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Reaction Rates of Bromine from Air in Alkaline Solutions

Takao Matsuoka
Keiichi Katsuta

pli:
13

4

Reaction rates of bromine from COg free air at lower concentrations in alkaline solutions
have been studied using a small perforated plate tower, and analyzed physicochemically.
The results are as follows :
(1) Rate equation
NaOH : dx/dt=k1Cg
Na2CO; : dx/dt=ksCg[NasCOz)L/2
NaHCOg : dx/dt=ksCg[NaHCOz]l/2
(2) Instantaneous conversion degree of bromine
NaOH : H;=k{V/Q=const.
NasCOg :Hg.—_kgV(al/?—_;__kgcgt)/Q
NaHCOgz : Ha=k3V(al’2—ksCgt)/Q
Under our experimental conditions, when a<0.628 as NaOH, Hy>Ho>Hg.
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(1) NaOH (B3 2 Kk D e 5

NaOH &R a=0.625mole/(, WA H Zrh (DA%
B Cg=4.3x10"5 mole/{ 7 3 &piC T 5 RIT
W ® NaOH & FRFEIEEE DRI EI3 Tab.1
KRT CEL TH D, BEMCKIGHR, #tiicNaOH
BIUORKBREL DT (RFKEEOHKIT NaOH
DEND2fFW ko) Tab. 1 27 vy FLibd

Tab. 1 (Exp. No. 1)

Time, Concentration, moley/
hr. NaOH Bromine
0 0.625 0
1 0.568 0.028
2 0.508 0.061
3 0.448 0.092
3.5 0.418 -
4 0.390 0.124
5 0.330 0.157
6 0.263 0.195
Conditions :

Cg=4.3%x10-8 mole/(
6=18.1°C

2 Flg. 2 ©H 3,
INHSbdsd o, NaOH ORIk e B
BEQLEARE a/2 28c L CEFENHTHI 05,

NaOH conc. Bromine conc.

_Slope = —5.90x1072 03
S Al =295x1072

05 4

04 - -02
031 T

0.2 1 0.1

Time, hr.

Fig. 2 Time vs. concentrations,
Exp. No. 1
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Bl (a—2%) cRbFT BT %, (Mohr ikic
L DB DRFEDERE, KISHERYHIcBrOs™
PHFET IR HeO2 BT 220 ¢lE Briic
BOBVCOCHRBI VEEERL, Fi—8 iR
WBFTH N T IWIEMEETR T CENEZISN D0
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B—RAS RS Fffic NaOH B (a—2%), &4
UYGAN 2R DRFRERE Cg ICHMIND L ELTH
%,

TRbHB,
dx/dt=—d(a—2x)/dt=k;(Cg)%(a—2x)8..(2)
L2 CAEER T, BINEEFIC—EREORE S
¥fhd 505
dx/dt=kq1/(a—22)8 . {3)
=zl ki/=k(Cg)* e (4)
ERLTEVBTED,

t » NaOH B F 2 b b (a—22) & ORERIE
Fig. 2 WReN2 T < EHBCH 205, BIRTB=
0 22 ¢hbh»d, Thbb,

dx/dt=k1/=k,(Cg)* ... 5)
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NaOH soln. and Brg(g), Exp. No. 1~6.
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Tab. 2 Time vs. concentrations, reaction between NaOH soln. and Bra(g)
Time, Exp. No. 2 Exp. No. 3 Exp. No. 4 Exp. No. 5 Exp. No. 6
hr. a—2x x a—2x ¥ a—2x % a—2x x a—2x x
0 0.499 | 0 0.625 |1 0O 0.625 | 0 0.625 0 0.400 0
1.0 0.415| 0.040 0.558 | 0.031 0.560 | 0.031 .597 0.014
1.5 0.380 0.010
2.0 0.325| 0.090 0.492 | 0.066 0.495 | 0.064 0.575 0.026
2.5 ) .562 0.033
3.0 0.240 | 0.128 0.420 | 0.105 0.432 | 0.097 0.545 0.042 0.355 0.024
3.8 0.382 | 0.124
4.0 0.160 | 0.173 0.352 | 0.141 0.515 0.058
4.5 0.332 0.036
5.0 0.078 | 0.216 0.270 | 0.183 0.490 0.072
5.5 0.245 | 0.198
6.0 0 0.226% 0.305 0.052
k1/=4.25x10"2 [ k1/=3.41x10-2 | k1’ =3.25x 10-2 k1/=1.35x10-2 k1/=0.75x10"2
Cg=6.0x10-5 | Cg=5.0%10-5 || Cg=4.4%10-5 Cg=2.1x10-5 Cg=1.4%x10"%
0=21 =20 0=20 8=18 0=18.5
* Decomposed
i_— (G—ZI) mole/g
[
0.6 A
05 % Exp.No5
04 4
03
\ I
02 3
01
0 T + T ©
0 i 2 3 4 5 6
Time, hr,
Fia. 3 Time vs. NaOH concentration, reaction between
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Fig. 4 Cg vs. k¢/, Exp. No. 1~6.

