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The relation between equilibrium pressure and packing ratio,” analysis

of gas phase and corrosion of nickel-chrome steel.

By Hipeo Kixostita*

Introduction.

It was repoited in the previous paper that the equilibiium pressure is
changed by packing iatio. For the purpose of explaining this relation, the
author measured the equilibrium pressure at the packing ratios of 0.1, 0.3, 0.5
and 0.7 g/cc and at the temperatures of 150, 170, 190 and 210°C. To the gas
phase at those temperatures are peiformed the gas analysis and measuring of am-
monia and urea for the condenscd =olid after cooling.  As the equilibrium pressure
is changed by the volume of liquid phase, the pressure will change in the case
of excess water. The equilibrium pressures are measured ia this case at the
packing ratios of 0.2, 0.3, 0.4, 0.5, and 0.6 g/cc. Morcover, the resiudal urea
at cach packing ratios of 0.075, 0.05 and 0.025 g/cc is measured. As to the
corrosion of autoclave material by ureca synthesis, Thompson, Krase and Clark?
reported that the silicoa 1ich steel is suited for urea syuthesis from the exprie-
meats for nickel-chrome-silicon steel ot a temperature of 140°C, but the coriosion
of nickel-chrome steel added manganese, molybdenum, silicon, titarium ard copper

is repoited in this paper. “

Apparatus.

The reaction vessel and the pressure mcasuring pait are of quite the same
construction as in the previous paper. ln this casze, steel pipe (length 100 mm,
0O.D 10 mm, LD 5 mm), is fitted with two high pressure valves between the
1eaction vessel and the pressure gauge. The vessel (¢) is the same in the pre-
vious paper and packings of valves are constructed with siiver plate aund lead.
The total volume of the reaction vessel is 294 cc and the volume of the cut
part of steel pipe is 3.15 cc. The apparatus in the casc of excess water is all
the same as the previous paper and that in the experiments of packiag ratio smaller

than 0.1 is used a nickel-chrome steel vessel 18.2 cc. For the test of corosion,

*  Saikyo University.
1) L G. Thomson, 1L. J. Krase and K. G. Clark, /und. Eng. Chem., 22, 735 (1930)
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the pressure gauge is omitted to avoid the influence of mercury for scaling.
After the air is pumped out, the calculated water is added. The test piece* is
of a cube of 5 mm and for avoiding the contact with ncighbouring piece, each

piece is inserted in a glass tube.

Experimental.

For simplifing the apparatus, in the case of gas phase analysis, the air in
the reaction vessel is not pumped out. The calculated urea and water are sealed,
3 hours after rcaching the desired temperature, cutted the two valves, and cooled
in ice water. The gas phase in cooling is analysed after dissolving in water.
Added 5 9% potassium hydroxide solution in this solution, bubbled the air for 2
hours at 40°C and evolved ammonia is caught by the standard sulfuric acid
solution.  After this procedure is over, the amount of urea is mecasured by the
method of Kjehldahl.

Experimental results.

(I) Pressure change by packing ratio and analysis of gas phase at elevated
temperatures.

The equilibrium pressure

(Fig. 1), carbon dioxide in gas
phase after cooling (Fig. 2), e
ammonia (Fig. 3) and urea (Iig.
4) in condensed solid after ,\ro
cooling, and residual urea (Fig. ¥

5) in the reaction vessel are

»
o
o
I

measured for the cxperiments
of temperatures 130, 170, 190,
210°C, packing ratios of 0.1,
0,3,0.5, 0.7 g/cc. These results
are illustrated in Table 1. I

(1) The pressure change l50°C
of various mol-ratio of urea- (’_//O/O/‘Oﬂ

water.

Prase. (atz)

§
T

1 1 3
0.1} 0.3 0.2 0.7

The cequilibrium pressure is
—» Paoking rutio lg/fcc)

measured for the cxperiments Fig. 1 Equilibrium pressure—packing ratio curves.

* Samples from Nippon Metal Tndustry Co., Kawasaki.
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packing ratio curves.
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Table 1

. .. 1 Gas phase Liq. phase ‘

Temp Packing | Fiquil. | Gas i Condensed solid Residual
. ratio, press. ! urea
o¢ gfoc At ‘ T«;:ll (Ic“(-’-: lc[é. Amgl:::nin lélrl(‘:'l o
210 0.1 | 130 289  20.1 8.8 0.1208 0.0101 1.9
" a2 e 8.1 68.7 9.4 2704 0216 16.1
" E R ) 1957 190.9 68 . 1884 0123 33.2
" ks 506 295.8 286.6 92 | 151 0056 431
190 1 106 0.7 38,0 87 | 1376 0271 45
" 3 143 1207 1S 13.2 1391 0394 31.1
" 5 163 2481 ' o339 14.2 1065 0287 42,2
,, a 186 369.7 3545 12| 0885 0082 463
170 1 68 314 22,9 86 0929 0088 16.7
" 3 78 1.4 64.2 7.2 0803 0119 38.4
" 5 90 160 ;1115 45 0523 0067 433
" i 105 159.6 } 156.0 3.6 0404 0044 455
150 1 e 141 90 5.1 0249 0020 549
" 3 1 22 339 28,6 5.3 0217 0016 53.6
" 5 43 ste | 76 50 | 0194 0013 50.0
" g 53 94.0 J 90.6 5 0168 0010 49,0
Fig. 1 | Fig. 2 Fig. 3 | Fig. 4 Fig. 5

of 190°C, 3 hours, at various mol-ratios. These results are illustrated in Fig. 6.
(III) The residual urea in the reaction vessel is measured for the experi- -
ment of temperatures 190, 210, 230°C, packing ratios 0.075, 0.05, 0.026 g/cc

0
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230°C
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' 3 [ 2 3 1" 0.0z5 0.05¢ 0.073
—> uster / .res —> Paoxing retio \g/:ch

Fig. 6 \Waterfurea-equilibrium pressure curves at 190°C, Fig. 7 Residual urea-packing ratio curves,
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referring to 3 hours. These results are illustrated in Tig. 7.

