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Table 1.
Vapour Pressures of Ammonium Carbamate. '
(1) Carbamate 1.79 g _ K. U.
: 1
eC | (atm) | 5C. p (atm) t°C “ plam) | 19C 1 (atm)
“ - ) i
69,5 1.2 12,0 108 1315 ‘ B0 | wed |00 .
84.0 2.1 1200 148 1240 | 202 1985 13,5 -
1041 woo|| 1ze 19.0 135.0 3400 | 5o 46.1 -
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) No, 1 PIMTFM s NH, & CO; rabRESERZMFaHE (BE)
'-_. . ) (#9) Carbamale 2.40 g. K. U
& 68.0 m.4 1145 120 | 1300 26.6 14156 39:0
o 85.0 8.7 125.0 18.5 135.0 314 143.0 42,0
I 100.0 6.2 128.0 LG | 1300 *36.0
li__ 1]
i._ Table 2.
" . Vapour Pressures of Ammonium Carbamate.
2 @) - Carbamate 3.45g. K. U.
t °C p (atm) 1 °C P (atm) L °C p {atm) | 1 °C p (atm) ’
53.0 22 740 7.9 89.0 16.1 102.0 288
57.0 2.60 .5 9.0 92.5 10.5 105.0 3
63.0 4.00 84.0 121 93.0 a0y 106.0 6.0 -
70.0 5.85 R7.5 14.5 100.0 25.8
i (C)) Carbamate 5.50 g. G. Il
57.7 6.0 81.3 12.8 975 20.1 101.7 26.8
a7.5 8.7 87.0 16.1 97.6 24.0 104.5 28.6
) Carbamale 7.00 g.- G. il Y
L‘ ‘ 60,9 5.4 B5.0 13.0 1013 24.0 HL2 26,6
e T4.b 9.0 89.0 15.0 107.0 25.0 1124 -
79.0 10.6 021 16.6 108.4 95,4 1140 28.0
81.0 1.7 TR 20,3 104.0 25.7 1157 29.0 ,
L] Tablle 8. .
. Vapour Pressures of Ammonium Carbamnate.
P (6) Carbamate 2.34 g.; Alumina 1,00 g. K. U.
. |
N t °C p (atm) t °C p (atm) | 1°C p (atm) t °C p (atm)
. 53.0 3.0 875 ! 167 | 1045 32.0 125.0 44.0
- ] 70.0 6.0 925 ] 20.0 | 106.0 34.4 131.5 147
' 7.0 9.0 98.0 25.5 100.0 36.6 145.0 40.0
. 81.5 1.7 101,0 g9 1185 40.4 :
«» M Carbamate 2.30 g.: Alumina 1.50 g. K. U. ’
; 0.0 43 845 14,0 105.0 31.3 125.0 471 -
70.0 6.9 91.0 188 113.5 35.0 134.0 39,2 .
79.0 10.6 98.0 25.0 121.0 36.4 146,0. 42,
| - 8) Carbamate .30 g.; Alumina 1.55 . K. U.
L 57.0 3.0 25 10.6 9.5 21.7 105.0 42,0
. 8.0 5.0 87.5 13.9 100.0 95,1 107.5 an.9
s 8.0 8.0 03,0 17.4 102.0 98.7 115.0 84,5
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9 Carbamate 2.0 g.; Kaaolin 0.533g. K.U
1-°C p (atm} 1 °C P (atm) t°C p (atm) t °C P (atm)
i
'l 300 335 02,5 17.0 106.0 28.6 122.0 al1.0
i 70.5 6.0 95.0 19.8 108.0 30.8 127.5 6.0
76.0 8.0 100.0 228 110.0 a3.0 132.5 T0.0
l § §2.0 10.8 102.0 25.8 ! 113.0 3%.0 142.0 73.0
; . 88.0 3.8 103.0 260 | ums 16.0 !
e (o) Carbamate 1.6g.; Kaolin 1.1g. K. U.
i 660 | 40 | s40 HOo | 990 210 116.0 34.1
H 77.0 70 }' R7.5 1= i 1040 27.2 124.0 188
_' i E 81.0 ‘ a6 a46.0 18.0 | 11256 32.0 137.0 17.0
Table 5. .
’ Vapour Pressures of Ammonivm Carbamate.
Carbamnte 3.7 g5 Alumina 1.7g. G L
l ' Lo p (atm) t°C p (atm) t°C P (atm) t°C P (atm)
u. -
! 67.0 6.6 90.4 16.2 1049 228 110.0 826
I 774 9.2 _93.5 18.0 105.5 2.5 e uss.
834 12.1 102.1 20.9 R 107.9 0.0
87.8 14.2 104.1 22.0 108.3 i
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SYNTHESIS OF UREA FROM NHs; AND CO;
UNDER HIGH PRESSURE.

