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Agriculture, contributing more than 50% to the

ABSTRACT.

GDP, is wvitally importantlto the national economy, Td boost
up the agricultural sectar, a huge amount of money has baen
invested in the agro-support and agro~baéad industries. The
" government is giving prioritylto build up the fertilizser
‘industry because its marginal éontribﬁtion is quite high.
Urea fertilizer is highly useful to boost farm production.
Bangladesh has, at present three urea fertilizer Factﬁries:
Natural Gas Fertilizer Factory(NGFF) at Fenchuganj, Urea
Fertilizer Factory at Ghdrashal(UFFG) and Ashugan j Fertili-
zer and Chemical Company Limited (AFCCL). A urea fertilizér
factory at Polash, Dhaka is also under construction under .

Chinese assistance program.
F I
Une of the major causses of the poor contribution by

these industries is the low capacity utilisation of its
machineries and equipments. If these factofies are to operate-
at the designed eéonomic level, the down-time of various plaﬁt;,
machines and equipments will have to be kept to a minimum. An
analysis of down=-time will help to identify‘the Causes Df‘fai-
;ure of machines and equipments énd thus help to remove these

Causes systematically.

Due to time and other limitations the down-time of

NH;-plants of UFFG and NGFF were studied here. Tha period
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of analysis for each factory was four years at the sama

ége level.

L has been found that the processss differ mainly
in sulphur removal from natural gss, reformation of natu-
ral gas, CO, and CO sepsration from process gas, synthesis

Pressure, conversion rate of NZ and H2 into NH3 atc,

Down—time of NHB-plant of NGFF is 3244 hours(5.89%
of totel productive time). Units which caused this dowri~
time are: Main gas compressor(356.50%), Primary Reformsr
(22%), Secondary Reformer(12%) and NH «Cooled Copper Solu-
tion Cooler(8.65%). Main causes of the failure of the units
are: high temperature (33.78%), leakage(2a.2?%). breakage

(12.05%), damage (11.54%) and excessive vibration(10.18%).

The doun-time of the NHy-plant of UFFG is 3010(10.14%
of total productive time) hours. In UFFG, Synthesis Compre-
ssor caused 16% of the down-tims and there was no down-time
due to reformers, The share of other units is: Methanator
Effluent Eponomizer(17.d5%), Synthesis Compressor. (15.87%),
Air Filter(13%), Methanator(9.3s%) and GV solution Pump(7.75%)
of UFFG. In UFFG, damage, leakage, high temperature and bloc-

kage contribute 35.99% , 35%, 15.88% and 7.69% respectively.

The down-time of Main Gas Compressor of NGFF is plotted

against the output pressure of the respective stages of the
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compressor.. The points lie on straight line. The equation

of the straight line is,

X

0.947Y — 9,478 =0

il

where X Down-time of the Compressor in hour

Y = Outpur pressurs of the Compressor (Kg/cmz)

Astonishingly thé same point of the synthesis compressor
of UFFG fits this line (well 3 It was not possible im this

thesis to identify the reasons,
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ABBREVIATIONS

ATHB Air=-Turbo-Blower

BTU British-Thermal-Unit

.BD . Bangladesh

DSV | Degulphurised Vessel

FG | Flue tas

FSS ; _ Feed Stock Steam

FGWHB Flue Gas Waste-Heat Boiler.

FAD/F.A;U Food & Agriculture Organisation

FNG Fuel Natural Gas
GDP " Gross Doméstic Product
GNP _ Gross National Product

.GPL, ¢/1 Gram per litre

GV Giammarco-Uetéocoke
HTS High'Temperature Shift
H.P.A./HPA High pressufe Absorber
IDF Induced Draft Fan
K.O. Knock Out

K.Cal/K+Cal Kilo=Calorie

“Ko/cw?A - Ko/cm? Absolute -
Kg/cmzﬁ Kg/cm2 Gauge
LTS " Low Temperature Shift
Mm3/mm3 (.Milimeter)3 7 |
m3 _ (Meter)3



Mea/MEA
MGC

T

MP

NGFF
NNP

M
DSR

. PNG
PSIG
PR/IRF
PGHEX
SS5P
SCF
t/hr
TSP
UFFG
1RF

2RF

Mono-ethanol~amine

Main GasVCUﬁpressor

Metric Ton

Muriate of Potash

Natural Gas Fertilizer Factory :
Net Nz*ional Product

Normal metre-Cube
Organic-Sulphur-Remover
Process Natural Cas

Pound per square inch gauge
Primary ReFDrﬁer

Process Gas Heat Exchanger

Single Super Phosphate

? Standard Cubic feet

Ton/hour -
Triple-Super Phosphate

Urea Fertilizer Factory, Ghorashal

‘Primary -Reformer./Ist Reformer

 Secondary Reformer
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11 . ldentification of the problem

One of the challenging problems for Eﬁémgégﬁgggjl&?kff
developing countries like éangladash is its over population.
It has an area of 141,100 sq okm. and populafion of about
90 million making it densely populated country in the worlde.
About 80 percent of people are. dependent on agriculture.Thus
pressure on land is vary highe. Though the diffused rayé of
development have started reaching the cbuntry side scientific '
' knowledée -could not be Fully uti1ised to improve-the -economy
of tHa country. Bne of the fields where immense effort is nece-

ssary, is - _agriculture.

The per capita income of Bangladesh is the Fifth‘lomest
in the world. The cdntribution of agriculture towards the Gross
Domestic Product(GDP) in 1980-81 was 53%(A-2) and that of indus-
try only 7.3%. Hence: .rpriority projects for the davelopment
should be in_agEiculture. The policy of thé government -is
rightly directed toward this goal. A hﬁge;some OF_mdnéyhas been
invested for. ths égro-support_and the agro-based industries.The
government is givingwpfiarity téfbuild ub the fertilizer industry
because the marginal contributibn of the fertilizers is QUifa'.
;'higﬁpr.* | | | | o

Thers are many ways of classifying fhe'FartilizerstThesé aret

1. According to the nature of source
a) Natural fertilizers
'b)v'ﬂytificial fertilizers

C)_ Mineral fertilizers



a. Natural fertilizers
These materials are naturally available in a firm or
locality and are constituted mainly of the remains of plants

and animals. Example: farmyard fertilizer, compost etc.
b. - Artfficial fertilizers

The materials included here are found either as
deposits like the phosphate rocks and potash minersls or
' artiFicially manufactured products like ammonium sulphate,’
superphosphéﬁe. urea etc. Mainly all these are. of inorganic

nature.

Ce Mineral fertilizers

These are found in the ash of the wood, the phosphafes,

'Fhe-chloridas,-sulphates'oF the alkhaline earth-metals.

2. According to.nutrient _content
Be Single faertilizers.
b. Compound fertilizers

a.  Single fertilizers

The fertilizers having-only.one nutrient element are - ..
included in this group, for instance, ammonium solphate,urea

- etc,

b. ‘Compound féftilizers

Thess materiéls wvhich are capablie of supplying more than

one nutrient_elements. For example (1) Ammonium phosphate

-



supplies both nitrogen and phorous and (2) Nitrophoska

supplies both nitrogen, phasphorus and potassium.

Se According to the nature of action

8. General fertilizers
he Special fertilizers
Ce Stimulated.substances

de Soil amendments or soil conditioners ' -~

ae General fertilizers

When added to the soil, these'undergo a series of changes
and releass many nutrient elements which are required for crop
growth. Examples; farmyard nature, compost, gre’ fertilizer,

sewage sludge and guano.

ba Special fertilizers

When édded to the soil, these undergo only few changes
and release ﬁne or more plant nutrient elements. All the nitro-
geneous phosphatic and potassium fertilizers are included in

the group. -
c.- Stimulatedsubstances - -
rThese are the carriers of trace elements. They are said to

be stimulated in their action on plant growths

de Soil amendments or so0il conditiﬁﬁers
These are capabla of increasing the crop growth by
su1tably modifying the phy91cal, chemical and blOnglCal

: propert;es,of the soil, for instance, gypsum and lime.



Another classification of fertilizer‘is listed in

Annexure-A-B%

Nitrogsn, among the plant nutrient, has the most pro-
found influence on plant growth. Insufficiency of this nutrient
as well as excess is liable to reduce the yields and impairf the
quality of the produce. It is a constituent of protoplasm and is
closely associated in the activity of éuery living cell. Conse~
QUantlf, excess or déficiency oF this nutriaqt will immediately

affect the plant growth.

Though young ﬁlant require more nitrbgen than those appro-
ching matﬁriﬁy, the'plants continue to absorb nitrbgan throughout
their life. Hence an adequate supply of nitrogen is essential in
the soil for good plant gro-;.a-:;-h.z ]

Nitrogen is available at various percentage in different

42
types of fertilizers (table 1.1)

i

The nitrogen content(46%) in urea fertilizer is the
maximﬁm of all nitrogsneous fertilizers. S50 urea is the main

fertilizer for supplying maximum nitrogen in the soi}e.

Methane gas is ‘the main raw material for the production
of urea fettilizer. In Bangladesh, NG contain about 99.5% methane.
It is aveilable at low cost and for this reason NG based fertilier

is suitable for our country. Government has invested huse amount
/ _ ‘ , ,

of money in urea fertilizer pfoduction and also decidéd to install

‘more fertilizer factories in futdre for the fulfilment . of countr?'s

!

demand as well as to sarn foreign currency throuéh export.



Table

Te1 E
wing™ the

Different types of nitregeneous fertilizers sho-
nitrogen content

Name of Fertilizar

Nitrogen Form of Nitrogen
content %
1«  Sodium nitrate (Nano ;) 16 Nitrate
2. Pottasium nitrate (KND3) - 12.5-13.5 Nitrate
3 Ammonium sulphata(NHa%ZSDa 26.6 Ammoniacal
4,  Ammonium Chloride(NHaCl) 26.0 Ammoniacal
5.% Ammophos-A 11.0 Ammoniacal
é.* Ammophos-B 16,0 Ammoniacal
7.  Ammonium nitrata(NHaﬂos) 33,0  Ammoniacal 16.5 +
. Nitrate 16.57
8. . Ammonium sulphate nitrate 25.6 - Ammoniacal 19.0 +
Nitrate 6,6
, 9. Urea -CD(NHZ)2 46,0 Amide
10, calciumtgygggﬂgag(tacsz 20.6  Amide
11« Oried Blood ' | 3414 Protein(organic)
12. Ground nut caks 8.0 Protein{organic)
13. Meat meal 9.0—11.0 Protein{organic)
14, Guano 10,0 Proteiﬁ(organic)

* Ammophos-A ——LCommercial

Ammophos-B

monocammonium phosphate

Commercial grade of ammonium phosphate

containing 16% nitrogen and 20% P05

&



NGFF (Natural Gas Fertilizer Factory) is the first

. urea fertilizer Faétory in the counfry. Its commercial pro-
duction of urea started in 1962 with an annual ratsd capacity
of 1,06,000 MT (353 MT/day). UFFG {Urea ?artilizer Factory,
Ghorashal) started in a970 with an annual rated capacity of
3,40,000 MT(1133 MT/day). AFCCL(Ashuganj Fertilizer and '
Chemical Company Limited) at Ashuganj with a cepacity of
1600 MT per day is giving commercial production since 1962.
The fourth factory with a capacity of 1730 MT of urea per
day is under implementafion. It is axpert oriented and will
be erected at Lhittagong. A Chinese assisted ursa fertilizsr
factory at Polash, Dhaka haQing an- annual rated capacity Uf
100,000 MT(3}3 MT/day) is also under construction. Unfortuna-
tely, these factories have Failed to produce the promised
return.-ﬂne of the major causes of thé poor contribution by
these industries is*\ﬁ;sﬁntdlerably low capacity;utilisatioh

of its machineries,

Bangladesh imports machinery and equipment by using
its hard-earned Foreign currency. Therefore full utilization
of these machineries is necessary.ﬂtflﬁihitgféf Q%iqihggex‘
Perience in urea production’troubles and failures of machines,

equipments and plaﬁts repeat in these industries. 3

If these factories ars to operate at the designed

economic level, the down~time of various plants, machines
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and equipments will have to be kept to & minimum. An analysis
of the down-=time will help to keep these bottle-neck points in
oper tion and also in seiectiun.of process for the future urea

fertilizer factoriss.

1.2 Objectives

In the light of the zbove discussion two pionegr urea
fertilizer industries, namely Natural Gas Fertilizer Faétory,
Fenchuganj(NGFF) and Urea Fertiliier Factory, Ghorashal (UFFG)
will be studied in this thesis. The analysis was based on the
down=time of the machineries and equipments, It will not be
correct to compare the data of the same year, because the age
of the plant has an influence on the down-time. Necessary corr-

ections will be accordingly made.

Due to time limitation of this thesis, ths down-time
analysis will be 1limited to the ammonia plant of the indus-

tries. The objective of the analysis will bes

Te To identify mgchineries and equipﬁents » which caused the
Plant shut-down and‘the inFluencé on wursea production,

2. " To identify the technological constraints; such as tem-
pgrature, leakage, pressura, which caused.the failure
of the machinsfies and 'SQUipments. The relative weigh-
tage of these factors will also be calculatad.

3. To compare the processes ussd in both the fertilizer
factories, |

4,. To recommend suitability of various machines and

8quipments used in the ammonia plant .
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2.1 History of .NGFF °

Lﬁcatad at Feﬁehuganj in the district of Sylhet Natural
Gas Fertilizer Factory (NGFF) is the pioneer fertilizer pro-
Ject of the country end consists of Ammoniga plent and Urea -
Plant including auxiliary facilities like Power Station,Water
Treatment Plant etc. The Urea and Ammonia Plant including auxi-
liary fa&ilitieé like Water Treatment Plant, Meintenance work-
shops, Laboratﬁry etc. was .erected b}._KUBE STEEL LTD. of
Japan;:Therfactory has its own Power Plant having three turbo-
generators of -12 MW each which was -arected by Mitsubishi Heavy
Industries Organised Ltd. Later in 1969, ons Ammonium sulphate
‘plant was'set up to megt the demand qf tha neighbouring Tea
fstatese The Ammonium Sulphate Plant was constructed by MITSU-
BISHI SHOJI KAISHA LTD. of Japan. '

The chief rav materials for the factory ars Natural Gas
and Sulphur. Natural Gas as feed stock and fuel is received
from Haripur gas field 28 miles awa& from the factory. Sulphur

is imported raw materials;

| 1.  Date of coﬁmenceﬁent of trial production, Dsc, 1961

2, Date of commencement of commercial production, July,1962
3. Capécify of production of urea, 106,000 MT/Yr.

4+ Capacity of production of Ammonium’ Sulphate,]2000 MT/yr.

Se Consumption of utilitias;.

8) Make up water 1700 MT/hr,
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b). Cooling Towsr of Power Station 550 MT/hr.
c) 'Sanitary Water : 200 MT/hr.
d) Pure Water 150 MT/hr.