(V) Corrosion.

The test pieces in Table 2 are tested for 4 days at 170°C and calculated the
weight loss per cm® fiom the decreasing of weight. The pressure will be about
100 atm/cm* as the packing ratio is 0.6 g/cc. These results are illustrated in
Table 2.

Table 2
Sample w— Percentage of clements l Dccrc:ge;ln::figh',
No. | i o Nio Mo oM | s T G| T days [ aday
I(Ag) : ! : i 0.16
2,Pb) ] \ ‘ 5.66
3 015 | 245 | 30 20 06 0.6 : o enny
4 J0 | 18 10 - 20 @ 6 0.6 2,90
5 1 16 12 2.5 459
6 1 16 | 14 2. 094
7 o | 16a | e 08 1.8 16.46
s 1 e | oa 25 1.2 0
9 18 | 2465 , 34 3.64 C0.34 0.30
10 A5 | 19 29 1.0 0.05 0.70
1n 21 25.3 0.01 013
) S R | | 30.59 | 034 . 006 ‘ 15.23
13 08 | 9835 445 235 | 05 | 072 . 1.63
14 09 | =321 302 | 250 | 05 094 | 0.10 2,84
15 08 | emaa | 287 | o242 | 05 077 | 032 0.71
16 | 09 | 2740 ‘ 3. 2,20 0.5 0.60 0.69 0.10
il o6 1008 | T l T42 104 . 055 248
18 06 | 1889 . 1117 | 210 L4l | 055 1.73 259
19 ’ J0 | 215 2 0.5 . 05 0.5 0.09
2 0 | 5 1 2 05 | o5 0.5 0
2 l d0 | 245 2 2 0.5 0.5 0.5 I 009
22, 08 | 34 28T | 242 056 07T | 032 | 0.67
23 A9 | 1476 i I 022 0440 ‘ 168.5
2 } 07 | 1821 0.27 | 042 $5.8
% 5 252 | 033 | 055 | | st
Considerations.

(1) In the equilibrium experiments, there exists a residual pressure and the
greater part of gas phase is caibon dioxide. It is a matter of course for the
solubility of ammonia is greater than caibon dioxide. The ammonia in gas phasc
is decreascd as the packing ratio is increased. This will explain that the dis-

solved ammonia is incrcased as the liquid phase is increcased by increasing
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packing ratio. On the other side, carbon dioxide in gas form included in con-
densed solid is increased as the packing ratio is increased. This will explain
that the solubility of carbon dioxide to liquid phase is considerably small, and
that consequently the increase of carbon dioxide in gas phase is greater than the
increase of dissolved carbon dioxide as the packing ratio is incrcased. It is
confirmed that the ratio of ammonia and carbon dioxide in condensed solid is 2
to 1 and therefore it will be ammonium carbamate. The decrease of the solu-
bility of ammonia causcs the increase of ammonia in gas phase as the temperature
rises at thc same packing ratio. The maximum of carbon dioxide in cooling
is in 190°C, and the total carbon dioxide in gas phase increases as the tem-
perature rises. In the previous paper, the ecquation of vapour pressure depends
on packing ratio, and it will be explained by the fact that the equilibrium
pressure is the vapour pressure of urca solution dissolved ammonia and carbon
dioxide. But above 190°C, ammonia is smaller in the case of 0.1 g/cc than 0.3
g/cc, this is because that the absolute volume of liquid phase is small. The
amount of urea in gas phase is largest at 190°C, this is the same tendency in the
case that the residual urea in the reaction vessel is largest at the long run of
the same temperature or the high packing ratio*. The volume of hvdrogen is
influenced by the wall of the reaction vessel and steel pipe, and because of the
fresh vessel and valves, hydrogen evolved at 210°C is smaller than 190°C.

(II) In the casc of excess water, the cquilibrium pressure is measured
for the experiment of various packing ratio of urca. It is anticipated that the
equilibrium of 2NH;+ CO,=HMH,0 4+ NIL,CONII, is inclined to the left because
that ammonia and carbon dioxide is increased as thc water is increased.
Ammonia in gas phase decreased as the liquid phase increased and carbon
dioxide in gas phase increased when the increase of the total carbon dioxide
was greater than dissolved carbon dioxide.

(II1) In the case when the packing ratio is smaller than 0.1, the weight of
water which corresponds to that of urea in Fig. 7 is smaller than steam density
at that temperature: Consequently there exists no liquid phase at elevated
temperature. For this reason, the equilibrium cquation is inclined to the left as
the temperature becomes higher, and the equilibrium pressure will be higher
when packing ratio increases, so the equilibrium is inclined to the right when

the pressure becomes higher.

* cf. Fig. 3 in the previous paper.
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(IV) As to corrosion, it will conclude from Table 2 that the corrosion
decrease (a) as chrome increases in Cr—Mn—Si steel, (No. 23, 24, 25, 12) (b)
as nickel and molybdenum exist in Cr—Mn—Si steel, (No. 12, 13) (¢) as
titanivm increases in all cases and there is no influence of nickel in the case of
0.5% titanium. A Considerablc amount of nickel is necessary for the zero

percent titanium. (d) The corrosion increases in the existence of copper.
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