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Thermal . . Properties of the Systems . 

Ni tric Aci6. Wat er 

and 

Nitric Acid Sulphuric Acid - l?at er 

Sumrnary:-

Data in the literature 9n the .then:ml properti~p ' of the 
syste1!ls }IN03 - H20 and HN03 -:,. H2S04 - H20 have been col ;Lated and 
interpola te d. From the re sul ts of the interpola t lOl1 tables of 
sp_ecific· h~ats, .boiling- p00ts, .p.eat c qptents, .ya,pour composi- · 
ti0r:ts and heat contents of v apour have been constructed which 
phould fac~i);L:t~te the solution of prac t ica;L ·pr?ble.ms. 

, 
Introductiori:-

Industrial probl ems in aoid. :Bixing ' and nitric acid concen
tration often requi:.~e fo:i..~ their solution vai'ious thermal aata on 
the syst ems HN03 - H20 and HN03' -H2S04 ~ H20 . . A 'deal of data 
is available in the li ter2.tu.re but t~1is has'· never been brought 
together 8.nd interpolated in an easil y available ' form. The 
usual method of p r esenting data on the ternary system is tthe 
triangular d.i.ag:i..~[>.m , Tfhich i s nore c3ifficul t to .interpolate than 
a r ectangular coordinate diag:i..~am. It has been' point ecI out by 
sever a l auth ors that such data c a n" be presented quite as easily 
by r ectal1c,OUlal;' diag:i.~ams , since the composition of a thre e-compo
nent system is fully defined b3; ·the weight percentages Cm" . mol- . 
fractions , or wei ght ratios e tc.) of only tV'fO components . Even 
so , 'very little use has been made 'of this simplification in the 
case of the ' nitric acid-sulphuric 'a c id- vrater system. Such data 
as is avaB.able on speclflic heats', heats of dilution and mixi ng , 
Doi ling-point s:, . vapour~composi t ion and heat c ontent of vapour -
have been examined by th~ author , ' and D,terp~lated graphically. 
From t hese graphs various tables have been dravm up which have 
been designed. to facilitate the solution of problems~ 

In compiling the heat content tables the ' pi~re components , 
H20 , H2S04' HN03; have· been taken as reference substances , with 
zero heat contents at 250C.t Thus the heat content of ill, acid of 
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a given composition at a ,temperature of TOC. is made up of two 
parts, the heat of mixing the pure components at 23°C. and the 
heat required ro raise the mixture from 25°C. to T C. Heat 
contents are all eA~ressed in centigrade heat lli1its per rOlli1d 
(C.H.U ls per lb. ='K gm. Cals./Kgm). . , 

In order to keep the tables to reasonable proportions data 
ar~ only presented for concentration irit ervals of 5% (HNOj or 
H2S04) and temperature ' intervals of 5°C. Where intermediate 
concentrations or temperatures. are beipg considered linear inter
polation by inspection will be satisfactory in most cases, but 
whe~e. ,this is ,not so the dat.a of the tables may be graphed as . 
nests of curves on rectangular coordinates. The ,heat contents 
of th~ system ,HN03 ~ , H2S04 - H20 at 250 C. can be presented thus:
plot heat content agali1st sulphuric acid concentration for each 
nitric acid 'composition - giving curves for 5%, 10}6 ••••• 95% }lN03. 

For certain parts of the systems the data in the literature 
are ' scanty (boiling POi.l1ts of . the ternary system for exaInple), 
and the processes of graphical interPolation and extrapolation i ' 

may have introduced inaccuracies.' Within the ranges which are · 
most important inpractic0, hmvever, 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 PROPEHTIES OF THE BINARY SYSTEM 
HN03 - H20 /' 

