
GL001,12 
~ . . 

:,.-

c. 

'-

( Fe 

/ 
USGS 
OFR 

77-214 

are- required to- establish optimum operating conditions·for the production 

of geothermal brine fields; to minimize scaling and corrosion; and to 

intelligently designt'Urbines for production of electri~ity. Precise 

thermOdynamic data. derived from the volumetric properties of the brines: 

are prerequisite for chemical and reservoir modelling of geotheTmal brine 

systems. In view of the importance of P-V-T-X data to the utilization 

and understanding of geothermal brine systems, a compilation of -the available 

Ii tera1:Ure data (Potter ~.!!.., 1975) and evaluations of these data for NaCl, 

Kel, CaC12, Na2S0~t and K2S0~ have bee~ completed (Potter and Brown,l975, 

1976a, 1976b, 1976c; Potter and Clynne, 1976). 

Prior to this report, the only extensive tabulation of volumetric data 

for aqueous, vapor-saturated potassium and sodium hydroxide. solutions was 
. . 

the. International Critical T~ies (National Research Council,· 1928), in. 

which a compilation of density values is presented for aqueous potassium 

hydroxide solutions for concentrations of .1 weight percent to 50 weight-

percent from OoC to lOO°C. There are no compilations available for potassium 

and sodium hydroxide solutions at pressures greater than the· saturation vapor 

pressure (Potter, 1976). The purpose'of this report is to provide an internally 

consistent set of density values for vapor-saturated, aqueous potassium hydroxide 

solutions ;rom oOe to 400·C and for vapor-saturated, aqueous sodium hydroxide 

solutions from oOe to 350°C based on the currently available experimental data 

summarized by- Potteret ale (1975). 
,., --

'nle density data presented in Tables 1, 2,. 4, and 5 were obtained from 

regressiOn analysis of theP-V-T:..X data takenfrcm the International Critical 



Tables (National Research Council, 1928) and the 43 references cited by 

Potter et̂  aL. (1975). The data summarized in tables 1 and 2 are for 

vapor-saturated potassivmi hydroxide solutions from O'C to 40Q^C and the 

data in tables 4 and 5 are for vapor-saturated sodivmi hydroxide solutions 

from O'C to SSCC. The regression was accomplished by using a linear 

least-squares polynomial fit method in which each data point was weighted 

with respect to its relative uncertainty. The uncertainties used were for 

the most part those assigned by the experimentalist. However, in those 

cases where uncertainties were not stated, an estimate was supplied on the 

basis of the experimental method employed in the study. 

The experimental densities were fit at constant temperature as a 

function of composition for each salute. In most cases a simple polynomial 

equation relating either the density, d, and the molality, m, of the solution. 

" i d » Z B. (t)mJ ,. (1) 

or the density and the square-root of the molality. 

n .. 
d - S C.(t)m^/2 , (2) 

j»i ̂  

was used for regression purposes. However, it was found that converting the 

density data to apparent molal volume, î  , and then fitting this as a function 

of -the square-root of molality resulted in a more accurate and economical 

(lower-order) representation of the data when very precise measurements were 

available. The equation used in this case is given by 

•^ » 2 A Ct)m^/2 . C3) 



The density can be calculated from the apparent molal volume by using the 

relation 
lOOOdo + M2mdo 

^ ' 1000 + <j) md̂ j (4) 

where M2 is the molecular weight of the solute and d is the density of 

water. In general the order, n, of the fitting polynomial was chosen 

such that the standard deviation of the resulting regression would 

represent the internal consistency of t h e data used in the fit. 

Tables 3 and 6 summarize the coefficients of the equations 

used to generate the density tabulations given here, and may be used for 

interpolation to determine densities of solutions with concentrations 

other than those given in tables 1, 2, 4, and 5. 

