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1/ 

Mitsui Toatsu urea processes are now being utilized by 58 plante in 21 countries in 

the world. 

Miteni Toatev. has been developing various urea processes, all of which are supported 

by techniques and date taken from operating commercially-proven plants. 

Total Recycle C-Improved Process  (T;i-C-Improved) and Total .iecjcle D Process (TU-D) 

are the latest developments,   in which our latest advanced techniques end data tire incorp- 

orated into the coanercially-proven Total "ecycle 1 Frocess.   Although Ti-D ha* not been 

eoaaercially proven yet,  TR-C-Improved is already being used in three plants. 

The fi st one was started up in July, 1969, which is a completely singlo train plant 

of 1,500 WT/D design capacity at Mitsui Toatsu Osaka Factory and has experienced trouble- 

free operation eince start up. 

The seoond plant with a capacity of ^X) JfT/D was started up in July, 1970 and is 

oaten appreciated by the client, Nippon Kasei Chemicals, because of its excellent plant 

efficiency. 

The third plant is now in the initial start up stage at Nippon Aanonia Inc. 

1/    The views and opinions expressed in this paper are those of the authors 
and do not necessarily refi oc t the views of the secretariat of UNIDO. 
This document has been reproduced without formal editing. 
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The feature of T1-C-Improved process is,   in comparison with TR-C procesB, higher 

conversion in the reactor by reducing, the Mount  of water recycled back to the röaetor. 

This  improvement  is achieved by higher operating temperature and pressure  in the re- 

cetor,  more decomposition  in +.ho hif.h pressure decomposer incorporated with the special- 

ly designed hector,  C0o stripping  in the lo--: pressure decomposer and  less  equilibrium 

pressure  in the low preBeuro r.bsorbrr.   ' • 

The feature of "fif-1) process  is To recover  the excessammonia without* losing its 

enthalpy into the coolinp water by edding a 60-P»O Kg/cm    separation unit  to tho basic 

commercir.lly-proven TR-C process*    Accordingly itoem end cooling water consumption ere 

remarkably improved. 

ThuB, Mitsui Toatsu is mticinc c great effort  to rct bettor utilities consumption, 

higher on-stream f. ctor and  lower investment cost. 
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I.    INTRODUCTION 

In the urea industry one of the remarkable trend at present 
is to increase the size of plants with the minimum plant cost and 
running cost.    When urea came up to the market,  the manufacturing 
technology started from the once-through proceso and with the 
growth of the demand it developed to the partial recycle process 
and the total recycle process,  which is now the most favourable 
one in the world.     Following the development of processes,   the 
plant size has been getting bigger.    In  '966-1968, many units of 
400-800 MT/D capacity in a single train were started,  while 50- 
300 MT/D capacity planta had formed the basis of the urea indus- 
try until then.    And now 1,500 MT/D plant is being successfully 
operated at Osaka, Japan with utilizing Mitsui Toatsu Total Re- 
cycle C-Improved Process, 

As many companies proceeded in the urea industry,  Mitsui 
Toatsu Chemicals,   Inc.  has continued the research and development 
of urea processes since I940»r and once-through, partial recycle 
and total recycle proeeeses have been steadily developed and 
commercialized with the full support of the techniques and data 
taken from the actually running,  commercially proven urea plants. 
Now Mitsui Toatsu Urea Processes are being utilized by 58 plants 
in 20 countries in the world. 

The Table-1 below shows how Mitsui Toatsu Processes have 
been used worldwidely. 
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Process *1 Number of Plante 

PR-A 1 
PR-B 8 
PR-C 3 
TR-A 1 
ÎR-B 14 
TR-C 28 
TR~C-Iraproved 3 

Total Capacity (MT/Y) 

14,850 
639,540 
228,360 
66,000 

1,650,330 
5,891,820 
1,122,000 

Total 58 9,612,900 

»1t    PR:  Partial Recycle 
TRt   Total Recycle 

As is clear from Table-I,  Total Recycle C Procesa has been 
widely adopted in various countries because of its outstanding 
features such as superior proejes economics,  and steady and easy 
operation.    This process has established firmly the reputation 
of Mitsui Toatsu Urea Processes in the world urea production. 

