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Co s& |y thuyét va kha nang
trong nudc biteémnbhandguwvpohuwagih
Trinh THPhaé& Mai Thanh
'Khoa Kh2 t_1ng Thvy vin h&c Hdhioad h =g TiKZc,nhTre nyn
334 NguyKn Tram, H”"™ Nii, Vi Mt N
Trung t©m Quy hovuch, niZu tra,Hhgnhd gj § T i n
TYng cAc Bi®On v~° HI | 1Ldo

Nhan 29thaaggdna mil2 0

T - m . Naht1980 Benson va Krause [1] dd dwa ra phuong phap tinh nong do 6xy hoa tan trong
nudc ongtortangnt hdng virdC thiAA'C dgaursn €an két qua do dac thuc
nghiém hang s6 Henry (k,o)d 6 i xy Iéda tan frong nudc tinh khiét tir 0°C t6i 60°C theo ham:
Inkyo =%+ % /T+ 3 /T? (1)
véig i &sai 5616n nhat 1a + 0,02% khi nhiét do dat t6i 60°C[2].CAch tinh nay sau dé6 da
d ng trong nhiéu nghién ctru lién quan dén nudc ngot [3].
Ri éng doi nwoivomwd g hhipdxy liontdénc 0 6 s ¢ dofsary xdi@it hi én
Ga doPEmudin.h d udgyhoa mmtnrgo ndgd birdGdng ddodo mudioikhac nhat
0i xpéhcdidihmimgc & Henry mé&i dcbaic vdsiié ud xkyiT&mod at utoanng tUlrno
o s& do6, by agfhigélimem thhi ét d€dtVvahdd mudi
Do vy, cac gia tri nong do 6xy nhan dugc bing phuong phap tinh ca trong truong hop nude
ngot va nuéc man ¢ trang thai can béng khi quyén la mét ham cua nhiét d6, ap suat va do mudi

c
h
c

(@i v&i nwdc man) .
Tp kliDxyaoatanHaing s&& Henry, Oxy .hodoa tan trong nudc bié
1. Hang s6 Henry d6i véi 6xy hoa tan trong trong do f,(atm) va K, (atm) la h¢ s6 bay hoi

ne c bi Wn va hang s6 Henry clia 6xy va Nog> Ny va Ng lan

nh lugt la so mol oxythoa tan, nudc cat xva mudi

tblen co tron% uhe tich \; ddrn ) cua I?)mh clgua

T cadc phuong tri
oxy hoa t am gjgithbudrg candd & c

mubid & d v o ém viopla]. Thdo do, voi mau 1ong va duoc xac dinh theo cac biéu thirc
mot hé bao gdom khi oxy tinh khiét va nudc sau:

bién, dinh lust Henryd wgc  bi €u :di én nhuv_ s "RV,
no’d = (3)

Nyg RT4Zq

fozlo,snw_i_]’_i_] (2) 1.000 S
. -

T N, = =P L )

w
*Tac gi aDTl:i-4636886808.
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bS trong do P, V, T, va Z,lacacgiatridod a c
Ng= ——)p /g, (5) . . p
M thwuc nghiém dwya trén cac |

< 1 X . R o1 , 3
Vop (ke dm™) 12 mat d6 ciia nuée bién; M, tir binh mau bay hoi (thé tich V, tinh theo dm”),

T (K) va P (atm) la nhiét d6 va ap suét can

(g.mol™) 1a khdi lugng phéan tir gam ciia nudc; N . A
bang, con 6, phu thuoc vao hé s6 gian no

Ms(g.mol'l) 1a khoi luong phan tir gam trung

binh ciacicmuéih 0a t an bién B g nhigt glia oxy va nude [2].

VSW(de) la thé tich cia mau nudc bién sau khi Thay céac (3,i(B wa (10)hvibc
dugc giai phong c & ¢ kbi ha&dc dinh bai: phuong trinh (2) ta cé:
V.="/_+n 6 '
== ot 2T (6) FRPVszdv erl_ A+ ,P) (D
t r on o ladhé tich phan tor riéngc G a 0 X |_ RV, ZVb |
trong nude bién (dm*.mol ™). trong d6, Rdugcx ac di nh nhw trong
O dwsya dai | wong bi éu Myogdrinhgtgn dipg ¢oDaB voi €t

t rongvsimaa h Aviligro (sBalng ran 9y LdWé@ﬁBaﬂdaUC 6 thé &¢ng du
St6ng s6 gam mudi hoa @4 & nnhin dugedicuphge 1) va gde gidfyrii & n
(ekg)[4].(1.000lagi & tri thuc &&RI AR khG &igqdn hEPpTuphi ét |
d0 mudbéi théo don vi g. Kign theo Benson va nnk (1979), ca haidi € u

