





Thermal -Properties of the Systems -
Nitric Acid -~ Water
and

Nitric Acid - Sulphuric Acid - Water

Summary:4v e s : : t

" Data in the iiterature on the thermal properties'of the .
systems. HNO3 = HpO and_HVO5 = HpS0), = Ho0 have been collated and
interpolated. From the results of the 1nterpoleu10n tables of :

spc01flc heats, b0111n0~901nts, heat contents, Vapour composi=-
tions and neau contents of vaoour have: been oonstructed_hnlcn

.....

,

Inﬁfoouction:— o

Industrial problems in acid mixing and niftric acid concen—
tration often require for their solution various thermal data on
the systems HNO3 = HpO and HNOz = H2S0), + H20. - AAdeal of data
is available in the literature but this has never been brought
together and interpolated in an easily available forru Hliaie
usual method of presenting data on the ternary system is tthe
triangular diagrem, which is more difficult to interpolate than
a rectangular coordinate diagram. Tt has been p01nted out by
several authors that such date can be presented quite as easily
by rectangular diagrems, since the composition of a three—compo=
nent system is fully defined by the weight percentages (or mol-
fractlons, or weight ratios etc. ) of only two components. Even
S0, very 11ttle use has been made of this simplification in the
case of the nitric acid-sulphuric acid-water system. Such data
as is available on spécific heats, heats of dilution and mixing, °
b0111ng~001nts, vapour-composition and heat content of vapour

have been examined by the author, and interpolated graphically,
From these graphs various tables have been drawn up which have -
been designed: to fa0111tate the solutlon of problems.

: In compiling the heat content tables tie pure components,
o0, PZSOA, HNO}, hawe been taken as reference substances, with
zero heat contents at 25°C,. Thus the heat content of an acid of
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a given composition at a.temperature of T°C. is mad up of two

parts, the heat of mixing the pure components at 25°C. and the
heat required ro raise the mixture from 25°C. to T°C. Heat
contents are all expressed in centigrade heat units per round

(C.H.U's per 1b. = K gm. Cals./Kem).

~ In order to keep the tables to reasonable proportions data
aré only presented for concentration intervals of 5% (HNOz or
HZSOA) and temperature intervals of 5°C. Where intermediate
concentrations or temperatures are being considered linear inter-
polation by inspection will be satisfactory in most cases, but
where this is.not so the data of the tables may be graphed as .
nests of curves on rectangular coordinates. The heat contents
of the system HNOz - HpS0O) - HpO at 250C. can be presented thus:-
plot heat content against sulphuric acid concentration for each
nitric acid compositién - giving curves for 5%, 10% e.os 95% HNO3.

For certain parts of the systems the data in the literature
are’ scanty (boiling points of the ternary system for example),
and the processes of graphical interpolation and extrapolation i
may have introduced inaccuracies. - Within the ranges which are-
most important in: practies, however, it is felt that any errors
are comparatively small, and that the tables are sufficiently
accurate for practical purposes. Notes follow on the sources of
data used, and the methods of interpolation.

PART I. THERMAL PROPERTIES OF THE BINARY SYSTEM
J HNO3 ~ Ho0 , y

(1) Heats of Dilution of Nitric Acid

The heat evolved on mixing pure nitrie acid and pure water
has been méasured by Berthelot (1) and Thomsen (2), both of whom
covered a range of mixtures from 100% HNO3 0 1.72% HNOz. - For-
the-heat of infinite dilution, Berthelot obtained 7.18 kilogramme-
calories per gram-mol, while Thomsen obtained 7.493. - More
recently Forsythe and Giauque (3) measured the heats of infinite
dilution of pure HNO3, the monohydrate HNO3,HoO (77.77% HNO3) and
the trihydrate HNO3.3H20 (53.83% HNO3) obfaining a value of
75971+ 10 gm, - calories/gm, mol. for the pure acid. . In view
of. the precautions taken by the latter workers, their value has
been accepted in preparing these tables, also their values for
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the hydrates. Wilson and Miles (#) have presented data on the
differential heats of”solution of HNO3 and HpO for 90%, 80%, 70%
and 60% HNO3.  Of these, the data for 60% HNO3 are very doubtful
and the values for 70% HNO are also suspect. Only the 90% and
80% HNO3 data have therefore been used to compute additional heat
of dilution data. In addition to these data of Forsythe and
Giauque, and Wilson and Miles the data of Berthelot and Thomson'
have also been used, neglecting the values for the heat of
infinite dilution. All have been plotted on a rectilinesr diagram
as centrigrade heat units per pound (C.H;Us/ﬁb.)~of residual acid’
against the percentage HNO3 in the residual acid. A smooth curve
has been drawn through the points, and this curve used for inter-
polation. From this graph the heat contents of the system have
been obtained and tabulated in table 1, column 2,

(2) .Boiling Points

-

Creighton -and Githens (5) have recorded the boiling péints
of nitric acid water mixtures. Their data have been interpolated
graphically and the results presented in colum 3 of table 1.