Based on   this widely and commercially proven Total Recycle 
C Process,     the latest developments of Mit3ui Toatsu are Total 
Recycle C-Improved Process and Total Recycle D Process. 

Although TR-D has not been commercially proven yet,  TR-C- 
Improved is already being U3ed in 3 large plants.    The first one 
was started up in July,   1969,  which is a completely single train 
plant of  1,500 MT/D design capacity at Mitsui Toatsu Osaka Fac- 
tory and has been keeping trouble-free operation since start-up. 
The second plant with  :.he capacity of 900 MT/D was started up in 
July,   1970 and it; much appreciated by the client,  Nippon Kasei 
Chemicals,  because of itu excellent plant    efficiency.     The third 
plant is now undor the initial  start-up stage at Nippon Ammonia, 
the capacity of which ia   1,000 MT/D. 
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In this paper the performance of the large scale plants, 
the technology of large scale plants, and Mitsui Toatsu Total 
Recycle C-Improved and D Processes are introduced. 

II.    PERFORMANCE OF URGE SCALE PLAUTS 

With Mitsui Toatsu Total Recycle Pro ce« see 24 units out of 
37 units with the capacity of aore than 500 MT/D have been put 
into operation and achieved successful performance, in which 
there are 4 units of 1,000 MT/to capacity or »ors in a single 
train. 

In Mitsui Toatsu Osaka Pac tory the world largest urea plant 
in a single train of 1,500 MT/Tî design capacity,  which was start- 
ed in July,  1969, has performed the maximal production record of 
1,800 MT/D and has also achieved the on-streaa factor of 96. # 
through 1970 based on the on~^ + ream daya excluding annual shut- 
down for maintenance.    This plant is the first one with utiliz- 
ing Mitsui ïoatsu Total Recycle C-Improved Process. 

The second plant to have employed Total Recycle C-Taproved 
Process was built at Iwaki, Japan for Nippon Kasei Chemical, Ltd. 
and went into production in July,   1970.    It has a capacity of 
900 MT/D in a single train and i.as been in trouble-free opera- 
tion from the day it started operation like Osaka 1,500 MT/D 
plant.    It has proved more efficient in terras of raw materials 
and utilities consumption as below Table-II. 
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Tabie-II: 

Liquid Ammonia 
Carbon Dioxide 
Steam 
Electricity 
Cooling Water 
Sea Water 

(per metric ton of prilled urea) 
575 Kilograms 
741        " 
860 
153 KWH 
A? M3 

50 " 

Biuret content has been kept to a minimum of 0.29 weight * and 
ha« achieved a production rate of 926 MT/D. 

Thus large scale plants by Mitsui Toatsu Total Recycle Pro- 
ceases have been commercially proven for years.    Fro» the stand, 
points of engineering, no problem is foreseen up to the plant 
capacity of 2,000 MT/D in a single train. 

HI.    TOTAL RECYCLE C-IMPROVED FR0CB3S 

A,    Comparison between Tfì-C and TR-C-Improved 

Total Recycle C-Improved Process (as TR-CI hereunder) is 
saae as Total Recycle C Process (TR-c) in its principle.    In 
TR-CI Process,  the conversion of C0? in the reactor has been 
much improved up to as high as almost. 72*,  by reducing the 
amount of water recycled back to the reactor.    The steam re 

cuirement is accordingly reduced to  the quite economical level 
of 0.9 tone per ton of urea.    Thi« improvement is achieved by 
adopting  the following methods. 

1. High operating temperature and pressure in Reactor 

2. More decomponition in High Pressure Decomposer 
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3. C02 Stripping in Low Pressure Decomposer 

4. Less equilibrium pressure in Low Pressure Absorber 

B.    Process Description - Low Biuret Prills 

Por the conveniens of explanation,   the urea plant can be 
devided into five sections, namely - synthesis section,  decompo- 
•ition section, crystal separation section,  drying and prilling 
section and recovery section. 

The explanation will proceed with the process flow diagram 
of Pigure-1. 

1.    Synthesis Section 

This section consists of C02 Compressor, C02 Booster 
Compressor, Liquid Ammonia Peed Pump, Ammonia Preheater 
and Reactor,    in this sec -ion, urea is synthesized froa 
liquid ammonia, gaseous carbon dioxide and recycle solu- 
tion under high pressure and temperature in a vertical 
cylindrical reactor. 