Because of the inadequate data base, it was not possible to generate 

a set of density values at pressures greater than the saturation vapor 

pressure for either potassium hydroxide or sodium hydroxide which would 

accurately represent the behavior of each solution above its saturation 

surface. 
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Table 2. Density of KOH Solutions (g/cm^) 

|.f*Cl 1 11 n 
CONCEMTRATIOM 
IS 20 

(WEIGHT 
2S 

rERCEHT) 
30 

1.0095 1.0281 1.04S0 1,0S96 1.0711 

1.00S9 1.02)8 1.0419 1.0602 1.0786 

.9969 1.0U4 1.0320 | .0498 1.0678 

.983 I .000 1.017 1.034 i.0S2 

.974 .989 l.OOS 1.022 1.038 

.93S .948 .964 .981 .999 

.873 .893 .914 .934 .9S4 

.797 .826 .851 .875 .898 

.702 .742 .774 .803 .830 

.600 .650 .689 .723 .754 

35 40 45 50 60 70 80 90 

1.0788 1.0819 1.0794 1.1954 1.2463 1.2984 1.3520 1.4075 1.4653 1.5256 — ~ " — f 0 0 0 2 

1.0973 1.1161 1.1352 1.1838 1.2338 1.2853 1.3186 1.3936 1.4505 1.5085 — — — — t.0002 

1.0860 1.1045 1.1233 1.171« 1.2211 1.2723 1.3250 1.3792 1.4353 1.4944 — — — — *.0004 

1.070 1.088 1.107 1.155 1.205 1.256 1.310 1.364 1.420 — — — — — t.0002 

1.056 1.073 1.091 1.137 1.186 1.237 1.290 1.344 1.400 1.456 1.567 — ~ — *.0002 

1.018 1.036 1.055 1.104 1.153 1.204 1.257 1.311 1.366 1.422 1.537 1.653 1.768 — i.flOfl2 

.974 .994 1.014 1.064 1.115 1.166 1.220 1.274 1.330 1.387 1.503 1.620 1.730 1.850 t.OOOS 

.920 .942 .964 1.018 1.071 1.125 1.180 1.235 1.292 1.350 1.467 1.583 1.692 1.800 t .0005 

.856 .880 .90S .964 1.022 1.079 1.136 1.194 1.252 1.312 1.432 1.550 1.661 1.764 t.OOOS 

.784 .812 .839 .905 .968 1.030 1.091 1.152 1.213 1.275 1.398 1.517 1.626 1.722 t.OOOS 

1.108 1.174 1.237 1.360 1.480 1.594 1.685 t.OOOS 

-S 



Table 3. Interpolation Equation Coefficients for KOH Solutions. 

The ava i lah to dens i ty data for rvapomtiircs hcttieen <>° ;ind !>0*C 

were converted to apparent molal viiluacs und f i r by tlu* lanrhod 

of leas t squares ro a puiynoaiul tH|iiarion of the fom 

* « £ A . « ' ' 2 , where • i.s the m l a l i t y of rhe so lu t ion . 
i-0 ^ 

Density aay he ca lcu la ted by using rhc fomula 

d • (lOOOdo * M,BdoJ/(IO(IO • • y - d ^ . 

where M} « 56.109 ji/aole and do is the density of water. The 

interpolation-equations are valid Tor concentrations up to 17.8 

iBOlal (SO wt%). 

Teop. 

{•cv 
0 

2S 

50 

Ao 

.4093 

6.3465 

5.0719 

Al 

2.7870 

-.46054 

3.4717«i 

A, 

1.8974 

2.6470 

•.04192 

do ist/cM ) 

-.5835 .04833 

-.(•7788 .0SS23 

.03755 -.011032 

.999840 

.997047 

.988038 

Kor temperatures of 75* and lOO'C. the ava i lab le data were f i t t o 

a 3rd-ordcr polyniNatui e<{uation. The equation for 7S*C solu t ions 

is va l id for concentrat ions froa ii ro 15.3 eo la l (0 t o 46 w t t ) , 

while the eciuarion for 1I>0*C solut l ims i s va l id fro» 0 to 3.1 ao la l 

(0 t o 64 w t t l . 

d • Bo • B\« • Nym'' • B^m-' • 

75 

100 

H 

.a75(i« 

.i)M>02 

lOxBi 

.4584 

.4296 

-IO''xB;.-

.1.-5JI 

.1(173 

Mr"x8, 

. I«.i6 

.IlliO 

For rcnpvraturcs froa ISO* ro 4C)n*t:, rhc av:ti table da ta were f i t 

to a Sth-ordor polynoaiai equation uf the fom 

d . . S Csar*/' 
] * » J 

'llie range of concentrations for which these interpolation equations 

are valid vary, and are indicated in rhc table below with the coefficients: 