(3) Specific Heats

The specific heats of the binary system were measured by
Pascal and Garnier (6) at 20°C. Recently new data have been
presented on the three component system HNO3-HoS0), ~HoO by Morgan,
Bender and Capell (7) for temperatures of 40°C, 60°C, 80°C. apd
100°cC. In view of the range of temperatures covered in the
latter work these data have been used both for the binary and
ternary systems, although on extrapolation they give values for
20°C. several per cent lower than Pascal and Garnier's. Specific
heats of the two component system were plotted against % HNO3, for
each of. the temperatures 40°C, 60°C, 80°C. and 100°C., and smooth
‘curves drawn through the points. Data were -interpolated from
these curves for each 5% interval of nitric acid concentration.
At each concentration the values obtained were plotted against
' temperature, and the nearest straight line drawn through the

four points. The linear relation was assumed in-view of -
the appearance of the points, and lack of'sufficient data
to.enable the true curve to be drawm. It is considered ..

that the error introduced by this is not large enough to affect

52521-1 A : 2



the practical value of the tables. The .specific heat data'are
presented in table 1, in columns 4 and 5, the term A representing
the specific heat at OOC. obtained by extrapolatlon, B represent-
ing ‘the constant in the assumed linear eguation for the
temperature variation of specific heat.

I Heat Contents of HNOz - HoO Mixtures at the Boiling Points
3 2

The data presented in column 6 of table 1 have been - oomnuted
from the data in the other columns:—

Heat oontent per pound at boiling point = Heat content
per pound at 25°C. + (t - 25) (4 + 2@ +25) B)
2

| Where .t is the boiling point in 96,
A + (t + 25) B = Mean Specific heat between 25° and +°©
LY 2 : F 3
(5) Composition of Nitric Acid Vapour in Equilibrium with
‘Boiling Acid

These data have been interpolated from the valuesg recorded by
Carpenter and Babor (8), and are presented in the last column of
table 1.

(6) Heat Contents of Mixtures at Various Temperatures

The data of table 2 have been computed in the same manner as
the heat contents at the boiling point (see Section L above).

(7) Total Heats of Nitric Acid Vapour

These are presented in table 3 and have been combuted from
the following equation:- :

“Qt = PV + (100 - P) Vi + Ht
) 100

Where Qt = Total heat per pound of nitric acid vapour at £904
- P =% HNO3 in vapour. -
W = Latent neat of vaporluatlon of HNO3 (por pound) aﬁ tOC.
= L I

Wy Hp0
Ht = Heat content per pound for llquld of the same
composition as the vapour at £°Cp
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This cquation applies only if there is no association in the
vapour phase, and Forsythe and Giauque (3) have shown that this
condition is satisfied. It is also based on the assumption that
9. is sufficiently.low to prevent decoriposition of HNO3. Foxr
this reason the temperature range covered by table 3 has been
limited to 150°C. to 80°C., this being the most useful practical
rangee The values given for the higher temperatures in this .
table'will be somewhat inaccurate depending on the degree of
decomposition of HNO3, but the magnitude will not be great enough
to make much material difference. ; ‘ é e

Vy has been calculated from the value for latent heat of .
vaporisation of HNO3 at 25%C. computed by Forsythe and Giauque (3)
from the experimental data of Wilson and Miles (L), the heat
capacities of the. vapour. given by the former authors (based on
spectroscopic evidence), and the heat contents of ‘the liquid.
(V(25°) = 9,355 gm. calories/gm. mol. HNO3). e

PART IT. THERMAL PROPERTIES OF THE TERNARY SYSTHM
HNO3 ~ HpSO0; — Hz0

(8) Heats of Mixing .