High pressore steam, which is available from recent 
ammonia plants,  boosts carbon dioxide gas up to about 10 
Kg/cm G,  while being let down through steam turbine and 
extracted at the pressuie of 13 Kg/cm2G required for the 
process.    Carbon dioxide gas is then compressed up to syn- 
thesis pressure by reciprocating C02 Compressor.    Liquid 
ammonia from Ammonia Reservoir io pumped up to synthesis 
pressure by a reciprocating type Ammonia Peed Pump and fed 
into Reactor through Ammonia Preheater,  where liquid ammonia 
is heated by using steam condensate.     The recycle carbamate 
solution from High Pressure Absorber Cooler ia also pumped up 
to synthesis pressure by Recycle Solution Peed Pump fed into 
Reactor. 



—     ì \J 

2 
The oneratine conditici?  in  the reactor is  200-270 Kg/cm G 

and  180-?20°C.     The one pasa conversion "f carbon dioxide  to 
urea is almost 7?$.     The reaction produe«,  which is a mixture 
of urea,   unconverted ammonium carbamate,   excess  ammonia and 
water,   flows through  the let-down valve at the  top of Reactor 

into the next decomposition section. 

2.     Decomposition Section 

In this section,  consisting of High Pressure Decomposer, 
Low Pressure Decomposer and fias Separator,  excess ammonia and 
unconverted ammonium carbamate are separated from the urea 
solution by steam heating in stepwisely lower pressure decom- 
posers.     Further advanced system incorporated in both high 
and low pressure decomposition stage recovers carbamate more 
efficiently and minimizes water recycled back  to Reactor, 
thus resulting in higher one. pass conversion. 

o 
In High Pressure Decomposer operated at  15-19 Kg/cm G, 

the reaction product is   .eated u'   to .«oi e than  160°C by two 
stage heater,  ano all  excess ammonia and most of ammonium 
carbamate are evaporated from urea solution.     The overhead 
gas flows into High Pressure Absorber Cooler and the urea 
solution flows into Low Pressure Decomposer,   where operated 
at  110-150°C and   1.D-4.0 Kg/cm G,   the remaining ammonia and 
carbon dioxide arc  further removed first by heating the so- 
lution in a reboiler and then by stripping with carbon di- 
oxide gas while  the solution counter-currently falling 
through the packed column.     Thi overhead gas of this decom- 
poser is sent to Low Prs3aure Absorber. 

Ctas Separator has  two  parts.     In  the upper part,  the 
residual email amount of    mmonia and carbon dioxide in the 
urea a olution io   flashed out by pressure reduction.    The 
overhead gas is  seni   to Off Gas Absorber Syatem  together 
with the stripping air-  t'rcm   the lower part.     In  the lower 
part,   to minimise ammonia content m   the urea solution,   the 
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urea solution again flow down counter-currently through the 
packed column with air. 

The urea solution leaving the lower part of Gas Separa- 
tor la concentrated up to 74 wt.* and pure enough to be used 
even as industrial grade. 

3.    Crystal Separation Section 

Crystal separation part consists of Crystalliier, Vacuum 
Generator, Centrifuge and Mother Liquor Tank. 

The urea solution from Gas Separator is fed into Crysta- 
llizer.     In the upper part of Crystallizer,  water evaporates 
from the solution under vacuum,  and urea crystallises and 
grows in urea slurry suspension in the lower part, which ope- 
rated at atmospheric pressure.    The heat recovered in High 
Pressure Absorber Cooler is utilized for the evaporation of 
water,  together with the sensitive heat of the feed urea 
solution and the cry3tall zation heat of urea and no steam 
is required to get crystal urea. 

This crystallization process was first incorporated into 
the urea plant by Mitsui Toatsu for producing low biuret urea 
prills.    The unique deHign of Crystallizer has been proving 
excellent operational records. 

The urea crystals are separated from urea slurry solution 
by Centrifuge.    The mother liquor from Centrifuge is sent 
back to Crystallizer through Mother Liquor Tank. 

