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Dissolution Rate and Solubility of Oxygen in Aqueous Solution

Binzo Hicuchr

The volumetric mass transfer coefficient, k .= , and the fractional gas holdup, ¢ ¢, were measured by blowing a mixed gas of N =

and O 2 at higher bubble frequencies from an upward vertical nozzle into the aqueous solution.
ion or Fe( I ) precipitate were also measured.

of dissolved oxygen in the solution containing SO 42~
The experimental results are summarized as follows.

And the saturation concentrations

(1) The value of k .a was not affected by pH of the solution and by ZnSO 4, Na 2SO « or Fe( II ) precipitate contained in the solution.

But the value of k 2 increased with temperature and the Reynolds number of gas flow at the orifice, Re ~ .

ks was 15kJ-mol "1,

(2) The value of €« obtained in this work was in good agreement with those obtained previous works.

The activation energy of

And it is reasonable to assume

the relationship between ¢ e and k.a as valid by the comparison with those obtained previous works.
(3) The saturation concentration of dissolved oxygen decreased with the concentration of NaCl and these values were in good agreement
with those shown in JIS. And the concentration also decreased with the concentration of Na z SO 4 in the solution, but was not affected

by Fe( I ) precipitate.
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Fig.1 Electrode for dissolved oxygen meter

A:anode, B:electrolytic solution, C:diaphragm, D:cathode
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Fig.3 Experimental assembly
A:gas cylinder, B:valve, C:manometer, D:capillary flowmeter,
E:humidifier, F:nozzle, G:reflux condenser, H:combined glass
electrode, I:diaphragm oxygen electrode, J:thermometer, K:
reaction vessel, L:thermostat, M:pH meter, N:oxygen meter,
O:recorder
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Fig.4 A typical extent of oxygen gas absorption
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Table 1 Volumetric mass transfer Coefficient

Rew pH Temp./C krax103/s7!
[XC1]=0.001mol-dm~®
1000 5.0 35 1.61
2000 5.0 35 2.66
3000 5.0 35 3.51
4000 5.0 35 4.19
4000 10.0 35 4.21
6000 5.0 35 5.52
4000 5.0 15 2.93
4000 5.0 25 3.51
4000 5.0 50 5.90
[ZnS041=0.01mol - dm 3
4000 5.0 35 4.14
[Na25041=0.1mol - dm~®
4000 5.0 35 4.23
[Fe(I )J1=0.01lmol-dm ®+[Naz504]=0.01mol-dm~?
4000 5.0 35 4.18

3.1.2 BERBICEATIHRT
9, FERBOBEXRELEERFTL o
RERBROBRERO LR E EbiIML I, 20K
BERBEOAN B A BEOMBICH LTSy PLT
Fig.6DOT7 V=Y R Ty kG, AR»roROHON
EABRBEOFEHALT A AF —DfIZWISkI -n0l *TH b,
ZOERBEBEEPOYERHEEOREREEEZRTHO
ELTEBY A N EELON,
Wic, REREIIRIZT ANCBETB3REVRADLA



KBEEP~OBRRETAOEMEELERE B O

| N
_5.0.‘- —
3,
£ r 1
£ N i
-5.51- -1
- -
_6_0 1 1 1 1 1
3.0 3.2 3.4 3.6

7107«
Fig.6 Arrhenius plotofk: a

NI DB 5N THREL .

Fig. TRALEES K, FERBOMBERILVL / AV XRO
FRELBIZHEMUT, TDZEIILA /S VXD ERI
S SBRATAEEOEMICE bDEELONE, ZOK
RREERIIE D LR TAKBHOLRER L KBERE
HOEBE,r HRED, FERKOMMIIELL THHOD
HmickabotELIONL, CORPIEET Z25EH
DLEETBERMT 2 -DIERBELORBORKEELED
EREEL ORI ER LRV, ARETHRBLL
SRREHECB VB TR ENOEMACLRERTS
D, F0L-OHERBRBREEBLII L TERP- . £
CTRBBRBEOZUBEERF T ELDIC, KOLIIELT
HA - HR=NWFET v TERDE,

P, BrOLAL/ NZRITBEFBREEHNAKRAAZTOD
KBRBWEMEEBEEBE L7 s VoK - B¥ETHIL
v 2O LREBEPRIEL. Bon VW AWGASITH
SHWEO FREREL A/ AXBRCH LT Ty FLES

x10%
6.0 -
X -
S 4.0t .
=
2.0k Temp.=35°C 4
{KC11=0,001mol +dm
- 4
%9 2000 4000 6000 8000

Reu
Fig.7 kv a versus Reynolds number

GQG L) T ¥ T L] ¥
4.0F ]
2.0} -
g | J
5
)
T
L J- hL=82.7l‘- P
-2.0F dy=0.5nm {
- Temp.=35°C
4.9 2000 2000 5000

Rey

Fig.8 Relationship between i h and Reynolds number

DRFig.8IZF L. TORMD LRERIISIAH OKH
HRIETALD0TH Y, FigBicRohbd k>, LA/
AXFDOEREEBICHMLT NS, RIT, ZOWRED L
REEME S 2MALE L TOWROBD/ V%L KHEHO
EEHELORRNTEBEINDETNR - F—AFT v TEKRD
Tzo

hy —h.o

Eag=
hr

(7)

ToXdicLTEBLNETN A KRNV FT v TEREEN
AHRBEY RGBT CH o TRD I RADOEEBEEIZT L
TFuy P LEborNEE Y OWEKE L& TFig.9
TR LU7Te MEEIIE 5200cn, WEE6.66 X TF12.2¢cnD2
BEOSREERH VT, FLL0.1~0.3cn, ABK7T~97ED
SLERDP SABBEPTICELEREAATHERZIT-> TH
5, cORIRONE XS, MESoREERIIENE
EERIpLFRAOBEBEFOBNHERCFWTE LML D