Tn computing the heat contents at 25°C (table L) McDavid's
(9) experimental. data have ‘been used, and the-heats of mixing.
recalculated wsing mean specific heats interpolated from the data
of Morgan, Bender and Capell (7). :

(9) Boiling Points

The figures presented by Berl and Samtleben (10) were theg
best which could be found in the literature. For somé parts of
the system the data are scanty, but the interpolated values given
in table 6 shoiild be sufficiently aceurate for practical use.

(10) Specific Heats

The methods of interpolation and presentation are the same .
as described for the two component system (see Part 1, section 30
the process being rcpeated for each 5% interval of HoS0), concen-
tration. The data of Morgan, Bender: and Cppell (7) were used

7
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for the reasons previously given, The interpolated data are
presented in tables 5 (a) and 5 (b). A S

(11) : Composition of Vapour in Bquilibrium with Boiling Acid

The data of table 7 have been interpolated from those of
Carpenter and Babor (8). Where no values are given there is some
doubt about the true composition, due to the high boiling points,
and Hp80,, and decomposition products of HNO3z may occur, © The
values are only given where the vapour is a mixture of HQO and
HNO

J°

(12) Heat Contents of Mixtures at’Temperatﬁres other than £25°0,

These quantities are not given in view of fherexteht of the
tables requlred, They are easily calculated from the following
equation, -

Hi = H25 + (t - 25) (a + b(§i§jﬁa)v 7

Wherc Ht = Heat- content per pound at £°C,
Hes5 =+ 4 : u " 250C, given in table 3,

~ The first bracketted term represents the temperature incre-
ment from 259 to t°C,, and the second bracketted term is the mean
specific heat between the two temperatures, 'a'! and 'b! belng
given in tables 5 (a) and 5 (b) respectively.

Example of the Use of Tables

From'Weak,pltrlc acid of strength 60ﬁ and 997'h2504_a mixed
acid is to be made of composition 20% HNOz, oO{fH2804 The com-
ponent acids are at 20°C, , and water at 150C, It is necessery
to know the heat to be dissipated from the mixture to give a
product at 20°C,

= For a materlals ba lance the following Wweights of acid:and
water must be mixed to give one pound of product -

U995 Ihs nomn lb mlxed acid,
O 6316 n ] i i
0,03%51 " it 1 we it

Weak nitric acid
Strong sulphuric acid
Water
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From the table 2 60% HNO3 has a total heat content at 20°C.

of ~52.0 C.H.U's per 1b., while 95% HoS0j, has a heat content of
~21.6 C.H.U's per 1b. at 259C. from table $ﬂ‘ It will therefore
have a heat content of /~21.6 - 5 x (0.340 + (22,5 x 5 x 1074)) 7/

C.H.U's per pound at 20°¢. (from tables 5a and 5b), that is
=23.4 C.H.U's per 1b. .fater, of course, will have a heat con-
tent of -10 C.H.U's per 1b., referred to 25°C. . The total heat
introduced per pound of mixed acid can now be completed:-

~17.33 C.H.U. per 1h rroduct

Heat in 607 HNO3 = 0,3333 x -52.0

DXV 95% HoB0) = 0s6516ux =208l 2 <178 & ¢ N 5
Wit yohber = 0,0351 x -10 = -0.35 " TR 1"
Total g 32,46

From table L the product has a heat content of -6l4.1 C.H.U's
per pound at 25°C., with a specific heat of 0.446 at 0°C. and a
specific heat correction of +0,00005 per ©C. (from tables 5a and
5b)a The heat content at 250C. is therefore given by

~6lp.a 1 -(25-202{/0?446 + (25 _+ 20) (0.00005) ,.7
. ; “ 2 ' S

]

~6hat = 5/0.446 + 22,5 (0.00005) /

- 6Lt = 2.2 = - 66,34 C.H.U's per 1b.

I

’

This is the heat remaining after mixing, so the heat dissipated
(= heat entering - heat leaving) = =~ 32,46 -(66.3L). ' :
= 33488 C.H.U"Ys per 1b. of

product.

The tables can be used in a similar manner for heat balance
computations in connection with concentration Processes.
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TABLE 1

Properties of the Binary System HNOz = HpO

Thermal properties of liquid mixtures of nitric acid and

waters

(1) Total heat content at 25°C referred to pure HNOB and
pure Ho0 at 25°C in Kgm cals/Kgm or C.H.US/Ib.

(2) Boiling points at 1 atmosphere pressure.