4.    Drying and Prilling Section 

The urea crystals are pneumatically conveyed up to the 
top of Prill Tower through Pluidising Dryer,   in which the 
crystals are dried by contacting with hot air.    Moisture 
content of the crystals from Cyclone at the top of Prill 
Tower is less than 0.2 wt.#. 
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Those crystals are melted in Melter and  the molten urea 
falls  through Prill Head down the tower by ita gravity. 
Urea prills are formed while descending through the tower 
contacting with cool air and further cooled on Pluidizing 
Cooler at the base of  the tower.    Lump of urea,   if formed, 
is removed by Trommel,   a rotating screen,  and all the urea 
prills go to storage or bagging hopper as produc t.    As for 
the effluent from the top of the tower,  urea dust is tremen- 
dously reduced by  the latest developed technique,  which is a 
quite simple and yet effective device. 

5.    Recovery Section 

In this section,   the overhead gases from the decomposers 
are condensed and absorbed in thoir respective absorbers, 
that is,  High Pressure Decompofser to High Pressure Absorber 
and Cooler,  Low Pressure Decomposer to Low Pressure Absorber 
and G&s Separator to Off Gas Condenser. 

A part of condensate    n Off Gas Absorber is sent to Low 
Pressure Decomposer for recovery of ammonia and carbon di- 
oxide and the other is sent to Low Pressure Absorber as  the 
absorbent,  and noncondenaed gas - air - is recirculated. 

In Low Pressure Absorber,   the gases from Low Pressure 
Decomposer are condensed and absorbed into the absorbent 
solution from Off Gas Absorber,  and mother liquor solution, 
which is returned from  the crystal separation with the pur- 
pose of purging biuret accumulated in Crystallizer.     This 
mother liquor return into the recovery section is Mitnui 
Toatsu patented process  for making low biuret urea product. 

In High Pressure Absorber and Cooler,   all  the carbon 
dioxide ani water are condensed and absorbed into  the mixture 
of liquid ammonia and   the solution from Low Pressure Absorber. 
Thus  the recycle solution from the cooler is sent back to 
Reactor and the overhead g-js,   nur e ammoni 3,   of the absorber 
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is condensed through Ammonia Condenser and recycled back to 
Reactor. 

The inert ¿as,  purged from Ammonia Condenser,  is scrubbed 
with water in Ausonia Recovery Absorber,  and the aqueous ammo- 
nia solution thus formed is used for scrubbing ammonia gas on 
the top of High Pressure Absorber.    All  this high pressure 
recovery system is operated at 14-18 Kg/cm2G. 

1¿   MITSUI TOATSU TOTAL RECYCLE C-IKPROVED PROCESS 

1« COg Compressor 
2. Htcycle Pump 
3. ItH, Pump 
4. 1WK Preheat er 
5. Reactor 
6. High Pressure Decomposer 

7. Low Pressure Decomposer 

8. Gas Separator 

9* Gas Condenser 

10« Low Pressure Absorber 

11. High Pressure Absorber 

12. RH, Condenser 

13. 1ÖU Reservoir 
14. Vacuum Crystallizer 
15. Centrifuge 
16. Mother Liquor Tank 
17. Dryer 
18. Melter 
19. Prill Tower 



-   14 - 

C.     ProcetiS Description - Higb Biuret Prills 

The process description presented in III-B concerns so-called 
"low biuret prill product procese",  while it will be of some use 
for those who require only high biuret fertilizer grade urea to 
know how to make it and what the advantages are. 

As compared with the low biuret prill product process,   the 
high biuret prill product is manufactured without the crystal 
separation procedure by directly concentrating urea solution up 
to 99.7# in the evaporator,  and therefore this process can be 
sometimes called "Direct Prilling Process". 

The outline of the process is as follows and Figure-2 shows 
the process flow diagram. 

The urea synthesis is carried out under the lower operating 
temperature to minimize  the biuret formation in the reactor. 

In the decomposition section ammonia and ammonium carbamate 
are decomposed and separated at H.P.  Decomposer, L.P.  Decomposer 
and Vacuum Decomposer.    The operation to be intended in the de- 
composition section is to get the concentrated urea solution with 
minimum biuret formation. 

The urea solution coming from Vacuum    Decomposer has the 
concentration of 70-75 wt.# and is sent to Evaporator at the top 
of Prill Tower through Filter where oil in the solution is re- 
moved.     The solution is instantaneously concentrated up to 99.7 
wt.# with counter-current hot air in Evaporator,  and then direct- 
ly prilled through Prill Heads. 

