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SYNTHESIS OF UREA FROM NH3 AND CO:
UNDER HIGH PRESSURE.

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

ammonium carbamate to urea.

By T. Kumg, G. Micasmiwara and K. UMmMEMURA.

(Abstract)

The object of this work is to investigate kinetically the reaction of the urea formation from
NH; and CO, under high pressure.

The apparatus is shown in Fig. 1 (page 20) : A—a high pressure differential manometer; B
—a reaction vesscl ; G—a Bourdon gauge; V,, V,, V—high pressure valves; M—a 11g-manometer.
The whole apparatus is made of steel, the right part to joint J being all made of glass. The
differential manometer is a kind of manometer of the Nil-method especially designed for high
pressure. The body is a thick cylinder made of steel and inside its lower end is fitted a
spring S (an clastic tube like a2 modified Bourden tube) in air tight. 'T'his spring scparates the
chamber of the manomeler from the reaction chamber.  Accordingly, the difference between
the pressures of both chambers leads to the stretching or bending of the spring. The 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 projected on a screen through windows F F’.  The posi-
tion of the neeclle, when the pressures of bolh 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 origin 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 gauge. The manometer used in the present work is highly sensitive to a pressure
difference of 0,05 atm. under a pressure of 100 .atm. at 350°C.

The temperature 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 in the meter for temperature change.

As for the sample, ammonium carbamate was prepared from NIH, and CO,. in absolute
alcohol kept at 0°C. Alumina and kaolin used as the dehydrating matters were prepared
from aluminium nitrate and commercial kaolin respectively and purified.

By means of these apparatus the conditions of the change of the carbamate to urea were
examined by measuring the vapour pressure of the carbamate in the temperature range 50 to
150°C. The results are summerized in Tables (page 22, 23, 24) and Figures (page 24, 26),
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where the numbers of curves refer to those of the date in the Tables. In the case of Tables
1, 2 the reaction chamber was charged with the carbamate alone, while in the other cases the
dehydrating matters added.  All the curves have breaks at about 102°C except the curves,
1. 2 and BV (Fig. 2), and especially the curves 8 (Fig. 3) and 9 (Fig. 4) have other Lreaks
at higher temperatures.  From these results it is apparent that the change of the carbamate to
urea starts at about 102°C and 25 atm., which is lower than that of various data hitherto
reported™ and the quantity of the urea formed is dependent on that of the carbamate charged.
It was also made clear that the use of a hydrating matter accelerates the vaporization or
decomposition of the carbamate, which is recognized in the course of measurements and that
the quantity of the maitter added exerls a strong influence on that of the urea formed. As a
special case, the curve in Fig. 5 (page 27) 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 in each
experiment as shown with a broken line in the figure.

This fact may suggest the lowering of the temperature of the urea formation, but it would

be a hasty conclusion and requires further investigation.

The Laboratory of Physical Chemistry,
Kyoto Imperial University.

1) Briner, /. chim. Phys., 4, 267, (1906).
2) According to I'erres and Behrens, Z. physik, Chem., 139, 695, 710 (1928), 135°C ¢ Krase and Gaddy,
Ind. Eng. Chem., 14, 612 (1922), 125°C; Fichter and Becker, Brr., 44 3473, 3481 (1911), 115°C.
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1) Bassarov, Journ. Chem. Soc. Trans, 2, 6, 194 (1868),
2) Werner, Journ. Chem. Soc., 117, 1046 (1920).

3) Fichter and Becker, Ber., 44, 3473, 3483 (1911).

4) Mixture, Am. Chem. fourn,, 4, 35 (1882).

5) Baily, Compt. rend., 175, 297 (1922).
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Table 1.
Vapour. Pressures of Ammonium Carbamate.
mn . Carbamate 170 g. K. U.
t °C p (atm) t °C p (atm) I’ t °C¢ p (atm) t °C p (atm)
69.5 1.2 112.0 10.8 13L5 24.0 136.4 39.0
84.0 3.1 120.0 14.8 134.0 29.3 138.5 43.5
1041 7.6 126.2 19.0 135.0 34.0 139.4 46.4
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© Carbamate 2.40 g. K. U.
68.0 2.4 1145 12 130.0 26.6 415 39.0
85.0 3.9 125.0 18.5 1356.0 314 143.0 2.0
100.0 6.2 128.0 21.6 139.0 36.0

Table 2.
Vapour Pressures of Ammonium Carbamate.

o) Carbamate 3.45g. ‘K. U.
t °C p (atm) t °C p (atm) t°C p (atm) t °C p (atm)
53.0 2.2 74.0 7.9 89.0 16.1 103.0 28.8
57.0 2.60 7.5 9.0 23.5 19.5 105.0 SLT
63.0 4.00 84.0 12.1 . 98.0 22, 106.0 36.0
50.0 5.85 8735 14.5 100.0 25.8

(C)) Carbamate 5.50 g. G, 1L
57.7 6.0 813 2.8 92.5 20.1 101.7 26.8
67.5 8.7 57.0 16.1 97.6 24.0 104.5 8.6

(5) Carbamate 7.00 g. G. IL.
60.3 HIE | 85.0 13.0 101.8 24.0 111.2 26.6
4.6 €0 89.0 15.0 107.0 25.0 1124 278
79.0 10.6 92.1 16.6 108.4 5.4 1140 28.0
81.0 11.7 97.8 20.3 109,0 25.7 115.7 20,0

Talble 3.
Vapour Pressures of Ammoninm Carbamate.

