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Density and Heat Capacity of Molten NaN0,-KNO, Mixtures 

Yawhlko Iwadate, Isao Okada,? and Kazutaka Kawamura’ 
Research Laboratory for Nuclear Reactors. Tokyo Znstltute of Technology, ookayama, hbguro-ku, Tokyo 752, Japan 

The d.ndty MIcl th. h.& c~rp&ty of m0H.n N.Nop.-KNO, 
mlxtut.r have bum masurd at wnbknt pl.rrun wlth 
dilatometry and d#fu(Hlflal rcannlng c.krlm“y (DSC), 
rospodvdy. The molar volume d the mixtwea k 
e x p r d  by V ,  = 38.988 - 1.1OOX- (1.497 X 10)X2 + 
0.01875Xs)T, where V,  k In una mot‘, X k tho mok 
frrcUon of NaN02, and T k  the abooiu!e tamperatwe. The 
thetmal e x p ” M t b  of the mbtturea Irllghtly Incr.cm wtth 
temperature. The heat capadties of pure wIwop and 
KNO, are a ” a t d  at 118.7 f 0.8 J mol-‘ K-‘ (571-630 
K) and 141.0 f 1.3 J md-‘ K-‘ (830-700 K), 
rospodvdy. Camparkon of the present data of pure 

that the DSC mahod can ykkl rdlable data ako for these 
mixtures. 

7.987X’ + (0.02400 - 0.02726X + 0.03415X2 - 

KNO, Wlth thOSO ObWIWd Wtth drop C . l o r h n k y  Show8 

Introduction 

Motten mixtures of NaN02 and KNOs are promising as heat 
reservoir materials ( 7 )  owing to the low melting points (2) and 
expected high heat capacities. 

Forobtainlngthethermel CondUctMty, one needsdata on the 
density, the heat capacity, and the thermal dmushrity, the last 
one now being measured separately with wave-front-shearing 
lnterfecometry (3-5). The densities of the mixtures have been 
measured with an Arddmedes method by Polyakov and Beruli 
(6). In the present work, we have remeesured the densks 
with a ditetometric method. The heat capadtb are measued 
with a dmeremtial scanning c a M e r  by the method of Angel 
et ai. (7). 

Experbnental Section 

Ctmmlcdr. The satts NaN02 and KN09 used were of ana- 
lytical reagent grade. A smaH amount of moistwe which might 
have been contained was removed wlth a procedure shtilar to 
that previously reported (8) .  The mlxtwes were prepared by 
mixing the two salts of known weight, meltlng, and allowing 
them to cool. Ultraviolet spectrophotometry ( 9 )  was used to 
check that the NaNO, and KN09 c“d vlrhra#y no NOs-and 
NO2- ions, respectively. With the same method It was ascer- 
tained that the ratlo between NO2- and NO9- ions remained 
unchanged ddng the density and heat capacity measwements 
within the analytical errors. 

Donutty Mb-8. A dilatometric method was em- 
ployed. The apparatus (see Figure 1) was similar to that used 
byChoetal.(7O)orKawawa(77). Theelectrictwnace was 
made of a transparent fusebslllca tube whose extemal diam- 
eter and lenglh were 30 mm and 30 cm, respecthrely. In order 
to keep the temperature distribution along the vertical dtrectbn 
asrnlformaspossible, asWnhs&dtubewasirwertedinskle 
the fused-silica tube. Two small windows were made 80 that 
the meniscus in the dilatometer could be obsetved with a 
cathetometer. The crevice between the dilatometric cell and 
the stainlesssteel tube, both at the top and at the bottom, was 

Table I. Experimental Results of Densities of 
Molten KNO, and NaNO, 

10-3p 
at 630 K, 

lo-”, kg m-3 temp range, K kg m-3 ref 

KNO, Melt 
2315 - (0.729 x lO-’)T 620-873 1.856 
2.3479 - (0.7758 x lO-’)T 617-671 1.8591 
2.310- (0.733 x 10-3)T. 619-778 1.848 
2.340- (0.77 x lO-’))T 613-773 1.850 
2.375 - (0.804 x lO-,)T 632.7-701.4 1.868 

2.226 - (0.746 X lO-’)T 568-723 1.771b 
2.2026 - (0.69 x 10-3)~ a 1.7817b 
2.129 - (0.60 x lO-,)T 573-773 1.766b 
2.149 - (0.571 x lO-’)T 600.4-620.5 1.80Ib 

NaNO, Melt 

Unspecified in the literature (15). At 610 K. 