In the recovery section the manner to recover the unreacted 
ammonia and carbon dioxide is similar to the low biuret product 
process except  that  the absorbent ic only water. 
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As the whole procesa is so designed to minimise the biuret 
fonction,  the biuret content in the prill product can be expec- 
ted to be less than 0.6% 

As the alternative of Direct Prilling Process aentioned above, 
the new process has been developed to improve the steam require- 
ment by installing Crystallizer after Vacuus Decomposer.    The 
urea solution from Vacuum Decomposer is sent to Vacuum Crystalli- 
aer where urea solution is concentrated from 70-75 wt.* to 80-85 
wt.* with the heat which is recovered in High Pressure Absorber 
Cooler as the same method as low biuret product process. 

Am this vacuum crystalliser is installed with the purpose to 
concentrate urea solution by using the recovered heat, the sise 
is far smaller than the crystalliser for low biuret product pro- 
cess. 

Crystals in the slurry from the crystalliser is dissolved 
through the heat exchanger by steam condensate and 80-85 wt.* 
urea solution is fed to Evaporator,  which require only 50-60JÈ 
amount of steam as    compared with the evaporator to concent- 
rate from 70-75 to 99.7 wt.*.    The addition of Crystalliser   and 
Dissolver can be cancelled costwisely by the installation of 
smaller evaporators.    By the recovery of heat from H.P. Absorber 
Cooler,  the steam consumption is now   reduced   to 1.05 T/T-Urea. 



Il 

22ffiJ>>j:czzu.u£ 

i 

bri 

-¡ty 
S3 

«J 

Ò   & ui 
oc 
5 

M 



-   17 - 

IV.     TOTAL rSCYCLE D PROCESS 

A.    Features of Total Recycle D Process 

In addition to Total Recycle C-Imprcved Process,  the Total 
Recycle D Process is  one of the newest total solution recycle 
process derived by distinct improvement in the utilities con- 
sumption of the Total Recycle C Process.    One of the process 
features of Mitsui  Toatsu Total Recycle D Process ia to use the 
excess afonia in the reactor to get a higher conversion as same 
as Total Recycle C Process. 

This excess ammonia is separated by pressure release and 
cooled and condensed for recirculating to Reactor.    The enthalpy 
of the excess ammonia, which is usually condensed by the cooling 
water,  is  extremely large and such large quantity of enthalpy is 
lost into  the cooling water. 

In the new process with the addition of the high-pressure 
separation unit the excens ammonia is separated by flashing under 
the high pressure of 60-80 Kg/cm2G and condensed at 100-110°C by 
direct contact of liquid ammonia.     Thus the enthalpy of the gas- 
eous excess ammonia is effectively utilized and maintained. 

On the other hand during flashing some carbamate is decom- 
posed and  this is scrubbed in High Pressure Absorber by the ab- 
sorbent solution from Medium Pressure Absorber to remove C0?. 
The resulting carbamate solution at 130-140°C is recycled to 
Reactcr. 

Accordingly the feeds of both liquid ammonia and recycle 
carbamate solution have the higher enthalpy  than those of the 
conventional process,   the excess heat of Reactor can be used 
either to produce the nteam in the mixer or as a heat source in 
Reboiler of the decomposition section. 
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The above described improvement has brought about a lower 
utilities consumption a^d smaller size of equipment down-stream 
of High Freusure Separator and Ammonia Condenser. 

B.    Process Description 

The process is  outlined under the heads,   synthesis section, 
decomposition 3ection and    absorption section according to the 
process flow sheet shown in Figure-3. 

Synthesis Section 

Urea synthesis is carried out with liquid ammonia and gaseous 
carbon dioxide supplied from the ammonia plant.    Carbon dioxide 
is first boosted up by Centrifugal Compressor and then compressed 

p 
upto  180-250 Kg/cm G by Reciprocating Compressor to be fed to 
Mixer.    Liquid ammonia from Ammonia Absorber is prsssurized to 
180-250 Kg/cnTG  Dy NH-^ Peed t^ump and preheated in Ammonia Pre- 
heator,   a par!; cf it .Pljwint, .Vatu Mixer and another to Reactor. 
Steam condensate is used for preheating liquid ammonia.    Recycle 
carbamate solution is also charged to Mixer after it is pressu- 
rized to   180-250 Kg/cm2G by Recycle Peed Pump. 