(6) Carbamate 2.34 g.: Alumina 1.00g. K. UL
t °C p (atm) t °C p (atm) TS p (atm) t °C p (atm)
53.0 3.0 87.5 15.7 104.5 32.0 125.0 44.0
70.0 6.0 92.5 20.0 106.0 344 1315 44.7
7.0 0.0 98.0 26.5 109.0 36.6 145.0 46,0
SLS 1.7 101.0 8.2 112.5 40.4

") Carbamate 2,30 g.; Alummina 1,50 g. K. U
60,0 4.9 584.5 14,0 106.0 313 25,0 370
70.0 6.8 91.0 18.8 HaH 35.0 134.0 30.2
79.0 10.6 958.0 25.0 210 36.4 146.0 42,4

(®) Carbamate 230 g.: Alumina 155 g. K. U.
57.0 3.0 82.5 10.6 96.5 21.7 105.0 32.0
68.0 5.0 87.5 13.9 100.0 25.1 107.5 33.9
78.0 8.0 93.0 17.4 103.0 28.7 115.0 34.5
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Table 4.
Vapour Pressures of Ammonium Carbamate.

() Carbamate 2.9 g.; Kaolin 0.58 g. K. U,
t °C p (atm) t °C p (atm) t°C p (atm) t °C p (atm)
60.0 3.35 92.5 17.0 106,0 £28.6 122, 51.0
70.5 6.0 95.0 19.6 108.0 30.8 127.5 63.0
76.0 8.0 100.0 228 110.0 33.0 132.5 70.0
82. 10.6 102.0 208 113.0 3$7.0 142.0 73.0
88.0 13.8 103.0 26.0 117.5 46.0

(1) Carbamate 1.6 g.; Kaolin 1.1g. . K. U.
66.0 4.0 84.0 1.0 99.0 212 116.0 341
77.0 7.0 87.5 15.2 104.0 7.2 124.0 38.8
51.0 9.6 96.0 18.0 1125 32.5 137.0 47.0

Table 5.
Vapour Pressures of Ammonium Carbamalte.

Carbamate 3,7 g.; Alumina 1.7 g. G. 11,
t °C p (atm) t° C p (atm) t° C p (atm) e C p (atm)
7.0 6.6 90.4 16.2 1049 22,8 110.0 ' 32.6
77.4 9.2 93.5 18.0 105.5 9.5 11.2 33.5 .
83,4 12.1 102.1 20.9 107.9 5.0
$7.8 142 104.1 a0, | 1083 27.6
w0 |
B TORICHATIZ ol du § T I NERT 11 o> i 3/ ,
WEBE T 2 — 4 R LTRMLE 31, (o, -
2
ZHIRIT U CHI 130°4:2°C # 2§58 218 7=. / / /
10
IEED ¥ B Fig. 2 UFo Jl // ( /
3 J
ek 5. / / / }/
N=NIoB7rT=9hDEAE 30 //'
=
W—K, WoRKMCP WL~ ,/ A /
oy ’ r. + (
2~ L OREEMLIBAOKE T | //f /
20

LTodhi ], 213 s~ "2 — bz 16, /7
. /

=Y re=YLREHIZIRT A

. . 10
1A NI, & CO, 153 5 5k /’/ /
2, BIcw KAMENER 2 B4 »— 1 X

. . i = y
2~ FoSrREMEMBIC S D na. (Briggs ——
and Migrdichian, Comgr. rend., 92, 919: 0
50 70 90 110 130 150

93, 731 (1881): Journ. Phys. Chem., 28, °©C -

1121 (1924). Fig. 2. The vapour pressures of ammonium carbamate,



The Review of Physical Chemistry of Japam Vol. 16f No. 1 (1942)

No. 1 SYNTIIESIS OF UREA FROM NIL, AND CO, UNDER HIGIL PRESSURE o

o

2AHOBNICH CO Y DT, 2MCBNAIEL K OTH D, JEOMICHTIRILSOH R ITIE
LD AR b HEBF fehic FHIA A FERICE LTh R 27 Jch 2 &5~
% fF Lih#ifrde $IEDEES 1S5°CHERICR T X R LTH Z. ZHIVFOMIEICHRT
BIESEDIMBRTIZ MG O8HE b 380D b it W, IEE IR BEORHIN (133°C Ic I+ 5
ic, BOPTKLRWT-HS3ER SN THRIAWTH B, i LTHIicieSolhdiitic
RO R RAD ZIBHCRT RO 2 WEHAOMER 2451 L b LMk oTH 2
RiEEI~2Th .