8) The powsr plant has three generating units with a
capacity of 12 MW sach, Nﬁrmally two units ars in
continuvous operation and the other one ig kept
stand-by alternately to facilitate maintenance

., works. | |

252 Dsscription of NGFF X

: Hﬁin raw materials éor the production of urea fertilizer
are_liquid ammonia, liquid carbon~di-oxide and air. The former
two components ars manufactured from the ammonia plant from

thg Natural Gas. The natural gas is received from Haripur Gas

field whose chemical analysis is given in the Annexure- A- 8

AMHUNIA UNIT

The raw materials used in NGFF for the syntheeis of

Ammonia are Natural gas(NG),air and water.

26241 + Desulphurisation process

224241+1 Process Description

Thé natural gas obtained from gas field.is kept at a
Presaura 10'kg/cm2 and is rsceived in Hain Gas recsiver.from
the Main gas recaxvsr, a portion of natural gas used for proce-
Bsxng which is called as Proceas Natural gae(PNG), another por-

tion used as fuel which is called Fuel Natural Gas (FNG).
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The PNG then passes through the Organic Sulphur

" Removel (DSR) vessel containning catalyst which removes
hydrogen sulphides and organic sulphur. The catlyst is
actiuatad charcosl. The sulphur content of the gases
leaving the OSR vessel should be held to 1 or 2 ppm
maximum as sulphur will poison the primary refermer |

catalyst,

qéﬁz.z Rafd:ning Process
ij52.2.1 Primary Reformer

In the primary reformer, the catalyst is contained
~in the long vertical special al{oy stainless steel tubes
(25 dr, ib Ni ) . Tﬁesa tubealare arranged in the cylind-
rical Arefractory—iined combustion section of the furnace
Ny in two;vertical Planes on the dia-mster of the heater and
intersecting at right angles, Natural-gas is used to fire

“the furnace.‘

.2,2.2.2 Secondary Reformer
w

This vessel contains similar cétalyst to that in

thB.Pfimary reformer but is arranged in a éingle bed.

2e242,73 Catalyst |
Reforming'tatalyst contains 22-25% of Nickel deposi-
ted on the refractory of Mgo, Al,0,, Ca(_AlOz)2 and CaSio,.

It has the colour of‘atfam due to oxidised Nicksl.
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'The Cétalyst is insolubls in water, but 1us=es actl-

vity mhan the water containsg sulphur compounds or dissolved

saltg,

Hhan to start the processe with thls catalyst wet with
water. the temperature should be raised at the rate louwar

- h th
than 38 C/hr; because at ths rate higher than 38 C/ T, the

watsr in the catalyst vaporizes very Quickly end result in

the axpanslon of the volums of ~catalyst, Thus the strength

of catalyst is reduced.

When N1 in this catalyst is in oxldlaed state, the

catalygt may be heated to 980°C in NZ staam or air,.

Ths catalyat is strong agalnst temparature change but

ths tamperatura T, ise lowser than 96 /hr is desirable. '

212.2.4 Procees Deacrlption

The Pruceas Natural Gas(PNG) from the OSR vessel is o
mixed with steam ang then passes through the Mixed Gas Prahaa—

ter where it is heated to 350 (M by heat exchangs with hot con-

vertad gaa from the Oo—conuertur.

The resul tant mixture passes over catalyst in the Pri-

mary raformer tubes and the following basic reactions occur.

Co .+ H,0 = c02+ H2 + Q3K;Cal,

e T
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Leav1ng the tubes tha reformed gas has a temPBrEtUrB
of 620° C, while the flue gases which surround the tubes leave

tha furnace at about 800° c.

Reformed gas and eteam mixture leaving the furnace
enter the Secondary Reformer. At the inlet of the secondary
reformer sufficient air is mixed yith tﬁa incoming hot gas
from the primary reformer to give the deeired ratio of hydro-
gen to nitrogen in the product gas after CO conversion. A
portion of the gas bufnef with air in the upper part of the
2RF, resulting in a temperaure of-about 930°C, As the gases
Pase through the catalyst, bed reactione s;milar to those

occurlng in the primary occur and reault in lowering the CH4

content of the exit gas to about O, 3%

Leaving the 2RF, the reformed gas is cooled to CO,

" convereion temperature in the Reformed gas Waste Heat Boiler.
‘The tempsrature 410°C at the iﬁlet of the converterlia governed
by-amounts of hot reformed gas passed through and by passed

arbund the boiler,

The CO-converter is charged with catalyst Fe;0, which
Promotes the water gas shift reaction, removing moét of the
L0 and producing additional hydrogen, This raactlon ie &xo~
thermic and generates heat. The reformed gas from the Waste
Heat Boiler .- enters into the CO-converter at 410° and leaves

ae converted gas containing about 2% CO at about 440°C.
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Leaving the CO-converter the converted gas is par-
tially cooled by heat exchange with the incoming reaction

9as and steam in the Mixed Gas Preheatsr.

The gas passes through the tube aide of the carbo-
nhate reboilers giving up heat for carbonate solution regene-
ration and then Flows to the Gas Scrubber Cooler for final
" cooling before comprsssion. A Knock~=Dut=ODrum affords produc-
tion to the compression ssction in case of carryovsr from
the Gas Scrubbsr Coolef. Water exit the Gas Scrubber Coolar

is used to heat boilsr feed water and then sewered.

_23.2.'2.5. Dperating Conditions

First Reformer (1RF) outlet Process gas temp. =620°c,

Secondary Reformer(2RF) outlet process gas temp=816°C,

COéconverter"inlet Process gas temperature - =410°C,
CO-converter outlet process gas teﬁperature =440°C,
Flue gas temp. at the outlet of 1RF ) =800°C,
CH4 ‘Gontent-atithe- outlet~gas@oﬁaaﬂf. _ =7.7%
Steam/Drygaa ratio at 1RF outlet gas o = iri
CH, content at the outlet gas of 2RF - = 0,3%

CH4 content at the outlet gas of CO-converter = 0, 2%

The flue gas from the Primary Reformer is added to
natural Qas in the Down-comer and then passed through Flue Gas
Waste Heat Boiler(FGWHS). The gases burn in the Down- comer

raising the resultant mixed gas temperature to 1040°C. This
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‘gas mikture is then cooled in the Flue Gas Waste Heat
Boiler to about 900°C ang is discharged into the stack

by Induced Draft Fan (IDF),

2e2¢3 602 Removal Process

2424341 Process Description

Synthesis Qas from the.Ia£ staba of comp}ession'enters
the CO ~absorber at about 20 kg/cm® and 107°C containing appro-
ximately 16 7% of C02. In paesing ‘through the carhonate solu-
tion follwing counter cufrently over rasching ring made of iron

CO, is absorbed according to the following reactions.

cho3 + C02+H20 = 2KHCO3 + Heat,

The gas leaves the CO2 absorber at approximate 96°C
and 20 ka/em? . Heat is removed by indirect cooling with coo-
11"9‘Wat9#—in“thé gas after codler before final separation of
condengate in the knock out drum., The temperatur;r;nd prassure

. ., - o
of the gas returning to the 2nd stage compressor are about 40 C

and 19-#'Kg/cm2 o Then it enters ths 3rd stage compressor.

Dne third of the solution(equivalent 20-25% by weight
K2C03) conta;nlng approxlmate 15mm3 of 602 per m3 enters the
top of the Absorber at 93°C after being cooled in the salutlon
cooler and diluted with condensate from the C02 and Water
Separator. The remaining two third of the solutlon enters the

Absorber bstween the two beds of packing at esaentially the

temperaturs in the Reboiler(112°C),
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The rich solution leaves the Absorber at 107°C con-
taining approximate 30 wm” of coé per n° flashee into the top
of the solution Regenerator. The flahsed gas mixed with the
C02 rising from the Packing paeses to the Overhead Condenser
where it is cooled to 43°C, Water vapour condensed is separa-
ted from CO, in the €0, and Water Separator. €0, is piped to
Urea Plant. The condensats is pumped to the Absorber top soly-

tion feed line by the cendeneate Puap,

Liquid from the top of the Regenerator passes douwn
through the paéking and into the Reboiler giving up coz accor-

ding to the following reaction.

2KHCO3 + Heat = K CO3 + C02+H20 Heat for the reaction
' is eupplied by hot gaeee from the Gas ' Reforming Section. The
regensrated or lean solution flnwe.to the solution pump for

recycle to the absorber.

néLZ.d High Pressure Purification Process
2+2.4.1 Process Description

The discharge of the 3rd stage of the compressor is
a gas mixture which is expected to consist on the average of
H, and N, in the ratio of 3 to 1, togsther with 002, co,CH,

plus argon.,

All of theee gaaee except N, & H2 may be considered
impurities, either bscause they are catalyst poisone or because,
merely by their presence, they reduce the effective hydrogen-

nitrogen preaeure. Furthermore, carbon di-oxide may form
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ammonium carbonate or carbonate, which may plhg the synthesis

process lines.

The third stage output of the Main compressor at a
normal pressure of 135 Kg/cm2 Floﬁs through the Copper-Liquor

~Scrubber where it is scrubbed with refrigerated cu-liquor,

Copper liquor scrubber consists of Pive layers packed

with iron resching rings and reduces CO to 5 to 10 ppm and 802

]
50 to 60 ppm,

Then the gae enters the Final purifisr where C02 con-

tent is further reduced to O to 5 Ppm by Ammonia aqua.

The gas laaving tha final purifier flows through the
High Pressure (H.P.) Separator whefe-any entrained liquid is
removed and then to the fourth stage suction of the main com-

Pressor.

_ ‘The cu-liquor leaving the scrubber flows to the top
of the copper-liquor Regeﬁeration tower which consists of
2 layers Packed with 38/38 iron rasching rings. The liquor
flows through the upper layer downward releasing almost all

CH,» Hys N, & CO which have been absorbed physically.

Then it enters the Copper Solution Steam Heater where
it is heated to 78°C to release remaining CO,C02, NH3 etc. and
returns to the Copper-Solution-Regeneration-Tower layer, flous
down to the bottom and then enters Coppar-Solution—BufFBr Tank
where it stays a little while to release all the remaininggas.

Here the rsgeneration ie completed.
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The gases releassd in the above mentioned process (CO, Co,,
. CHa, NH3 & Nz)'entar the Copper-Solution Regeneration Tower,
'go up through the tower'giving heat and NH3 to the liquor

being regenerated ang arevented from thefsyétem as off gas,

The off gas entars g stsam jacketed hipa and haated to
Prevent ammonium carﬁonata formatidn. The off gas, containing
Principally CO, is burned with flue gas entering Down-Comer
and then Flue Gas Waste Heat Boiler in the Gag Refarmlng

Section,

+4 : - ,
To keep an adequate ratio of cu air is added to the

bottom of tha Regeneratian Tomer.

The amduht.af NH3 in the copper-l;Quor is adjusted by

adding NH3 to the top of the Copper Solution Buffer Tank.

Generated Copper-Liquur(about 75°C) is pumped from the
Buffer Tank by a low pressura copper solutlon pump(about
5 Kg/cm ), through the ehell side of the water coolad cu-solu~-
tion cooler(about 40°C at the exit) and the tube side of the
NH3 Cooled Copper Solutlon Coolar where it is cooled to appro-

: xlmata 0°C

The cold Tegenerated copper liquor then passes through
the copper solution pump suction Fllter to the He P._CUfliquor

Pump which pumps the liquor to the coppe; liquor scrubber,.

A small amount  of cu-iiquor leaving the Water-Cooler is
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the Buffer Tank to remove solid impurities and foreign

materlala.

Ths aqua NH made from pure water and NH3 gas from
NHB—Recovery and Storage Section, leaving the final Purifier
flows to the: Aqua Let-Down Tank and from thers to the Urea

pl ant.

‘242.4.2 Chemistry of the Process

Tﬁe solution used for the absorption qf Co is copber
ammonium acetate-carbonats liquor containing approximate 125
Gram/Litre(GPL) of cuprous copper and 25 GPL of. Cupric Coppers.
It is prepared as the‘acetate“sdlt_and initially contains

little or no carbonate,

The b531c reaction which take place during the ebsorp- .
tion of CO by copper-liquor and regeneration of the liquer are

outlined below:

Te Copper Liquor Scrubbing

Co is absorbad‘by the copper liquor with the formation
of the cuprous CO compound and the liberation of a considerable

~amount of heat,
Cu (NH,) coocH, + co = Cu(NHy), CODCH,CO+ heat  (4.1)
Cu(NH;) | 2C0, + sz = Cu(NHy) = 2C0;~2C0 + heat (4.2)

CO2 is absorbed by free NH; to form ammonoum carbonate.

This reaction also liberates heat.
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' .3
2NH40HA+ Co, =(~Ha)zco3 + H,0 + heat (4.3)
O, » it present is absorbed by the curprous salt which

is oxidized to the cupric form,

2 Cu(NH3)  COOCH, + 2CH5C00 +0, +2NH,

= 2 Cu(NHg) +1(cooca3) +,0 (4.4)
Cu(NH;) 2603+2NH3 +C0, + 10, = 2Cu(NHg) (4.5)
2. Refiux

The rich liquor at about 25°C enters ‘the top of the
reflux section which is the upper' layer of the Regeneration

Tower.

- Some of the absorbed gases flash off ang most of the NH,

driven off. at the regeneratiun temperature is reabsorbsd.

3e Regeneration

The solution is heatsd to 78°C revarslng reactlons(d 1)

and (4, 2) to liberate co.

4. Reduction
In addition to the above regeneration reactions, some of
the CO which is in the Cuprous complex salt is known to decom-

pose in such a wvay that 002 and metallic copper are formed.

2 Cu(NHy) CooCH,CO + H20 + hsat |
= : - - 4.6
2 Cu*2NH,COOCH +C0,+(2n-2) NH, (4.6)

Cu(NH3)n2003. 2CO0 + heat = 2 Cu+2nNH;+2C0,+C0  (4.7)
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This metallic copper will react immediately with the

cupric iren and reduce them to burprbus state.

(
cu(mH3)n+1§OOCH3)2 + Cu +(n+1) NH,

= 2 Cu(NH3)n COOCH, (afa)

The above .reactions follow laus of equilibriumy For
example in cold solutions with high,partial pressures of CO and
C02 in fhejgas phase, reéctiona (4.1), (4.8) & (4.3) will pro-
ceedltomagd the right, whereas in hot solutions with high con-
centrations of these components in the liquid phase and low
partial Pressure in the gas phase, theaé reactions will reverse

~ and proceed to the left.