(3)

Specific heat data -

Specific heat at t°C = A + Bt

where A = specific heat at 04

(4) Total heat content at boiling point -~ Kgm. cals/Kgnu or
G U%/l’ - re;erred to pure comPOﬁents at 25°C
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Specific Heat Data

Heat content

Acld Heat content Bolling at Boiling Vapour from
_Concentration at 25°C, e Point C,H,US boiling
% HNO3 C.H,US/1b, C. A E 2’ fo4 /1D, acid % HNO
\ 0 0l +00 » 0

g | w63 1108.5 8.928 + g.o 4 ZZ.J 0,1
10 | o 1244 101,0 0.862 + 9,5 + StL 0,2
5 ' -18.3" 102,08 ° 0,793 + 14,5 + 19,6 0,5
20 =210 " i (0T P 04727 + 19,0 + L2,7 1.0
25 = 2965 105,5 10,67 LeEO240 + 36,5 2,2
30 = 345 108 - 04626 ¥ 24,0 + 3O 14,0
35 = 393 10 o 0,585 + 24,3 R e Lo
Lo = L3, b 2l 0,547 - + 25,0 1945 11.8
145 - LL6.5 M S 08157 + 25,3 + 155 vl eb
50 = 18,6 w6, 5 0,488 + 25,0 L Pl A5 .25,9
B5 =.149,6 18,5 0,480 - + 20,5 + 9.7 ¢ 3541
60 - 14905 ) 1&) » Oth?'} % o 17.0 + 703 . L{,6,L],
65 =~ LBa3 i 2%, 5 0,463 - + 15.1 + 7.0 . 59,8
.70 . LI-6-2 J 121.5 Ool—l-sa g + 13'5 + 6.8 7[},9
i - 42,9 fiast19 0,LL5 + 11.1. + 6ol 85,L
80" = 38,1 5:115¢5 0,438 4+ 85 + 6,6 92,6
o5 ~ 32,1 108, 0,428 - +.647 + 8,2 96,2
90" - 23.9 102 0,18 - 545 + 11,0 - 98,2
b ® 1505 o5 0,409 + L3 + 173 99.6
100° o} 86 0,398 +' 345 +/ 2545 - 100,0




b=1262¢

ot

TABLE 2

Heat contents of mixtures in the binary system HNO5 = HZ0, in Kgm, cals/Kgm, or C,H,U/1lb, referred
to the pure components at 25°C,

Heat contents at various temperatures in
CoH, U/1b,
“NbB oog, {1109, 20%, | 30%, | Lo%, |50%c, | 6ooc, | 7o°c, | 809, | go0%c, | feocc, | 1100, | 120%C,
0 ~25.0 =15.0 =5 + 5,0 +15.0 | +25,0 +35,0 +L¥500 +55.0 '+65.0 +75.0
5 ~29,7 20l | 11,0 | = 1,6 | + 7.9 | +17.4 | +27.0 +36,6 | +46,3 | +56,0 | +65,8
10 34,5 25,6 ~16,8 | = 8,0 | + 1,0 | +10.0 | +19,1 +28,3 | +37.6 | +47.0 | +56,5
15 =39,0 | 30,8 | “22,9 | ~1L4.5 | = 5.9 |+ 245 | +11.2 | +20,2 | +29,2 | +38,8.] +47,8
20 ~42,9 =35,5 , =279 | *20.1 | =12,2 |= b 1| + L,2 +12,7 | +21.4 | +30.3 .| +39.4
25 ~-065,8 «40,0 "_.“”"32.8 “25,8 «18.1 | =108 | = 2,8 + 5,5 | +14.0 | +22,0.| +30,5
30 "‘5007 "LI-LL;B s "3707 “31@0"‘ "2309 "1696 ; g Lot 9¢O b 192 2 d 609 +15.2 +2.3-7
35 =545 U85 | 2,0 | =35,9  =29,1; | +=22.2. ] +15,1 s o5 0,0 | + 7.8 +16.,4 | +24,8
ho "5709 "'5203 . "145.14 "'1-\‘0.3 g ".3309 “27q.3 'vﬂ : "QO.S "13014 e 601 + 1.5 4 * 90}4- +17.5
145 "'60-3 "'55¢h ""’4907 "IJLL-S.‘ b =56 d "'.31 I5 25,0 ~17:9 | =10.9 o Ll-uo + 3.9 +11 .7
50 “6146 | 55646 |1 ™51e3 | =USa8 | =h0s0 | =30.0.1 =277 | “21e2 ] =1hali | =74 | = 0,1 + Tals
55 "‘62--5 =575 “5201 "'Lﬂoo T2, e "‘29.6 =23e5 '"1700 10,5 = b5 + 3.5
60 "61.8 '57;0 “5200 ] ”%o,'i | "LJ»1 06 "'}611 "300&- "21406 “1806 "12011- P 600 ol 0.5 + 703
65 ~6040 55,1 «50,7 | =U5.8 | =h0,6 | =35,5 | ~30,0 “2le3 | =18,8 | =13:0 | = 6,2 0p0% |54 6.k
70 579 “53e3 . "‘Ll»8.6 "Ll3¢'_8 o "‘3808 "33-7 "'28.“‘ ~23,0 | =17.5 "‘11.8, - 6.0 - Ogdn] + 6,0
5 =541 ~L9,6 S5e2 | =0l SI55T Him3 0,77 | 1=25,9 20,7 | =152 | =1042 | .= 4.2 + 1,3
80 =196 | =h5,2 | =h0,7 | =361 | =31eh [=26,6 | 21,8 | =169 1149 | = 6,84 = 1,6,/ | + 3.7
85 "leos “‘38-5 i [ "'3&.0 "29’-5’ ~25,0 "200‘]4 "‘15.8 ,91100 g 698 o e * 360 .
90 ~3L46 «30uht 1|2 =26, | =215F | =173 | =12:9 P84k =369 | +.0a7 | + 543 4-1+10,0
295 22,7 = 90 #1640 | =046 |- = 655 1=-455 |+ 320 + 6.4 | +1049 | +15.8 |
100 =10,0 | =6,0 | =240 |/ 2 2.0 |+ 6,1 |+10,2 | +1holy | +18,6 | +22,8 ¥k