(1) Heats of Dilution of Nitric Acid 

The heat ~volved on mixing pure nitric· acid and pure ,later ' 
ha$ been measured by Berthelot '( i ) and Thomsen ( 2), both 'of wnom 
covered a, range of mixtures from 100% HN03 to 1. 72/0 . HN03. ., For' 
the-heat of infinite dilution, Be:r;thelot obtained 7.18 kilogramrne
calories per gram-mol. while Thomsen obtained 7.493. MOre 
recently ForsJ~he and Giauque ( 3) measured the heats of · infinite 
dilution ?f pure HN03, the. monohydrate HN03.H20 (77. Tl% HN03) and 
the trihydrate HN03.3H20, (53.83% HN03) obtainli1g a 'va lue of 
7,971 .':.± 1 ° gm. - calories/gm. mol. for the pure acid. ,In view 
of, theprecautions taken by the latter workers, their value has 
been acceFted in preparing these tables, also their values for 
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the hydrates. Wilson and Miles (4) have present ed data on the 
differential heats of' solution of RN03 and H20 for 9qh, 80(0, 7~fo 
and 60% RN03. Of these, the data for 6~fo RN03 are very d~ubtful 
and the values for 70% RNO are also suspect. Only the 9Q}b and 
80}6 HN03 data have therefore been used to compute additional heat 
of dilution data. In addition to these data of Fors~~he . 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 rectilinear diagram 
as ' centrigrade heat wli ts per pound (C. H. Us/lb.)- of residual acid . 
against the percentage , HN03 in the residual acid. A smooth curve 
has been draYffi through the points, and this curve us.ed for inter
polation. From this graph the heat .contents 'of the system have 
been obtained and tabulated in table 1, column 2. 

Creighton ·and Githens (5) have recorded the boiling points 
of nitric acid water mixtures. Their data have been' interpolated 
graphically and the results presented in column 3 of t abl e 1. 

(3) Specific Heats 

The specific heats of the binary system were measured by 
Pascal and Garnier (6) at 20QC. Recently nffiV data have been 

, presented on the three component system ID{03-H2S04 -H20 by Morgan, 
Bender and Capell (7) for temperatures of 400 C, 600 c, 800 C. apd 
100°C. 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 
200 C. s everal per cent lower than Pascal and Garnier's. Specific 
heats of the tvro component system were plotted against % HN03 for 
each of. the temperatures 400 C, 600 c, 800 C .. and 1000 C., and smooth 
'curves 'd.ravffi through the points. Data were' :interpolated" from 
these curves for each 5% interval of, ni tricacid concentration. 
At each concentration the values obt,ained were. plotted against 
temperature , and the nearest straight line dravm through the 
four . points. The linear relation YiaS assumed' in vieW of 
the appearance of the points, and lack of sufficient data ' 
to ,enable the true curve to be drmm. . It is c01}sidered . 
tha t ' the: error introduced by this is not large enough to affect 
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the pr a ctj:ca l value of the t abl es. T'ile specific heat dataar~ 
present ed in t able 1, in c~lumns 4 and 5 , the t erm A r epresent ing 
the specific heat at OOC. obta ined by ext~apolat ion, B represent
ing 'the constant in the a.ssumed line8~ eqUation" for t he 
t emperature varia tion of specific heat. 

(4) Heat Contents of HN03 - H20 I~xtures a t the Boiling Points 

The data pr esented in colurrm 6 of t able 1 h..ave been "computed 
from the data in the other colurrms :-

Heat content per pound " at boiling point = Hea t content' 
per pound a t 25°C. + ( t - 25) (A + (i-±22) B) 

( (2)) 
Where t i s the boiling point in °c. 

A + (t -I: _ ~5) B = Mean Specific heat be"b-:een 25 0 and t o 
2 

(5) Composition of Nitric Aci d Vapo"ur in Equilibrium \;rith 
7Boiling Acid 

These data have been interpolated from the values r ecorded by 
Carpenter and Babor (8), and are presented in the last colwnn of 
table 1. 

( 6) Heat Contents of ilIixtures at Various Temperat ures 

The data of t able 2 have been computed i n the same wanner as 
the heat content s a t the boiling point (see Secti on 4 ab6ve.) . 

(7) Total Heats of Nitric Acid Vapour 

These are p r esented in table 3 and have been computed from 
the follovdng equation:-

' Qt := P. VN• + (1 00 - __ ~) Vw + Ht 

Wher e 

, '100 " 100 

Qt := Total heat per pound of nitric a cid vapour a t tOC. 
P := % HN03 in vapour. . 
Vw := Latent hea t of vaporisation of HN03 (per pound ) at tOC. 
Vw = 11 11 11 11 11 H20 11 If 11 ' ! 

Ht := Heat content per pound for l iquid of the s&~e 
composition as the vapour a t tOC2. 
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This equation appli'es only if there is no ~ssociation in the 
vap our phase , and Forsythe and Giauqu e ('3) have shO\7Il that this 
condition is satisfied. It is a lso based on the . assur~ption tha t 
tOe. is sufficientlY· lovv to prevent· :decmlposition of HN03. For 
this reason the temper ature range covered by t able 3 has been 
l:linited to 1500 e. to 800e., this being the most useful practica l 
range. The va lue s given for the higher t emperatLrres in this 
t,able 'will be someWhat ina ccura t e dependi ng on ' the degr ee ' of 
decomposit;ion of HN03 , but the magnitude 'will not ' be gre?-t enough 
to make much mat eria l difference. 