5¢  Aqua NHy Scrubbing

Te rémoua all but a trace‘of the gas stream the gas is

ecrubbed-in the Final Purifier-with a 5% NHAOH solution.
2NH OH + co —(NH4)2803+H 0 + heat (4.9)
'242.4.3 Operating Conditions

_The gas contents under the normal operating conditions

are as follous:

Inlet Cu-  Inlet  Exip
Liquor : Final High
Scrubber : Purifier Pressurs
_ Separation
Hy | 72.2% | -  T4.48%
mz B 2&.1% E - 2&082%
co 2.40% 5to 10 ppm - 5 to 10 ppm
ifz 0.61% 50 to 60 ppm 0 to 5 ppnm
2 trace O ppm O ppm

CH h P : o
-4 Geq - &' 70%
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24245 Synthesis Process
-?.2.5.1 Process Deecription

After fourth etage compression, purified gas enters
the synthesis section at 300-365 Kg/bmz. The system pressurs
changas éccording to the activity of the catalyst, gas contents
converten tempqratufe and epace vélocity. This gas is expected
to contain about 'Sppm 602, 10ppm Lo, No 02, 0. 3% argon, O.Q%
CHy» 74, 5% hydrogen and 24, B% N, ' :

This gae is referred to as Make up 985- Make up gas,
together wlth recycled gas from the circulator is passed through

the filter to remove any entrained oil.

The geses then Pass through thérshell of the Col Exchan*
ger exchanging heat with the low temperature gaa(about OOC) in
the tube eide and the tempsrature of the gas is lowered down

to 2-15°C ang part of the NH in the circulating gaa_ie'GOGdBHGBU

to liquid NH3

Then the gases entsr the NH3 cooled condenser and are
cooled down to 0°C or belgw. Here the NH3 content in thelc1rcuj

lating gas will be 3 to 4%.

3

The mist-free gas leaving the Sécondary separator where
the liquid NH3 is separated from the gas stream is sent through
the tubes of the Cold Exchénger, Passing through which the tsmp-
erature of tﬁe gas rises to 15-35°C_tu the NH3*§onverter.

The NH3 convertsr consists of Heat Exchanger part and

_catalyst bed,
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The circulafing gas enters the shell side of the
 Heat Excﬁanger Part, where it exchanges heat with temperature
reaction gas in the tube side and then passes through catalyst
bed cooling tube absorbing reaction heat. The circulating gas
temperature at the 1nlet of the catalyst is &20-450 C. In con~

-verter the follomlng reactions takes Place.
Nz + 3H2 ;? 2NH3 +u?5.6 K.quf
The reaction gas tempsrature is lowered down to 165 -

200°C passing through the tube sids of the Heat Exchanger part.

The gases leaving the converter are sent to the Water
Cooled condenser, {where thay.afe cooled down to the cooling
Uater tamperature.and £5-90% of NH3 is condansed) and following
it the prlmary Separator mhare about 50% to 60% of the total NH3

pruductlon is separated, -

‘The gas then pass to the circulator where the gas pre-
'ssg;e is increased from about 330 Kg/cm2 to about 365 Kg/cm“ or

enough to dvercume the pressure drop through the system.

The gas from the c1rcu1ator dlscharge passes to the
fllter whera addltlunal Make up gas is introduced and the cycle

repeated.
A small portion of the gas leaving the Primary Separator
is purged from the eystem-to préuént the accumulation of inerts

(CHa.and Ag).



NH3 which has been removed in sither the Primary or
the Secondary Separator is let down to 17-187Kg/cm2 and piped

to NH3 Storage and Recovery Section.

-f32.5.2‘ Operating Condition

NH; content of the gases at the inlet of the converter= 3%

NH3 content of the gases at the outlet of the convertor=15,8;

.v?.2.6' 802 Removal Process From Flue Ggs
=J2;2.6.1 Process Deecription

502(10-6%) in the flue gas of the Powsr Plant is reco-
vered as pure C02‘(99% or abovs) by means of Honoethanpl Amine

. (MEA). Recovered CO éés is used for synthesis of Urea,
2 , )

802 content in the vent gas exit the C02 absorber is

normally below 0.4%.

Process Flue Gas(FG) is taken out just after boiler 1,0,
fan, FGC at atmospheric pressure and 160°C enters. FG Cooler where
it is washed and cooled domn to 37°C is separated of water passing
through Saparator and enters FG Boiler, suction pressure of whlch

is 0,95 Kg/cm A.

FG leaving FG Blouwer is 68.4°C & 1.21k and enters the
bottom of C02 Absorber whera CO2 in FG is absorbed by MEAR Solu-
tion(CO lean and 41°C),

FG now free of 802 leaves the Absorber from the tep,
~enters separator where it is separated of water and MEA'carrybvap

and is then vented to atmosphsre at a1OC.
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Mea mist carried over and separated in the- Separator
‘returns to COZ-Absorber bottom, Temperature at the Absorbar

bottom ie 55°C and almost all co,, in FG is absorbed.

Mea solution now C02 rich and at 55°C flows through
rich solution pump and then heated to 95°C in solution Heat
Exchanger, filtrated by Amine Filter and enters the top of

Amlna Ragenerator. K

Pressure of CO2 rlch amine SOlution is reduced to 0.9
KQ/CN G { which is the pressure of Aming Regenerator) and a
part of 002-13 set free Amine solution is regeneratad by hot

vapor from Reboilep- while going down to the bottom,.

CO2 in the amine solutlon is almost completely evapo-
rated, Solution temperature at the bottom of - the Regenserator

is 121°c,
Reboiler'is hgated'by“B.S_Kg/cmz steam.i
Mea solution at 12108 now tOé laah, is éant to tﬂe shell
side of Solution Heat Exchahger by pressure difference, where it
18 cooled down to 80°C. Then it enters the shell side of Solution
Cooler and is cdoled_furfher down to 40°C and it flows to lean

solution pump.

Mea solution ig pumped to the top of 802 Absorber which

keeps the solution flow at 74t/hour in normal operation.

Thus the circulation of Mea 3olution(co abaorption and

regeneration cycle) is continued,
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CO, and steam mixture leaving the top of Amine
regenerator at 108°C is cooled down to 40°C passingithrough
. : _
Overhead Condenség is separated of water in Acid-Gas Sepa-

rator and goes to 802 Gas Holder.

In the operation of the CO?-ramuval section, 02
should be below 2.5% Soda ash is used as MEA dBtergent and
10% CuSOa agua is added as inhlbltar of corresion.

Chemical reaction-in thishsection is CO2+H20+2NH25H20H

= (HUCH CH NH3) CO MEA solution contains 18% Wt. of MEA.

-

UREA UNIT

52.2.7 Urea Synthesie and Separation
2;2.7.1 Process Description
Liquid NHy is subcooled in NHy Subcooler by brine

and fed to Synthesis Antocleve at pressure of 300 Kg/cm? by

liguid NH3 feed pump.

Liquid 002 from storage tank through CO -Cooler in

' which liquid C02 is sub-cooled by brine is fed to Autoclave.

A small amount of_air is sent to Synthesis Autoclaﬁe
and Ekcesa NH# separator by Process Air Compressor for pro-
tecting corrosion inside of tha‘abbue vessels. LiEIuid'NH3 and
CO2 mixed in Synthesis Autoclave react to form the reaction
'mixtura consisting of Urea, carboﬂate, water and aexcess NH}.

Discharged mixture from Synthesis Autoclave enters to Excess



50

NH; Separator which is e kind of distillation tower. Excess
NH3 sepafatad-as a gas exists from Excess NH3 Separator top
and it is transferred to Exﬁass NH3 condenser where NH3 gas
is condensed returned to-NH3 storage Tank. Reaction mixture
separated from excess ﬁHs is transferred from Excess NHy

separator bottom to Decomposition and Evaporation section,

Synthesis Autoclave

Liquid 802 Liquid NHJ and process air enter to Syn-
thesis .Autoclavs bottom, These mixture reacts to form Urea,
carbonate, water excess NH3, HZ'NZ and 02. Pressure and temp-

erature is controlled by changing NH; or CO, feed ratio. The

reqction being exothermic, no external heét is requireds

Excess NH3 Separator

This separator is designed to'aapérate most of the
éxcasa NH3 pPresent 1n'react1§n mixture from Synthesis Rutuélave.
Heating coil is prepared at the bottom to hsat thes autoclave
products by 10.5 Ké/cmz steam, Excess NH3 esparator is equipped
with a top condenser, A pOrtioh'af the stripped NH, gas is
condensed by cooling water, which passas down to Tower as
reflux and the reat"passaé as a gas. NH3 gas from Excess NH3.
separator is delivered to Excess NH; condenser where the NH,

gas is-condansed and returned to NH3 storage Tank for reuse,

2;2.7.2 Operating Conditions
From Excess NH3 separator, excess NH; gas is sepa-

rated from urea solution, The constituents-of Gas aﬁd urea
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solution is given below:

Name of Inlet of Name of Inlet of Excess NH3
Constituents Decomgosag . constituent Condenser
Kg. mol/hr. % of Wt. | Kg'mol/hr
NH 69.4 1241 NHy 317
Carbamate 2647 21.1 - Nz 12
solution : .
Water 98,7 18,0 |
2.28. Decomposition ang Evaporation Process

2:%.3.1 Procees'Descriﬁtion(Decomposer System)

Synth991s solution from the bottom of Excess NH3 sepa-
rator is sent to Decomposer in which unconverted carbonate is
disassociated back to NH; and CO by heatlng:mlth 10.5 Kg/bm
steam. The gases and solution mixture are delivered to Decom-
Poser Separator where the reactlon mixture is separated to tha
mixed gas of NHs, co,, H,0 and Urea solution accompanying small
quantities of diéSolved_NH3 and 002. The mixed gas from Decom-
Poser eeparator is passed overhead to Absorber Stripper and’

urea solution delivered to Evaporator system.

In the Evaporator ‘urea solution is heated up by 10.5
Kg/cm? steam and the cnncentration of urea solution will be
brought up to more than 99, 5%« In Evaporator, Vacuum is taken
and air stripping is performed to avoid formation of bluret

as far as possible,
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Interior of Evaporator is maintained vacuum by

steam e jectors,

Urea solution concentrated more than 99.5% is deli-

- vered to Prilling Tower and is formed into sphoricol droplets
The mixed gas of NHy, 802 and H20 from Evaporator is woshed

- with ammonium oarbonate solution and then passes into Evapo-
rator surfaco condenser where some of the gases are condensed.
| Thls condanaates ars collected in Evaporator Hot Well, Gases
not condensed then pass to Evaporator Inter-Condenser and
Evaporator After Condenser for Cooling and condensation and
collected in Hot Well and gases not condensed too is purged
to the atmosphero. A portion of solotion collected in Evapora-
tor Hot Well is pumpod into washer by Washer Spray Pump and
circulated to wash evaporating gas and the rest is deliversd

to NH, Strippor;Systom by Evaporator Condensate Pump.

?.2.8.2 Prooosé‘Deaoriptioo (NH3 Stripper System)

Ammonium‘carbonato soiotion atored.in Evaporator
Hot Well is delivered to NH3 Str;pper by Evaporator Condensate
Pump. On its way it passes through NH, Stripper, Bottom Excha-
nger For recovery of .‘waste heat of purge solution from the

bottom of NH3 afrippor.

2;2.9 NHB-CO2 Separation Process

2;2,9,1 Process Description
In this section the mixed gases consist of'NHB,COZ& H,0

vapour are perfectly separated. NH3 ges is compressed and
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and liquefied and then sent to Urea Synthesis and separator
section, while CO, gas is sent tn’CO2 compressor section.Water

vapof is condensed and purged to sswaer.

The procedure separating NH3 from 802 stands on the
different solubility of NH; and 502 against MEA solution.This
section consists of two complete trains. Each train is divided

into the following four systems,

1) Absorber Stripper System

The mixed gases consists aof NHB’ 002 & H20 vapor from
Decomposer Separator and NH3 Stripper Condenser are fed to absor-
ber zone bottom of Absorber Sfripper. Two feed nozzles to Absor-
ber Stripper are 1nstalled up and down;'Either of two'noiziaé is
used in accordance-with separating condition in Absorber Strippar;
In Abeorber Stripper H20 is condensed and pasées downward and
'002 being absorbed by MEA solution passing downward .is separéted
from NH3. NH3 gas is sent fhrough Absorber Gas separator to
Secondary Absorber System. Carbonated MEA sﬁlution is discharged
through Strippsr Reboiler to Regenerator System by regenerator

feed pump}

2) Regenerator System

Carbonated MEA solution im absorber stripper system is
Pumped to Regenerator. On the way in MEA Hgat Exchanger.maéte
heat is retained from thé MEA solution cnming back from Regenera-
tor by passing steam through Regenerator Reboiler of Lo, is

stripped.
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802 9a8 out of Regenasrator top is cooled by -Regene-
rator condenser for aeparating H,0 and is sent to C0,-comp-~
ressor sectiuﬁ after scrubbing with ﬁa@ar in NH3 scrubber.
Water condensated contains small quantitieslof'NHJ,CO2 and
MEA. The condensate isg once stored in Regenerator Condensate
Tanks. Nearly half portion of this condénsate ie returned as

reflux to Regenerator by regensrater reflux pump.

The remaining condensate is sent tb waete in contro-
lled amounts. MEA solution passing domnmafd from Rsgenerator
to Regeneratnr Reboiler is heated up by 10 kg/cm2 steam.Hers
002 gas is auff101ently stripped and the vapor is returned to

Regenerator for _heating up.

Most part of the solution of. Regensrator Reboiler is
-returned to MEA Surge Tank. On the way heat is added to the
feed SDlUtan to Regenerator and then is coolsd up to the normal

temperature by cooling, water Passing through MEA cooler.

The remaining solution is sent to purifisr where it ie
heated ub and evaporated and vaporised MEA is returned to
Rbsorber Stripper. Decomposition products is purged by steaming

at times,
3) Secondary Absorbe System

A small quantity of CO2 containing in NH3 gas from
Absorber Stripper system is scrubbad with NH3 equa solution
in secondary absorber and NH3 gas is sent through secondary

~absorber, aecondary absorber gas separator to compressor system.
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Heat gensrated when and NH3 and 802 are absorbed by water

is cooled by brine passing through Secondary Absorber Coaoler.

4) Compressor Systam

Nﬂs‘gas delivered from secondary absorber system is
compressed by recovered NH3 compressor, liquefied by recovered

NH3 condenser and sent tn_synthes;s and aeparation sectiaon,

212.10 Prilling and-Cooling Process . - ,
2.2.10,1 Prilling Systenm

Urea solution concentratsd in Evaporator is sent to
the top of Prilling Tower. This pipe line is branched in two
directions at the top and bottom, each braﬁchad line is conn-
ected to thres spray nozzles. The reason why the line is bran-
IChed in two difections is to equalizs delivasry pressure at each
nozzle. Urea solution sprayed from nozzlé plafas each héving
600 pin ‘holes is cooled to Form.solid prilis, falling down

inside the Tower.

