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Introduction,

In the manufacture of nitric acid, ammonia is oxidised by
air using a platinum-rhodium catalyst, Oné of the processes is
to dicsolye the nitrogen peroxide in waisr, usually under pressurs
when weak nitric acid is produced of around.60% strength. For :
many purposes this has to be concentrated to 96-987% HNO,, This is
usually done by using sulphuric scid as dehydrating agent. Until
fairly recently this hae been done in a packed tower by passing the
mixed acid down through it while blowing in steam at the bottom.
This method reguires a ratio of H25D4/HHOE of some 3.5/1 to give
even 967 HHQS at the top. It was later realised that it would be
better to have a counter—current scrubbing section gt the top of
the plant so that the nitric acid would pass through a powerful
dehydrating agent on its way from the plant and thus give a stronger
nitric acid, and in this way reduce the ratio of Hy;80, to HNO.
Much work has been done on this in the Ordnance Factories during the
recent war and ratios of 2.8/1 have beesn achieved and claims made
for 2.5/1. It has also been realised
steam to the plant to supply the heat Coy 1
not a good thing as this means the additio extra water to the
pulphuric acid which in fturn means more heat reguired to
reconcentrate the weak sulphuric acid issuing from the base of the
denitrator.
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Messrs, Cyanamid Ltd. have tried to overcome fhis point and
apply direct heat to a tubular heat esxchanger at the base of their
concentrator by which means the acid is heated by indirect contact
with pressure steai. Their afforts do not appear to have bean
guccessful as the Cyanamid nitric acid concentration plant now has
a denitration column heated by live steam following the heat

exchanger, and the HQSDAf‘?'ﬂ‘*ﬁﬁ'.3 ratio has not been materially reduced.

By studying the overall heat balance in a system using the
theoretical ratio of HGSU4/HH01, working on a counter-current
principle without the injcctiuﬁ of steam into the acids it becomes
clear why the Cyanamid plant and ¢her efforts made to achieve the
theoretical ratio have failed, and it also becomes apparent how
this ratio can be achieved.

Theoretical Considerations.

Caleculation of minimum H2804 ratio.
ﬂNDS
Consider the production of 100 parts HNO,.  This will require

100 x 10 = 166,6 parts 60% HNO, to prodyce it. . -wt of water = &6L
5

Let x = weight of 100% H2504 reguired

i.e. %}%—E—- is weight of 96% HyS80, required.

100 x

=== - X
96 ElOD x - xg
. . total water in the system = 66.6 +

.'.w&ight of water =

All of this watér must go into the sulphuric acid to give ﬂia
weak sulphuric acid of 68% Hg804 after denitration. 687% Hgﬁﬂgt_ ’
chosen as it represents a good Tigure which is achieved in practico.
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- E ,i. Heat of mixing of the scids = mass x sp.ht. x temp,
: rise
7 n - — 3& I '5 x EE
- o« o.R = 9190 cals.

The heat required to denitrats the acid is not the heat
required to drive off the concentrated nitric acid at the top as
past workers seem to have assumed, but is the heat rsguired to
drive off the conec, nitric aciag at the top plus the heat required
to boil off the water which is distilled off along with ths nitrie
acid during the dsnitration, Although this water plays no cart
in the material balance it supplies heat %o the system and must be
allowed for in the heat balancs,

The mixturs of the theorstical Quantities of acids aas above
gives an analysis of 8pprox. 30% HNO=, 45% Hs804. From the graph
given in Trans, 8.C.I. 62, 17 one finds that the sirength of nitric
acid boiling from this composition of acid is 933, This point was
plotted on a graph (Graph 1), Now aftcr 5 gms. of HNO. have been
distilled off, the composition of the acid can be calcufated to be
20.355% HWO =, 50,55 Ho80y which gives the strength of nitric boiling
off it as 90%, which was also plotted, By a continuation of this
method a graph has been drawn (Graph 1) of the varistion of the
composition of the nitriec acid during the complete depitration
process, Breaking up this graph into a nunber of straight line
portione one finds that the first 5 gms, of nitric boil off at an
average strength of 91.5%, the second 5 gms, at an average strength
of 88.5% HNO, etc,, the results being tabulated as Follows: -

ﬁf Average Comp, #;ight Boiling Heat | Heat
| % HNOs of WNA Eoint Content RBeguirad
| 91.5 5.47 gums, 95%,
88,5 5,65 " 100%.
{ BB,5 585 " | 105%,
| 6.1 112°
G11 118%.
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Now Let x = heat content of conc., nitric scid at the top of
the plant.

heat content of wesk sulphuric acid at the besse’ of
the plant.

Let ¥y

It r = radiation and convection losses,
Then heat output of system = x + y + T \
Let z = heat reguired to denitrate the sulphuric scid

Let m

heat of mixing of the WNA and COV. {
Then heat input of system = z + m. |

For thermal equilibrium x + ¥ + r = z + m for the production
of 100 gms. HNO;. \

Heat content of conce nitric acid = mass X sp, ht. x rise in temp.

+ mase x lstent ht. of vapour-

isation, raag
= 100 x .46 x 656 + 100 x 115 -
= 2990 + 11500 L9
= 14480 cals, .
e+ X = 14490 cals,

mass X 8p. ht, x rise in temp,
234 x 49 x 1850
17200 cals,




required to vapourise it, i.e.
{g‘ﬁi X 500) + (16,81 x 1 x 95

(B T

= 1310 4 3450 + 8405 + 1600
; = 14,765 cals. for 30 gms, HNOgz

= 49,817 cals, for 100 gms, HNO

3 .
« « Total heat input z + m = 49,217 + 9,190 = 53,407

ﬂalﬂ./iﬂﬂﬂgm;

We see, therefore, that with the ideal system of direct heat
and a counter-current flow of scids at the top of the plant the
heat input is 53,407 cals., and the heat output is 33,690 cals, for
an output of 100 gms, HNO,, This means that there is sxcess heat
of 19,717 cals. which muﬁg be removed from the systsm in some way.

Now in any process yet developed for concentrating nitric
acid using sulphuriec acid, thers are only two ways of removing heat,
one of these being in the nitric acid removed at the top of ths
plant and the other in the sulphuric acid at ths bottom of the plant.
For any-given ratio of Teeds the latter is a constant, since ths
weak sulphuriec acid must bs removed at ifts boiling point and can
only be incereased by increasing the sulphuric ratio, This has
been the technigue which has been employed in ths past and obviously
cannot give the theoretical ratio of HoB04/HNOz of 1.6/1,

One possible method of removing the surplus heat, however, is
%o reflux conc, nitric acid at the top of the plant, Thus, for
100 gms, C.N.A. production there is an excess hesat of 19,717 cals.
If C.N.A. at 15°C, is refluxed at the top of the plant then we will
have sguilibrium when

X x ,46 x 70 + X x 115 = 19,717 where x = wt. of C.N.A. 1
refluxed. -
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ge BRLR x 1 115 x = 19,717 "

- @ 13‘?.3 x o= 19,?17 -

._.--‘. x= 145i

L

. The reflux ratio must therefors be 1,45/1,

The lack of appreciation of the nesd for reflux of C,N,A.
5 why the Gyanigiﬂ_nlﬂﬁﬁl rhiah_agglaya_diract heating of the
one stage without the addition of live steam, does not give
ical ratio of Hyf 0, If we imegine the Cysnamid
g withoul refly | without the addition of live
~ theore lphuric acid, we see here
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