} ^ ' 
ISO 

200 

250 

300 

350 

400 

Range of validity 
(•olality) (wtt) 

0-108 

0-isa 

0.158 

0-158 

0-158 

0-158 

0-86 

0-90 

0-90 

0-90 

0-90 

0-90 

Co 

.94076 

.86476 

.77552 

.660828 

.54334 

-.00875 

lOxCi 

-.4846 

-.09157 

.2633 

.76101 

1.1S71 

5.1638 

lOxC] 

.9064 

.7429 

.6487 

.51670 

.45238 

-.75017 

-lOxCj 

.1748 

.1407 

.1283 

.11013 

.10623 

-.066932 

lO'xC,, 

1.38S8 

1.048 

.9678 

.8440 

.8417 

-.3504 

-lOSC, 

.40696 

.2822 

.2624 

.2299 

.2338 

-.07993 
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Table 4. Density of NaOH Solutions ̂ g/cm^) 

O.S 

1.0240 

1.01867 

1.00891 

.9984 

.9794 

.937 

.886 

.826 

.751 

.639 

1.0 

1.0463 

1.03928 

1.02873 

1.0181 

.9992 

.958 

.908 

.849 

.776 

.675 

2.0 2.S 3.0 1.5 

1.0674 ).0S7S 1.1067 1.1252 

1.0S91 1.0783 1.0966 1.1144 

1.0478 1.0663 4.0842 I.1015 

1.0371 1.QSS4 ^.0731 1.0902 

1.0183 1.0366 1.0S43 1.0715 

.978 .997 1.016 1.034 

.928 .949 .968 .986 

.872 .893 .914 .934 

.800 .834 .846 .867 

.709 .741 .771 ,799 

3.5 

1.1430 

1.1316 

1.118) 

1.1068 

1.0881 

l.OSl 

1.004 

.953 

.888 

.825 

Concentration (Holality). 

4.0 

1.1601 

1.1482 

1.1)46 

1.1229 

I.1042 

1.067 

1.021 

.971 

.908 

.850 

1.1766 

1.1642 

1.1504 

1.1384 

I .U97 

1.083 

1.038 

.989 

.927 

.873 

S.O 

1.1925-

1.1797 

1.16S6 

1.IS3S 

1.1348 

1.099 

I.0S4 

1.006 

.946 

.895 

7.5 

2641 

2499 

2351 

2220 

2032 

167 

080 

028 

986 

10.0 

1.3243 

1.3092 

1.2939 

1.2803 

1.2609 

(.224 

1.183 

1.141 

1.095 

1.054 

12.5 

1.37S0 

1.3595 

1.3434 

1.3297 

1.3095 

1.272 

1.233 

1.192 

l.lSl 

1.108 

15.0 

1.4182 

1.4023 

1.3850 

1.3718 

1.3504 

1.313 

1.274 

1.235 

1.197 

1.153 

17.5 

1.4551 

1.4)89 

1.4204 

1.4076 

1.3854 

1.349 

1.311 

1.272 

1.336 

1.193 

20.0 

1.4870 

1.4704 

1.4511 

1.4384 

1.4161 

1.380 

1.342 

1.305 

1,269 

1.229 

22.S 

I.SISO 

1.4976 

1.4785 

1.4648 

1.4440 

1.408 

1.370 

1.334 

1.298 

1.261 

25.0 

1.5399 

1.5210 

1.5039 

1.4879 

1.4706 

1.4)2 

1.395 

1.3S9 

1.323 

1.285 

t.OOO) 

t.OOO) 

t .0006 

t.OOM 

t.bOOi 

t .003 

t.002 

i.OO) 

1.005 

l.OOS 



(.•• 

I "̂  

Table S. Density of Naai Solutions (g/cm^). 