VN ha s been calculated fro~ the v a lue for latent. heat of . 
vaporisa tion of HN03 at 25°C. computed by Forsythe al1d Giaiique " (3) 
from the experimental data of Wilson a nd. Mile s (4) , the heat 
capacities of the . vapour.· given by the former authors (based on 
spectroscop ic . evidence) , a nd . the heat contents of ·the liquid. " 
(VN(25 ~ ) = 9,355 gm. calo~ie-s/gm. mol~ HN03). -, 

PART 11. 11IER,Ti,1AL PROPERTIES OF TEE TJtm\fARY ' SYSTEM 
HN03 - H2S04 - H30 

( 8 ) Heats of 1axing ~ 

In computing the heat content s a t 25°e (table ' L~r-McDavi(l's 
(9) experiment a l - data h0ve -been used; and the ·hea ts of mixing 
r e ca lculated W3ing mean specific h eat s int erpolat ed from the data 
of Morgan , Bender and .e~pell (7). 

( 9) Boiling P~int_s 

The figures presented by Berl and SaI).1tleben: .(10) vrere the 
be st ' ~hich could b e found in the literature . For some parts of 
the system the · ~da,ta a :::-e 'scanty, but the int erpolat e (l va lues given 
in t a b l e 6 sh6Uld be sUfficiently ac(wrat e for practica l use. 

(10) §p~cific Heats 

The methods of interpolation and p r e.sent a tion a r e the same 
as described for the two component sys tenl( see Part 1 , section 3), 
t.he process being r epeat ed for each 5% int.erval of H2S04 concen-
tra tion. The data of N"lorgan, Bender~ an(l eaPell (7) Y{er e used 
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for the reasons previously given. The interpolated data are 
presented ,in tables 5 (a) and 5 Cb). 

(11) ; 9C1lI1position of Vapour in Equilibriwn Yfith BOilmg Acid 

The data of table 7 have been interpolated from those of 
Oarpenter and Babor (8)~ Vlhere no values are given there is some 
doubt about the true composition, due to the high boiling points, 
and H2S04 and decomposition products of HN03 may occur. The 
values are only given where the vapour is a mixture of ~O cmd 
HN03· 

(12) Heat Contents of 1tixtures at Temperatures othe r thru~ 25 0 C. 

These quru~tities are not, g iven in view of the e:)Ctent of tllc 
tables required. They are easily calculated from the following 
equation. 

Ht = H25 + (t - 25) (a + b( :L±.....ru ) , 
, 2 

Wher <i Ht' = Heat . content per pound at tOC. 
'H25 = N !I 11 11 It 25 0 C. given in table 3 . 

The ' first bracke_tted term represents the temperature incre 
ment from 25 0 to tOC., and the seGond bracketted t erm . is the mean 
specific heat between the ~vo t emperatures , faT arid tb ' being 
given in table's 5 (a) and 5 (b) respectively. 

Example of the Use of Tables 

. ~rom Yfeak J!itric acid o~ ~trength 69% and 95% H2S04 a mixed 
ac~d ~s t~be madeLof compos~t~on 20%H103 , 60% H2S~4' The com-
ponent ac~ds are a~ 200 C., and water at 1)oC. It ~s necessary 
to knOViT the heat to be dissipated from the mixture to give a 
product at 2000. 

,For a materials bo..lance the follawing ~veights of o..cid and 
water must be m:lxed to give one pound of product; 

Weak nitric acid 
Strong sulphuric acid 

= 0.333 Ibs. 
= 0.6316 11 

per lb. med acid. 
11 11 11 

Water ' = 0.0351 11 
11 iI il . 
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From the t able 2 6ay; RN03 has a t otal heat cont ent a t 20°C. 
of --52.0 C. H. U! s per lb. , while 95% H2S04 has a heat content of 
- 21.6 c, H. U I S per 'lb. a t 21)0C. from t able $.4- It .-:ill therefore __ 
have a heat content 0~1.6 - 5 x ~ 0. 340 + ( 22. 5 x 5 x 1,0-4)V 

C. H.U ' s per pound at 20°C. (from tables 5a and 5b) , that is 
-23 .L~ C. H.U ' s per lb. ! ater, of course , Ylill have a heat COH-
~ : .)nt of -10 C. H. U I S per lb., r eferr ed t o 25°C. The total heat 
introduced per pound of mixed a cid can nOl-,- be completed: -