19 
16 
20 
6 
this work 

19 
15 
6 
this work 

stuffed with quartz wool. The dilatometric cell was made of 
transparent fused silica. The vdume of the part containing the 
salts was about 3 cm3 and the inside diameter of the dilatom- 
eter was 5 mm. The e m s  caused by the thermal expansbn 
of fused silica (5.5 X lo-’ K-’ (72)) were negligible In the in- 
vestigated temperature range; that Is, these are estimated at 
about 0.05% of the density data at most. The cell was cali- 
brated wlth distled water at room temperatwe accodhg to the 
density data r m e d  by Kell(73). The level of the meniscus 
was read at several temperatures by stopping the rise of tem- 
perture for about 5 min. The stability of the temperatures at 
the measured poWs was estimated at f0.3 K. 

H..1clrpscfiy-. APerkbn+LnerhAodelDSCP 
differential scanning calorimeter was used. A synthetic sap- 
phire crystal was used as a reference material (74). The 
samples Investigated were prepared by putting a small amount 
of the chemicals on a weighed sample pan, covering with a lid, 
and keepha them mettlng for about 30 min so as to obtain good 
contact wlth the pan. Calibratkn runs were carried out by using 
the same pans as the ones used far the reference materlal and 
the samples. Two kinds of pans, gold and aluminum, were 
used, and no dmerences in the “d quantkks were found. 
No weight loss of the pans containing the salts was detected 
during one run of measurement. This Indicated that neither 
evaporation nor decomposition of the samples occurred and 
that the samples probably dkl not react with the pans. The heat 
capacities were measured by raking the temperature at a rate 
of 20 K mln-’. 

Results and Dl”h 

kkJIv V m .  The data on the densittes of pure NaNO, and 
KNO, are given in Taw I where they are compared with 801118 
other available data: our data for NaNO, and KN09 are close 
to those obtained by Frame et ai. (15) and by Smith and 
Artsdalen (le), whose deviations fall 1.08% at 610 K and 
0.48% at 630 K, respectively. This would show that our me- 
thod yields a p p ” t e l y  sat4factory data also for the “s. 
It is, however, noted that ou dilatometric method tends to 
a little greater value than those of the previous authors, and 
Polyakov and Berun (6) obtained smaller values. 

Since it has been reported that &NO2 decomposes into 
NaN03 and N, above 603 K (77), the densitles have been 
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Flguro 2. Molar vokmes of molten NaNOz-KN03 mlxtwes: (A) 0.00, 
(B) 13.08, (C) 22.35, (0) 37.73, (E) 50.14, (F) 62.46, (G) 74.84, (H) 
87.39, and (I)  100.00 mol % NaNO,. 

Table 11. Density Equations of Molten “0,-KN03 Mixture# 

X(NaNO,), lo%, kg m-, 0, exptl 
mol% kgm-’ K-I kgm” temprange,K point 

10-9, 

0.00 2.375 8.04 1.03 632.7-701.4 
13.08 2.357 7.54 0.44 588.8-662.1 
22.35 2332  1.43 0.73 552.9680.7 
3 7.13 2.289 6.94 0.63 504.3-678.8 
50.14 2.308 7.30 0.81 486.3-629.5 
6 2.46 2.256 6.84 0.69 447.7-650.7 
74. a4 2.206 6.16 1.12 494.2631.8 
87.39 2186 6.07 0.92 547.5-621.9 

100.00 2149 5.71 0.14 600.4-620.5 
a p = Q - (b x lo-‘)?“; u = standard deviation. 