ki &ay déu kh()ng can thiét khi ma su phu

thupc vao ﬁp suat cua cac dai luong trong ngoic

Vuong, 0 ve tral cua phuong trinh ¢ 6  dudr é

Nhw wéamwg s 60xyhdntan mrdea
cit va mudi bién trong p h wotnrgi nh 2

viléai nhuw sau do dac dtrlpec bramWyicéOm t h é
N+ o+ by = 2 =V 7) t h aybang W,Ema khong gy ra cac sai so
s 0,
M, 16n. Theo do,
0 r [ 4
rong do oom RUIZE ] o Ml gl 1 (12)
/ '\/l \ L‘AWPdVdTuZqu J L \ MS} J
F=1000— 1- =" S (8) o _ 5 _
\ M) tr ongc &cd ,gi & twgpitvudngho@ g hai

bi &t t retviécdo dacodtoe b & ng t hwe

va nghid@®maAathi dugc xdc dinhnhw trong
v'ssvs[l—(u,— _v_v)nL1 (9) bang LIyu & aday hcridan gc’éc mu 0 i
P Vs | hoa tan trodg khddagdididaéyg k

Theo két qué thye nghiém ciia Benson va v6i cac hiéu chinh khi thuc ¢ trang thai bay

nnk (1979),f,d voc xAbksudi nh h 9.iKhi d6 mudi bang 0, phuong trinh 12 s&
/ \ duvgadt thenomh varmig(l)laphuwvong
RV 11— 1.,P) (10) trinhtinh K, , @ 6 i nuwdctii nh. khi ét
O 5

qu )
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B & n gCacthong sb dung dé xac dinh Ky, Cy,C; va C; (ttheo °C va T theo d6 K)

Ngu~ n C8§c th'ng s v° c¢c8ch x8c L nh
Taylor va nnk, 1969 [6] R=32,0562x 0" atmdm’.K~ .mol
Millero, 1982 [4] b= ,004880
M, = 80153g.mol
Millero, 1982 [4] Mg = 52,7933g.mol
4
F=.00- - 'V'—WL .000— 1,7165825
L Mg
Benson va nnk, 1979 [2] A,=,002805-),000037%
Benson va nnk, 1979 2] (1-6 )=),999025+ ,426x 0~ t—436x 0 t2
Benson va nnk, 1979 2] Inky o = 371814+ 3.59617/T — .049,668T*
Green va Carritt, 1967a [7] ~
p, - (- 5,370x10_485xp<18,1973{1 _37316)
v T )
(
L 31813x10 741 —exp 2612041 T ).
i i L 37316)|
—1,8726x10‘2§[l —exp!—8,03945( 1- 3ﬂﬂ .
| L vT
(37316)

+5,02802In ——=— 1}
T )

Millero va Poisson, 1981 [8] p =p +AS+BS'?+CS(kgm )

Millero va Poisson, 1981 [8]  ,, — 199842594+ 5793952x 0~ t—1,09529(x 0~ t2
+,001685x 0 t2— ,120082x 0™ t*+5,536332x 0 t°

Millero va Poisson, 1981 [8]  A=324493x 0~ — L0899x 0™ t+ ,6438x 0t
—12467x 0 t3+33875x 0 t*

Millero va Poisson, 1981 [8]  B= - 72466x 0~ + ,0227x 0" t— ,6546x 0 t°

Millero va Poisson, 1981 [8] C=18314x 0

2.Swp h_ tchathing sé Henry vao nhiét Bag2.Subi én cﬂa’lhﬁlig &driHenry
d6 va dé mudi theo do mudi
t (0 S (kos= Ko0)/S  (Inko,s- Inky,0)/S

- . A oz n , 0,231 20,172 193,6 0,007082
Phuong trinh 1 cho thay su bién thién cua 0228  31.634 2013 0.007065

Koo theo nhiét do, van dé con lai 1a phai xac 0218 48,667 213.5 0,007041

dinh dwvoc s uk,bheo@dmudi.hi & ni500020278  239,0° 0,0061917
15,011 31,750 247,6 0,006185
15,008 48,514 259,7 0,006194
35,082 20,228 285,1 0,005367
35,081 31,856 293,4 0,005351
35,006 49,478 308,8 0,005367

“Gi & tri trung binh cla
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O d&ygi &hamg 86 Henry (k) co
b i & ayén tith ivé® d madi thit i
o /S s& khong doi tai m0 #iéu kién