2 TABLE 3
\l\)n Heat Contents of Nitric Acid Vapour at different temperatures referred to thé pure components at
f 250C, Kegm, cals/Kgm: or C,H.Us/1b.
=
; Temp. !
SIS : Heat Content in C.H,Us/lb.
in v;.pou 80°C. | 859C.| 900C. | 95°C. {100°C, [1050C, [110°C, {115°C, |{120°C. |1250C, [1300C, {1350C. | 140°C, 4L50C. |1500¢C.
0 6ol | 606 | 609 | 611 61 | 616 | 619 | 621 623 | 625 628 | 630 | 633 635 | 638
2 57k | 5761 579 {580 58l 586 588 589 591 595 596 598 600 602 60k
10 548, 1 5504552 1553 555 554 559 560 561 563 565 566 568 569 5
15 51815201 5221 595 329 527 529 530 531 S 536 538 540 54 543
20 Lgo | Lo2 | Lok | L96 197 h9g .1 501 503 504 506 508 509 S 513 515
£ 25 Lol | 465 | L67 | L68 | LB9 |- 470 | L7 | 471 72 | lgh | ke | hyo | Bt L2 | L8L
g 30 W3l | 436 | 438 | 439 | L1 | Lh2 | LL3 | bW | L5 | W6 | Lh8 | 150 | h52 153 | L55
7 35 ho8 | koo | It 2 | W3 | Wb | 6 | W6 | gl W9 .| b2t | 23| 425 27 | 429
Lo 380 {:381: | (38541 385 386 387 388 390 392 394 396 3o7: 599 Lo1 403
Ls 354 BSE LEhTE L 558 559 361 363 36l 366 368 370 372 37h 376 378
50 3301 352, 8533 | 331 336 337 339 340 3h2 343 315 346 348 350 352
55. 306 | 307 | 309 | 311 312 313 315 S 318 319 320 321 323 325 327
60 282 | 28l | 286 | 287 289 291 292 293 || 294 295 297 299 300 301 303
65 263 | 264 | 265 | 266 | 268 | 269 | 271 oz il oms |l B oRe s n o e 080 - pBo
70 2lly | 2L5 | 246 | 247 248 250 251 252 253 ' 251 256 257 258 259 261
75 227 | 228 229 854229 230 251 232 205 23L 235 236 238 239 210 2L2
80 208 | 209 2104211 212 213 214 215 216 217 219 220 22k 1y 292 22l
85 192 | 195 | 195 | 195 ‘ 196 197 198 200 202 203 201 205 206 207 208
90 179 |1 180 | 181 182 183 | 184 185 186 187 188 189 190 191 192 194
95 169 1 170 A7 171 172 173 174 175 176 177 178 179 181 183 18l
100 15911160 | 162 65 16k 165 166 167 168 169 170 171 173 17k | 495