242410,2 Cooling System

Urea prills Ffee of oversized prills, which have been
screened off by Prills Screen, are lifted up by Prills Elevator
"and chuted.into Prills Cooler. The Prills Coplar serves to ldwer
the temperature of the prills to below 50°C. To improve the
cooling effect, air is_sént counter-current to the product stream.
Rir sucked at the .air conditioned bagging room passes .through the

cooler into prills dust collector, where ths dust is separatsd



and is exhausted to the atmosphere by.meana of Prills Dust
Collsctor fan. The Prills passing from the Prills Coolsr
through Prills Storage Conveyor and lifted by Cooled Prills
Elevator and fall into Prills Storage Screen, where over51zed
prills above 6 mesh and undersized bselow 20 mesh are screened
offe The correct size prills are 11Fted by Prills storage

elevator feor dellvery to the Prills Storage and bagging section.
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. 4
- 31 History of UFFG

The construction of this factory was entrustad to
| M/s. Toyo Engineering Corporation,Japan. The work started

in September 1967 and was completed in May 1970,

The chief raw material for the Factory is natural
gas which is transported from Titas field to the factory
through a 30 mile 14" pipe lins. The Factqry is self=suffi=-

cient in utilities, like mafar, powsr and steam,

1) Capacity of production :Urea 3,40,00 MT/yr.
2) _ Daily consumption of raw materials

and utilities

a) Titas gas - 39 million cusfest,23 million

cu.feet for gensrating electricity

b) Electricity- 300 MWH.
c) Water-' 7 million gallone
3) Date of commencement of the project -- Sept. 1967
4) Date of completion of the project - Hay' 1970
5) Date of commencement of trial productinnf July. 1970
6) Date of commencement of commercial o
== Oct., 1970
pProduction
' 4
32 Description of UFFG

Main ingredients for the manufacture of Urea fertilizer
are liquid ammonia and carbonfdi-oxide gas. These two components
are manufactured from the natural gas in the Ammonia-Plant of

the factory.



AMMONIA UNIT

The raw materials usad in UFFG for the synthesis of

ammonia are Natural Gas(NG) air and watér.

3.2.1 Purification of NG
,3.2.1.1 Process description

NG contains some dust and oil. It is cleared through
Dust Saparator,Uenturi Sﬁrubbar and Filter. NG first enters
one of ths Dust Separators where water is'sprayed counter-
currently to the Uprising gas and bigger paréicles of dust
are washed away. The gas enters venthri scrubber and further
washed with water and then all dust is removed in NG cyclone.
Then the gas is passed through one ofétha NG Fillers to get it
more tleaned. Ths filters ére éwitchovar type and caﬁ be back
waahed.periodiéally, The gas is later divided into two streams.
One stream is used és‘the raw material for wrea fertilizer and
known as Process Netural Gas(PNG). The other stream is called

Fuel Natural Gés(FNG) and used as Fualrin the process.

”3.2.2 Desulphurisation Process

3.2+2+1 Process Description

The natural gas which is used as prdbqss natural gas
(PNG) is compressed uptb 35 kg/cm? by NG Boosterrcumpressor.
It is then passed through feed stock steam heater which is of
shell and tube type. PNG is heated upto 400°C by flue gas from

Primary Refarmer. NG contains sulphur which is poisonus to



catalyst. It is removed by pPassing through Desulphurisation
'vessel(DSU) containing ZnO, From Feed Stock Steam Preheater,
PNG enters the load vessel of Deaulphurisation vessel(DSV)
whers sulphur is removed by ZnO Catalyst. Then it enters the

guard vessel of DSV for final removal of rémaining sulphur,

3e2.2.2 Process Chemistry

Maximum 1 ppm of sulphur, is allomaﬁle to reforming
catalyst. But feed stock contain about 10 ppm of sulphur.In
Presence of ZnoO thalyst‘HZS can be removed at the tempetaturs
of 200°C(minimum) of organic sulphur at 370°C (minimum).Maximum
tolerable temperature of Zn0 catalyst is about 420°C above ﬁhiCh
catalyst hay be pulverised and the vessels may bs damaged. 59
catalyst temPEratpre ia maintained at 400°C- for removal of all

kinds of sulphur. The reaction occurs in the following way:

Zn0 + H2$ =. ZnS + H20

3+2.3 Reforming Process
.§.2.}.1 Primary Reforming

: “Minimum temperature methane-steam reforming in presences
of nickel catalyst is 538, The reaction occurs in the following
way: |

) CH, + H,0 @ Co + 3H, - 49.3 K.Cal,
Co produced by ths abovs reaction further reacts with steam

which is called water gas shift reaction shoun as follows:

o
Co + H20 "_C02 + H2 + 9,84 K,Cal. |
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The reactions as a whole are endothermic. So it is necaessary

to supply heat from outside.

3s24342 Secondary Reforming

.In the sécondary reformer methans-steam reaction pro-
ceeds further to produce Hydrogen and_Carbon-monoxida. The nece-
ssary heat for this enodthermic reaction is obtained by combus-

" tion of H, with process air which is added at the inlet of sacon-
dary rqformer. The oxygen of the process air is completely burneﬁ
and the temperature of the gas mixture rises. This hot gas mixture
passas through the nickel catalyst bed and losses temperature due
to endothermic reaction, The addition of air-;s controlled by

N, and H, ratio {4:2:8) required-in:the ammonia.synthesis .section,
CH4 content( 0,3%) in the secondary reformer outlet gas ise

controlled by eupplying heat in the Primary Roformer.

13;2;3.3 Heat Rescovery Process
Both the flus gae leaving this furnace and the reformed
gas leaving the Secondary Reformer are at the temperature of

about 100°C, It is economical to recover this heat.

§.2.3.4 Heat Recovery from Flue Gas

The flue gas lesaved the reformer furnace at about
1000°C. This heat is utilised in gensrating extra high praess.
Steam. in Flue Waste Heat Boiler, in superheating process steam
in First Steam Superheater, in superheating high pressure steam

in second stdam superheater, in preheating process air in



Process Air Preheater, in heating combustion air in combus-

tion Air Prehester and in heating PNG in Feedstock Preheater.

i\

‘3.2.3.5 Heat Recovery Iron Process Gas

As the temperature of secondary reformer outlet gas is
about 1000°C which is too high for the next High Temperature
Shift Convertor, Reformed Gas Waste Heat Boiler is installed

for fecovery this extra heat,

3% 2.3.6 Process Description

PNG ftom DSV mixes with superheated staaﬁ and the; enters
Primary rqformer(nﬂ) which consists of fefractory lines box~like
structure in which 300 tubes are suspendad vertically., In these
tubes reforming catalyst(Ni on calcium aluminate) in uniformly
Packed. The gas miﬂu:e . passes tﬁrough these tubes from top to
bottom. There are 78 burners located in the top of the furnace
and 3 anxiliary burners in the gas dqct, firing downwards.ThBBB
Iburners_have beeﬁ &esigned to operate on natural gas, Combustion
air is supplied from Air-blower through combustion a1r preheatsr
at about 300° C. Tha reformed;éiiz Primary Reformer is mixed with
process air from Air Compressor(ATB) prehaatad to about 538°C
through procese Air Preheater at the Secondary Reformer (ZRFJl
where partial combustion occurs and required, nltrogen for
ammonia synthesis is zlan suppllad. The reformed gas comes out
from 2RF with the methane content of about 0.3% and temperature

of about 1000%C ang then enters the Reformed Gas Wasts Heat Boiler

where it is cooled to less than 500°C with the generation of
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100 kg/cn? steam and then goes to shift convertion process.

fhe eecondary reformer consists of carbon steel shell
lined with refractory inside and water jacket outside. The
upper chamber is for combpstion and the lower part is packed
with catalyst, Ths cémbustion chamber is of narrow cylindri-
cal cone to ensure rapid mixing of the gases and subsequent

complete reaction with oxygen,

The gas from secondary reformer passes through the
Reformed Gas Waste Heat Boiler which are of water tube and
‘natural circulation type with common steam Drum. Then the gas

Proceeds to Shift Conversion_Process.

On the otherhand the flue gas of the Primary_ﬁéformer
Passes through}the Flue Gas Waste Heat Boiler,first Steam esuperheat-
er , Feed Stock Prehesater and Combustion Air Preheater end is
exhausted to the almosphere through the_chimney.stack .by Induced

Oraft Fan,

302,3,7 Operating Conditione

Sfaam/Carbaﬁ ratio . , 3.5
Primary Refqrmerloutlat Process gas

temperaturs ' : "~ 818°C
Secondary Reformsr gutl&t process gas

temperafure S 100008
Steam press. in steam Drum | 105 kg/cmz
Ist stesm superheater outlot steam temp. 475°C

Process Air Preheater outlet air temp, 5389,



Feed stnck.préheatar outlet natural gas temp. 400°C
- o
Primary Reformer outlet flue gas temp. 1000°C

o
2nd Steam Superheater outlst steam temp. 490°C

Composition of Primary Reformer outlet gas by volums

1) CHQ | _ . ’ 10%(&ry)

2) Sfeam/Dry gas mole ratio o 0'?55‘

Composition of Secondary Reformer outlet gas by vol,

1) CH - 0,2% to 0.6% (dry)

.}
2) Steam/dry gaa‘mola fatin -0,569,

'3.2.4 Shift Conversion Process
32.8.1 Shift Reaction

The shift reaction occurs under hroper temperature in

presence of suitable catalyst in the following manner:
co + H20 @E C02 + H2 + 9,84 K.Cal.

Conversioﬁ oF.carboh monoxids ﬁﬁo carbon-di-oxide is
done in two steps sconomically, Primary shift C6nve:sion is
done in ths High Temperatura.‘Shift Converter at the tempera-~.
turs of 350 to 450°C in Presence nf iron chromium catalyst and
' Sscohdary Shift-Conversion is dons in the low temperature.’ Shift
Converter at the témparatufe of 200 to = 23090 in presence of

zinc-copper catalyst.
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_3.2;&.2 High Temperature Shift Conversion

In this process High Temperature Shift Converter(HTS)
and quenching system arse provided. HTS is packed with Iron-
Chruﬁium tatelyst developed by CCI (Chemical Company Indus-
tries). Quenching system is provided with venturi and Quenched
Gas Separator for controlling ths temperature of HTS inlet gae
and for increasing steam Quantity in this gas:rBQUirad for the
reaction. The carbonmonoxide conuarsion‘in this vessel is |

about 75,6% on the basis of cerbonmonoxide in the inlet gas.

,3.2.4.3 Low Temperature Shift Convarsion

This unit consists of (1) Low Tempafatura Shift conver-

- stion (LTS) packed with zinc copper catalyst for CO conversion

(2) Process Gas Heat_Exchanger(PGHEX) for controlling Methanator
ihlet gas tempafatura(B) First converted Gas Economyser which

is used for heat racoéeryuand for controlling the temperature of
LTS inlet gas and (4) Second converted gas Economyser for con-
trolling the temperature to COé removal unit. There is provision
for reduction of LTS catalyst, This catalyst is very sensitive

to eulphur. Therefore a guard bed of sinc-oxide is Provided at
the top oflLTS to remove sulphur. The carbon monoxide conversion
in this vessel is about 87.7% on the basis carbon monoxids in the
inlet gas. The total conuersion‘yiéld is about 97% on the basis of
.CO content in HTS_inlet'gaé. LTS catalyst being less thermostable

than HTS catalyst, the outlet gas temperature should be maintained

balow 280°C,
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3¢2.4.4 Process Description

The gas coming out of the reforming unit is cooled
by quench water in venturi. Then it emters Uuench Gas separa-
tor for separation of condensate, if any. Thsn the pas enﬁ?rs
HTS for shift-conversion. The HYS is a verfical.cylindrical
vessel packed with catalyst in two layers. First converted
Gas Economiser is also of horizontal shell end tube type.
Boiler feed water flows in tha shell side and process gas in
the tube side. LTS in a verfibal cylindrical vesssl contai-
ning Zn0 catalyst in the top layer and zinc-copper catalyst

in the lower in " two layers.

Thega is a condensate cooler in condensate syatém o
Condensate from this cooler is ussd for washing the gas from
COZ-Abaorber and.CO2 -ngane;ﬁtor and then used as the make
up water for cO2 femoval processe. In this unit condensaté_
Pumﬁ ie used for pumpinj the process condensate from PrO%Baa

Gas Knock Out Drum to Venturi and condensats cooler.

Je2e4,5 Uperating_Condition-

HTS inlet gas temperature about 365€Fi
inlet steam/gas ratio about - 0.67
inlet steam/CO ratio about ' 5 ?:
shift conversion rate 75% |
outlet gas temperature | 435°C
LTS inlet gag temperature | : 219°C

inlet steam/gas ratio about 0,52
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8hift conversion rate about 88%

o
outlet gas temperature about 235°C
outlet CO concentration 0.35 to 0,5%

3025 Cozhﬂamoual Process

3+245:1 GV Process

€O, is removed by Giammarco Ve ‘trocoke (GV) solution
in this plant, GV solution is prepared by potasium Carbonate,
arsenic trioxide angd water. Concentrations of potasium and
R : + .
arsenic are 200 g/l and 140 g/l as K20 and As 3 regpectively
+2 . ' . . 5
As © isg used to prevent corrosion, concentration of As ” is
~10 a/l. Concentration of Re+5 is 10 g/1, K2£03 solution absorbed
CO2 and auhydroua araenous acgid accelerates absorptlon and

desorption valocitias. Absorption of CO2 by solution proceeds

basing ths following BQUilih:ium reaction:
KéA503+3502 + 3H20 :?=3KH003 + H3ASO3
Arsenic peutavalent also takes part in ahsorption of .

CO, in addition to its anticorrosive activity in the Following

manner:

- ‘
K3A804+002+H20 = KHL‘03+K2HASO4
GV solutzon can be regenerated by decreasing partial
Pressurs of CO in the ‘gas phase, steam stripping is done. Re-
‘generation by gteam is Carried out at the boiling point in the
CO, Regensrator angd Reboiler. Due to ths presence of as"corrosion

: L 5
does not-occur even at high temperature. Ig concentration: lof AS

7deqreases, air is charged to maintain it,



342.542 Process Description

Process Gas from CO conversioh unit enters Process
Gas Habo;ler for providing the heat required for regeneration
of GV solution. Thenit enters Progess Gas Knock Out Drum for
separation of condensate. The gas from Process Gas K.D, Drum
Pesses through Absorber for removing C02 contacting GV solu-

tion counter-durrently. The it enters Absorbers Effluent

‘cooler for cooling. Thenthe gas passes through Mist Trap

where mist is removed contacting with condensate counter

currently. Then the 9as goes to Msthanator unit with 0.13%

of c02.

GV solution from Absorber bottom goes to solution
Heat Exchanger for gaining heat fof regeneration after partiél
filtration in side stream Filter. Then the solution enters
regenerator at the top for regeneration of solutlon. The rlch
solution is regenerated by the countar-currant contact of
uprising steam produced in the reboiler. The solution flows
catching plate of regenerator goes to the bottom of rsgenerator
through reboiler. Then solution from the bottom of regensrator
is pumped by solution Pump upto 35 kg/cm2 and sent to absorber
top--through flowrcontral valve, solution Heat Exchanger andr |

solution cooler.

502 rsleased From the top tray of regenerator where it
is washed by condansate, enters the washing part of 502 Direct

cooler, Here it is washed again by condensate from Mist Trap.
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The washed 002 gas is introduced to the lower part of Direct
Cooler where 602 is cnoled to ambient temperature in contact
with cooling water tounter-currently, 002 from Direct codler

is eent to Urea Plant with a purity of 98.5% (dry gas basis).