S w
«o,s -
nhiét do n h &iih. Tuy nhién, cac gia tri nhan
duogc & ¢ot tha 3 trong bang 2 cho thay, ang véi
mdi nhém ba gia tri nhiét d x & p nhaat i

w3l EOT wrw3d”’

xWET gw* T OEwli nEwL' 0&0- OQw* 1 OE

Ny
T, + g+ ba + bg

Trong do, f,, K,s,Nq,N, va Ng la cic dai

fo= 4

(16)

s 0

lugng da giai thich ¢ trén, riéng N, 41a sé mol

s @ua cact h & n h khipchirdh non lai c6 trong

nay khong dhaTisdkéacdcpidt the tich Vi(dm’) ciabinhm&.lD o dobg,ds n
tricaaguy bién thién t loxydoa thidtinhmbed o Syi qkuodi | vo
hamt won g achasi,an b molkg't rong truwé&ng hop nay |
G 00 IS= 0+ 1S (13) cp - s an
Miatkhae, t i mBApgae@agi giad tri ti P
s 6€k,.— 1k,, /S & mdi nhém nhiét do thay N,y t & ph wordgvaolI7)tanch (1
(bang 2, cot 4) lai c ho  tt hvéoyn,g guan
Setschenow * n\g&i cac sO6 | i éu: Copszxr\’“L 5+ bat b (18)
ko KO,S p_/S
ln—’s::‘, (14) > ~ . e , . .
Ky oday, bi s8dEuohcrevi(éa) | ai n hu
. o ) L =/ 4+ v
boivesinghi én chungaydi cho\{ﬁ swt olba ™ g (19)
hamt wong quan vi§mhidon gidtne n xw o n, W, ¥ V, duoc xac dinh nhu trén,
01;1a né; B“é'l tha?/ cho v1§c EhéILXéC i’im‘h hf“ con V, (dm’.mol™) la thé tich phan tir riéng cta
Eang 50 lahgl (Via g,, ma moi hang Sobla mot fflc khic 0 n Néuaomg, nN, nxac dinh the
am cua nhiét 4o v & i cac i én t |ed"| P Uy’ t R
@ n a tha
theo bac hai cuaa do 3 L(H} R A TS
duy nhadt mét héix.g s6b ‘a‘t(fatulba{ ewalﬁ)dam%lqé

O dxyuwocdivhthewsuy bi
c U ahiét do bang cach | & yic gia tri
n€, /k,.dwoc tinh dwa
t hwc n ddng 3&m @& Snhan v mdt
chudi lily thracua I/T . K&t qu a

K = 1,0225034 — 3,6083/T + 1.565,68/T* (15)

3. Tinh néng d¢ 6xy hoéa tan va hing sb
Henryt r ong n<€, ¢ bi Wn

Ap ddinhlgat Henrryd 6 i xy tfohg
mot khéi nude bién c6 do mudi S & trang thai
can biang nhiét dong véi khi quyén v & i
t h an hkhipchhdl vyaé utaPsnigh oR
(atm) ta co:

én

t a

> VY

Ehi®+ o+ g+ L g= (20)

w

treé "Prongcdé; 0, Fk\édtMW AR @ a drénn O i (6]

con Y la:
co
rr / ]
Y=1- vO—MVﬂnLd— v, — M \|n”j | (2D
L U 7 Vs U PV ]
Ngoai ra, theo Benson va Krause (1980a)
[1]:
f,=2(- 1P (22)
0 P, =0,20046€- 2, (23)

c atrong d6, P, la ap suat hoi bdo hoa ctia nudc;

O lahésbgi @n n& nhi &t cua O0xy
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Thayc & c b i (B0y (229, {23y o (18) Né&éu R 4& datm, thi CP chi con phu
ta co:

thudc vao T, Sva phuong trinh (24) c6 thé duoc

F viét lai nhu sau:

CP =0,20946(P— 2, )x P (29

F

0,s' V' W -~

’ (25)

-~

C!=0,20946 (- 2, x -
Paylaphuwong trinh tdomg quat tinh%Mang
xy hoa tabhiémonGb0@@cdgg xgc dj nhuennhdtilgnusd 6 6 x y
i §60 10 do muoi. Vi n 0 nxg (C)0 @ pién (tai didu kién nhiét do can bing) ta co:
y ®&octkidiohn vi knhubdic | wong ct o o 26)
@nmitddo p biboqua. Nhuwéivay, v 0 =P
ks €.S, PLE.S,. F6E vao & xac dinh
duogc, ta c A& thdophuohgitrmth duwoc
(24)& di @71 SvkPR béthy.