TABLE L

Heat confents at 25°C of the ternary system HNO3 - HpS0, - HpO in Kgm. cals/Kgm.
or C.H.US/1b, referred to the pure components at 25°C,

%{NO5 ey Heat contents at 25°C in C,H.,U° per pound of mixed acid
A1 80, 0 550e 10 Ff 45y | 1200 12BN L 500BL BhER] A0l (e 11 DO0% 1: D0E 60¢ -1 685 | 708 1178 B8O 11850 |'904: 1 956 160
0 O.:'O ~ 63| =12.4|~18.3|=21..0 |-29.5 [~34s5 =3935 | =b3al| 4645 | =486 | =49¢6[ =495 |=hB¢3 | =kbe2 |=42,9 |=384L|=3241 |=23.9 =133 | 0.0

5 m 9370|1545 =21.0[=2645{=31 06 |=3645 |11 .O| =Ll a7 |~L748 | ~1926| =51 41 [=51.3| =50,5 | =47 48| ~llaT |-3948 | =338 |=25.8 |~1547 |- 0.6
10 17071 =23,7] =28.8|=33.61~38,5 |=43.0|~14643] =188 | =51 ,0|=52,3|~52.8|-52,3|~50,0 L0} =421 |=3545[=28,0 =178 [- 1.3 [
15 5| =2643]=31.5| =361 |=4045 |~hlaT [=4B sl |=50,8| ~52.7|~5348| ~5lieb6| =5L4s0{=52.9| =48 45 =3, 7| =3TeT [<3043|=2000 = 18 |-~

20 | =3L446|=3942| ~L3 el | LT 03| =5045 |=5342 |~5khe9 | #5549 | =5646| =564 4| =55 i1 |=5242| =16.2 |=L40,3| =517 225 51 2.6 ——{
25 ~42,5| =4648|~50,0{=5343|~5549 |~5743|=5843| =584 7|=5940| =572 | =Dlie L. “49e5| =424 T | =53e (| =2he3 |~ T S o2 A
30 ~1,9.8| =53 oly] =56,2 (#5847 [ =604 7 |~61 a3 {61 o7 | =61 o1 | =6048| =5648|=5241|=llyy6| =37 42 |=25.6|= L8| ——A |

35 —5645| =59 ali| ~61.8|~6346 |~6540 | =6Le5 |~blre5| =623 =5948| =5ka2| #4T70| =3747| =278 |= 643}~
KO | =624l =61.48|=66,5|=67.2 (=681 [=67401=65.9|~6145|~5640| ~h942|~3942|=27.0| ~ 7,8 |* :
14-5 "67;4— "'69;2 "69;7 "‘69;8 "69-8 :'6803 :"6403 ;'5706 "5056 ‘;1+1 62 “28.14- Y 809 3 ;

50 =71.3] =721 =7243|=7146|=70.5 |=67,0|=5948=5243{ =423 528;5 S Dl

55 =T o2| =73.7| =729 =719 | <7040 |=61,8 =53 ,5| ~14346 ~2946|= 95—
60 —7631 ”7L!-59 "7355 "‘7038 "6451 "524—0_5 ")—F)—F-__B ~30,0{- 9o)+ : Fopid
65 "‘77'_2 ”'7}4—:5 "7235 ”6537 "'55:9 "lll&-55 "31 2f= 902 Bepmes wxy : : v : 5 2
70 | =7626]=72.8]| ~67,0|=5745 |=blrs7|~3045 |~ 940 - SO ' 5
) 73451 =6745| =57.2| =45,0{=30,0 = 8,6 : g .
80 =6740] =57.3] =4Lia2| =30,0|~ 8,1 |~ ‘
85 =564 =1 3,5 =291 = 7s2 7] ‘ '
90 | =h0.8]=25,41 = 6,0/ » :
25 ~21,6|~ 3,8
100 2 00
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TABIE 5 (2)

Specific heats (a) at 0°C of mixtures in the ternary system HNO3 — HpS0) - HpO
Specific heat at t°C. = a + bt, where b is given in table + (D)