3e24543 Operating Conditions

K0, Drum inlet gas Pressure 26 k9/0m2
KeO. Drum inlet gas temquature _ 1?009“
Absolute inlet solution tsmperature 63°¢C
Regenerator bottom solution tsmpetature 1‘]_5Dc

CO, in purified process gash_ _ 0.13%

" Regenerator top C02 p;qssure.- y | O.4 kg/cm2

ﬁecovared Lo, temperature | 40°¢C
Recoverad CO2 Purify above - 98, 5%

3;2;6_ Methanation Process
'3.2.6.1 Reaction Mechanism

In order to complste the removal of CO and 002 f rom
synthes;s gas by Hydrogenatlon into steam and methane, metha-
nation is used as the final gas purification proceaa. The

reactions occur in the following manner:

3H2 + o = CH4 + H20 f 49,3 kecal.

4H2 + CO2 = CH4 + 2H20+ 39443 kecal,

The reactions are .axothermic. So outlet gas temperature
- rises and carbon oxide are reducad to about 10 ppm. The catalyst

is Ni on calcium aluminate,



When the inlet concentration of carbon oxide is 1%
the temperature riee is about 65°C., Thersfore carbon oxide
concentration in the gas entering Methanator should be kept
| less than 1.5% and normally about 0.,56%. 1f temperature inc-

reases to above 400°C, Methanator vessal may be damaged.

3.2.6.2 Process Description

The gas from CO2 removal unit enters the Process Gas
Heat Excbanga: of the CO-Conversion unit and is heated to
300°C by HTS outlet gas and then enters Mesthanator. The process
ges aftar removal of carbon oxide in the Methanator heats up-
the boiler feed water in Methanator Effluent Economy;er and is
then cooled to ' embient temperature im Gas Final Cooler.The
condensed mater in the gas is removad in Synﬁhésis'ﬁas Knock

Out Drum and the gas is sent to Synthesis Gas Compressor.

3.2.6.3 Opsrating Condition

o
Methanator inlet gas temperaturse about 300°C

Mathanator outlet gas temperature about 332°C

Carbon Oxide in Msthanator outlet gas-about 10ppm.Synthekis

Gas Knock Out Drum outlet gas temperaturs - 40°C

3427 Ammonia Synthesis Process
3<2.71 Synthesis Reaction
Ammonia synthesis rsaction occurs on ‘the irbn'catalySt

promoted with various kinds of metal and is indicatsd by ths

following 8Quation:
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3H2 + N2 = 2NH3 + 22.4 k.cal,

-In addition to nitrogen and hydrogen with ratio
of about 123, the refined gas has about 1. 2% of CH, and Ag.
But CH4 and Ag dilute the gas mixturs of N "and H2 and redu-~
ces the partial pressurs of effective compunents-and lowers
synthesis efficiency., Therefore, the continuous pdﬁtng of

9as is maintained from the synthesie gas loop to control

the concentration of inert gases.

3+247.2 Process Description

The process gas compressed by Synthesis Gas Compressor

is mixed with the effluent recycle gas{from the synthesis

converter) at the outlet of synthesis Economizer is coaled

by the cold gas in the Synthesis Hot Exchanger.

Thenit enters Synthesis Boiler Feed Water Heater and
Synthesis First Cold Exchanger for Cooling. Entsring First
Ammonia Cooled Condenser it is cooled by the latant heat of

[
vapourisation liquid ammonia from the refrigeration ynit.Then

synthesized ammonia present in the gas is condensed. The gas

separated from ammonia in Ammonia separator enters Second
Cold Exchanger from galnnlng heat from incoming gas. Then the
gas is heated up in synthesis first cold Exchanger and enters
racifculator where it is préssurised. After belng heated up

in synthesis Hot Exchanger, it enters Synthesis Converter.The
temperature of the gas to synthesis converter is adjusted by

the by pass valve for synthesis hot exchanger.After synthesis
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reaction is Ammonia converter, éffluent gas enters
Synthesis Economyser for axchanging heat with boiler

_Fead water. The gas from Synthesis Economyser, after
being mixed with the synthesis make up gas, enters
Synthesis Hot Exchanger and circulate En the synthasie
systém described above. About 7.2% of the total gas con-
uaéted into NH3-in one pass throuéh the converter. from
,NHJ- Separater , liquid emmonia passés through Let Down

‘ Tank and then stored into Ammonia Storage Tank from where

NH3 is supplied for Urea Plant,

UREA UNIT

The urea plant is divided into thres section,

5

namely- .
‘a) Synthesis Section.
b) Decomposition and Purification Section
" ,
c) Recovery,SectiOn.g
3.2.8 Syntheeis Process : g

3¢2.8.1 Process Descriptiﬁn

The compressed co, ga;, pre~heated Ammonia and
raecycle sblutiﬁn are fed into the Urea Reactor(Autoclave)
mhara uUrea synthesis is carriaq out undsr high Pfessure and
temperature COZ gas'is compressed upto 230 kgfcmz by a two
staged compressor and is directly fed with gaseous state
iﬁto the Reactor. Liquid NH3 from Recover ammonia rsaarvior

ig fed into Reactor at 230 kg/cm2 by plunger-type ammonia
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feed pump. The recycle carbonete golutioh from high
Pressure absorber cooler is slso pumped upto 230 kg/cm2
by e plunger typs Recycle solution feed pump and is fed

into Reactor,

3+2.B.2 Operating Condition

1) CO, inlet press of the Reactor =230 kg/cm?
| , o Temperature =120-130°C
2) NHy inlet press of the React :' 3 = 70-90°C"
3 230 kg/cma Temperature 7 ‘
_ . o
3) Reactor press = 230 kg/cmz ~ Temperature = 190-19§_C
4) Molg ratio : NH3 H CO2 = 431

3e2+8.3 Reaction Heéhanism

The first reaction in the Reactor is formation of

ammonia carbonate from ammonia and carbon-di-oxide

2NH

3+ €0, «p NH, ~COO ~ NH

2
This reaction relesase to large heat., Next a part of ammonium

carbonate dihydrates, to be water and urea,

NH,

a--l:()O-NH2 -.IPNHZ-CO -,--NH2 + H20

. The reaction is aleo equilibrium reaction of urea and biuret

in Reactor.

NHZCO--NH--CO-NH2+NH3 = NHZ-CO—NH2

3¢2.9 Decomposition and Purification

3424941 Process Description
£ . - )

The reaction product consisting of urea, free Ammonia,



emmonium carbamats and water'ia reduced its pressure from
230 kg/cm2 to 18 kg/cm2 and senter into thg High Pregaure

Decomposas,

This decomposer is special type, the upper part of
which is-a.separator to eeparate flush gas from effluant'
mixture, the lowaf part is a disti;lator with steam heater
at the bottom. After separation of flush gas, the Urea eolu-
tiqn'ouerflows down at into the lower part and is heated fur-
ther to deéompose Carbgmata. thedecomposed cérbamata ie die-
tilled to raducs moieture contentin the gaé during its ascen-

ding up through siave trays,

Here, about 90% of free ammonia and carbamate ‘will
vaporize and dacompose to ammonia and 802 gae. Small Quantity
of Uraa hydrolyzes to ammania and 802 and the liquid enters
into low pressurs Decomposer. The gas consisting of NH3, C02¢

and-water from High prass..Decomposer into High Press absorbbr

cooler,

The liquid frdm‘H.p. Decomposer snters into low pre-

Ssure decomposer where more gas is removad.

The composition product which is mixture gas of NH,
502.,H20 flows in low pressure absorberp from low pressure
décomposer. The liquid of low PrESE. Decomposer enters into
Gas saparatof. In Gas Separator, it 15 heated by steam. In this
step, NH}, 002 and little water is vaporized and sent to gas
condenser. The Operating condition of gas separator is 0.3 kg/cm2

112°¢c.
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The urea aolution of gas separator enters into con-
centrator through the circulation pump for crysfallizef.
Almost all water in the supplied iwrea aoiution are vapo-
rised at this condition. From cancentrator urea slurry goes

to crystallizer where crystal of urea deposited.

An agitator is installed in crystallizer to prevent

agglomeration of urea crystal,

Urea slurry hav1ng nearly 35% of crystal is eent to

csntrifuge by slurry feed pump,

In order to r;duce the biuret content. water ralslng
afhcake is neceesary in cehtrifuge. Urea solution enters into
centrifuge and slurry is divided into crystal and mothsr ligquid
by centrifugal force., Mother liquid is gathered in fha Fothar
Liquor Tank and ?0% is returned back to concentrator and remai-

ning 10% is recycléd to recovery section as absorbent,

Crystal urea from urea from centrifuge contains 1.0-1,5%

of H,0. and 0.1~0,15% of biurst,
’ ':3.2. 9.2 Dryil‘lg

Crystal urea sent to Oryer is dried by hot air of
about 110°C and dried upto 0.1~0,2% of moisture end then
caught in the cyclonas.
342.9.3 Prilling

The crystal urea Frum the cyclone are fed tn mgltesr

where ths crystal is mglted. From melter, molten uree flows
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down to head tank. The liquid in head tank falls down from
distributor as rain drops, During falling down in the touwer
the molten urea is prilled and cooled by the ascendinglair
which comes from blower for fluidizing ceuolsr and from the

_bottom of the prilling tower as natural draught.

{342.10  Recovery Process
322410+.1 Process Description

Méther liquor from mother liquor tank and pﬁre water
are fed to Gas condenser continuously as absorbent, The gas
-from Gas Separator is absorbed in Gas condenser and the non-
condensable inart gas is pufgad to étmosphare from the top.
The 1liquid in gas CDndenser'is_pumped up to the low pressure

absorber as absorbent.

The liguid in L.P, hbsorber is pumped up and is fed

(to mixer in which the liquid is mixed with dig. NHy to adjust
its composition,then Eonl aﬁd finelly fed to packed section
.of H.P.Absorber. High Pressure Absorber consists two part,the
lower part is packedlsection.to wash awam&ﬂost part of 802 in
ascending gaseous ammbnia, the upper part is tray tower to
purify ammonia in scrubbing trace of CO2 in decomposed gqas
from H.P. Decomposer is absorbed in cooler and packed section
and the effluent gas from the top of the touer, almoét Pure .
ammonia is condensed to liquid state in Ammonia condenser
after mist separator. The composition of concentrated cerbamate

solution in H,P. Absorber cooler is as follouws:



Urea

NH

Co

- 8.3%
- 36,0%

Water -~

Biuret -

25.4%

0,3%
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COMPARISON OF PRODCESSES USED IN UFFG & NGFF
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401 Background of Process Comparison

Various processses exist in urea production in the world.
But the basic theory of production of urea remain same. In di-
fferent pProcesses, the influencing factors such as pressure,
temperature catalyst etc. are also different. In advance of
sciénce and,technoloéy, the influencing factors is changing for
better benefits, In UFFG and NGFF, different process are used
'in urea production a%d tﬁeir influencing Féctors ars also

different.

To find out thé.prucess restrictions and influencing
factors, comparison of above processes is necessary., This com-
périson will help iniénalysing the down-time as well as in
finding the cauées'ofifailure of different machineries of the

above factories.
442 Comparison of processss

From the detail dsscription of the processes in the pre-
~vious chaptef, it is seen that,, in one process, the réFormatiun
OFING takes place at lo& preséure, synthesis of N, and H, takes
place at higher pressurg than that of another process. Different
types of catalyst are used for same reaction. In a process the whol
502 is taken from the PNG but in another process it is taken from
PNG and FG, For 002 removal liquid used in NGFF differs from than

that of UFFG, Conversion rate in NHs synthesis, addition moles

of NH3 with the mols of CO2 for urea reaction are also differ
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in both the process. But some stages of the production

of urea remain same in each process.

Finally, to find out the above differences as well as
similarity'in the processes, the stages of urea production

are listed below stagsuwise
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~UFFG-

Process
parameters

'Natd}al Gas

—~UFFG—
Catalyst

@

24'5 KGay € 32% -

1

Vanturi
Scrubber

Y
Filter
Y

Booster
Compressor

3475 kg AV,E’-"LS °C.

cm2’

b
.

' |Feed stock

Steam |steam heater

“ 336 KA | g 90%

2
cm k

{Pust Separator GD(

®
®
G

Steam

- FSS preheater| 4. r( qt

FG at 567 ¢

33" 8 K¢ £ 410

cm2

183%

o -
C

‘ = NGFF—=-
Process '
parameters

Natural Gas C)

Y

Main Gas
Receiver CD

B 7 XS E 37 8%

Catalyst

-Diff, between-

UFFG

NGFF

L9



_:UFFG__l —-NGFF—; —-DiFF{Petween—-

Process - " Catalyst Process Catalyst UFFG NGFF
parametars parameters
Desulphurization] =~Zinc.. . Organie sulphur®ﬂcti\.'atad a) Separated by a) Separated by
vessal ()oxide removal vessal Charcoal . Chemical means.,. mechanical means.
' - o ' bg At high temp, b) At louw temp.
e ' e ' : c) At 'outlet sul-_. ,
S vok [esrat . C phursoncens ) A% outiet suiph
Y . : cm2 is allowable
' : . : _ wable upto 1 to
V : upto 1 ppm. 2 ppnm
L , ~Process (:) .
C>4— Steam Gas Mixed gasje== Steam
From | Preheater}—» 7 @
32°8K8 | 7400% . o
R - B2kdy €7394% |
» *2 : (:) . * 3 *.‘Bp | " .
" FG ] 1RF N2 ‘Ni on calcium  —a-—d 1RF f{e— 22-25% Nl a) Steam/Carbon a) Steam/Carbon rati. -
1o Heating aluminate PG — Heating deposited ratio 1s 3.,5¢1. 19 131,
(:) by Fuel. : _ TOC{) by on the re- )
_ , : : Fuel'* rractor of‘b) At outlet pro-b) At outlet process
‘ : - ' Mgo, Al y R cass ggg tem%% gas temp. is 6207
o k ’ e . K / ° +AL505 is 818%Cand the gnd flue gas temp.
30 3c—rg1—2 E'817°8% | , GSCH% €l 620% [:‘;:ﬁl\lz(}3 & flue gas temp. is goooc,
CaSiO3 is qo000°C, c) CH4 content at

3 : . . c) CH. content at outlet is 7.7%.
@ | ' ' outlat is 10% ¢

15 Zn0 + HoS = ZnS + H,0 *3.CH,+H 0=CO+3H,

*2. CHQ + HZO = C0+3H2- 49,3 K.cal. CHa+2H20= Co +4H

CO + H,0 = CO,#H, + 9,84K.cal.  CO + H,0= t:02+|-|2 .