In Mixer liquid ammonia,   carbon dioxide and recycle solution 
are mixed.    The excess heat in Mixer is recovered by exchanging 
heat with  the solution in Reboiler for Medium Pressure Decompo- 
ser.     This mixed solution in the mixer is reacted in Reactor to 
form urea. 

Decomposi ti on Secti on 

The reactor effluent solution,   which consists of urea,   ammo- 
..   an carbamate,   excess ammonia arid water,   is  depressuriaed   to 
60-80 Kg/crn G  through the let-clown valve at the top of Reactor 
and flows  into High Pressure Separator.    Here the excess ammonia 
and some of ammonium carbamate are separated  by flashing and the 
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overhead gas is Bent to High Pressure Absorber. The preseure of 

the solution is then reduced to 15-20 Kg/cm2G before it is fed 

into Medium Pressure Decomposer. In Decomposer the solution is 

heated in Reboiler by recovering the excess heat from Mixer and 

further heated by steam in the bottom part heat exchanger. The 

solution from Medium Pressure Decomposer is then treated in Low 

Pressure Decomposer and Gas Separator as the same manner as TR- 
CI Process. 

Absorption Section 

The overhead gas from the upper part of Gas Separator is ab- 

sorbs* in Gas Condenser by the mother liquor from Centrifuge and 

this solution is sent to Low Pressure Absorber as the absorbent 

solution for the gas coming from Low Pressure Decomposer. Then 

the solution is pressurized to be sent to Medium Pressure Absor- 

ber. In Medium Pressure Absorber the gas from the medium pres- 

sure decomposer is absorbed by the solution from Low Pressure 

Absorber and also washed by anueous ammonia solution to remove 

carbon dioxide completely. The pure ammonia gas from this ab- 

sorber is cooled and liquefied in Ammonia Condenser and fed to 

Ammonia Absorber with the fresh liquid ammonia. 

The separated gas, from High Pressure Separator is scrubbed 

in High Pressure Absorber to remove carbon dioxide by the absor- 

bent solution descending from the top of this absorber. Pure 

ammonia gas is condensed in Ammonia Absorber by direct contact 

of liquid ammonia from the ammonia condenser, the temperature of 

which is increased and the condensed ammonia ìB recycled to the 

reactor at 100-110°C. The carbamate solution is also recycled 

to the reactor at 130-140°C from the bottom of High Pressure Ab- 
sorber. 

The gas with the air from the lower part of Gas Separator i3 

scrubbed in Wasta Gas Recovery Column and the aqueous ammonia so- 

lution so formed is sent back to the upper part of Gas Separator. 
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The Total Recycle D Process,  based on the Total Recycle C 
Procese,  is not essentially different from the latter in respect 
of product quality and operability.     The high pressure system of 
the D Process,  including the carbamate pump,  has been tested in 
the pilot plant and excellent operability was ascertained. 

Figure-3t MITSUI Ï0ATSU TOTAL RECYCLE D PROCESS 

®^~"I®"*-  ®-t 

•*-   **   ® 

MINOR 
MOVMCff 

® 

1. Compressor 9. Gas Separator 

2. NH, Pump 10. Gas Condenser 

3. Recycle Pump 11. Low Pressure Absorber 

4. Mixer 12. Medium Pressure Absorber 

5. Reactor 13. NH-, Condenser 

6. High Pressure S eparator 14. High Pressure Absorber 

7. Medium Pressure Decomposer 15. NH-, Absorber 

8. Low Pressure Decomposer 
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V.    CONSUMPTION FIGURES AND OPERABILITY 

Mitsui Toatsu Total Recycle C-Iraproved Procese and Total Re- 
cycle D Process are the latest developments and the utilities eon- 
eumption figures are remarkably improved. 

The improvements of consumption figures are compared in 
Table-Ill. 