Kichit 3, 4 SIx e x A~ 82—} 3B, 5, THY LM LIBEDO L DT, oMt
BESY, ARICHENS¥ L S BIRLTH 3. i Uik othEt i LiBIEH 102°C,
Me)y 25 ZAMRHEIC AT X L TH D45, ZRMOBE LR, oI Fo TR
TH—=rR 2= b RED RSB D DT H L E~LN D, ITI GO L oiIE
CATRE OO L WIEGR BEAE ZOTH LY RIORHE L2 T, Ziilo%x
B h sk K IR ET 2R R T L OTH B *

Mk B [22EO[RBIC Bime™ OSSR E R L7 bOTH D, ZITMIRITHR TS
ORHEY W CilIE I2°C It T 2 835 b0 TH S, i LTHodhz xS
DOROTEIRE LD PN L, HIEORIFE R L ThH BF

P L5 2 o fH UM GhidR 3, 4, 5 5) 2RICE S KM OB o iic -3+ %)
PEX DA & IEDHIA L D IELWE ZAIUT IR S, 80T H 2 ORiR MM (lhir
1, 2) %tk Brinner OOMEMIE AR THEHMERTLOTIRAVE WML 2.

BRAMOEE— =4, WNIEITH =R, GEURNE 2 — 5 2 — P 2 RAKME JEic AT L
TBOOFT N LT, ZITIER T 2L, 0L A it i e T kM E 1) Lis v
PEE VXU CEMICET S, WHERROREIEZ LM@Y TH . It
OHRECT KIS IR A IR O SR IC IR S 2 HE RT LD TH 5.

Mg 6, 7, 8Ix H =2~ F 1 HICHLTT A F %) 2 043, 065, 0.67 lLoLicigmL
7D LDTH S, fiL HilIEF 105°C, M) 34 EMBRIc AT x Y L. Thil ko
RIS ITA TR AAMOIEN R DO S\ L OFRE )AL 2O TH 2.

KicHhER9, 10 =2~ F1TREICEHLTIAY v & Hx 02, 0.69 JLotiTiRn L 7edh
ﬁ@b@f.M%n%ﬁ%%ﬁ@ﬁﬁﬁmﬁiuVﬁ%iwﬁgﬁmbTwime@%%
LYK EMNRETH %

MLKICTEE T~ 21T g 6 R 9 A BTl WIcHiIgic AT b «Eili o
WO e R LTHZRTH S, thgn 9 Ol 8 G130°C) X WHT IRA O KRG (133°Chic

MO T ORI EIT I HRE RS Th S AR BEORBR R Loz 12T 8.
T) s flfi B LA L 0GB 3. Brinner, Journ, Chem. Phys., 4, 267 (1906).



The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

26 T. KUME, G. HIGASITWARA and K. UMEMURA Vol. XVI
50 s0
5 9
|1 7 /
F / 70 yd
A i <
40 / ’
: ]
60
30 /
t / -
A / ]
& 7
o

40 /

10

N
P {atm) —»
N
N

/
.Aéy 30 /

T /

50 70 90 110 130 150 /
t °C — 20 y
Fig. 3. The vapour pressures of ammonium /
carhamate with alumina. Z
) 10 ’
MET2OTHDERMLIBD. g6 ‘/
b7 8% (#9115°C) ICEETIZADBE Ik T % r
0
T EiCT 5. MiLTH—olh#iix, wiRAEHT, 50 70 90 110 130 150
t °C -»
WELROMSG 7T 0 & LA S.

Fig. 4. ‘T'he vapour pressures of ammonium
carbamate with kaolin.

Wbkl LTRABIEMoEEL LTk EE
BMLRWIEE L Y o R B EAIEC T WIT FE), JLohRERsF L RKTH kI
JDIFEMBEDO S CREDFEB K THIHERMD BN D.

REEBORERIE —— % — < £ — b & 0 R DR ISEIEIC HE T A ek i (e )
L Hoflir i+ 5. #H~E Terres, Behren® [2{fjrid 135°C, Krase, Gaddy™ i {figLix
125°C, Fichter, Becker C{KLiX 115°C #:Tdh 5.

ZE DS N 3 e T 2 O EERES R OTERA & TE, JEORAE IR IER 102°C, It
T 20 RMBTH 5. 1) L TIEOTEIFL I KBIDRINCTIEOCTR D F L { MBI AR VEET
> 5.

LI OEBITAT —2DF L L Hirofetififla gllanch s, W sk

8) Terres and Behrens, Z, physik. Chem., 139, 695, 710 (1928).
9) Krase and Gaddy, fnd. Eng. Clem., 14, 612 (1922).
10) Yichter and Becker, ZSer. 44, 3473, 34381 (1911).
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