dx/dt=k=k:Cg s (1)
x=k1Cgt e {8]
CDEBRSHTIE, k1=6.82x10%2 cH 3,
(8) NaOH i & % BRI ADBINKRIZ DN T
FFEFEOBINRE LT, BINGIAR D SR %
t FCICHBEINAELEFRZELTRIR E N 2 RRED
H, 2FOFHRINE =EZD &
n=aV/Ft e (9)
T V) BRI E (RIEOBEELE LUY
V7V TS LBEDOBAEIMNCH DO —EE
#2%%),F (mole/hr.]) IRROEEBEETHY &
YU A AVGARE R QUl/hr.) & 3N

F=CgQ e (10)
THd,
®), 9, WX»5
7=k1V/Q=const. ... (1)
BEoND,
KICHEZ KRBT 2BRHOTINEREH & B8
—%—gtH-dtzn ...... 12)
0

THD, ZOHEE
H=y=const. ... (13)

B Do

Tisdh, NaOH gFic & 2 RHFE A ZORINEH
3, WA A R ORFEE B L O BINR A EBIR A
ERUELARE 8D Ehbrd, REROSZLECEr
Hipr, H=0.852 2%,

(2] Na:COz FHIC L 3RFEHA DRI

(1) NaxCOs BT 3 EKREDBRE

Exp. No. 7D#ER % Tab. 3 3L ¢f Fig. 5 |o%

Tab. 3 (Exp. No. 7)

e, Concentration, mole/{
be, Na2COg Bromine
0 0.313 0
0.282 0.026
2 0.256 0.051
3.5 0.218 0.090
4 0.205 0.100
0.183 0.119
6 0.163 0.137
Conditions :
Cg=4.3x10-5mole/{
0=18°C

Conc., mole/2
— /

<
0.3+

0.2 1

0.1 1

Bromine

0 1 2 3 4 5 6
Time, hr.

Fig. 5 Time vs.concentrations,
Exp. No. 7
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LZzs 25 NawCOy & Br: QG €L :
1ENVDRISTH D &b b, WA
da/dt=—d(a—x)/dt=ks(Cg)*(a—x)8

=ka'(a—z)P ... 1)

NaOH Q#g s R i t & Na:COs JEEEITER

RNk CclRRN»S, B840 €HD, 8 HXRDHD
28, FF 8=1/2 2HEINIXIWROEIHIT
2[3‘/3—(2—17)‘/'3]:1{2"( ...... (15)

L5, OWROEAEFELCtEHL T ay

PN Fig. 8 QL SKERIBSNZDT, 8=

1/2 ¢ %, Exp. No. 7 ©|E ka/=5.30x10-2 & ¢

-

Do
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0.3 1
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Fig. 6 Determination of 8, Exp. No. 7.

(2) WA ZARORFRCBT 2 REDRE

WD ez kDD CgaTlEE Tt iHEH
% Tab. 4 [ZiR7,

NaOH DB & L M RFA L T a=1 5B 5N 3,
Wz dx/dt=keCg(a—x)172 ... (16)

2[a1/‘~’—(a—-x')1/f]=k2Cgt ...... (17)

ke (3 Cg vs. ke! QAR »SKD SN, FHERLHT
W ke=1.216%108 33,

(8) Na:CO03 B¥ic X 3 BEH ZDRINEK

K% % ICDNWTHRL &

Tab. 4 Time vs. concentrations, reaction
between NasCOy soln. and Bra(g)

Time, Exp. No. 8 Exp. No. 9
hr. a—x - a—x x
0 0.313 0 0.313 0
1 0.294 0.015
1.5 0.303 0.009
2 0.283 0.028
3 0.269 0.041 0.291 0.020
4 0.253 0.055
4.5 0.280 0.030
5 0.239 0.068
6 0.223 0.083 0.270 0.041
ko/=2.85%x10-2 ko/=1.27%x10-2
Cg=2.2x10"0 Cg=1.3%10-%
0=18 6=18.5
x=ksCgt(al/?———kaCgt) s 18
9), (0, a8X»5
na=ke(al/2— 411 kaoCgt)V/Q

