71.070gr 71.070
100
33.559 37.511gr 37.511/0.4985 37624 2 2
1 37624
12.7205/2 6.3630gr 6360.3/0.3204 19308 C.E. 376
24/19308x 100 194.8 5 C.E. 194.8/5 38.96
C.E.38.5 101.1 45 3360c/

4.73cc/ 4.868cc/ 97.2



Table 18 Case of flow rate 4.41cc/min  C.D. 5A/dv at 15620 5
ccne.soln. =15G20 dil.soln.=5.215%

0

Time of passing through apparatus=1hr. 11min.

- . Outlet volume of soln. | Concentration variation |
Repetition time: | Measured
pasged th?oulgmh ® _(?@mﬂ__:’l{@@ﬂ _ ﬁ.f H,50,4 | Voltage value of
apparatus dil. soln. | conc. soln. | dil. soln. | conc. soln. { ‘ coulombmeter
(e | (e0) @ |G
1 325 318 1.6t [©OTERNIB) 5 55 5
2 328 335 9.76 | (09 | 5454
3 319 322 10.10 (é?é? 5.455.35
(10.6)
4 325 337 10.10 | g0 5.35.35 || cupper
5 333 334 05 | QL0 1s.a5-5.35 +12.7205¢
Total volume of outlet 1,630 1,646 ~
Total volume of inlet 1,554 1,769 (corrected for loss :1,739cc)
Loss volume from o ) T o
_apparatus 0 ‘| ee | . i
Difference between
outlet and inlet +76c.0 —93ce ‘ - ~ o .
Correction rate of conc, — Average volume of differenceX 100 _ 15.48%
soln. flow rate ‘ = 5% 310 TTYsR o
Rate of glucose leakage | 1.3%
102.5
5.215 -10.15 4.935 5
98.7 19.3gr /100cc
0.25g /100cc 1.3
(B) 5.68cc/
100 2.7
310ccx —————  301.6¢c(5.215 ) 310cc(9.62 ) 4.9
113gr C.E. 56
297.5cc 297.5 % 100 96
19
15.513gr C.E. 41.74
9.62 5.215 x 100 88.1 (295 300)x 102.7 74 868 114.5
5 2x 55
C.E.
114.5 C.E. 38.5 41

108.3




Table 19 Case of flow rate 5.68cc/min C.D.

BA/c? at 15620 5

cone. soln.=15G20 dil. soln.=5, 215%
Time of passing through apparatus=55min.
Concentra‘ion variation
Repetition times passed —Oufl’ej volume of SOIL of Hy,S0, | Vetiege %ﬁiiufg
through apparatus dil. soln. | conc. soln. | dil. soln. | conc. soln conlombimeter
(cc) () (%) (%)
(correction9.3) vV
1 309 304 | 10.36 5 o 6555
2 310 310 9.17 (élé? 5.5—5.5
3 320 305 9.27 qgfg 5.45-5 .45
4 317 316 9.44 %‘ig; 5.45—5.4
T (11.35) -
5 313 295 9.44 1015 | 5454 ] cupper
6 310 300 9.62 qégg% 5.4-5.35 [I +6.8225er
Total volume of outlet | 1,879 1,830 t ‘1 I
Total volume of inlet 1,840 1,90C
"Loss volume from ’7' 5
apparatus 0
Difference beiween .
outlet and inlet +39 _~6%
Correction rate of conc. -
soln.flow rate +2.7%

Rate of glucose leakage

no measured

Table 20 Case of flow rate 2.44cc/min C.D. 5A/d¥ at 25620 15

Conc. soln,

25G20

dil. soln, =15,

006%

Time of passing through apparatus=2hrs. 8min

Repetition times { Outlet volume of soln. ‘Sf?uﬁel%%atim variation ‘ Meascered
passed through R T e Voltage | value of
apparatus | dil. soln. | conc. soln. | dil. soln, ‘ cone, soln, | conlombmeter
(ee) (ec) | (%) (%) i -
| g |
1 326 | 30 | 20.85 ’“""‘i;“gg”'z’| 54 Sv
2 a5 | 346 19.26 (f‘;';’g | 4.64.5
3 324 322 ‘ 19,80 (fg'gg 4.5—4.5
T I i cupper
4 (15) 163 160 | 19.94 1204 4545 |0 o zépssgr
4034 32 32 19.94 (f?'g% 1.5-+4.5
Total volume of oultet 1,170 1 1,154
Total volume of inlet 1,185 1,180
Loss volume from ) ; T
ipparatus
Difference between _ A
outlet and inlet 15

Correction rate of conc,
soln.flow rate

impossible #s both is minus

Rate of glucose leakage

1.21%




Table 21 Case of flow rate 3.17cc/min

cong. soln.=25G20

C.D. 5A/di? at 25620 15

dil. soln.