14 
34 
54 
66 
59 
79 
51 
31 
10 

measured in a relatively limited temperature range in the 
piesent work. Both thermal decomposition and evaporation are 
negllgble since no welght loss of the samples was detected 
during experiment. 

The measured densitles can be well expressed with linear 
f” of temperetue as listed In Table 11. The orighl data 
for the NaN02-KN03 mixtures are provided as supplementary 
materiel. (See paragraph at end of text regardlng supplemen- 
tary material.) The molar volumes calculated from the densities 
are lhrstrated In Fbue 2. The campositkn dependence of the 
molar vokmsg at 620 K b shown in Figure 3, which reveals that 
the measured values devlate slightly negatively from the addi- 

X ( N ~ N O ~ ) / ~ O I  *I. 

a. ~sotherm of mdsr vokmes of molten N~NO,-KNO, mve~ 
at 620 K (maximum departure from the additivity: 0.515% at 13.08 
md % “ o b :  (0) this work, (A) Polyekov and ReruU, (---) a m ,  

Table 111. Experimental Results for Heat Capacity 
of Pure KNO, Melt 

(-.- 1 eq 2. 

Jmol c!y K-’ temprange,K method ref 

130 i P 653 drop calorimetry 21 
135.6 i 2.1 610-663 drop calorimetry 22 
141.0 5 >2.@ 611684  drop calorimetry 23 
141.0 t 1.3 630-700 DSC this work 

a Heat capacity estimated from the data in the literature. 

Table IV. Heat Capacities of Molten NaN0,-KNO, Mixtures 

X(NaN0 ,I, cy 
mol % J mol- K-I temp range, K 

0.00 141.0 t 1.3 630-700 
24.84 133.5 1.3 549-700 
52.41 123.8 i 1.7 548-700 
74.92 122.6 i 1.7 548-700 

100.00 116.7 t 0.8 571630  

tlvity. The data obtained by Polyakov and Beruli (6) are also 
shown In Figure 3 for comparlson. Our data are about 2% 
greater than theirs over the measured composition range. 

We have tried to apply to the mder vdume V, an empirical 
equatlon of the form proposed by Mochlnaga et al. (18): 

3 3 

v, = CaJP + (CbJP)T 
0 0 

where an and b, are constents, X is the mole fractkn of NaN02, 
and T is the absolute temperature. At first, the values of a0 
and bo are determined at X = 0, and those of d o  + 8 + 8 2  + a3and bo + b l  + b2 + b3are calculated at X =  1. Then, 
the other constants are obtained with a least-squares regres- 
sion. Thus, the molar volume of these mixtures is represented 
bY 
V, = 38.983 - 1.1OOX- (1.497 X 10)X2 + 7.987X3 + 

(0.02400 - 0.02726X + 0.03415X2 - 0.01875X4T (2) 

The standard deviation of this empirical equation from the ex- 
perlmental values Is ca. 0.13 cm3 mol-’. The thermal expan- 
sitMties defined as a = b/(a - bT) Increase with temperature 
at all compositions and decrease with mole fraction of NaNO, 
at constant temperatures. 

Heaf Capacily. In order to compare the accuracy of the 
present work with that of the previous works (2 7 -23), we have 
given the data on the heat capacity of pure KNO, In Table 111. 
This would Indicate that the DSC method yields reliable data. 
The heat capacities of the NaNO,-KNO, mixtures averaged 
over the investigated temperatwe ranges are tabulated in Table 
IV. The temperature dependence is not detected above the 
experimental errors. The additivity Is found to hold approxi- 
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mateiy for the heat capadties of these mixtures. 

