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EQUILIBRIUM OF UREA—WATER SYSTEM, L

The relation between equilibrium pressure and temperature.

By Rvo Kivasva and Hinuo Kixosnrra*.

Introduction.

Upon the reference to the equilibrivm pressure of urea synthesis, it was
repo ted as the decomposition pressure or cquilibrium pressure of ammonivm
carbamate by Krase”, Tokuoka?¥?, Lgan®, Brinci®, Matigron and Frejacques®,
and Kitawaki”., But they are all below 150°C except 194.1°C of Kitawali, It
is well known that the yiekl of urea change by packing ratio g/cc, remembesing
that the equilibrium pressure are not coincident among experimenters, the authors
studicd that the equilib-ivm pressure is also changed by packing ratio in the field
of the higher temperiture range, 130'C~240°C. The equilibrivm pressure and
the wield of wea are measured at the time of 3~24 hours and at the packing

ratios of 0.1~0.9 g/cc.

Apparatus,

The apparatus is coastructed with a 1caction vessel, a piessure gauge and a
high pressure valve, are connected with a steel pipe of 10 mm O.D and 3 mm
LD. The Bourdon type pressure gauge, inhiled lubricant oil, is protected by a
U-type steel stem pipe filled with mercury fiom corrosion and the high pressure
valve is adapted at the branch of the gauge stem pipe near the reaction vessel.
The authors used three types of 1eaction vessels, (A) Ni-Cr steel, capacity 28
cc, (B) admitted a glass vessel in A, and (C) I mm thickness siiver lining in a

mild steel vessel, capacity 50 ce.
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Sample and experimental method.

The purity of urea, 39.995, obtained by recrystalization is used. As to the
experimental method. after suppiying the calculated mea in the reaction vessel,
fixed the all conections, silver packing | mm thickness is used for preveutiag
the leak at cooling. The air in the reaction vessel is pumped out and added
the water in the ieaction vessel by the definite mol ratio of urea and water,
thro gh the high pressure valve. The apparatus is set in the electric fuinace,
except the pressure gange. Temperatare is measured by a thermocouple inserted
in wall or inner of the reaction vessel. Time for reaching the feastion temoera-
ture is about [.5~2 hours. The reaction vessel is codled in ice water at the
end of the reaction, and the co tents are analysed. The residual urea is decided
by the following method. After oxidizing the corroded iron, filteiing, and vapori-
zing water by evac ation at 65°C, the deposited urea is directly weighed. The

existence of biaret is neglectad by the low temperat:ne treatment.

Experimental results.
(I) Relation between the equilibrium pressure, temperature

and time,

(1) Relation between the equilibrium pressure and time.

The pressure change is measured in the container C refeiing to time 7~24
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Fig. 1 TPressure—lime curves. (0.78 gjcc)
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hours for the experiments of temperatures 130, 150, 170, 190, 210°C, packing
ratio 0.78 gfcc. These results aie illustrated in Fig. 1.
(2) Relation between the cquilibrium pressure and the temperature. |

The cquilibrivm experiments of temperatures 130, 150, 170, F0, 210, 230,
240°C are performed in the containers A and B, Time above 1H°C is 3 bows
and below 170°C is 7 hours. The results are shown in Table 1. In Fig. 2, the
authors compared their results with the data of Matignon and Frejacques, Kgan,
Tokuoka and Kitawaki,
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Table 1
Puckirg Temperature, °C
ratio, Conlainer Observer
zfoc 130 150 170 190 210 ) 210
Q.67 A ] M YT 125 S0 J10 470 [t authors
0.5 B } 28 A o7 161 256 | 301 191 authors
(18 B 1 82 148 230 authors
— glass e8s | &t a7 163 Q)
0.9 Sn 88.4 ath (4)
— glass o 531 )

(1) 'Relation between the temperalure, rate of decomposition

and time.

At the same time the measurements of the temperatire and the residual

erca of liquid phase at the definite time intmival in the contdiner is measured,
! :

and the tesults aie shown in Fig. 3.
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Fig. 3 Residual urea—temperature curves.  (0.78 grfec)
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Considerations.