IIea t in 6C1fo ' RNO 3" -= 
it · 11 95;b H2S0~ = 
11 11 v:ater = 

003333 x - 52. 0 = -17.33 C. H" U. per l b. product 
0 0 6.316 x -?3. 4 ~ - 4.78 II 11 11 11 

0.0351 x -1q = - 0.35 If 11 11 11 

Total 

From table 4 t he product has a heat content of - 64. 1 C. lI. U' s 
per pound at 25°C., '.-rith a specific heat of 0. 1;46 a t OOC. and a 
specific heat correction of +0.00005 per °C. (from t ables 5a and 
5b) & The heat content a t 25°C. is therefore given by 

- 64.1 -( 25- 20 ~~6 + (25 ; 20) (0. 00005) _I 

= - 64.1 - 2.24 = - 66.34 c. H. U! s per lb • 

This is the heat r emalYllng after mixing , so the heat dis sipated 
(= hea t entering -' heat leaving) = - 32.46 -(66. 34) 

= 33.88 C. H. U I S per lb. of 
p roduct. 

The tables can be used in' a s imila r lllilllYler for heat balance 
comput a tions in connection with concentration processes. 
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TABLE 1 

Properties of the Binary System HN03 - H20 

Thermal properties of liquid mixtures of nitric acid and 
wa t er. 

(1) Total heat content a t 25°C referred to pur~ ~T03 and 
pure H20 a t 25°C in Kgm cals/Kgm or C.H.Us/lb •. 

(2) Boiling points at 1 atmosphere pressure. 

(3) Specific heat data :- Specific heat a t t Oc = A + Bt 
where A = specific he~t at ooc. 

(4) Total heat content at boiling point - Kgm. ca ls/Kgm. or 
C.R.US/lb . - referred to pure cernponents at 25°C. 
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Heat content BonIng 
at 25 0C. Point 

c. H. US lIb. °c, 

0 100 
.. 6.3 100.5 
- 12,4 101.0 
- 18.3 ' , 102 .. 0 . ~ 

' - 24.0 . · 103"5 
.. 29.5 ' .' 105.5 
... 34.5 . 108 

. .. 39.3 ' , 110 , 

.... 43.4 . , 112.5. 
- 46.5 ' , · 114.5 . 
.. 48.6 ' · 116.5 
-,49.6 ' '.-\ 18.5 " 
- 49.5 · 120 ' 
... L~8.3 ' , ' 121.5 
- 46',2 ' " ,121.5 

. .. 42.9 . . 119 
... 38.4 . " ' 115,.5 

. ... 32.1 108.5 
- 23.9 102 ' 
.. 13.3 : 9.5 

0 86 , 

.. 

1 
Specific Heat Data Heat content 

at BoilIng Vapour from 
PoInt C.H.Us bolling 

A B x 104 lIb. acid % HN03 

1.00g O. ! ~.3 0 
0.92 + 5.0 0.1 

" 0.862 + 9.5 + 51.4 0,2 
'! '0.793 . + 14.5 + 49.6 0.5 

'0.727 . + '19.0 + 42.7 1.0 
. 0.674 ' .. + 22.0 + 36.5 2.2 
' 0.626 .j! ' 24.0 + 30.7 4.0 
0.585 + 24.3 ' + 24.8 . 7.2 , 
0.547 + 25.0 + 19.5 ' 11.8 
0.515 ' + 25.3 + 15.5 · 17.5 
0.488 + 25.0 + 12.7 ' , 25.9 
0.480 + 20.5 + 9.7 · 35.4 
0.4'B + 17.0 + 7.3 , 46.4 
0.463 + 15.1 + 7.0 ' 59.8 
0.452 ' + 13.5 + 6.8 74.9 
0.445 ' + 11.1 , + 6.4 85 .4 
0.438 , + 8.5 + 6.6 92.6 
0.428 ' + 6.7 -+ 8.2 . 96.2 

.. 0.4181 ' + ' 5.5 + 11.0 ' 98.2 
0.409 + 4.3 + 17.3 99.6 

' 0.398 ' + ' 3.5 -+ 25.5 . 100.0 



.. 

\)1 

~ TABLE 2 
I\) 

~ Heat contents of mixtures in the binary system HN03 - H~, in Kgm. cals/Kgm. or e.H.U/lb, referred 
..... to the j:XlI'e components at 25OC. 

