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1. Heat still
2. Cartridge heater

3. Mantle heater
(Insulator)

4. Condenser

5. Platinum resistive element
thermomete
6. Vapor phase reservoir

7. Feed inlet

Fig. 1 Othmer-type equilibrium distillation apparatus
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Fig. 2 Vapor-liquid equilibrium of methanol-water system at 101.3
kPa
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Table 1 Vapor-liquid equilibrium data of nitric acid (1)-water
(2)—salt (3) systems at 101.3 kPa

Mole fraction

Boiling point
Liquid phase Vapor phase ([°C]
x [-] -
No salt
0.109 0.008 107.4
0.160 0.025 112.0
0.220 0.074 1153
0.258 0.137 117.6
0.304 0.220 119.4
Mg (NO,),: 30 wt%
0.045 0.025 115.1
0.100 0.104 1204
0.138 0.224 123.8
Mg (NO;),: 40 wt%

0.050 0.076 115.6
0.112 0.234 121.3
Ca (NO;),: 40 wt%

0.052 0.028 1143
0.098 0.099 119.2
0.150 0.201 121.1
Ca (NOy),: 50 wt%

0.045 0.061 120.4
0.090 0.164 1239
LiNO;: 30 wt%

0.052 0.022 116.1
0.098 0.082 120.5
0.150 0.163 123.7
0.254 0.390 126.3
0.309 0.530 124.2
LiNO;: 40 wt%

0.090 0.136 120.0
0.149 0.251 124.2
0.231 0.423 128.0
0.291 0.639 1254
LiNO;: 50 wt%

0.051 0.107 132.0
0.101 0.242 133.8
0.155 0.398 132.6
NaNO;: 10 wt%

0.102 0.012 109.7
0.204 0.087 116.7
0.302 0.239 120.6
NaNO,: 20 wt%

0.101 0.019 112.1
0.205 0.111 118.8

Condition

Experimental apparatus : Othmer-type
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Fig. 4 Vapor-liquid equilibrium of nitric acid—water—lithium nitrate
system at 101.3 kPa
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Fig. 5 Vapor-liquid equilibrium of nitric acid-water—salt systems at
101.3kPa
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Fig. 7 Relationship between ionic radius and relative volatility ratio
for nitric acid—water—salt systems
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Table 2 Results of simple distillation for nitric acid—water—
lithium nitrate system at reduced pressure

Table 3 Result of simple distillation for nitric acid—water system
at reduced pressure

Feed Distillate Feed Waste Distillate
Salt concentration
[Wt%] Concentration Concentration Yield Concentration Concentration Yield Concentration Yield
[mol/dm’] [mol/dm’] [%] [mol/dm’] [mol/dm’] [%] [mol/dm’] [%]
40.0 5.0 6.6 81.3 82 13.9 72.2 42 27.1
50.0 5.0 8.2 90.2 i
Conditions

Conditions
Amount of feed (salt free): 150 g, Temperature: 340 K, Pressure: about 0.8 kPa

O
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|
— 3 L
3
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-100 0 100 200 300 400

Enthalpy of solution - 4 H [kJ/mol]

Fig. 8 Relationship between relative volatility ratio and enthalpy of so-
lution for nitric acid—water salt system at 101.3 kPa
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U4 — = NZOREE 320K EERET D E, BREPE > TH
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Amount of feed (salt free): 150 g, Temperature: 320 K, Pressure: about 0.8 kPa

Table 4 Mass balance of refining process 1 (simple distillation)
for nitric acid (1)-water (2)-litium nitrate (3) system
shown in Fig. 9

— s
Feed [wi%] | Waste [Wt%] Distillate [wt%]
Component
@ @ ® @
HNO, 13.9 1.4 125 0
H,0 36.1 0.8 2.1 112
LiNO, 500 50 0 0

Table 5 Mass balance of concentration process II (simple distilla-
tion) for nitric acid (1)-water (2) system shown in Fig. 9

c Feed [wt%)] Waste [wt%)] Distillate [wt%]
omponent ® ® @
HNO, 44.0 31.9 12.1
H,0 56.0 16.9 39.1
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2 (DBLVREHET o X QD OWEINZE2RY. 070+
ZIFHHEATH B DT, BEEED LERREZTAEEINERS LU
BRERISSICESBEEZEIONS. WAMA THERET S
Licky, BOBESENLEENBES NS AJEEHEN S 203,
PRl 2 EICKDERBRIEMS NS EEZ LN S,

&

il

Tilk — KRBT ~ 7" % v o &, GigER VY o 4, WEERY F ¥
LB XONEEEF MY v L %RINU K B R 2 E U 7ok 5
KA OISR AN 38R 2R L, &40 EH 5
—ERERNYT 5 C Sick oS a2 s &, BRELHNS
5 LIV KHI O RHERIERE (33N L 7. MRS C 2 H
RELT, HEBITIEICE-T, BAA v BLURBRAI+ VD
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(I') Refining process of HNO,
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(I') Concentration process of HNO,
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Fig. 9 Refining and concentration process of nitric acid
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Nomenclature

x,  =mole fraction of low-boiling component

in liquid at existing salt [—]
Xy =mole fraction of low-boiling component

in liquid at salt free basis [—1
¥, =mole fraction of low-boiling component in vapor [—]
a  =relative volatility at salt free [—1]
as  =relative volatility at salt addition [—]
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When involatile salts are added to an azeotropic mixture, the so-called salt effect changes the vapor-liquid
equilibrium, and has a big influence on relative volatility. Aqueous nitric acid is an azeotropic mixture, and can-
not be concentrated by ordinary distillation. In this study, we measured the vapor-liquid equilibrium of nitric
acid-water—nitrate salt systems with azeotropic composition (x=0-40 mol%) for recycling of nitric acid in solu-
tions from semiconductor manufacturing and metal-surface treatment processes. Aluminum nitrate, magnesium
nitrate, calcium nitrate, lithium nitrate and sodium nitrate were used as nitrate salts. For each salt tested the salt-
ing-out effect was confirmed and the azeotropic point was eliminated completely by adding salts at concentra-
tion of 30-50 wt%. Consequently, nitric acid could be separated by distillation from waste solution with a low
concentration (under azeotropic composition) of nitric acid. Separation and concentration of nitric acid from di-
lute aqueous nitric acid was tested by simple distillation using 50 wt% lithium nitrate. As a result, nitric acid

aqueous solution was concentrated from 5.0 to more than 14.0 mol/dm® (yield, 72.2%).
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