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ABSTRACT

By using a self-made research device for phase equilibrium, the equilib-
rium solubility of the saturation ternary system of NaNO,/KNO,/RbNO,/
CsNO, - HOCH,CH (OH)CH,OH - H,O at 35 and 45 °C wasmeasured, and
simultaneously the density and refractive index of this system was deter-
mined. The experimental results showed that, in all systems, with the
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increase of weight percentage of glycerol, the solubility and density of
the salt in mixed solvent were reduced, while the refractive index was
increased gradually. The solubility, refractive index and density data in
al the saturation systems were fitted by the four-parameter empirical

correlation equation.

INTRODUCTION

Crydtdlization, separation and purification can be
undertaken by meansof severa smal molecular weight
organic solventswhich aremutualy solublewith water
toformasat-mixture solvent system. Thismethod has
beenwidely appliedin chemicd, biochemica, pharma:
ceutical and chemical production process*3. Thein-
vestigation ontheakali metd salt-alcohol water mixed
solvent system becomes more and more polulart*7,
Based on the series of systemin our research group®
12 theexperiment method isimproved and this paper
hasasystematic study on the physica propertiesof the
ternary system of NaNO,/ KNO,/RbNO,/CsNO, -
CH,CHOHCH_OH - H,O at 35and 45°C, including
equilibrium solubility, density of the saturation solution,
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and refractiveindex, which aimsto providethe neces-
sary basic reference datafor the separation and purifi-
cation of alkai metd nitrate.

EXPERIMENTAL SECTION

Reagentsand instruments

Reagents

Sodium nitrate (99.5% purity, Sinopharm Chemi-
cal Reagent Co., Ltd), potassium nitrate (99.5% pu-
rity, Sinopharm Chemica Reagent Co., Ltd), rubidium
nitrate (purity 99.5%, Shanghai ChinaLithium Indus-
tria Co., Ltd), cesium nitrate (Sichuan State Lithium
MaterialsCo., Ltd), al thereagentswere put into the
ovenat 110 °C for drying, and then placed into a dryer
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after cooling and bottling; Glycerol (purity, 99.0%,
Sinopharm Chemical Reagent Co., Ltd); what should
benotedisthat al thewater used in theexperiment are
double-digtilled water.
I nstruments

Semi-micro phase equilibrium experiment device
(self-made)®; dectronic balance (AL 204, Mettler To-
ledo, accuracy of + 1 x 10 @); density - refractome-
ters (DM A4500-RXA 170 Anton Paar, accuracy of +
1 x10° g+ cm?® and 4 x 10%); vacuum oven (DZ-
2BC, TianjinTaigtelnstrument Co., Ltd). Thedengity-
refractometerswas calibrated by theair and double-
distilled water eachtimebeforeuse.

Experimental method
Analyticmethod for nitrateand glycerol

The content of nitrate and glycerol were analyzed
by adensity-refractiveindex approach. According to
theliterature®>*4, in acertain range of concentration,
the density and therefractiveindex of theternary sys-
tem solution arerel ated to the salt and a cohol content
of thissolution, in accordancewith thefollowing em-
pirical equation:
p=a, +bw, +cw, (@)
n,=a, +b,w, +cw, 2
Whereasp (g/cm?) isdengity, n, istherefractiveindex,
w, istheweight percentage of the nitratesin the solu-
tion, w, istheweight percentage of theglycerol inthe
solution, anda,, b, ¢, a,, b, and c,are parameters of
the equation respectively. For example, intheternary
system of CsNO, (w,)+ CH,CHOHCH,OH (w,)+
H,O (w,), three standard sol utionswere prepared, in
which the content of cesium nitrate was 0%, 3%, 6%
respectively and the content of glycerol wasincreased
gradually, thenthe density and therefractiveindex of
these solutionswere measured at 25 °C. The density
(p) and refractiveindex (n,) werepl otted with the con-
tent of glycerin (w,) respectively, asshowninFigure1l,
thelinear fitswell within the studied range (w,< 0.06,
w,<0.45), and theformulafor w,, w, was deduced by
the determined parameters (TABLE 1) and combined
with equation (1) and (2).