Table-Ill i    IMPROV^OWTS OP CONSUMPTION FIGURES 

Process 
TR-C TR-C-Improved TR-D 

Lis,. NH-j (tons) 0.570 0.570 0.570 0.570 

co2 (tons) 0.750 0.750 0.750 0.750 
Powsr* (KWH) 160 160 145 155 

(100) (110) (85) (110) 
Steam (tons) 1.10 0.90 1.10 0.85 
Cooling Water (mJ) 

25°C, t«15°C   67 64 55 55 

*s    When 42 Kg/cm   steam is available, C02 is compressed by 
steam driven turbine at the first stage,  and accordingly 
electric power consumption will be reduced to the figures 
shown in the parenthesis. 

One of the features of Mitsui Toatsu Total Recycle Processes 
is the good operabili ty because of easy operation. The on-stream 
factors achieved are shown in Table-IV. 
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Table-IVt    OH-STRBAM FACTORS ACHIEVED 

TR-B TR-C TR-CI 
* i 

Pus ri *2 UTC Osaka MTC Osaka 
Indonesia Japan Japan 

1964 103.51t 
1965 94.1 
1966 93.0 start-up 
1967 93.3 98.08* 
1968 95.5 97.75 
1969 84.2 97.28 start-up 
WO 98.4 97.80 96.3* 

«3 

»It    The plant has the capacity of 300 MT/D and «as atar ted 
uo in 1963.    On-stream factor is based on the annusi 
production capacity. 

•2s    The plant has the capacity of 770 MT/D and was started 
up in 1966.    On-stream factor is based on the on-s tres» 
days excluding annual shutdown for maintenance. 

•3t    The plant has the capacity of 1,500 MT/D and was start- 
ed up in  1969. 

This Table-IV proves that MTC Urea Processes has performed 
excellent on-stream factor even in the developing country. 
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VI.    ADVANCED TECHNOLOGY IN LARGE SCALE PLANTS 

A,    COg Compressor 

fhen the plant capacity is getting bigger, the combination of 
the centrifugal compressor and the reciprocating compressor gives 
much advantage to the plant efficiency. 

Generally speaking,   the reciprocating compressor needs to be 
•hut down every certain period to change the cylinder valves, 
and it can be said that the cylinder valves of the first stage 
have far more frequency to be damaged because of the moist car- 
bon dioxide.    The compression of carbon dioxide by the centri- 
fugai compressor up to  10 Kg/cm G or more eliminates this problem 
and accordingly the frequency of the plant shut-down becomes leso 
to obtain a stable operation and a good on-streara factor. 

Furthermore the recent ammonia plants generates the high 
pressure steam for export such as A2 Kg/cm G and Mitsui Toatsu 
Processes require only  13 Kg/cm G steam as the process e team, 
and it is quite economical to compress carbon dioxide by the 
steam driven centrifugal compressor with utilizing the diffe- 
rence of enthalpy between high pressure steam and  13 Kg/cm G 
steam.    This saves the electric power consumption by nearly one 
third of total electricity requirement of none available steam. 
Among Mitsui Toatsu Processes, already 4 plants have adopted 
this combination and it shows quite satisfactory performance 
as expected. 

B.    H.P.  Carbamate Solution Pump - Centrifugal Pump 

To pressurize the recycle ammonium carbamate solution up to 
the synthesis pressure,   reciprocating pumps have been usually 
used.    But as the plant size was getting bigger,  various problems 
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D.    Measures for Pollution Control 

When the prilled urea is produced,   the prilling tower ia 
normally used to make prills from the molten urea by air cooling. 
The air emitted from the top of the prilling tower contains fine 
urea dusts which is  the source of air pollution. 

Very recently the unique and economical technique has been 
developed.    The wet resin curtain with several ventilators will 
reduce the amount of dusts in the effluent air down to less than 
50 ag/Kar. 

1.    Computer Control 

The incorporation of the computer into the process contri- 
butes to the efficient production with various advantages. 

1. Increaje of production by  |uick and accurate action for the 
debottlenecking. 

2. Stable operation 

3. Optimization of operation 

4. Rationalization of production control 

In Mitaui Toatsu Osaka Factory,  770 MT/D urea plant is ope- 
rated with the closed loop control by IBM 1800 is being utilized 
for the data logging. 

Thus Mitsui Toatau has the first hand experience of the com- 
puter control in the fertiliser field and this is being appreci- 
ated highly in the world. 