) . o
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—UFFG— -NGFF-—/ . —DPiff. between=—
Process Catalyst Process Catalyst UFFG NGFF
parameters . paramsters
o, .
~ f2rF = Air gt As 1RF 2RF ©Airc1’( As 1RF a) At outlet a) at outlet process
, 32 KG & ' 77Xk process Gas gas temp. is -
538% am?2 temp. is 816°C.
€ 37°8% 100°C.,
B _k_g_ ; i _ _ b) CHacontent b) At outlet CH,
297 9 €Y o0t 64 ki ye 816°% at qutlet 1s  goggo C *°
S : cm 0.2% to -
, 0.6% .
: Raﬁurmedl @ / Reformed
— —% TO & <
' Gag WHB From Steam Gas WHB @
‘ _ drum ‘
29'3kg. y€7458%
cm? '

Venturi @

.* -

oy
Quenched { _ 5-/‘-&92 Ve Lig'e
Gas saparator@ , cm

29‘8k9+ £’ 365°

. %2 .
Ist shift ~ , , In Igt shift
- " |convertor @Iron chromium : - convertor the
284 kg | £7435% - o conversion rate
cm 2 35°¢ | , @ : of CO into CO,is
‘ about 75.6%.

| e rp 4@
*1.  CnHm + H,0 = nCO*(3 +n) H,

¢9

+H_+9.84 K.cal,

2 2

*2, CO+H,0 == CO

i
|
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Process
parameter

Process Gas
{ Heat Exchanger

Y 3179

Ist converted
Gas Economizer

27.8 ko a0
—=Y 2185
. cml c
2nd Shift
convartor (:>

27kg T 235%C,

cm2

2nd converted
Economizer

11198°c

Vprdcess Gas |
Reboiler

& 120 C

26.3 kq_
'cm2

1 CO + H

2

Gas,

froqED

6.5 kg

=Co +H2+9 » 84 K.Cal.

—~ NGFF—
Catalyst Process Catalyst
parameters

:‘
% 2 |
Zinc=Copper [CO convertor Fe50,

6.3kgq & 243°C

Cfﬂz

Mixed Gas g:% GGS
preheater tO ®

& 243%¢

sz

*9 co+H20—9C02+H2

— Diff.
UFFG

a) In 2nd shift
canvertor,the
conversion rate
of CO into CO

Z )

is 87.7%.
The totel con-
version yield,
is 97%.

b)

¢) The total con-
tent of CO in
the outlet 1is

0.35 to 0.5%,

between—

NGFF

a) The total con-

version yield
is 60% .

The total con~
tent of CO in
the ogutlet is
1.2% .



—UFFG~

= NGFF=~ - Diff, between—
Process Catalyst Process Catalyst . UFFG NGFF
parameter parameters
Solution
Reboiler (:)
6.2kg/cﬁ?‘& r 116°C
- . Gas scru-
- C ' : bber!coolerq:)
| 6 kg/cmzf&,+ 37.8°C
Process Gas
drum , CZ) Knock out (:)
: . - Drum:
. o ' : N §
26-:2k9/,°m2\* & 120°C Compressor
_ _ ' Igt gtage (:) _
. T 0 <8 070C n
%* 1 2 kgécT; 1 107 _ a) Absorbing solution a) Farbongte sol
' . CO nbsur.. . . M ia GU BOlution WhiCh 18 uUseaq,
GV Soin—e 2 | (:)co —_»|C0, Absor((3) o is prepared by K,C059h) Pyrified gas
e &er [P .Zb . bir ab;o}bea R50.and water concen~ con%alns 0.8%
' absorbed by arbonate trati 0.8% CO, and
. by Carbonate rations of potassium e 8/ 5
GU_ soln. . soln. = Sglﬂ?r a & arsenic are 200 g/l 1.4% co.
| . to 19.9 ko/cm|s 96°C & 140 g/1 as K,0 and
25.6 'kg/cm? & V62.3°C2 » AS*Jrespactively.
: Anhydrous arsenous
acid accelarates ab~
sorption & desorption

@

K3ASO3+3COZ+3H20

. :
53ASOQ+C02+H20$._KHFO

c)
R
3 FH3RS04, K LO5+C0,+H,

3+K2HASOa

®1. = 3KHCO

K,CO0,+CO_+H_O =.2KHC03+hBato

uelocitles.
0 13% CO, is present
in purlfged gas.

c9



¢ = UFF G —NGFF—

Process ' Catalyst Process Catalyst
.parameter - . parameters

! - " ' -
Mlst'Trap QE) ‘| Gas After

gooler (:)-

19.4 kg/cm} & 40°C,

25.3 kg/C# 154° C.

Procgss Gas Knock out
Heat Exchan- @ - Orum @
ger . - o
- 140 kg/cin? § & 40,4°C,
Compressor
2nd & 3rd q:)
. stage
| | 140 kg/c3+& 40.4°C.
24,9 kg/cmz. V’& 300°C, - %®1 _
| Cu~liquor o
!’ Scrubber ==COE CO
Cu-soin. absorbed
: R Cu- soln,
138.9 kg/c & 7.2°C.
@
*q cu(NH3)hcoocH3+_co = Cu(NH3)nCOOEH3C0+haat

L culnk, ) 2C0 + 2C0 = Cu(NHy) 2C0,-2C0+heat
. 2NH40H + Co = (NH ) co +H 0 + heat

3772
2Cu(NH ) coocn +2CH COOH + 0% + 2 NH

3 3
Cu(NH4 ) 2C03+2NH3+C0 + %0, = 2Cu(NH3)_n+1

= 2Cu(NH ) +1(COOCH ) +H_ 0

- Diff. batween—
UFFG " NGFF

a) Fo remove the 0,.8%
CO, and 1.4% Co,
Cu=liquor scrubber
is used which 1is
packed with iron
rasching rings and
reduces CO to 5 to
10 ppm and CO2 to
50 to 60 ppm.

b) Hare for Scrubbing

Cu-Sol"N.liquor is
used.

2

99



— WFFG— - — NGFF — — Diff. betwsen—

Process Catalyst Process - Catalyst UFFG NGFF
"~ parameter . parameters ’ _
*é . 7 :
Methanator @ Ni on Final a) For removal of 13% CO, b) For Final purifi=-
Calcium VLT i as cation the gas
alumina= " puri= CO from the purified gas- enters into the
te fier ) methanator 1s used final purifier
NH 3 absorbed by where CO if present where CO. content
7 aquas NH3 aquas . and 00215 converted 2 '
s soln. - soln. into CH,. is reduced to O to
‘ ' S b 5 ppm by NH; aquas
'za.a kg/Cm2 & 332°C, | 137'kg/c:rn2 &,:7‘.‘2@& - b) Here the content of solution.
‘ o carbon oxide in metha-
P nator outlet gas is
reduced to about 10 ppm.
] ‘ Y

Methanator High pre~ |0

Effluent - @ , ssuresepa- ‘

.Economlzer o rator ,
115°C,

137 kg/cnfl& 7.2°C

Separator @ CHy,
: Gases as f .
23.6 ka/cm> {& 40°C, oo ¢ vel

¥ 2[Synthesis f@ '
gas K.O.
Drum e

-*1. G8) ér@

- ' — 2 = .
*i,3H, + COX CH #H 0 + 49,3 Kecals * 2NH, OH+CO,, I(NHa)2C03+ H,0+heat.

-ty
4H, + CO, X CH *2H,

0"'39.[!-3 K.Calo

il



—UFFG— . — NGFF— Diff, betwesn

Process - Catalyst Process Catalyst UFFG NGFF

parameter . ' parameters /
Syntheais &th Stage® a) By synthesis gas a) By 4th stage compre-
Gas -Cpmpre- | compr, compreesor gas prs- 8SOT gas pressure is
ssor ‘ oL 3 ' esure is maintained maintained at 365

BT £ 0 at 1139kg/cm? & 1709c, ko/em? and 40,4°C,
365kg/cnf & 40,4°C ' .

.150 kg/cm2 & 17o°t, Recycle gas 94—— ‘ Re= b) The recycle gas is b) The recycle gas is
L ' . at 1950C. cycla 38% and make up gases  22% and make up gases
; Fr@ |'  gas framis 68%. , is 78%.

T |

5yn£haaia @ «+ W [Filter @

192°C,

Gas mixtum—m Hot Excha-——-—-h-.to G.lj‘asa mix%s
From nger _ J° 365 kg/\;mz& 50,5°C,
® y87.5°C. | \ |
: ' . ; Gas
Synthesis Gas Cold Ex= Q:lo B
Boiler @ From®’ changer
Feed Water ‘ : -
Heater o i
S 2 o
] 54.5%C." . 365 ‘kg/cm & 21.1 C.
~ Synthasis pas[ Synthesis |31) ~ [WH; Cooled &
from (33} —» Ist Cold | GB condensers
S Exchanger [

H

137 ko/om® &  §15°C,

Ist NH3

- 2
Cooled co'n-n@ 365 kg/cm \
denser

& o°c,

— |

3E 7 OUCO '

o~
o)



—UFFG—~ — NGFF— - —Diff. between—
Process Catalyst Process Catalyst UFFG NGFF
Parameters parameters

-Syne —»{ 2nd Cold
- gases Exchanger
F-g. SUCQ
‘2nd NH5 |
Cooled. . .
‘ Exchanger o _
135 kg/cg“&=25"C. / | .

NHy ' CE; , . {Secondary | -
© R NH
Separator [ amonia gas . separator |~=p 3 -

0. ’ r
éi'3- 365 ko/cm? ¥ & '0°C, to €9

) Synthesis CE)S" «gases
£t

134 kg/cm?|& =25

- .- | Synthesis @ Gy . from ®, Cold @ |

. +.—3 2nd Cold ; yn.ga? 'EXChangerGas to @)

Syn.gas | Exgchanger b '

- from - ' : |
"3 Cc i ' . Y . I

Syhthasis
— Ist Cold @

G{) Exchanger Cz)

129.6kg/cm?|& 40°C, " 365kg/cm® B 40.4°C,
Y
Refrigerant
) Turbo-bloweré{) . #
149 kg/cm?{& 55°C

Synthesis

) ' ir::“::'ut:;hant_:jer: _’®

148 kg/cm2 (& 172°C, o Gﬁ;

N



a)

'b)

—UFFG— . ~NGFF-—
Process Catalyst Process . Catalyst
Parameters parameters
* ' v . b
- NH3 | Iron * NH3 Q:) Iron
Convertor Oxide Convertor | & Oxide
139 kg/cm? Y& 279°C. 365kg/cnP& 207°C,
3220531, Syhthesis . 2Z$Dgt | Water -Booled@
*~| Economizer| £ ‘Condenser L
, 365 kg/crfe aolz%g;
, 0 Primary NH
1 qugo Co Separatorhﬁb¢06§
' | 330 kg/cm;%& 40°C
Synthesis ¥ T EESA Purbe to
ggzhan ar @ ‘ - f——F atmosphere to
L ' reduce the amount of
CH
| Circulator] a
365 kg/cm 40.,4°C
Make —n—lf& '
up gas -
Fromfzo)LFilter Jci)

O .'-.L I ‘
* N+ 3H,TZ 2NHy + 22,4 K.Cal,

— Diff.
UFFG

NH3 content at

the inlet of
converter is
1.2% & canvsr=-
sion to NH3 is
7.2%.

H2/N2 ratio is
maintain at
3.01.

to facilitate rsaction.

betwagn=—

NG

a)

b)

NH3 content of the

gases entering the
cogvsrtor is about
3%.and convarsiocn
to NH; §s 12.8%.

H2/N2 ratio is mg.. -
tain at 2.5 to 3.0.



— UFFG—

"Process

parameters

1

Process |

Prlmary
Reformer |<:>

Gases to

y1015°¢C

Flue Gas

i

Waste Heat @

Bailer .

Ist Steam

Super=heater

VBGGOC

|

Process Air

®

Heater

* 782°C ¢

2znd Steam
Super
Heater

[+

®

"y 567°C

@-

FLUE GAS FROM PRIMARY REFORMER

Catalyst

Process

- gases to

-l

@

= NGFF— :

Process Catalyst
parameters
Primary
Raf‘nrmer®

Y

Dther gases

Down @9 ¢ zom diff,
Comar section

I

Y
Flua Cas
Waste Heat @
Boiler

UFFG

between—
NGFF

-]

-3



—~UFFG—
Process’ Catalyst
parameters

Feed Stock
Prehasater &

Combustion @E)
Air-Presheatsr

Induced
Draft Fan @

vy

‘ Stack @

% 183°¢C

. —NGFF=—
Process Catalyst
paramatere

Induced

Draft Fancz)

Stack @

UFFG

betwasn=—
NGFF

2L

-~



PRODUCTION OF CO GAS

2
'_.:ijFFG-.. _ . saef| GF F e : - Diff, betwean—
- Process Catalyst Process Catalyst . UFFG NGFF
Parameters . _ parameters
Gv. Soln.
v o from soln, o Carbonate soln,
Synthesi sd— b cooler at gyp 1 @jrom soln.
d Absorber | , 62.3°C YNea— pbsorber cooler.

gases ta | Gases:t
'®V-"~ ®

Soluti
Hgat ion

23, 4kg/cnf& 106,4°C,

Exchanger : !
4 102°¢C, ‘ 1 :
CO, Rege @ Gv.soln.storage [Solution | @ Soln.to CO
nator —# & then soln. iRaganeratnr—¢4:>absnrber
. cqolsr « OLZ' - o
0.4kg/cm? g | 0.4 kg/cp“s 97,2°C
Co, - , Overhead
C 2 @ Condensser @
ooler ! '
o 0.1 ko/ch?s 43°C

COZ & Water @
Separator

1 2 Bu(NH;)_ COOCH CO+H,0 +heat = 2 Cu+2NH,

2C0 + heat = 2 Cu+2rNH

EOOCH3

3+ZC 92+C0.

+C02+(2n-2) NH,

Cu(NH3)n Coy



~ UFFG—

Process

parameters |,

Co

2

Gas

Catalyst

.

— NGFF— —~ Diff. betwesen—

Process Catalyst UFFG - NGFF
parameters
CQ2 Gas C{) a) 100% of szis a) Only 88.88% of
obtained from 802 is obtained
[ A this section. from this sectius
COZConden-@
sate )
separator

U From NH,
v o scrubbst

Ist Stage

E:02 Compre=-

ssor & Ist

Stage Disch~-
arge Coolser

1

Separator

|

2nd Stage CO

Cpmpf. and
2nd Stage

charge Cooler

‘@

Dis—

Y

Separator

®

@



— UFFG— = NGFF = , ~Diff.between—

Process . Catalyst Process Catalyst UFFG NGFF
parameters parameters

LA

Brd”stage
C_oz‘ Compr.& @
3rd stage
Discharge
Cooler

§

1 Sep?:arator l@

‘ . _ | ¥ -

4th Stags

. 902 Compre. & QZ)

o 4th stage Dis-
. charge cooler

T
| Separator ]@:)

Lo, @®
Condenser
1

COZ Storage (jb
Tank

co,
Sub=Cooler

¥

3 | COé Gas




(&Y

—UFFG=

Process Catalyst

parameters

Htmdspheric
Pressure ¥

+~NGFF —

Process
parameters

Flue Gas'From
Powsr Plant

@

& 160°C

Flue Gas

Cooler @
Lseparatoﬂ®

Atmospheric v&,§§q7oc

Pressure

[Tousr |6

1.8 kg/em® $& 54°C

Catalyst

%
Van t wg—] 2 .q@_ MEA soln, *
3 ‘absorber '
4.6 kg/em®  y& 54°C

* COZ+H20 + 2NHaCH

2

OH=(HOCH

2

CH2N

UFFG

++
Hi},

co.