Phaseequilibrium deter mination in satur ated sys-
tem

7 gmixed solventsof different alcohol/water ratio
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wereadded into a10ml balancetube, respectively, and
then saltswere added to an excess. The balancetube
was packaged well, fixed on theturntabl e of the semi-
micro phase equilibrium experimenta device, and then
placed into aconstant temperature water bath (accu-
racy +0.05) for automatic rotation lasting for 48 h. The
whole process should be observed at al timesto en-
surethat therewasaappropriate amount of crystal in
the balance tube otherwi se salts need to add, and after
repeating the above process, the tube was kept at a
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Figure 1: The density (a) and refractive index (b) calibration
curves for the CsNO, - HOCH,CH(OH)CH,OH - H,O system
at25°C (m, 0% CsNO,; ¢, 3% CsNO,; A, 6% CsNO,)

TABLE 1: Theparametersof equation 1and 2

Salts

ar

b,

Cy

a

b,

Co

KNO3
NaNO
RbNO;
CsNOs

0.99447
0.99447
0.99447
0.99440

0.67367
0.60433
0.71633
0.74667

0.26012
0.26111
0.26233
0.26054

1.33091
1.33091
1.33091
1.33102

0.11600
0.07750
0.06700
0.05233

0.13194
0.13303
0.13265
0.13233
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static temperaturefor 24 h. The saturated solution was
removed and diluted, then the density and refractive
index of the solution wasmeasured at 25 °C, and the
welght percentage of the saltsand a coholswere cal cu-
lated by adensity-refractiveindex approach. The con-
tent of water was cd culated by the subtraction method.

RESULTSAND DISCUSSION

The solubility, density and refractiveindex dataof
theternary saturated solution system NaNO,/ KNO,/
RbNO,./CsNO, (w,)+ HOCH,CH (OH)CH,OH
(w,)+ H,O (w,) at 35 °C and 45 °C are listed in
TABLE 2. TABLE 3 has presented the solubility and
TABLE 2: Weight percentage, density (p), and refractive

Index (n,) for theglycerin (1) - MNO, (2) - H,O (3) systems
(M=Na, K,Rb, Cs) at 35and 45°C

pllgem®  np pllgem®  np
35°C NaNO; (1) - HOCH,CH(OH)CH.OH (2) - H,0 (3)

0.0000 0.4999

Wy W2 Wy W2

140465 1.39039 0.4724 0.2677 1.33232 1.42614

0.0752 0.4629 1.39390 1.39471 0.5629 0.2343 1.32276 1.43443

0.1385 0.4237 1.38104 1.39943 0.6521 0.2020 1.31884 1.44481

0.2236 0.3833 1.36927 1.40482 0.7556 0.1677 1.31542 1.45660

0.2975 0.3465 1.35579 1.41077 0.8695 0.1349 1.31444 1.47066

0.3871 0.3047 1.34292 1.41755

35°C KNO; (1) - HOCH,CH(OH)CHOH (2) - H.0 (3)

0.0000 0.3320
0.0702 0.2951
0.1489 0.2578
0.2336 0.2194
0.3244 0.1850
0.4234 0.1517

1.24458 1.36549 0.5246 0.1283
1.23327 1.37088 0.6283 0.1030
1.22308 1.37734 0.7315 0.0829
1.21656 1.38498 0.8406 0.0654
1.21468 1.39404 0.9511 0.0500
1.21593 1.40409

1.22066
1.23049
1.24295
1.25838
1.27912

1.41505
1.42719
1.44018
1.45425
1.47076

35°C RbNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3)

0.0000 0.4936
0.0562 0.4389
0.1255 0.3739
0.2031 0.3242
0.2906 0.2748
0.3885 0.2243

1.48389 1.37078 0.4884 0.1878
1.45091 1.37421 0.5967 0.1487
1.41807 1.37995 0.7051 0.1195
1.38099 1.38617 0.8171 0.0927
1.34956 1.39497 0.9310 0.0694
1.32745 1.40424

1.31572
1.30861
1.30411
1.30296
1.30209

1.41526
1.42685
1.43987
1.45294
1.46608

35°C  CsNOs (1)- HOCH,CH(OH)CH,OH (2) - H;0 (3)
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Wy W2

pl(gem®) o

Wy W2

pl(grem’)

Np

0.2394 0.2019 1.23153 1.37861 0.8412 0.0652 1.27565 1.45708

0.3310 0.1725 1.23399 1.38996 0.9499 0.0501 1.28974 1.46953

0.4252 0.1494

1.23908 1.40159

45°C NaNOj; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3)

0.0000 0.5223
0.0722 0.4862
0.1375 0.4460
0.2204 0.4049
0.2930 0.3654
0.3848 0.3253