=15.006%

Timc of passing through apparatus=1hr, 3gmin.

Concentration variation

Mezsured

Repetition times Outlet volume of soln. f H,S0, }
passed through |—: e 120 252 . Voltage value of
apparatus { dil. soln. ’ conc. soln. | dil. soln, conc soln ! coulombmeter
(c0) (co) (%) I
1 (corroc uulg 3) Vv
1 328 312 l 19.52 17.01 5 sk 4 o
(21.0) N
B 2 330 330 18.30_ 18.49 4.6—4.5 o
(21.5)
o 3,,,__#.‘,_,,,, 3227< 315 18.68 18.87 4.5—4.5
(21.35)
4 ??3* 320 18.68 I 18.76 4.5—4.5 cupper
5 (%) 163 157 | 18.68 l %';’2) a5 || TG
Total volume of outlet 1, 466 1,434
Total volume of inlet 1,500 1,440
Loss volume from 0 3 o
_apparatus .
Difference between —a —3
outlet and inlet B _
s(f)(l);reglt(l)(v)vn rl;at? of ‘sane, impossible as both is minus
Table 22 Case of flow rate 1.505cc/min 5A/dw at 40620 30
conc. soln, =40G20 dil. soln. =29.934%
Time of passing through apparatus=3hrs. 27min.
Repetition times Outlet volume of soln. Cforigerétcr)amn variation Measured
passed through : ot o N B Voltage value of
apparatus dil. soln. l conc. soln. | dil. soln. l conc, soln. coulombmeter’
(cc) (cc) (%) (%
| (corrections.1) A\
—— J ik sl Dhie W F 5—4.6 o
| (34.4) Y
- ,,-_V,?__ - v432(73 310 34 65 30.55 4.6—4.5 B
(34.6) s
3 (1/10) a1 B | 3.5 30,75 | 45745 cupper
4 (1/10) 3l 3 | oaase | G645 HO.623%r
) ) | 30.81
Total volume of outlet 689 ‘ 670
Total volume of inlet ; 705 702
Loss volume from | o 72 I T
_apparatus
Difference between _ —3
outlet and inlet 1
go(:l.ffe(;‘tllt?; ::tt: of conc. impossible 2s toth is minus
“Rate of glucose ’ )
]eakage 2 . 47 /0’0
25G20 15
()  2.44cc/
20 320cc 15.00 320cc 19.94



18.2655/1.6 11.416gr C.E. 22.9

30.2 76 3.2lcc 2.51cc/
78 15.00 -19.94 98.8
®) 3.17cc/ 21
325cc 15 325cc 18.68 8.4846gr
14.91gr C.E. 23.2 77
3.167x 317/310 3.24cc/ 101 15 18.68
5 73.6
40620 30 22
)] 1.505cc/
310cc 29.93 310cc 34.59 3.6233x 5 18.1165gr
C.E. 16.1 56.5 28.6
4.505cc/ 1.505cc/  33.4
29.93 -34.59 34'59529'93x100 93.2
B 2.47cc/

Table 23 Case of flow rate 2.47cc/min  5A/dw  at 40G20 30

cone, soln, =40G20 dil. soln. =30.0449%

Time of passing through apparatus=2hrs. émin

Repetition times Outlet volume of soln. Concentration variation Measured
s of HzSO4
passed through i1 soln. | conc. soln. | dil. soln, [conc, soln, | 'o.tage | value of
¢ . . . soln, . . . . .
apparatus Coo) Ceoy e ‘ o coulombmeter
{ T .
. (correction35.45) A
N T 313 1 32.97 a1 sy 4.6-4.5
2 310 287 | 32.97 (gf-gg 4.5—4.5
303 ' T (87.0) g} Cupper
(%2) B ’1755 ) 14§ 33.11 5203 4.5-4.5 +5.5694gr