CONCENTRATION 

I 

1.0124 

1.00813 

.99876 

.9884 

.9693 

.926 

.875 

.814 

.739 

.631 

.* 

1.0)64 

1.0)004 

1.01984 

1.U093 

.9903 

.948 

.898 

.839 

.765 

.659 

5 

1.0597 

1.0519 

1.0409 

V.0)03 

1.0113 

.971 

.931 

.864 

.793 

.697 

7 

1.0838 

1.0737 

1.0630 

l.OSll 

1.0333 

.993 

.944 

.888 

.818 

.734 

9 
1.10S7 

1.0956 

1.0833 

1.0731 

1.0534 

1.015 

.967 

.913 

.845 

.769 

11 

1.1285 

1.0)7 

.990 

.9)8 

.871 

.804 

13 

1.1512 

1.1175 1.1)95 

1.1046 1.1260 

1.09)3 1.U45 

1.0745 (.0957 

1.059 

1.012 

,962 

.898 

.837 

(HEIGHT 

15 

.1738 I 

1614 I 

1476 1 

1)57 I 

1170 1 

081 I. 

0)5 I 

986 1, 

924 

869 

PERCENT) 

20 25 

2299 1.285) 

216) 1,2768 

2018 1.2559 

1892 

1704 

134 

091 

045 

989 

944 

1.2425 

1.23)6 

1.187 

).145 

1.102 

1.052 

1.011 

)0 

l.))97 

|.)244 

l.)0a9 

1.2952 

I.2757 

1.238 

1.198 

1.157 

1.112 

1.071 

35 

1.3925 

1.3768 

1.3602 

1.3467 

1.3261 

1.288 

1.249 

1.209 

1.170 

1.126 

40 

1.4434 

1.4274 

1.4092 

1.396) 

1.5744 

1.337 

1.299 

1.260 

1.224 

1.180 

45 

1.4924 

1.4757 

1.456) 

(.44)5 

1.4214 

l.)B6 

l.)48 

l.)10 

1.274 

1.235 

SO 

1.5)99 

1.5210 

1.5039 

1.4879 

1.4707 

1.4)2 

1,)95 

l.)St 

l.)2S 

1.285 

1.000) 

1.000) 

1.0006 

1.0006 

t.0006 

t.002 

1.002 

t.OO) 

l.OOS 

l.OOS 



. Table 6. In terpola t ion equation coeff ic ients for NaOH solu t ions . 

The avai lable density data for temporatiiros between D" and lOO'i: wore convorti'd 

to apparent molal volume and f i t by the method of lea.st S({iiares to a (ralynomia] 

equation of the fom 

(> a E A.nr '^ , where m i.s the molali ty of the solut ion. 
jaO J 

Density nay be calculated by using the formula 

lOOOdo * M2nido 

1000 * <̂  wdQ 
, where M2 = 39.997 g/mole 
and do i.s the density of water 

The interpolation equations are valid only fur concentrations less than 26 molal (51 wt%] 

Temp. 

0 

2S 

50 

70 

100 

COliFFICn-NTS 

n 

2 

4 

4 

4 

4 

.13.313 

-5.2618 

-4.8480 

-4.4239 

-7.5513 

7.667 

1.982 

3.7608 

2.58S2 

S.3277 

-.5232 

I.2730 

-.14493 

.71785 

-.60261 

.28035 

.08709 

.144,39 

. 16848 

.017674 

.013618 

.007130 

.020118 

.999840 

.997047 

.9SA03S 

.977766 

.958357 

For temperatures between ISO* and SSO'C, the available data were fit by the method of 

least squares to a polynomial equation of the form 

d ».E B4mJ. 

The interpolation equations arc valid only for concentrations less than 26 molal (51 wt%) 

Temp. 

i'C) 

150 

200 

2S0 

300 

350 

Bo 

.91499 

.86315 

.80098 

.72533 

.60082 

lOxBi 

.44439 

.46138 

.50260 

.52969 

.79142 

C0EFF1CIF.NTS 

-102x02 

.17615 

.18182 

.21281 

.19847 

.48458 

io'»xa3 

.45910 

.45662 

.56943 

.42286 

1.7063 

-I0*xfl^ 

.53917 

.50933 

.66109 

.37630 

2.38441 