Heat contents at var10us temperatures ' 1 n 
\ e.H.U/lb. 

c' .g 
10OC. 20OC. 30OC. 40OC. 50OC. 6ooe. 70oe, 80oe. 90oe. 100OC. 110OC. 120oe. ID~03 OOC. 

0 -25.0 -15.0 - 5.0 + 5.0 +15.0 +25.0 +35.0 +45.0 +55.0 +65.0 +75.0 
5 -29.7 -20.4 "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 --2.2.9 -14.5 - 5.9 + 2;5 +11.2 +20.2 +29.2 +3.8.8. +47.8 
20 -42.9 "35.5 . . "27.9 --2.0.1 "'12.2 ... 4~ 1 + 4.2 +12.7 +21.LI +30.3 · +39.4 
25 -46.8 -40~O ' "32.8 "'25.~ -18.1 "'10 •. 8 .. 2.8 + 5.5 +14.0 +22.~0\ . . +30.5 
30 ""50.7 -44."3 ' . ' : "'37.7 "31~o. --23.9 -16 ... 9 . .. 9.0 - 1.2 + 6.9 +15 .. 2 +23.7 
35 -54.5 -48~S .. "42.0 "35.9 ,· -e9.4 "'22' 2:. -15.1 .... 7.5 0.0 + 7.8 , +16.4 +24.8 . ,0. 

40 ""57.9 -.52~:3 ' ... ~.4 "'40.)- - -33.9 -27.'Y' -20.5 "13.4 - 6.1 + 1.5 . + 9.4 +17.5 
45 -60.3 ""55."4 "'49.7 "'44.5. . -37.7 "31..5 "25.0 -17.9 -10.9 ... 4.0 + 3.9 +11.7 
50 -61.6 ~56~6 , '"'51.3 -45.8. -40.0 "'34 .. 0 .JZ].7 -21.2 "'14.4 ... 7.4 ... 0.1 + 7.4 
55 -62.5 ""57."5 -52.1 "47.0 -42.1 -35,5 -29.6 -23.5 -17.0 "'10.5 ... 3.5 +3.5-
60 --61.8 '"'57;0 -52.0 -46., . -41.6 ".36~.1 -30.4 -24.6 -18.6 -12.4 ' .. 6.0 + 0.5 + 7.3 
65 -60,0 ""55;4 "'50.7 -45.8 : -40.6 -35.5 -30.0 -24~.3 -18.8 -13~ - 6.2 0.0 + 6.4 
70 '"'57.9 -53.3 -48.6 -43.;8 : · -38.8 -33.7 -28.4 -23.0 -17.5 -11.8 , - 6.0 - 0.1. + 6.0 
75 -:t4;1 "49.6 "45,2 -40.7 · -35.7 -30.] -25.9 -~0.7 -15.2 -10.2.- ,- 4.2 + 1 '~3 
80 - 9.6 -45.2 -40.7 -36.1 ' · "31.4 -26.6 "'21.8 -16.9 -11.9 ... 6.8 ' , - 1.6 + 3.7-
85 -42.8 -38.5 . -34.0 -29".5 ' -25.0 -20.,4 -15.8 ~11,O ... 6.8 .. 2.0 . + 3.0 
90 -34.6 -30.4 ' -26.1 -21 /1' . · -17.3 -12 •. 9 ... 8.4 7:' 3.9 + .0.7 + 5.3 +10.0 
95 -22.7 - 9.0 -16.0 -10.6 : - 65 - 1.5 + 3':'0 t 6.4 +10.9 +1.~.8 

100 "'10.0 - 6_0 - 2~0 'I' Z.O·· + 1):1 +10.? +14.4 +18.6 +22.8 4" Ir, I 
"- I . 

..... 
o 

. . . ' 

" 

" 
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IABLE .L 
Heat Contents of Nitric Acid Vapour at different telnperatures referred to the pure components at 

250C. Kgm. cals/Kgm. or C.H.Us/lb. 

~ ' - , 
IbHl l ~ Heat Content in C. H. Us/lb. 