142192 1.39141 0.4711 0.2882
1.40778 1.39533 0.5537 0.2519
1.39485 1.40029 0.6502 0.2122
1.38015 1.40617 0.7559 0.1781
1.36723 1.41196 0.8656 0.1460
1.35423 1.41879

1.34263
1.33215
1.32496
1.32034
1.31775

1.42667
1.43382
1.44352
1.45311
1.46483

45°C KNO; (1) - HOCH,CH(OH)CH;OH (2) - H.0 (3)

0.0000 0.4202
0.0653 0.3580
0.1360 0.3021
0.2210 0.2616
0.3156 0.2210
0.4077 0.1828

1.28548 1.37064 0.5077 0.1527
1.26843 1.37369 0.6152 0.1230
1.25489 1.37874 0.7221 0.0968
1.24286 1.38495 0.8294 0.0786
1.23349 1.39288 0.9410 0.0595
1.22995 1.40048

1.22971
1.23706
1.24875
1.26231
1.27849

1.41212
1.42380
1.43781
1.45365
1.46839

45°C RbNO; (1) - HOCH,CH(OH)CH,OH (2) - H20 (3)

0.0000 0.5794
0.0479 0.5216
0.1081 0.4612
0.1810 0.3981
0.2657 0.3374
0.3626 0.2760

1.58932 1.38174 0.4654 0.2256
1.53699 1.38373 0.5741 0.1813
149599 1.38702 0.6861 0.1432
144888 1.39218 0.8021 0.1092
140508 1.39761 0.9208 0.0795
1.36723 1.40634

1.34156
1.32507
1.31653
1.31322
1.31035

1.41549
1.42592
1.43937
1.45167
1.46592

45°C  CsNOj; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3)

0.0000 0.3585
0.0692 0.3086
0.1466 0.2673
0.2300 0.2333
0.3174 0.2063
0.4115 0.1769

1.31475 1.35598 0.5095 0.1507
1.29815 1.36131 0.6096 0.1290
1.28645 1.36963 0.7176 0.1028
1.27714 1.37881 0.8260 0.0821
1.27233 1.38842 0.9348 0.0651
1.26901 1.40027

1.26886
1.27009
1.27699
1.28407
1.29468

1.41290
1.42742
1.44125
1.45529
1.47009

TABLE 3: Solubility (S) and refractiveindex (n,) in pure
water (w%) at 45°C

0.0000 0.2904 1.23655 1.35122 0.5239 0.5239 1.24377 1.41446
0.0744 0.2560 1.23283 1.35862 0.6282 0.1025 1.25161 1.42657
0.1543 0.2282 1.23181 1.36853 0.7337 0.0828 1.26282 1.43978
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it thiswork literature
S(w%) Np S(w%) Np
NaNO; 5223  1.39141 52.251'% 139111
KNO; 4202  1.37064 - -
RbNO;  57.94  1.38174 57.48*"  1.38371!7
CsNOs 3585  1.35508 35281 135821

refractiveindex dataof akai metal nitratesat 45°C in
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Figure 2 : The solubility, densities (a) and refractive indices (b) for the ternary systems RoNO,/CsNO, (1)

CH,OH (2) + H,0 (3) at 35 °C and 45 °C
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TABLE 4: Valuesof parametersof eq (3)

2

T T
([} i

T
0.8 Lo

+ HOCH,CH (OH)