@25
H2=k::V(a1/'1—-—é—k20gt)/Q ...... 19)

FTHbH, NasCOs & B RFEH ZADEINEKH:T
NapCOs #)iER, AN AhDRFEE, BIUK
IEHEIO B AT Ho T, & EICKRAH A DRFRE
B DD TR BRI 23 & BINRIIE T T %,

COEROT -2 CHET D&

Ho=1.52a1/2—9.26%x102Cgt * 72 %,

(3] NaHCO: #F#HIC L 3 EFEHXOHRIN
fER%E Tab. B BL Y Fig. 7 IKRT .
NaeCOs D E & 2 MR L < k OBERD
Bonik.
dx/dt=ksCg(a—2x)172 .o o0
al’?—(a—2x)1/2=ksCgt e @
Hy=ksV(al’?—kgCgt)/Q ------ @9
ZOBEBKAN ZHDORFRE Cg BRI
BIRIIETT 22 e 03bd b, KEROFHCE
ks =7.36%102
H=0.92a1/2—-6.77x102Cgt & Ko 7.
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Tab. 5 Time vs. concentrations, reaction between NaHCOgz soln. and Bre (g)

Time, Exp. No. 10 Exp. No. 11 Exp. No. 12
B a—2x x a—2% X a—2% x
0 0.625 0 0.618 0 0.618 0
1 0.565 0.030 0.593 0.012
1.5 0.597 0.010
2 0.512 0.055 0.573 0.023
3 0.470 0.077 0.550 0.034 0.587 0.015
4 0.420 0.102 0.530 0.045
4.5 0.567 0.026
5 0.375 0.126 0.510 0.056
6 0.335 0.146 0.495 0.064 0.557 0.031
7 0.295 0.171
k’3=3.58x10-2 k/g=1.45%x10"2 k’3=0.73x10-2
Cg=4.7x10"% Cg=2.2x10"% Cg=1.2x10"5
0=18.2 0=20 =18
HAREO, cods: Bromine €one. THHE LD bR D —HlE LT
03 a=0.6mole/{ as NaOH
Cg=10-% mole//
OHEDt L HEORRE Fig. 8 ITRL 7=,
- 0.2
{—— H
L 0.1 NaoOH
0.8 1
-0 Nas C0s
Time, hr. i
Fig. 7 Time vs. concentrations, 0.7 1
Exp. No. 10. NaHCO;
5. F7NLHYBREICELDAFERRED L TS
CODE I L THEENERFETADRIRELE—FEL 0.6 . : : | .
—Cﬁ(}mb\:ﬁ:\.j—o 0 2 4 6 8 IO
NaOH : H{=0.852
Time, hr

NagCOs : He=1.52a72—-9.26x102Cgt
NaHCOj3 : Hs=0.92a1/2—-6.77 x102Cgt

cnss, a<0.628 mole/( as NaOH i

H1>H2>>Hs

Fig. 8 Time vs. instantaneous conversion

degree,

calculated from our data,

letting a=0.6 as NaOH and Cg=
10-6, for example.
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6. & 3 v H
TVTI ) MR EARRER R AT 2 D RISTR B DU T K
FIRBT -2 D OBEREREL, CNPORKD
&W%&%ﬁbko~ﬂmm§of,ﬁ~%#fbﬂ Q
EHRINRILE NaOH>Na2CO3>NaHCOs <3 3, t‘
TV ) RRED L DREZ CTEL Bo 28B4, v
CNSDERBBILL L D, TIVH ) BESEET
L DEERITE 5742, CNSDHEBEL TUIKRD .
BACREL 0, N

BIEE OTER 7 5 O C ERC BHS Wi FWER
B, BUERECRKRSHT 5, 5
£ B &£ &

a Initial concentration of alkali, mole/{ K
Cg Concentration of bromine in feed gas,
mole//
a

F Feed rate of bromine to the absorption

tower, mole/hr.

(325

Instantaneous conversion degree, cf. Eq.
12)

Rate constant

k/=k(Cg)*

Feed rate of bromine-containing air, {/hr.
Time, hr. '

Volume of alkaline solution, treated as a
constant, /

Amount of bromine converted, mole//
Order of reaction with respect to bromine
in feed gas

Order of reaction with respect to alkali
Average conversion degree, amount of
bromine coverted/ total amount of brom-
ine fed

Final temperature of alkaline solution, °C

Subscript 1: NaOH, 2: NasCOg, 3: NaHCO3