In' v~pou0 80°C. 85°C. 90°C. 95°C. '100°C. 105°C. 110°C. 115°C. 120oC. 125°C. 1300C. 1350C. 1400C. ~450C. 1500C. 
'._- - - -

0 604 606 609 611 614 616 619 621 623 625 628 630 633 635 638 
5 574 576 579 581 58L~ 586 588 589 591 593 596 598 600 602 604 

10 548 550 552 553 555 557 559 560 561 563 565 566 568 569 571 
15 518 520 522 523 525 527 529 530 531 533 536 538 5L~0 541 543 
20 490 492 494 496 497 499 , 501 503 504 506 508 509 511 513 515 

, 25 464 4651 467 468 469 470 471 ' 471 472 474 477 479 481 482 484 
30 43~ 436 438 439 441 442 443 444 445 446 448 450 452 453 455 
35 408 409 411 412 413 414 416 416 417 419 421 423 425 427 429 
40 380 381 383 385 386 387 388 390 392 394 396 397 399 401 403 
45 354 355 357 358 359 361 363 364 366 368 370 372 37L~ 376 378 
50 330 332 333 334 336 337 339 340 342 343 345 346 348 350 352 
55 306 307 309 311 312 313 315 317 318 319 320 321 323 325 3Z7 
60 282 284 286 287 289 291 292 293 29L~ 295 297 299 300 301 303 
65 263 264 265 266 268 269 271 272 273 274 276 277 ZifJ 280 282 
70 244 245 246 247 248 250 251 252 253 254 256 257 258 259 261 
75 20 228 229 229 230 231 232 233 234 235 236 238 239 240 242 
80 208 209 210 211 21 2 213 214 215 I 21 6 217 219 220 221 ' 222 224 , 
85 192 193 195 195 196 197 198 

~ 1

2°1[, 204 205 206 207 208 
90 179 180 181 182 183 ' 184 185 186 187 188 189 190 191 192 1'94 
95 169 170 171 171 172 173 174 175 I 176 177 178 179 181 183 184 

100 159 160 162 163 164 I 165 166 167 I 168 169 170 171 173 174 175 
i ! 



TABLE 4 

Heat con-tents at 25°C of the ternary syster:l HN03 - -H2S04 - H20 in Kgm. cals/Kgm. 
or C.H.Us/lb. referred to t he pure components at 25°C. . 

-
3 /Y~4 ~

o Heat contents at 25° C in C.H.:Us per pound of mixed acid 

%H2$04 ~-0--_~-5-_-.~I-1-0-_~-15--_'1~2-0--'-2-5-_-r-3-0-_ '.-. 3-5-_-'1-4-0-_-r-4-5-_ ~5-0-_~-5-5-_--r-6-9-_~. --65-_~-7-0-_~-7-5~~80-_~-8-5-:-. ~9-0--r-95--~1-0-0--~ 
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TABLE 5 ~~ 

Specific heats (a} at oOe 'of mixtures i n the ternary system HN03 - H2S04 - H20 
Specific heat a'c tOe. = a + bt, where b is given in table + (b) , 

Specific heat of nn xture at oOe. 

5 10 I 15 • 20 ! 25 1 30 j 3~ . 40 I 45 I. 50 I 55 I 60 65 70 75 · I 80 · 85 

14 

l 
90 95 100 



/ 
Tl\BLE 5 Cb} 

Temperature corrections Cb) for specific heats of mixtures in the t ernary system 
RN03 ' - li2S04 - H20. Specific heat at toe = a + bt 17here a is given in table 4Ca) and 
b is given below. 

~
CGHN03 1. , 

'Lj ~~~--~~---~~--'-~--~~--r-~~~~--~~--~~--l-~~ 
7aH2S04 I 0 I 5 I 10 I 15 _ I 20 I 25 ,. 30 I 35 I 40 ~5 50 55 60 65 70 75 I 80 I 85 90 95 I 100 1-----+---, I' I I . 

o 0

1

+ 5. 0 / + 9.4 +14.5 +19.0 +22.0 1+24.0 +24.3 +25.0.+25.3 +25.0 +20.5 +17.0 +15.1 +1.3.5 +11.1 1+ 8.5 + 6.7 + 5.5 + 4-.3 + .3.5 
5 1- 0.2 + .3. 8 + 8.4 ,+12.6 +16.5 +1 8.2 1+20• 0 +20.0 +19.1 +17 • .3 +16 • .3 +14.8 +1.3.0 +11. 8 +10.0 + 8.6