(I) The equilibrivm pressure. It scems that that the equilibrium pressere is
charged by packing ratio as shown in Tig. 2, is due to the difference of soltbi-
lity of ammenia and carbon dioxide to the liquid phase. Consequently the
composition of gas phase is related to piessure change, but will be explained in
detail in the next repoat. When the tempeiature is helow 170°C, jwessure can
not reach equilibrivim at the experiments of 24 hours (the cortaineis B and O).
There may be the influence of hydrogen, produced by corrosion of the steel
pipe which is in contact with gas phase. But this vicw is vot applicable for the
fact that the pressure can reach equilibrium in short time, when the temperatuie
is above 190°C. Morcover, there is the same terdency in the curve of pressure-
time and residual vrea-time, and when the temperitu.e is below [T0°C, the
redidual urea can not 1cach equilibrium after 24 hours.  Accordingly, thot gh the
reaction of smmonium carbamate to vrea is fast”, the decomposition of urea is ’
very slow and the pressure does not rezch any ieal equilibiivm piessure below
170°C.

There exists the residual pressure when the reaction vesiel is cooled in ice
water after the reaction is over. The residual messure is confumed due to
hydhogen by corrosion and carbon dioxide. The volume of hydrogen corresponds
to conoded fror.  Conscruertly, it is expected that caiboa dioxide is in cxcess
in gas phase after the long run of cooling because the rolibility of : mmonia is
greater than carbon dioxide. This is against Tokuvoka's idea®.

The volume of hydroge at the temperatures of 130, 130, 170, 190, 210°C,

after 3 Lours, with packing ratio 9.676 in the A container is shown in Table 2.

Table 2 Upon the ielation of equilibiitin pressure
TR i -~ and temperature, the following cxperimertal
Temp. °C | Volume of hydrogen, cc )
equations are presented becavse of the linear
150 0.4 .
1% 49 relation between the logarithm of pressure and
170 19.9 the 1ecipiocal of the absolute temperature. The
190 34 existerce of the ielation of straight lire in the
210 828

case where the packing ratio is 0.676 and 0.5
is confirmed. It is expected that the gas phase in equilibritm of wea-water
sy=tem consists of caibon dioxice, ammonia, water ardl 1rea, bit the physical
meaning of the existeace of this relation is not clear in the present paper.

log P==2346.58/T +7.278%  (Kitawakl)

log P=—2741.9/T +8.2630 (Fgan)




The Review of Physical Chemistry of Japan Vol. 21 No. 1 (1950)

14 R. KTYAMA and H. KINOSITITA

(authors 0.676 g/cc)

(authors 0.5 g/cc)

log 1'=—2146.00/T +6.936
log P=—2211.69/T +6.989

(II) The residual urea,

The

maximum

resirlual

the authors compare their dati with the literature.

urea

is 1HYC,

pected that the maximum of urea also depends on packing ratio.

but it is ex-

In Table 3,

Table 3
TSEP' Tl::e P:::l[ci:xg U;;a Initial Container Observer
’ gfcc

130 178 0.65 40,1 carbamale glass (8)

" 64 9 40.7 " Sn (4]

»” H i1 33.6 " glass (7)

” ” .78 39.9 urea 4 water silver authors
140 " Kib] 445 carbamate glass i (8)

" 30 9 449 " Sn T

" 4 A0 446 " ghss | (7)

n 24 9 45,8 urea+ waler stecl I 9)

" " 95 448 carbamale " E (")

# ' o 3.5 uréa-+ waler silver " authors
170 " Kt 4.6 carbamate glass (8)

" | " 9 477 urea 4 water steel (9)

” ! " 54 47.9 carlamate " (9)

" f » 78 41.0 urea 4 water silver authors
190 " L3 45.3 carhamate glass (8)

" " 92 49.8 urea 4 water steel (9)

) " 97 49,6 carlamale " (9
» 12 w8 45.8 uren + waler silver anthors

Conclusions.

(I) The' cquilibiium experiments that started friom the urca-water systemn at
the temperature range 130~240°C and packing ratios 0.78, 0.676, 0.5 0.3 g/ec
are performed.

(II) The decomposition of urea is very slow below the temperature of 170°C
and can not reach equilibrium after 24 hours, but above the temperature of
190°C, equilibrium reaches in a few hours.

(I1) When the iron reaction vessel is used, hyidrogen is produced by
conosion and that volume corresponds to corroded iron.

(IV) The residual pressure in cooling is due to hydrogen by corrosion and

9) K. G. Clark, V, L, Gaddy aud C. E. Rist, fnd. Eng. Chem., 25, 1092 (1933)
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excess carbon dioxide.

(V) There exicts the relation of :traight line between log P and 1/T.
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