Diff.

betwesn—

NGFF

a) 002 (10.6%)in the

Flue Gas of the
Power plant is
_recoveresd,

a) Mono~athanol-Aminn

b)

c)

is used to absorb
CO2 from the flue
gases..

0. content should

below 2.5% in the
flue gase.

Soda ash is used as
Mea detergent and
10% CuSO, aqua is
added as inhibitor
of corrosion,

2t



— UFFG= - . —NGFF — . ——Diff.be
Process Catalyst Proceas Catalyst "UFFG NGFF
parameters ,,. = ' parameters : :

i

Solution Heat
Exchanger GQD

4.2 kg/cmf& 99.8°C

Amine] Gﬁa

Rbo oL t— e To MEA
8generator Amine Storagse .

0.9 kg/cn & 108°C

Overhead 6@

Condsnser
0.7 kg/cm‘*& 40,4°C

, . o Acid Gas GZD

Separator
Co, Storage a) 11.11% of CO, is
Tank obtained frof this
o : gaction for urea
\ production,
CO2 Gas

L



[ 4

PRODUCTION OF LIQUID
—UFFG— ~NGFF ~— |
Process Catalyst Process ' Catalyst
- parameters T parameters
: . T
G . 3
m?: NH3 Primery and m
* - Syn,Gases |[Secondary :
from |Separator —&3yn.gases
(34) - . Q) Separator :
S o 2] o o
o 18,6 kg/em“gp& 21,17 5 L)
Product Let Product |£Q)
Down Tank @ . |Cooler
2 C
21 kg/cm? & -25°C 18.6 kg/cm%f# 3.9°C
Product Let 'Down
.. |Heater ch . | Tank GZD
19 kg/cmzi& 26°C 4.2 kg/ecn Y& 3.9°C
' NH3 Storagegi) NHBfStorage¢z>_
Tank Sphere '
Y
Liquid LiQﬁid
NH3 NHj 6)

AMMONIA

— Diff, between—
UFFG .. NCGFF

a) In Primary Separator 50-60;
of NH3 is saparated and in
Secondary Separator,47=37%
of raest NH3 is separated.

a)Most  of NH3 is
separated in NH,Z
separator.

a)660 Tons of NH3 b) 204 Tons of NHy is

is produced produced per day.
per day.



UREA UNIT
PROOUCTION OF UREA

_ —UFFG— wNGFF - — Diff.betwean—
Process Catalyst Process ‘Catalyst ' UFFG NGFF
parameteis _ parameters ' '
Co, Gas |6)) Liquid from|Gg
: 002 Sub=-
1000 mm ofy [Cooler
Hg.G. ' Gﬁ;' i
CO0, Booster . o :
 Compressor ‘90_kg/cm V&-q ¢ ‘
31.5 kg/c ? ' '.f'j}
co, @ [Tiguig C0,]63)
Compraessor S . « LFeed Pump
230 kg'/cm2 y& 185-200°C -31oik9/cmf&f14°c
* : . *‘ ! B r.‘r i '
Liq.|Urea Synthe-|Q) ' [Synthesis &= Air a) Liquid NH,,CO, Gas a) Lide NHy & Lig. CO, are
NH.  ~Leis Reactor arb?f Autoclave fe— Liquid 5NH & recycle(Ammonium fed into the syntheels
3 "22 ;BEOkn7ém2 - at0310 kg/cm2g carbamats) SolN.are Autochave at a pressure
from - at e : 28°C | fed into the Urea 5 310 kg/cm?,
' . ' synthesis at 230 kg/cm®
2 ‘A0
230 ‘kg/cm & 190°C° from b) A small amount of proce
‘ ‘ . a R
Gé; _ b) 70% of Urea reaction air is also fed to Syn—

is completed. thesis Autoclave by

a411, Procese alr-compressor

c¢) Mol., ratios €O for protecting corrosion,

2

*1 2NHy + CO=>Ni1, ~CO0~ NH,

NHa-COO-NHZ—b- NHZ-CO-NH2+H20 | : 3

NH =CO=NH=CO=NH4+ NH—E= «CO-
R 0~NHg NHz NHZ&FQ NH,,



—'UFFGl— ~NGFF— — Diff. betwesen-—

Process Catalyst Process Catalyst UFFG NGFF

parameters parameters

up | Ce) 60% of urea reaction

is completed.

d) Mol., ratio:
" NH,L:CO. = 5.6:1.

—

‘ 3 2
. [High Pre- @ Excess NH3®
.., | ssor Decom=- Excess separator
| POSST Gas 27F
- *®
Reboiler ForlczyMﬂ : a) Press. =18 kg/cm2
High pressure ' L =155°¢
Decomposar %q. 1
Gas =120°C
' : ~-~ b) Gas Gas . Liq.
1 k9/°m2V5=1°°DC Urea -  56.2%
., NHy~ 68.4% B8.79%
18 kg/cm%r& 155°C . 0024 25, 2% 3.49% :
I"‘lzo- 6.4% 31.5%
Biuret- 0.02%
0 .o |
Low pres: ure Decomposeiqéga a) Prese.- 1.9 kg/cm2 a) kg mol/-% by wt.
Decomposer o 0 hr. '
& R “v. Steam at s liqe =~ 1430°C
sboflaer 10.5 kg/dm> . ! 0 NH ~ 69,4 - 12.1
for L.P.Decom=- 'Exée;s _ Gas = 1420°C 3
pog = - | y ‘ b) Gas Lig. Carbamate-26.7 - 21.1 =
Casg" ' W ' _ Urea - 66.8% Urea -~ B80.1 - 48,8
: ‘ 0 as NH5 - 48.5% 1.1% H,0 - 98.7 - 18.0 ,
1.9 kg/em§E 130°C . to (7) Co, 19.3% 0.5%
| o € H,0 32,28 31.2% -

Biuret —~  0.3% <
B



—UFFG—

Process
parametsers

Gas — éz)

Separator !

0.3 kg/szv&112

b

Distributor

T

.
Urea So1™. @E) )

Clrculatlon
Pump for
Crystallizer

Y

l.".r),f'stalli---I

zor |~ To vacuum

3

Slurcry '
Fead Pump Gi)

Y

Centrifugé|~Z To mother

liquor
(5

Catalyst

~ NGFF =
Procass Catalyst
parameters ° -
Decompser

Separator (5 Gas

¥ to 9

Evaporator
Feed Flash
Tank :

¥

Evaporator
Feed @

Pump

\i “

Generator

Evaporator C@D

-

Prilling
Tows1

Prills
Convayor

@ .
@

a)

b)

— Diff., between—
UFFG NGFF

Urea Slurry having
nearly 35% of cryetal
is:sent to centrifuge.

Crystal Urea from Cen=-
trifuge contains
1,0=1,5% of H,0 and
0.10 =0,15%

of biuret.

—



—UFFG— "

Process
parameters

Catalyst

Scrows & Belt

" | Conveyors

€

Y

| Dryir I

Cyclone

©

Screw

Y

Convaeyor QE)

10

Strainer, Head
Tank Distributor

—NGFF =

Process

Catalyst

parameters

Prills
Coolsr

@

b

Cool

1 Fluidizing

\

Y

gr
|Tomm91 QC)

Product
Urea

@

@

Prills of
Urea

-~ Diff.betuagn=

UFFG

NGFF

F



RECOVERY SECTION

—UFFG— ‘ - NGFF— : — Diff.betwesn—

Process ‘ Catalyst. Praocess Catalyst UFFG NGFF
Parameters - - .pParamsters : :
Mother Liquor Gas from @ | a) Inert gasss are purged
from Centri- |~ Inert Decomposer : ' to atmosphers.
fuge .17 gases ‘Separator
[ '
S ; . Gas
o ' - from
V . L.f . V

Gas Conden- h ME A Absorber @ a) Mother liguor is used
ser - .. Gas from - soln, Striper . ‘ as absorbent «

o (e1) & (83)

b) Heat is transferred by
., coeling water.

Yy _l . c) Pressure & tempsraturs
are 1.5 kg/em2ang 45°C,

Saua Absorbér Gas ‘

sofn. separator Aqua NH3
1 Tank
Low Pressura‘gzkas f rom | 1 Secondary 6{)
Absorber - (60) Absorber

(i
il



—UFFG— " —NGFF— . ‘ — Diff.betwueen—

Process  Catalyst . Process Catalyst NFFG NGFF
parameters Lig, From Parameters ‘ -
@10 o |
_ | High Pre- ‘H.p-ﬂchD_ Secondary _ a) Heat is transferred by cooling
Lig,~—— sslre . cooler Absorber . water.
Absorber ' . Gas . ; : C
_ - ) : - T _ b) Pressure and temp. of liquid
Fromez@‘ % ”',5 Separator . are 17.5 kg/cm2 & 500C,
C , Mot er 'Liquar | c) The Co, concentration of mother
UJCZD‘ L Recovered QE) o - liquor in H.P. Absorber is 30%:
| NH; Compr. d) Pressure & tempsrature of o
| *r' liquid is 17.5 kg/cm2 & 100°C.
V ‘ ‘ | : : e) Concentrated carbamate Soln,
_ ' - | Recoverad @ contain
NH; Inter-Cooler
3 . Urea = 8.3%
with separator ) NH3 - 36,0%
. ,‘ ’ ,l C02 - 30%
s 1 H,0 = 25.4%

Biuret- 0.3%.

' J l R d )
___u gé;:;ator @—?D@' o N;;oggzgenser .
] | v
NH5 e - Ciguid

Condenser : - NH3 Storage




—~UFF G

Process
paramaters

Catalyst

Recovery

®

r

NH3 Regervoi

e

Waterl—4>

NH3 Recovery

Absorber

-

Liquid to

R |

Liqg,
From(85)

. —=NGFF = ' - Diff.betwesn—
Process Catalyat UFFG NGFF
parameters

I Eaal '
CO2 ~bsorbed Gﬁa

Mea Soln.

from
absorber Stripper

1

Y

Sﬁripper

Reboiler

L |

Y

Gas
" to (75)

e:llq. tD.

Mea Haeat
Exchanger

Mea surge Tank

|Regenerator]L1q. to .
Y

Regenerator
Condenssr

Y

@ZD.

NH Sorubbar|éD)

[

CO2

Compresgsor

Fakad

23



e

4.3  Findings and Camments

1+ - For removal of sulphur from NG,Chemical process is

used in UFFG and mechanical process is used in NGFF, In Chemical
-

Process, Zn0 is used as catalyst in DSV whereas activated charcoal

is used in mechanical process in DSV,

2. In UFFG, reformation takes place at higher pressure
and temperature than that of NGFF.'Ths'uaiues are respectively

30.3 kg/em® , 817.8°C and 6.5 ko/cm? , 620°C. \

3 for reformation, steam/cagbun ratio is mainteined at
34531 in UFFG. It is 14:1 in NGFF. The higher steam/carbon ratio
will give minimum Sdof formation rgsultiﬁg in high 502/50
convarsion, | o

4, Ni oﬁ Caicium alluﬁinate used as refopming catalyst
in UFFG and Ni on rsfractory of Mgo, AL,0, , Ca(AlOz)2 and Ca(SiOB)
used as catalyst in thse other.

Se GHdacontent at the snd'oé reformation is 0.2% to 0.6%
in UFFG and 0.3% in NGFF.

6. After reformation, for conversion of rest of CO into
C02 » Zinc-copper used as catalyst in UFFG and conversion rate
is about 97%. Thus total content of CO at the outlet of shift

convertor of UFFG varies 0.35 to 0.50%,

Iﬂ*NGfﬁ, where Fe30a is used as a catalyst conversion rate
‘is 60% and the total consent of Lo, in the outlet of CO-convertor

is 2%-



74 To remove CO, in the UFFG plant, BV solution is

2
"~ used as absorbing solution. The purified gas contains about

0.13% CoO But in NGFF carbonate solution is used as the

2.
absorbing solutios. The purified gas contains 0.8% and 1.4%
C02 and CO respectively. GV solution is prepared by KZCOB’

AsO3 and water,

8. For final purification of gases in UFFG , the Metha-
nator is used where C02 ahd traces of CO ars converted into CH&

and used as fuel in another section.

Cu-Liquor‘Scrubber and Final Purifier is used in NGFF for
purification of gases. After puriFicatiun,the gas contains C02

and COEFrom 0 to Sppm and from 5 to 10 ppm respectively.

?; -In UFFG, total 802 is obtained from reforming gases
-in COé:Regeneratnr'but in NGFF , 88,88% of total C02 is obtained
from t%e samefprocess and the rest are-obtained from f£lue gases
of utility seétion. For CO, removal from FG Mono=-ethanal-Amine

2

is used as absorbing solution.

10. In UFFG, synthesis of N &‘Hz gases takes place at

2
150 kg/cm2 and converted into NH3 and rate of conversion is about
7.2% . In NGFF, synthesis takes place at 300-365 kg/cm® and the
conversion rate is higher about 12.8%. ‘

17 In UFFG, liquid NH3 and CO2 gas at a ratio 4:1 , added

with a carbamate solution in Urea Synthesis Reactor where 70% of

urea reaction is completed.



Liquid NH3 is added with ligquid E02 at a ratio 5.6:1
in Synthesis Autoclave of NGFF where 60% of urea reaction is

completed. But in this process a small amount of air is supp-

lied for protectinggéﬁr}ﬁéibn.a

-



CHAPTER '« '5

e

DDisJN-TIME ANALYSIS OF AMMONIA PLANT IN UGFF & UFFG



5e1 Background of Down-Time Analysis

The-prﬁduction of a urea fertilizer factory depends
on the aveilable production time and the average capacity
utilisation during the operation. Non productive tims con-
sists of two factors. The one management(technology) indepen-
dent and the other depends primarily on the management(tech¥
nology)- The former factors arse, Fof example, Failﬁra of. gx-
ternal Powerland NG supply, political unrest, periodic over-
haul. Thus these factors cannot be conSLderad while comp8ring
the tachnology assimilation in different factories and will
be called in this thesis, non=productive time. The second
factor, which can be controlled through better assimilation
of technology, should be reduced to a minimum., The examplse
of the second factor are interruption in normal production
due to Faiiure of the units). The loss in production time
due to this factor will be termed here as down-time. Hence
the analysis of the down-time identifies the weak links of
the fertilizer factory, so that in the Futﬁre selection, |
design and operation of such a factory necessary precautions

can be taken,

However, it should be kept in mind that one hour of
dOwn-tims of NGFF and UFFG is not the same, Une hour of down-
tlme of NGFF costs 5.6 tons of urea which that of UFFG 45,3

tons of urea( Annexure-ii).