1

+ 6.9 + 5.5 + .3.7 + 2.7 - --
10 - 0.7 + .3.2 + 7.5 +-11.0 +14-0 +1502 /1+150.3 +15.0 +14-3 +13.2 +12.2 +11.1 +10.0 1+. 9.0 + 8. 0 + 6.9 + 5.5 + 4-3 + 2.5 1---1 
15 1- 1.4 1+ 2.5, + 6.5 + 9.3 +11.5 +12.2 +12.0 1+12• 0 +11. 41 +1 0.5 + 9.5 + 9.1 + 8.5 + 8.0 + 7.2 + 6.1 + 4.1 + 3.0 - --- I 
20 - 2.0 + 1. 8 + 5.6 + 7. 8 +10.0 + 9.6 + 9. 2 1,+ 9.4 + 9.0 + 8.4 + 7. 8 + 7.7 + 7.6 i+ 7.5 + 6.5 + 5.4 + 2.8 --1 
25 - 1.9 + 1.4 + 4.3 + 5.7 + 7.6 + 7.7 1+ 8.1 1+ 8.1 + 7. 8 · + 7.4 + 7.0 + 6. 8 + 6.7 + 6.3 + 5.5 + 4.7 --I 

J 33
5
0 . ..I - 1.6. + 1.1 1 + 3.2 + 4. 7 + 5. 8,. + 6.5 f+ 6. 69 1 + 7.0 + 6.69 + 6.5, + 6.3 + 6.0 + 5. 7 + 5.

6
1 + 3.6 11 

I - 0.3 + 0.5 + 1.5 + 3.1 + 4- 0 + 4.1 + 4. 1+ 4.7 + 4. + 4.4 + 4.2 + 4.0 + 3.9 + 2. 
40 I + 0.6, + o. 0 0.0 + 2. 0 + 2. 8 + 2. 7 1'+ 2. 5 1+ 2.:3 + 2. 21 + 2. 2 + ;. 1 . + 2. 0 + 2. 0 
45 I + 1. 4 + 0.5 0.0 + 1.4 + 2.2 + 2.5 -I- 2.3 + 1. 9 + 1.5 + 1. 2 + J. 0 + 0.6 l 
50 + 2.2 + 1.0 - 0.1 1+ o. 7 1 + 1.6 + 2.2 + 2.0 + 1.5 + o. 8 ~o. 2 + 0.2 
55 + 3.0 + 1.3 - 0.2 + 0.4 + 1.0 + 1.5 + 1.6 + ,\.1 + 0.5 + 0.0 _.--t 
60 + 3.6 1+ 1.6 1- 0. 3

1
+ 0.1,' + 0.5 + 0.9 + 1.2 + 0.7 + 0.2 

65 + 4.5 j+ 2.1 - 0.4 j - 0.1 + 0.2 + 0.2 + 0.8

1

+ 0.4 I ' 
70 ! + 5.9

1
+ 2.7 - 0.51- 0. 31- 0.2 , 0.0 + 0.4 ' I 

75 1 + 5.9 + 2.~ - 0.6 ,- 0.4 - 0.4 ,' - 0.2 ~ .. 
80 + 4- 4 1 + 1 . /J - o. 7 i - 0.61- 0.6 I - I I 
85 + 2.9 !+ 1.5 - 0. 81 - 0.8t-, I I 
90 + 4. 3 1 + .1. 7 - o. 9 I 1 I } I 

L-1_6~ __ ~_++_t_:'~ji_+ _1_.5~ __ ~I __ ~I __ ~I ____ L-__ L-__ L-___ L-__ L1 __ - ~ __ ~I ___ ·LI __ _LI __ ~ __ ~I __ ~, __ ~ __ ~ __ ~_~ 

Temperature correction for sf'ecific heat, b x 104 
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100.G 100.5 
100. 5 101 
101 . 4 102 
102.3 103 
10.3 . 4 105' 
105 107 
107 ' 110 
109 ,114 
1-13 · 118 

1118 123 
'123 128 
130 136 
140 144 
151 153 
167 162 
185 163 
206 ~64 
232 169 
266 175 
306 152 

I , . 

10 

101.0 
102 
103 
105 
107 
1 '10 

, 114 
117 
121 
127 
'134 
138 
143 
144 
1~-4 
139, 
133 
127 
121 

15 20 

I 

TAU 6 

Boiling points of mixture s i n t1e ternary system lllif03 - :82804 - 1-1:20 
(lU1der one a trnoaphere pressure) 

Boiling Po ints °C. 