% HNO3 Specific heat of mixture at 0°C.
7% H80), ‘\ 0 B a0l 18 205 |1 267 | 3051 ¢ 367 | Lo I e B0 755 605z | 6551 708l 7Hex]i80. 1185 90 | 95 | 100
LD 4.000 0. 928 (0. 862 [0.793 102727 (0. 674 0. 626 |0, 585 0. 547 [0. 515 [0. 4887 0. 480 0. 473 10,463 10,452 {0, 445 10438 10, .28 10, 418 10.409 0. 398
L5 0.9580.890 [0, 827 (0. 763 [0 707 (0. 656 [0 613 |0, 576 104 5kl 0. 513 0. 497 0447810.46210.45010. 44004 431 10,425 |04 417 10430 100 39 {¢m
=40 0,919 0. 847 |0, 785 10, 730 104677 (0463210, 590 {0 561 0. 525 {0, 502 104 484 0. 469 0,451 10,4580, .50 {0. 44 7 104 44 5 10, 405 10, 392 -
15 0. 881,10, 817 |04 755 |0, 7Q0 102 648 [0, 608 |0, 568 |06 535 102 510 |00 487 [ 02 470{ 04 155 | 04 440 [04 425 | 0,415 10, 4,02 104 395 106 390 |-
20 008490, 778104719 {04 667 {04 620 {04582 | Oa 548 00 517 102493 {0a 175 {02 455 | 00 22,01 05128 {00 414 | 0. 402 70, 39 10 388 |- oret
25 0.81010. 738 0,682 [0, 635 |0, 593 |00 558 {0a 528 10,500 04481 104 161 | 02 41Js.| 02430 02417 |04 406 [0, 3940 388 kel
30 0477310, 70k |0u 653 {04 608 {04573 (04 54000 510 | 04 490 105474 105 455 0,236 | 0. 1525 04 4710 | 0. 42021 04 388 |-
35 00 726 04 665 10. 621 |04 582 104 550 |0 520 |00 1:99 | 00 1,715 {0e459 10438 04 423| 04410} 0. 40010 393 |- : it O b sl
40 0.680!0463210.591 |04 558 {04 530 |00 503 {06 4,80 | 0456 106440 1064423 02409 04 397 04 388 [--—=—". . L At SECLE. Sk
45 0631104595 |0s 560 {0. 531 0. 505 |06 481 |04 458 |04 42,0 |04423 [0s4081 0. 39| 0 382——=- "7+ " agaiiac pR e Tt
50 0. 591 | 04 560 | 0s 533 0,506 |0, 482 104460044390, 423 (02409 104 597 | 0. 388 | = W i kA e : G aTul
55 | 04552|04529 {00507 |0s 8L {06463 |00 ki | 0042 | 0442 10.39810, 388 ——
60 0¢519 104 502 | 0. 481 0. 463 [04 146 0,430 04416 |0. 400 |06 388 | -——— e T
65 02188104 1175 10 160 {0a 2113 102 429 0.6 10,402 | 0. 388 | A
270 0s 460104248 |04 4,36 |00 4.2 104412 |0, 4020, 388 #
W 0.442 |00 430 104 4,21 {04410 {04 398 {0, 388
80 0e 237 |06 418 {0, 4,06 |04 4400 104 387 |
85 00428 {0,401 {0. 38810, 385 | — ! : : 2 Lab i
90 0. 386104 385 {0, 373 < : ; o oG
ol 0. 3400, 369 ! : .
100 0. 321
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TAZE 6