—T T T T 1T T T 11 T
3 1
0.1+ q
[ { !
e F 7 )
d
’
X
= o
0, /cm
0.01}+ oy (B ~
. A :Kato and Nishiwaki 6.6 4
- ® :Kato and Nishiwaki® 12.2 .
"/ % this work 1.4 h
3l 1 g 1 1 [ S | 1
0.1 1 10
ug/cmes™

Fig.9 Relationship between ¢ ¢ andu e



BLSELE £UT

DTHEH, HEOEAMIZIPRZOIAEL—BKLTWS, £
HEOHEEEEANROEREFEORMBEE THHEL TA
HEMRLEETSL, B—0EBREEOESICIIANE
WROFR - F—AMFTov7TOHAFRIBWEE2RL o
ChiZESErEEEREAAFKROEGEH200cnTH 5D
AL, KPFRTIZ AAVERE» SBIERE T TOEMED
8.3cmi W\ ®, RERBLEERN,SZ20D LRBEIKH
FHECHZTI2EITCORMOSKBORPHERMICHNT S
DERPEFREDOFNRELNRD, ZORDITEKHREON R

k=N FTy TOEBETRWHEERLLELTLI 6N 5,

INoRERTILEERAMRBTCHUMEL LT R - F=NF7T
vy TRBURETHELEILOND, 22T, TOHR -
RNV FT7y TERBRBRBROBRERERBESNTVEE
ZOBROFEGE P O O LHELT, BroLA
INABTRONEBEERRBOZUEELZRITL o

Fig. t0icxh o 2 EBULTARLE. TOROMHEHIT
AkitaZS PV HFRVAEDOELAL DO ERAL .

ERR(AD) ARItaB i X AMRABRTH b, 5 E400cn,
HE15.2cnD KB ESICHEO.Scnd / XAV E2BRIT, *
D/ XN 5H200~300cnDE E DABEDICTHRES R 21K
ERAARHBOTH D, WIKEHBK(A) & AT —FKL
TWaH, ZhihbBHPEVERREOEEZRLTVWS
A% (B)i3Deckwer& ‘iz k2 b D TH b, HET720cm, W
B20cnD KRR EHWT, WEO.lcnd/ XA EBULTE
E200~300cmDABEHETIZC0 T R EREAALELDTH
35, B iXMashelkarE k340 THy, &
X120cn, WE6.6cnDRWPHEEZH T, AE0.2cnD/ X
NEDA0cmD B S DCuCl KBBEPITHMBETN ZEREAA
KbDTH B, ZDlashelkarBS o/ XNiTEHH 3
HADMBENFFROKWBOG L VW) BHTHESN A EHT R
Uz PELUTRPBPIZBHERETIT-bDTHY, fii
OWMBRBRIVIFNR - F—AVF7 v 7B I URBRKE

1 » L] L} LI | T ¥ LI | T T 1 l-
[ © i
©
-t
- Y
g i (8) 1
i n
2 .1 I
$ [ ]
(=]
2 - J
=
-, | |
a
~
L 3
o - 0.01F -
3 R
m_-n—' o , .
= i Vi # @ |
| . (A):Akita and Yoshida
s (B) :Deckver et al*®
0.001} (C) :Mashelkar and Sharma"'” -
- ® :this work -
L L2l L bd b 1 .|
0.001 0.0t 0.1 1

Fig.10 Relationship between gas holdupand k. a

(1994)

HBIEBWHARL T3, SO KOHEIEABMAICLISZ LD
THY, H&12.5cm, AEIL. denDKIEEEHWT, A
0.05cm®D/ ANEBULT, /ANVEM,OWRE T COREM
8.3cnDKCIARBHERITN:-0BEF A EKERAAK DT
5,
ANROERELEBRABITMBERENOHEANA
C—BLTWEH, B—DOHZ - k=N FT v FicEiT 3
BRERBOMRIAMESZ R b L HE L, WIZEHKR W),
(B)DNHIZH > T3, —F, WORIITHTHRKERD
XABOKESEUBTELAMAERI—FREL, K
IZEHWQ), BOEICh-TW3, Thbb, faAfoL
EZARCHNTIRHORMMBOXRZVANFFEAKEIT L
BHERLTVWSE, TOZLELERITZLAMATESN
RERRBOBERZY L bDLEFTLLON S,
32 MRHARDBRE
ZRPOBEVRAELEHL /2NaCl, Naz2S04dH 3 Wid
Fe(I)®kBE2 AL ABRPOBERRBEL2Y 1 V0 T —
T F P YD AEERAVWTHEL &R 2 Table2iT
Rlloe TRLBXOEETCL A VESARKEBE D

Table 2 Saturation concentration of dissolved oxygen at 26.5 'C

(mol-dm ~ %)
(4)
ovserved value JIS k0102

deionized water 2.48x10" % 2.48x107*
[NaC11=0.171 mol-dn” > 2.35x10"* 2.34x10"*
[NaC11-0.342 mol-dn” ° 2.16x10"* 2.19x107*
[Fe(l )1-0.01 mol-dn™ 2 2.48x107*
[Na2§041-0.10 mol-dn” ®  2.33x10™*

[Fe( Ml )71-0.01 mol-dn” ®+[Naz5041-0.02 mol-du™ ®
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Fig.11 Relationship between log(L . /L) and [NaCl]
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