BangcaXx gia tri thwc nghiém

Sai skps
t (°C) S(g.kg™) P (atm) Koo Ko.s so v, i
tinh (%)
0,231 20,172 0,7754 25.427 29.332 0,054
0,228 31,634 0,7769 25.425 31.793 0,032
0,218 48,667 0,7842 25.418 35.806 -0,071
5,010 20,204 0,7950 28.863 33.097 0,069
5,023 31,703 0,7987 28.873 35.762 0,031
10,017 20,209 0,8131 32.536 37.095 0,091
10,029 31,639 0,8219 32.545 39.830 -0,186
15,009 20,098 0,8408 36.221 40.977 -0,077
15,009 20,459 0,8399 36.221 41.155 0,134
15,011 31,750 0,8468 36.222 44.082 0,026
15,008 48,514 0,8546 36.220 48.917 0,085
25,038 20,089 0,9104 43 488 48.758 -0,056
25,033 31,845 09171 43.484 52.139 -0,070
29,993 31,894 0,9402 46.922 55.957 -0,035
35,082 20,228 0,9710 50.288 56.054 0,016
35,081 31,856 0,9749 50.287 59.633 -0,026
35,006 49,478 0,9733 50.239 65.518 0,026
45,007 31,912 1,0464 56.258 66.167 0,019

Gi a tri nén tai do0 mudi b&ng O0: Benson va nnk , 19
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Gia trixyomgadbaw (DO)K@woggurerm hu ndounogc dcéhoDQ h
| & mét trong dnahnthn ggicah irhttdl B0 BEnh tgqoagc aungoami €n
phan hay cac chdt hou Mad WaR05xxy@Ccd h@n@ndgnumoine t

truodng nudc @lOltrcmmmg;dﬂ/mghchnh 1) v &i truggibimh triK n
bi €én n®dio wiagngrong cac hngphlﬁehrﬁsmfilvé’a cao nhat
méit r wong va chat | wvong nuwdéc bi én, DO |l udn

la mdét chi tiéu duvoc | ovomm s tr o atmg . o 9 dau
do tinhtndomggvi éc t hu 21

bidm@c may do hién truwe S}

dung hdéa ché&t nfuynhiBnOD 69, \\ /

trong diéu kién méi tr :‘7’ \\ / dong
do dac trwc tié&p khodng s, \ / c6 thé
thwc hién duvoc. Donhd o, ©5 N / i
toan gian tci@gpuwdarhdntgriq oo

nghis&mpgidc nha mgliiému 1 2 3 4 5 6 7 8 9 10 11 12

dugc phan nao nhong kh 0H Ill(thaLrn btl [e(cﬁl]nratﬁhﬁigﬂé(htrungbinh

DEé minh hoa r6 hoanphuwvonggipfmradpgace itéhpang trong na
nay, phan tiié psé:htero‘l rchh tmay tt6dé m

tét mC)E soA két onglai &mg Xdé%ngthterq?]%n%gvcﬁrm@@c 0w
vinh Bac B9. bi €én t&wvg xmAthwdnglr gbée da
Nhw da bi ét day | a moudbmg  wnaho bd &n t annZmua do
gi Wa ét NamQuoTr uvidgi tdi cthh &4 6 suv bi én doi phc t
126.250km>. Do vay, dé co6 ctahcdngs mujag yh eg o Taugy@ rkthiuén n
ddng bo cho toanDuwvanh YWC rténnphBAgHhHBY abanvich!
bo s6 1ieéu trcau’ﬁhamgtronghlQf'inm[]B‘“r dong nhéat (hwhao cac
nam HERL20@Muu trd tai 2btr6“){:rh QU pRgy cOnmgtphsw heoape
duvongt he&ng bDaic hhloncg Ktl—bllgd‘erA1 cuwu mol trueong nuog
tinhtoanth® nghi & mxyrh@&a mgtrong 6 O P8 0

nuéc bi én tang mat vinh B&c BO tiu théang 1 dén
thang 12.
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Theoretical basis and empirical equation
for Oxygen solubility in seawater

Trinh Thi Le Ha', Pham Mai Thanh?

'Faculty of HydreMeteorology & Oceanogphy,Hanoi University of Scienc¥NU,
334 Nguyen Trai, Hanoi, Vietham

“ReseaiMarine and Coastal Planning and Studies Center,
Vietnam Administration of Sea and Islands

Benson and Krause (1980a) presented new values for the concentration of oxygen in freshwater in
equilibrium with the atmosphere in the temperature range 0° to 40°C [1]. These were based upon very
precise and accurate measurements of the Henry coefficient, K,,, for oxygen dissolved in pure water
from 0° to 60°C [2]. The experimental values of k, o fitted the function:

Inkyo= v+ /T+ u/T?

with a precision better than + 0,02% for the full 60°C temperature range. The new concentration
values have been recommended (Mortimer, 1981) for use in studies involving freshwater [3].

The results to be reported here extends the research on oxygen to saline waters. New
measurements of the Henry coefficient for oxygen in waters with varying salinity are used to examine
the functional dependence of K,o, on salinity S, and temperature T. Values are derived for the
concentration of oxygen dissolved in freshwater and seawater in equilibrium with the atmosphere as a
function of temperature, salinity, and atmospheric pressure.

Keywords:Dissolved Oxygen, Henry coefficient, Oxygen solubility in seawater.