(I)  Preliminary report on the condition of the change of '

ammonium carbamate to urea,

'

By T. KusEg, G. Hreasniwara and K. UMEMURA.

(Abstract)

The object of this work is to investimte kinetically the reaction of the urea formation from

" NHj; and CO, under high pressure.

’ The apparatus is shown in Fig. 1 (page 13) : A—a high pressure differential manometer ; B
—a reaction vessel ; G—a Bourdon gauge; Vy, V., V—high pressure valves; M—a 1lg-manometer.
The whole apparatus is made of steel, the right part o joint ] being all made of glass. The
differential manomater is a4 kind of manometer of the Nil-method especially designed for high

* pressire.  The body is a thick cylinder made of steel amd inside its lower end is fitted a
spring 8 {an clastic twbe like a modified Bourden tube) in air tight. I'his sl.rri'ng scparates the
chamber of the manometer from the reaction chamber. Accordingly, the difference between
the pressures of bath chambers leads to the stretching or bending of the spring.  ‘ITie move-
ment is amplified with a needle fixed at the top of the spring tube and furthermore enlarged:

by a lens at the end of the needle projécted on a screen through windows I¥ I, The posi-
tion of t..he necdle, when the pressures of both chambers are kept equal, is taken to be the
origin. In case of a pressure. change in the reaction chamber, the pressure of the manometer )
is regulated to fit the needle end to the ornigin and then this pressure of the manometer is read
by a -usual Bourden gauge G, which instantly indicates that of the reaction chamber. The

-merits of this manometer are that (1) «the dead space can be eliminated ; (2) the manometer -
can be used at any high temperature within the elastic limit of the spring unlike the ordinary -
pressure gawge. The manometer used in the present work is highly sensitive to a pressure -
difference of 0.05 alm. under a pressure of 100 atm. at 350°C. - ‘

" The tempemture of the reaction chamber was measured by a pyrometer, the hot junction
being insulated and inserted directly into the sample by means of a special attachment to avoid
the time lag i the meter {or temperature change. '

As for the sample, ammonium carbamate was prepared from NII; and CO. in absolute
alcahol kept at 0°C. Almmina and kaolin used as the dehydrating matters were prepared .
from aluminium nitrate and. commercial- kaolin respectively and- purified.

By means of these appamtus the conditions of the change ol the carhamale to uren were

“examined by measuring the vapour pressure of the carbamate in the temperature range 50 to
150°C. The, results are su‘;)mcrimd in Tubles (page 20, 21, 22) and Figures (page 22, 24),
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¥ where the numbers of curves refer to those of the date in lhe Tables. 1In the-case of Tables
' 1, 2 the reaction chamber was charged with the carbamate alone, while in the oifrer ‘cases the

o dehydmting matiers added.  All the curves have hreaks at about 102°C except lhe curves,
L. 1, 2 and B? (Fig: 2), and especially the curves'6 (Fig. 3) and 9 (lig. 4) have other.breaks
T higher temperatures.  From these results it is app’trcnt that the c]nnrrc of the Garbamate to

urea starts at about 102°C and 25 aun., which is lower than that of varions data _hg:erto
reported® and the quantity of the urea formed is dependent on that of the cartmﬁaite charged.

. It was also made clear that the use of a hydmiing matter accelerates the \qponzatmn or
tlcmmposmen of the carbamate, which is recognized in, the course of measurements and that

the quantity of the matter added exerts a strong influence on that of the urca formed. "As a
~#special case, the curve in Fig® 5 (page 25) has a break at 95°C. and in connection with this

* fact further examination reveals a tendency to show another break at about 95°C i "each

¥
..'.'experimcm as shown with a broken line in the figure. "o
- L
: ¢ 5 This fact may suggest t‘he lowering of the temperature of the urea formalion, but it would
' : * z ; ; . Wy ey
s be a hasty conclusion and requires further investigation. 2
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