25 30 35 ll-5 ' 50 ! 55 60 65 70 75 80 i 85 90 

102 . 0 103.5 105. 5 108.0 110.0 112. 5 114. 5 1~1 6.5 118. 5 120.0 121 . 5 1121.5 119.0 115.5 108. 5 102.0 

100 J 93 
103 
105 
107 
109 
113 

' 1 '1 7 
120 
124 

·130 
135 
135 
134 
128 
122 
11 8 
114 
116 

105 
107 
109 
112 
115 
119 
122 

· 126 
·129 
' 132 
127 
121 
116 
112 
110 
107 

----

- I 

16 

107 110 112 114 
110 M12 114 117 
112M15 117 119 
115 M18 120 121 
1'18 M20 122 122 

· 121 ' 122 123 122 
123123 ' 12-1 1-18 

· 126 · M24 · 119 11 l l_ 

124 M20 .1114 108 
123 116 1109 1] 103 
117 . 1 'I 1 ·1.104 96 

11 2 '1Iq6' ·100 90 
1 09· h 02 . 95 . - --
'106 98· --- . 
102 ' I 

~--.---

• 

I 
" 

116 11 8 120 121 
11 9 -20 121 121 

-120 111 8 11 3 1 08 
118 11 3 107 100 

121 '21 120 117 112 106 100 92 
'12 2 - 22 119 11ll- 107 JOO 92 82 
121 . 1 8 : '113 107 100 93 83 

'-)-19 - . 14 '107 101 93 83 ' ---~ 
. 113 ,- 08 101 94 
· 108 -02 96 " 87 ' 

85 - --.~ 
. .. .:.:-..... 

· 102 1 96 1 89 -·- 1 

97 90 " --,-' --1 

90 1 --- i . 

---1 
1 

., 

:I 
I 

-:\ 

92 82 
82 ---

I 

95 I 100 I 
95.0 86.0 
84 ---

" 
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TABLE 7 

Composition of vapours in equ ili briwn with bo il ing mixtures in the ternary system ,HN03 -
H2S04 " H20 

*, 

Liquid Compos ition of vapour in Equilibriwn with the Boiling Acid % HN03 
compn. 

~Oj 
%IQS()~ 

o ' 5 1 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

0 - 0.1 0. 2 0.5 1.0 2.2 4. 0 7.2 11.8 17- 5 25 ,9 35.4 46.4 59. 8 75.0 85 .5 92.5 96.5 98.5 
5 - 0.2 0. 6 1.2 2.0 4.0 7·0 11.2 17·5 25.0 36.0 49 .5 63.0 76.0 86.0 92.5 97. 0 98.5 99. 5 

10 - 0.7 1.5 2.5 4.0 6.3 9. 8 16. 0 24. 0 37. 0 51.5 65 .0 77.5 87. 0 93.5' 97.0 99.0 99.5 100 
15 - 0. 9 1.7 3.3 5.5 S.S 14.0 23 . 0 37.5 52.0 66.5 78.5 F57.5 94.0 96.5 98.0 99.5 -- --
20 - 1.0 2.2 4.3 7. 0 11.5 21 .0 38. 0 55 .0 69 .0 80.5 88.5 95.0 97.5 98.5 99.5 - '-

25 - 1.2 2.6 5.5 9.5 19.5 36.5 54.0 68.0 80.0 90. 0 95 .5 98.0 99.0 99.5 I-

30 - 1.4 3.5 7.5 15.5 36.5 54. 5 68.5 81. 0 eO.5 96. 0 98.0 99 . 0 99.5 1-

35 - 2,2 5. 0 11.5 32.5 52.0 68.5 81.5 91.0 96. 0 97.5 --99.0 99.5 
40 8. 0 '68.5 82. 0 90. 0 % .5 97.5 98.5 

I--
- 3. 0 25 .5 50. 0 99. 5 

~-
45 - , 4.2 15.5 '-16.5 68.0 83. 0 93.0 96.5 98.5 99.5 99.5 

64.5 82.5 -- ,.-

50 - 7.0 37· 0 92.5 97.5 99 .0 99.5 
80 . 0 

,-
55 - 15.5 59.5 92.0 97, 0 99. 0 99.5 

' --50 1 p7.5 7Lf.5 90.0 96,5 98.? 99. 5 . 
65 - 63 .5 80.0 95.5 98.0 99.5 --

, , ' 1 
\. 70 - 76, 092,0 9B, O ~ l ' I 

75 - 86.5 97.0 99. 0 
80 - 92.5 98.5 99.5 I 

' 1-
85 - 96.5 99.5 

'90 _ 1---' - , , 

_ 1:=~ __ _ _ I~~ ~ I 

, 

I • 

, 

" 

I 

95 100 
--

99.5, 100 
100 I-

--

• 
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