: Bo:.l:mg po:_nts of mixtures in the ternary system HNOz - HQSO - Hy0
(under one atmosphere pressure)
%
% HNO3 Boiling Points °C,.
e 11.50; 0 5 10 15 20 25 150 35 L0 45 50 55 60 65 70 i 80 85 90 95 | 100
/o2=vL
0] 100, G {100, 5 }101,0 {102,0 {103, 5 {105.5 {108,0 {110, o 112,5 114, 5 {865 |118, 51120,0 {121, 5{121.5{119.0 (115, 5 [108,5/102,0 95.0 | 86,0
5 100,5 [101. * |102 - 1403 105 - HO7. -~ N183¢ M2 Silefdl oi |16 o M ol 4BD +2421 <120 oc4¥8 . {1135 - HO8 - |1007 |- 93 8l
10 1010 1102 — 11051405 - 407 2 1440 - 142 114 o Rbasstoions . el DL Ren Dk BERE EE PSR KT R SN K Ty AR | (] 92 82 —
15 90243.1105  -J105. 07 509 {121 =R15: a1 3419 021 20 917 2 49060 MO0 T 92 B et
20 1034110571907~ 1109 <1112, HM457 M8 120 34 HP27 - i 40 {4400 - 1107 - 1100 92 BRF o Fesry
25 405~ M0 -410: - (143 - 4151 -HM18 - 120, 23 = 122 {124+ s 1107 (100 93 83 Tl
30 0107 - 110 - M 2 7 10495 8456 220 HBS F 1182 T O C ST S DY T 40y OF C BRIt Oy
26 109 S 4414 - 44172 4420 5 4422 - 4423 - M3 » 4421 4148 1 4415 1 H8 1 4904 © 4 9L BE = feie ol
L0 193 8 < 4424 5 4120 o 4126 - 4126 » N2k 1149 itk 5 4108 NN 9% {87 |y
45 14871123 3427 - 4330 L {129 - 4924 1 20 ndd 1k ¢ 490815 4402 o e 89 {-= ¢
50 . '|123 (128 - 13k {135 {432.. 4423 5116 {109 © {403 [ {97 {EO
55 4301136+ M38: 1135 e4127 S skt o430k 96.:4790 {1
60 W0 Hbh {1k3- 1154 . 1124 54412 1 ++:HOB 21100 90 ""‘“‘”‘i ;
65 1545 M3 Mt 1428 - 4416 M09 8- M08 895 | e o 1% & .
70 167 162 Sl [1aos 424 106 98 b ,
15 465 68T 590 18 4B 100 5 ot f
80 206 116l 1550 1l M0 s
85 232 1969 1127+ - 1116
- 90 266 {175 0T g
95 3061 B2, & T
100 g e e
il ¢
:
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s, TABLE 7 :
§ Composition of vapours in equilibrium with boiling mixtures in the ternary system ,HNO3 -
R HyS0), = H0
3 "
: Liquid Composition of Vapour in Equilibrium with the Boiling Acid % HNO3
O Compne
D) i
‘ Q “-'«HNO} ]
g:ws% O 5 (.10 | 15 | 200} 25 30 | 35 | o | I 5‘0 55 |60°) 65 | 70 | 75|18 | & |90 |95 |100
8 ol =l o.,110.2! 0.5) 1.0] 2.2] L.O| 7.2{11.8 [17.5125.9|35. L [16. +]59.875.085.5{92.5 [96.5 [98,5 |99.5 {100
j 5 w0, 210,61 1e2] 2401 el T00111.2:17:5125.0 36.049,5 |63.0176.0(86.0/92.5{97.0 {98.5 |99.5 |100
S 10] %[ 07| 1.5] 2.5 O] 6.3] 9.8[16,0{2L,0 |57.0(51.5 |65.0 [77.5 |87.0|934597.0/99.0 99.5 100
= =} 0.9] 17| 3.3| 5.5 85[10.0]23.0(37.5 52.0|66.5[78.5 [67.5 [94.0|96.5|98.0|99.5
| 20| =] 1.0] 22| k3| 7,0[11.5|21,0/38,0155.0(69.0{80,5 88.5 [95,0 {975 98,5 995
25 | =| 1.2] 26| 5.5| 9.5[19.5 |36.5|5Ls0|68.080.090.0 |95.5 /98,0 99,0/99.5
= 30| = 1.4] 3.5 7.5[15.5/36.5 54.5|68.5 81,0 [90.5 96,098,0 [99.0/99.5 7]
=565 =l 2.215.,0{11.5132.5/52,0/68,5!81,5:{91.0 96.0197,5199.0199,5
10| =|3.0] 8,025.5|50,0"68.5182,0[90,0(9k.5 |97.5|9845 [99.5
15| =] h215,5!h6,5[68,0] 83.0/93.0(96.5 |98.599.5[99.5
50| =|7.0[357.0|645]82.592.5]97.5/99.0(99.5
55| =|1545 59,5 180.0{92.0| 97,0(99.0/99,5
60 | = [57.5 [74.590.0196,5| 98,5 |99.5
65| = |63.5(80,0195.5{98.0{99.5
70| ~{76.0|92,098.0/99.5|" |
75| =186.5(97.0(99.0 ‘.
80| ~192.598,5(99.5 b
85| =196.599.5 aj
90 s |
S i
100 = |
I\ |