systems Ao Ay Az As 4
Weight per centage
35 °C NaNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 0.5014 -0.5686  0.1550 0.0167  0.0014
45 °C NaNO;s (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 05233 -0.5649  0.1056 0.0495  0.0017
35 °C KNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 03328 -05716 04028 -0.1202 0.0011
45 °C KNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 04139 -0.8636 0.8657 -0.3732 0.0043
35 °C RbNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 04910 -0.9914 09292 -0.3788 0.0027
45 °C RbNO; (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 05766 -1.1580 1.0583 -0.4217 0.0016
35 °C CsNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 02885 -04215 0.2466 -0.0715 0.0013
45 °C CsNO;s (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 0.3538 -0.6438 0.6201 -0.2835 0.0032
Density
35 °C NaNO; (1) - HOCH,CH(OH)CH,OH (2) - H,O (3) 14056 -0.1737 -0.0026  0.0955  0.0011
45 °C NaNO;s (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 14220 -0.2041 0.0464  0.0586  0.0005
35 °C KNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 1.2444  -0.1838 0.3059 -0.0787  0.0005
45 °C KNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 12855 -0.2788 0.3958 -0.1135 0.0006
35 °C RbNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 14859 -0.6721 0.8273 -0.3407 0.0018
45 °C RbNO; (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 15857 -09506 1.1274 -0.4561 0.0021
35 °C CsNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 12361 -0.0474 01308 -0.0225 0.0005
45 °C CsNO;s (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 13134 -0.2214 03145 -0.1067 0.0009
Refractive index
35 °C NaNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 1.3905 0.0554  0.0400 0.0029  0.0003
45 °C NaNO;s (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 13912 0.0604 0.0342 -0.0068 0.0003
35 °C KNO; (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 1.3653 0.0777 0.0297 0.0051  0.0002
45 °C KNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 1.3706  0.0481 0.0711  -0.0120  0.0005
35 °C RoNO; (1) - HOCH,CH(OH)CH,OH (2) - H,O (3) 1.3706  0.0659 0.0649  -0.0274  0.0002
45 °C RbNO;3 (1) - HOCH,CH(OH)CH,0H (2) - H,0 (3) 13816  0.0432 0.0749  -0.0244  0.0004
35 °C CsNO;3 (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 13508 0.1125 0.0164  -0.0028 0.0008
45 °C CsNO;s (1) - HOCH,CH(OH)CH,OH (2) - H,0 (3) 1.3558  0.0821 0.0812 -0.0411 0.0004

s=[= (Y

cal

ture.

=Y /N 1%, where N is the number of experimental points

purewater, and it can be seen that the obtained experi-

mental dataisreliablewhen comparedwiththelitera: In order to detect the variation trend of the phase
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equilibrium of theresearch system clearly, thevariation
trend curve of theternary sysem RbNO,/CsNO, (w, )+
HOCH,CH (OH)CH,OH (w,)+ H,O (w,) is pre-
sented asan example. Asshown in Figure 2, with the
increasing weight percentage of glycerol at the same
temperature, the solubility of thesat inthe mixed sol-
vent (Figure2 a) decreasesgradually, whilethe solubil-
ity increasesasthetemperaurerises. However, theden-
sity of the system (Figure 2 b) hasappeared two kinds
of variationtrend at the sametemperature, which means
with theincreasing weight percentage of glycerol, the
density of the system RbNO, (w,)+ HOCH,CH
(OH)CH,OH (w,)+ H,O (w,) is reduced gradually,
while the density of the system CsNO, (w,)+
HOCH,CH (OH)CH,OH (w,)+ H,O (w,) isreduced
thenincreased, mainly because of theless solubility of
CsNO,, sothat theinfluence of glycerol density playsa
dominant roleand resultsin theincrease of the present
density. Thevariation trend of the density of system
KNO, (w,)+ HOCH,CH (OH)CH,OH (w,)+ H,O
(w,) isthesamewiththissystem. At different tempera-
tures, with theincrease of thed cohol content, thetem-
peratureand thedensty of dl studied systemsincrease.
Therefractiveindex of thesdt solution (Figure 2¢)
showsthe contrary variation trend to the sol ubility and
density, meaning that at the sametemperature, there-
fractiveindex riseswiththeincrease of theglycerin con-
tent, which showsacompletely different trend accord-
ing to the other systemsin theliterature®®. Andthe
refractiveindex curvesat two different temperatures
arealmost coincidence, indicating that thetemperature
hasrareinfluenceontherefractiveindex of thissystem.
Inthe studied systems, therate equation (3) isused
for thefitting of solubility, density and refractive data,
and theresulting parameter values and relative stan-
darddeviation s arelistedin TABLE 4.
Y=A,+A w,+A w,>+Aw, 3
WhereinY representsthe solubility, density, or refrac-
tiveindex inthestudied systems, Ai meansafitting pa-
rameter, w, represents theweight percentage of glyc-
erol.

CONCLUSIONS

Inthispaper, the solubility, density and refractive
index of the ternary system NaNO,/ KNO,/RbNO./

Physical CHEMISTRY o

CsNQ, - HOCH,CHOHCH,OH - H,0 were com-
prehensively investigated, which provided reference
datafor the application research of the corresponding
system. A trend curve of theternary system RoNO,/
CsNO, - HOCH,CHOHCH,OH - H,0 was plotted
andillustrated onthe basisof thedata. The st content
ca culated by thes multaneous equations of density and
refractiveindex provided moreaccuratedata. Thedata
of solubility, refractiveindex and density viaglycerol
content variationin the studied systemswasfitted by
thefour-parameter empirica correlation equation, which
showed that the standard deviation waslittleand the
resultswere satisfied.
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