Total volume of outlkt 778 745
Total volume of inlet ’ 759 886
Loss volume from | ’ T
apparatus 7.5
"Difference tetween i -
outlet and inlet j +19 —33.5
Correction rate of conc. | +3.59% N T

soln, flow rate I

23 310x 190 3-5 59900 30.044 310cc 33.107



5.5694gx 2 11.1388gr

30.04 HS0, 33.11 HS0, 1.2216 1.247 18gr
C.E. 21.4 C.E. 56.5 214« 100 37.9
56.5
33.107 30.044
x 100 61.26 2.47c
o/ x 100 35 5 se5ees 4.505cc/ 56.7
100
®
C.E. 10
C.E. 5 C.E.
5-10 15-20 5 30-35
s L
ERY
B
s |
1¢ of
) ’,o)l.g‘ﬂ..‘.w%
Achievement rate to fundamental data of flow rate %
Fig 10 Relation between the experimental data of counter current flow using
ten cell chambers and the fundamental data
5 C.E. 27.5
Table 24 Comparison of cell number Calculated from fundamental data and counter
Current flow exoeriments usina ten cell chambers
Concentration - - — ~ ~25% ~ )~ | Total
Fange o i, saln, __P~5%| 5108 10~15% | 15~20% | 20~25% ’, 25~ | 0% | Towl
Cell number calculated| _
from Fundamental data, 45 . 6“ 69.5 B 7771701 .5 l 88.5 “"80.5 :l 72.2 ‘i7 Lk_ll_‘)f_ﬁl
Cell number calculated |
45 6 67.5 [101.5 88.5 80.5 _ 1 47.3 _
=115 =116 164 169 813.1
ggwm e";g;itzefl‘;‘;’e“t (1.0)| (1.0) |(0.88) "(0.76) (0.65 . i l(o 28) |



C.E-x _1

100
5 510 15 520 30 -35 C.E.
24
C.E. C.E.
c.e. 28-1.100 60.5
813.1
©) 40620 5
Table 25 Result of counter current flow experiment at 40620 5 5A/dy?
N ﬁio;r rate=6.44<30/;1in, N o
Time‘ of passing through apparat,s=il.n's. 47min,
 conc. soln—4cG20 dil. soln—5.215%
. fﬁiﬁ’:sﬁ?;’s’;ed | Outlet volume sgﬁ’fgﬁa&;ﬁsm Rate of
No. through appar | dil, soln. Jeone. soln. | di. soln  conc. solu voliago | guvose
latus (ee) (ec) (%) (%) QD) o
460 320
1 1.53 / 97% 67.5% ~ ~  l6.25->4.5
&11) o andard ] -
2 0.0283 <§5§> (on.085) | 30.68 ~ 45545 16.7%
3 0.45 (léé?%fL (9599) ~ |~ e ~
4 0.0594 (gjg% (2?:2%) 31.42 | 16.17 | 4.5-4.5 | 16.7%
s 0106 | G| (men| ~ |~ | o~
6 1.46 (50?5’%) (80?’25%) 347 | 4.5-4.4
7 0.205 (7g%5%) ,,,cgg%)_ 35.29 7 4.54.5
&8 4 o 7_7(53% | aosm |~ ~ ~
Total volume of 1,007 1,047 _ _ _
outlet | (78.5%) | (81.5%) '
;Il;(izt;] volume of 650 | 1,540
;_g;;rzct)‘ll:me from o - 227
e o T B
S eyt Youme 695 | 1,527
outler and ivter +o12 | —480
%‘{%ﬁw_ 9% | 146% (ilfaezﬁ;ng}elf{l4ggllé01iitetlféofg;;o?liécc)
No.8 35
No.7 No.8
30 46x 100

——x 100 23
130 146

31.5



2 )

L 10 5A/dn? 20

60

©)

The electrophoretic deacification test was carried on by the counter current flow
method using ten cell chambrane and on the current density 5A/dn’ utilizing cation and
anion-exchange membrane manufacturing in Japan

In order that the cell nurber might be few the solution was circulated through chamber,
and also experiment was made in three groups 15620 5 25G20 15 40620 30 by
two flow rate respectively Afterwards test was made in the combination of 40620 5.

From these experiments it was leamed that the current efficiency could not increase even
if the HS0, concentration of dil soln became over 20 contrary to the fundamental data
which is mainly carried out on the anion-exchange membrane Acordingly the over-all
current efficiency of these tests reached only to about 60  compared to the value
expected from fundamental data

Consequently it is necessary to study the effect of cation-exchange membrane and to
reconsider the method of solution flow through the chamber

Moreovrer test were made by the static method but this method was not profitable
one because the acid recovery efficiency becomes low as the large volume of water in
the dil soln transferes to conc soln through membrane