We express ow sincere gratitude to Professor J. MocMnega 
for his suggestion in measulng the density. 

w r y  
a, b constants of the density equation 
a,, b, n th constants of eq 2 

b a t  capacity at ambient pressure, J mor' K-' 
temperature, K 

CP 
T 
vnl molar volume, cm3 mor' 
X mole fractlon of UNO2 

Greek Letters 
a thermal expanshrity, K-l 
P density, kg m3 
U 

Lltwrhw. C l t d  

standard deviation of the density equation, kg m3 
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suppkmluV Matotld A v d a b k  All of the wlghel data on the den* 
of molten NaNOTKNOS mixtures are llsted ( 9 pages). In this data Rle. 
the densftks of the mlxtwes are expressed as Unear functlons of tem- 
perature by a kestgquares method. Four s lgnbnt  flgwes are glven for 
denslty and tanpcwatue In each cese (for example, 1.795 g cm4 and 620.5 
K). Orderlng lnformatlon Is ghren on any current masthead page. 

Low-Temperature Heat Capacity and Entropy of Oxalic Acid and of 
Biuret 

Bad B. Luff' a d  Rdnrt B. Rood 
DhMm of ChetnkaI L%vebpmnt, NaHonal FerHker Develqpment Center, Tennessee Valley Authority, 
Muscle Shoals, Alabama 35660 

Tho kw40mporaturo b a t  ccrprdtkr of ox- ackl, 
(coon),, and wet, w-2, WW. nwa8w.d 
ovw th. rango 10520 K by crdkbatk d o t h d r y .  Tho 
heat WP), ( S O ) ,   ai^^ Qlbk W k n  
(0' - H o o / r )  at 298.15 K wwo cakdatd to k 25.31, 
27.62, and -13.32 od mol-' dog-', reqodvdy,  for oxak  
rrdd and 31.39, 34.91, and -17.53 cal mol-' dog-', 
rospocUvdy, for blurd. 

In a continuing program of the measurement of thermo- 
chemical properties of materials of interest in fertillzer tech- 
nokgy, the hest capacities of oxak acid, (COOH),, and Muret, 
NH-, were measwed by adiabatic calorimetry over 
the temperawe range 10-320 K. Related thermodynamic 
propetHes were derived. 

Matorlaia and Handllng 

Oxak add dhydrate was prepared by recrystalizlng reagent 
oxellcadd fromdistiledwaterand Rltertng on frittedghss. The 
damp orystsle were bansfwed to a large crystallking dlsh and 
allowed to dry in the laboratory atmosphere for several days 
with occasional stinlng. Two samples of the airdried material 
titrated with standard KMn04 solution showed the material to 

Thls article not subject to U.S. Copyright. F 

contain 100.0% and 100.3%, respectively, of the dihydrate. 
The cabrimeter was filled with the oxalic acid dihydrate and 

&led by vacuum deslccatbn over h4gC104 until the weight bss 
of the compound was 28.72% (stoichiometric for water of 
crystaliiretlon is 28.58%). The more than theoretical weight 
loss for the formation of anhydrous oxalic acid was attributed 
to some subihnatbn. Samples desiccated in a similar manner 
to 28.68% weight bss and titrated with standard KMnO, sdu- 
tion contained 100.2% and 100.2%, respectivety, anhydrous 
oxalic acid. The dry weight was corrected for buoyancy in air 
on the basis of a density of 1.89 g ~ m - ~  ( 7 )  to give 50.51 19 
g or 0.561 02 mol h the calorimeter. The gram formula weight 
was taken as 90.035 84. The air in the calorimeter was re- 
placed with helium by evacuating to a pressure of 100 mm and 
then relieving to atmospheric pressure wlth helium. This cycle 
was repeated twice, and then the presswe was adjusted to give 
the same mass of M m  as was used in measurements on the 
empty calorimeter. 

After the measurements were completed, the calorimeter 
was opened in the laboratory atmosphere. The material in the 
calorimeter was caked, and only a small portion could be re- 
moved in a dry condition in about 0.5 h. Two samples of this 
material Wated with standard KMnO, sdution showed the 
matertal to contah 99.9% and 99.7%, respecuVeiy, anhydras 
oxak acid. The silsMly less than theoretical anhydrous oxalic 
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