Down~-time gf various machinertes & equipments is also
dependent on their age. Hence to equalize the age factor,
dﬁwn-time of both factories were analysed at the sams age
level, namely 6 years after the starting of Commercial

Production.

Down~time of NGFF and UFFG will now be analysed in
sections .5, 2 and .5.3 reépectively.

,512 Down-Time analysis of Ammonia~Plant in NGFF

it was described earlier that the ammonia plant is
the msjor component in the urea production and that the pro-
duction ammonia is based an Haber-Basch process of ammonia-
synthesis? The NGFF has its own powarplant to secure uninte-
rrupted power supply. The factory has two separaﬁe lines of_
production{ A & B) and each flow line is equipped with sepa-

rate machineries and equipments has equal éapacity.

The analysis of down-time of the ammonia plant includes
that of the components of émmonia plant as well as that of
other plants, machineries or equipments which will stop the
oparatlon of Ammonia-plant. Production(hour) losses in Ammonia
plant also includes the down—time of this plant as well as the
schedule shutdown of the sames. The total production (hour)
losses of Ammoﬁia~Plant due to overhauling, power~plant and

other cause is listed in Tab1945}1.



Table 5.1 : Production

loss of Ammonia-Plant of NGFF during July,

1968~June, 1971

Month Production loss due to

Failure of m/cs ang Poust Genarating Over - Strike  Shortage Total production loss

8quipments of NH3 unit(Local -hauling (hour) of lubri (hour

and other plants- hour) hour ‘Caf = R+B+C+D+E)

r oil hour)
gy (8) - (c) (o) -
- 1Z6H 1969 1200 1971 1930 1929 "y TG I A G 7 9 I T 170 197 19?0 120 T3 T98T 197017
July 14.7 165.8 63.7 304,0 - 68.1 50,2 467 - - - - - - 14647 233.9 114.0 791.0
Aug. 18005 1.9 1308 384.2 803 15.9 aad bl e - - b L - - 188.9 17-8 13.8 33“02
SeP. 128.2 11"-.5 17305 231-1‘- 1.2 - - 138.‘1 - 1*.9 - - - - 129.9 126.5 173-6 370.3
Oct. 46.2 - 17.0 233.7 31.8 - - - 696 1440 960 - - 443.,5 774 1440 977 6772
Nov. 130,2 335,4 - 168,9 - - - - 1200 547.1 1440 o - 87 1330.2 882,5 1440 255,9
Dec.. 149.1 - - 4,3 - - - - 82.8 = 1664 1265.6 - - 231.8 =~ 1464 1269.8
Jan. 20304 262.9 - 24!5 6 23.3 - ' 3"-.5 - - - 354 - -, 20904 236-2 - a1300
Febe 19.1 53.1 7.6 380.9 - 179,2 - - - - - - - ﬂf’ 191 232.2 7e6 330.9
Mar. 109,1 - 49.3 490,3 279433148 59,3 13,9 - - - - - - 388.3 31.8 108.7 504,24
Apr. = 87¢3 12,6 = . - q5.73 17.1 - - - - - - - - 102.6 29,7 . =,
MEY 45.6 52.7 1%.4 - 101 - - - - - - -~ - bt 4607 52.7 170 -
June 34,3 9.4 120,88 = - - 11¢1 = - - - - - - 34,3 9.4 131.8 -
Total 1060.4 1083 475, 7 2222.3 333.6 137.8 1978.8 1999 3888 16196 - 530.5 3366,8 4501.6 S04666
327.7 674.4 3415.7
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B Be 241 Down=Time Analysis(Unit-Wisg)

QOwn-time of ammonia-plant due to failure of its
machinérfas and sQuipmgnts is listed in table A5.2. The
causes of failure of different items are also different,
After careful analysis, it can be found that the failurs

of different items_dapend on common factors such asih

1) .High temperature
2)  Leakage

3) Excessiug vibration
4) Weay -
5) Blockage

6) Démage

7) | Breakags

(Vo)
~J



Tabla 5. 2t

The influence of Hifferent causes for the

S

failure of machineries and

equipments in Ammonia-plant of NGFF during 1968-71.
Name - of Machineries Caﬁsas of failure !
Leakage High Excessive Waarp Breakage Damage Blockage Total
. Tempy Vibration (hour) (hour) (hour) (hour) (hour)
(hour) (hours (hour
1. Primary Reformer(IRF) "499.3 221,.5 - - - - - | 720.6
2, Sscondary ReFormer(iRF)r - 413,0 I - -. - - 413,0
3. Secondary Air cdmpressor - 12667 313 - - 3541 6e7 199.8
4, Hoater-tube of cu~liquor - - - - - -
section 273.8 273.8
5« Main Gas Compressor 34,8 279.9° 225.,7 37.8 378.8 177.0 132 1151.1
Ist stage 7 7 ." bl 16.9 4.8 4.8 ' 33.5
2nd stage - 40,7 13.6 4,0 72.4 15,7 - 14644
3rd stage - 21,2 9.3 5.3 141.4 80.6 8.4 266.1
- 4th stage 36,8 211.0 202.8 32.5 148.1 75.9 - 705.1
6. Circulator 5148  21.5 65,3 8.75 0.8 - - 1478
7. Primary Separatpr 147,00 - - - - - - = 147.0
‘ Contde==)

Q¢



(Continuation from pPrepage )

"Name of Machinerigs

Causses of failurg

Leakage High Excessive Wear Breakage Damage Block ge Totel
Temp. Vibration (hour) (haur? (Hour) (hour? (hour)
(hour)  (hour) (hour |
8. Bearing box of _
€O, removal section 2.3 = = = - - 2.3
9.  Safety valve of Recovery 241 - - - - - - -
section
10. Heater element of : .
convertor - = = = - 95.5 - 95.5
11: Level control valve of
Primary separator 6045 60.5
12. Level Gauge of Primary 14,3 - - _ _ - - 14,3
Separator . *
13. Level Gauge of Secondary 16,3 - - - - - - 14.3
Separatdr * )
14. Final Purifier of
Cu-LiQUDr - - - - - - 1.8 " 1.8
Total: 763.1 1064.9 322.3 50.5 379.6 368.,0 295,3 3243,9

N2
AN
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54242 Down-Time Rnalysis(Factor-uise)

More detail analysis of the down-time is necessary

to find out the different elements of the items, which cause

the failure,

Tables 5.3, 5.4, 5.5, 8is, 5.7, ‘5.9 show the

down-time of various machineries and equipments and the
Factors which are responsible for the sams. The data are
represented in matri¢es,



Table 5.3 : The failure of different parts of diFFerent'machineries and equipments
of NGFF due to LEAKAGE during period of analysis,

- (hours)
. o —~— Name of Machinsrigs and equipments -
ame of Parts Ist.Re= Main Gas Circulator Primary Recovery Primary Secondary Total
' former Compr, Separatar Section  Separator Separator
(4th Sta- Level J '
- 9e} Glass
B A* #B  a g A B A B B
1.[ TUbBS 227.3 - - T - - - ) - - - - " 227.3
2. Flangs or '
tubes 272.0 R I S - - - 272,0
3. Gas from 4th : ' .
stage joint - 740 5.9 . ~ = = * - - - 12. 9
4. Gas from - 741
drain valve * T = = -- - - - 761
5. Delivary Prg- - .
88UTe gauge - b1 - - - " - = = 4.1
6. Gas from bottom . ' .
metallic point ~ = 10.8 16.8 - = f = : - .- 27.6
7. Gas from Top  _ e - - - - - - ' .
cover holes 4.7 3&.7.
8. Levael glass - - - - - 3.0 144,0 - - - _ 147.0
3. Safety valve - - - - - - - 2.1 - - 2.1
10.Level Gauge. - - - - - - - - 14.3 14.3 28.6
. ' - Y
Total (Individual _ S
flow ling) 47743 1421 20.8 16,8 34,7 3.0 44,0 2.1 14,3 1443 763.4 §
Total: 43%9.3 - 34,9 51.5 147.0 2,1 14,3 1443 763.4

*A, B indicate two separaté,flow lines of ammonia production.



Leakage in tubes and Flanges of that tubes in
1RF Causés the production loss at high percentage.Ancther
important leakage occursAin Primary Separator Level glass
of synthesis section, Leakage in level gauge of Primary
and Sacondary Separator are the causes which hampers in

production,

Table é.& The failure of different parts of different

- machineries ang equipments due to WEAR during

the period of analysis.

Name of machlnerles and equ1p- - Total
Neme of parts mentsg . :

Main Gas Compressor Circulator

2nd stage 3rd Stage 4th

Stage
(R) {8) (R) {8)

Neck bush of ‘ 8 50,6
Cylinder 400 5.3 7.6 23.9 'B Ny
Total : 4,0 5.3 - 32,5 8.8 50.6

Maximum wear occurs in the neck bush of cyllndar of ath

staga of Main Gas compressor and circulator.



‘Table 5.5 :

04

The failure of different parts of different

machineriss and equipments due to BLOCKAGE

{hour)

Name of _Name of mechineries and eduipments Total
_ Parts Secondary Ammonia coolsd Main Gas compressor
Air comp~ cu-solu- Ist Stase 2nd Stage
ressor tion o
cooleaer
B B - R B
1.|h'ater .
Jacket & 6.6 - - - 6.6
cooler
2.Heater - 273.7 - - 273.7'
tube
3eStrainer - - 4.7 4.7 - 9.5
4.0il Filter - - - 3,91 3,91
TDtal ’ 6.6 27307 4.7 806 29307

Blockage of tubes of Ammonia-cooled coper solution

tonler causes the higher percentage of production loss,Blockage

of strainsr, 0il filter of Main Gas compressor also hamper in

prﬁduction at less percentage.



Table 5.6 The failurs of different parts of individual machineries equipments
‘ due to HIGH TEMPERATURE :

game of Name of machineries and BQUipmanté
t — _
arts 1RF 2RF  Secondary Main Gas Compressor Circule- CO., Remg- Total
Air-Compr. tor 2 .
"~ Ist  2nd- 3rd  4th - val Section
Stage Stage Stage Stage .
() _(R) (A} (B)  ~  (a) (8) (R) _(n) (8) (a)
2. Catalyst 26.2 - - - - - - - - - 26,2
3. Brick ‘ L - | ’
Lining 413.0 = - | - - - - - - 413,0

4o Piston - - 8.5 -~ - - - -~ - ~ 8.5
5. Mgtallic ' _
6a+Packing - - 24,7 = : 14.6 20,2 8-0 77,9 93.6 29~5 - 260,6
6. Bearing - - 176 7548 7.0 . . 5,9 7.3 = = - - 113.6
7. Cylindar - - - - : - - 59 = - - " 5.9
8. Piston ring- - - - - - . = 38,4 = - - 39.4
9. Bearing box- - - - . - - - - - - 2.3 2.3
Total (indivi-
dual) flow  221¢5 413.0 49,8 75,8 7.0 2641 26.1 21.1 43.6 21. 2.3 1078.8
line . | _ . 11744 : '
Total  221.5 413.0 1256 7.0 40,7 2141 211.0 21.5 2.3 1078, 8

S0l

0L



o

High tempesraturs of tubes of Ist Reformer and of brick-
lining of 2nd Reformer hampers in pfoductiun ét high percen-
tags. Repairing or replacement of tubss and brick-lining
requires long shut-down of the plant. High temperature of
metallic packing af Secnndary Air-Compressor, Main Gag Compre=-
ssor -and Circuiator.causes the production loss at high psrcen-
‘tage. High temperature of bearing and piston ring are also the

causesof production loss at less Percentage.

Table,5;7 The feilure of different parts of individual
“’ machineriesdequipmoents dus to EXEESSIVE VIBRATION

(_hour)
'gama of Name of machineries and equipments Total
_ arts Secondary Main Gas Comprssor Circulator
Air-Compreg- -
ssor 2nd stage 3rd ; 4th
' stage Stage :

_ (A} (B) (B —"TAJ(B] _(AJ (8) (A (8
Cylinder 97,8 - 3.5 5.4 3.9 120 3646 52.8 12,5 25646
Bearing - 19,5 - - - - - - - 1945
Liner - . - - = = 46.1 - - 4641

Tutal - 3103 | 13.5 9.3 = 202.,7 - 65.3 32242
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Excess vibration of cylinder of Main Gas Coﬁpressop,
Circulator and Secondary Air Compraséur Causaes production
loss at higher percentage. Liner and bearing of the above
compressors are also the parts for which productibn fails %t

less percentags.

Table 5}8 The failure of different parts of individual
’ machineries4equipments -duse to BREAKAGEV_

(_hour)

Name of machineries.and squipments
Ist stage 2nd stage 3rd stage 4&th stage

(R) _(8) (n) (B) (R) (B) (A) (B)

1« Strainer S.6 4.9 - - - - .= - 10,5

Total

Name of Parts

2e. Valve-.Plate - 82,7 = 114.0 = BB.B 251.7

of suction & 6.2
- delivery lins
s Sering of = 8.7 = 14,7 12.6 2.0 . - 34,0
valve
4, Piston ring- - - 25,0 = - - 4.8 29.8

5 Liner of : .
Cylinder = - - - - - 41.0 = 41.0

6. Separator
drain valvs

7. Filter - - - - - - - 9.0 9.0
drain valve

- - - - - - 2.5 2.5

Total 16 7244 141.4 148.1 378.7

Breakage of valve-plate of suction and delivery l;ne of - Main
Gas Compressor couses production loss. Breakage of spring of valve,
piston ring end liner of cylinder of main gas compressor are the

causes of failure of production at less percentage.



Table 5.9 The Failura of different parts of different machingriss and
equipments dus to - DAMAGE,

(hoq;)
Name of parts Name of machinepies and equi ments
- Secondary Main Gas Compressor ‘
Air Compr.
Ist stags 2nd stage rd stage 4th stage Conver- Primary Total
tor Separa~
. . tor
() __(B) () (A) _(8) (a) _(a) (a) (8)
1« Instrument 0,8 3541 | ‘ : ' 35.8
2. Valve Plate 4.8 10.6 - 80,6 7549 - - 171, 9
3, 0il check g |
valve 5.0 5.0
4. Hepator _
elemant ' B340 83.0
5. Heater element ' ,
transformer _ - 12.5 12.5
6« Level Control : . '
valve N | , 60.5 60,5
. Total 35.9 4.8 15.6 80.6 75.9 95.5 60.5 368.8

Damage of valve plate OF Maln Gas Compressor caussg productlon loss at high percentage.
Damage of Heater element DF convertor and Leuel Control valve of synthesis section ars also

hamper in production at laess percentage.

g0L
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5%3 Down-time analysis of Ammonig-Plant in UFFG

It was described earlier that the ammonia-plat is the

major component unit of urea production because CO2 and NH3

gas is produced in this plant., In UFFG, if the ammonia plant
stops once a time, it requiras minimum 48 hours to start pro-
duction agein. The UFFG has its own power-plant for continuous
pouer-supply. The ammonia plént‘has an auxiliary boilsr which
supplies steam regquired in process and also in turbines of
ammonia . and other plants. Two types of ing;rumantal process
trip system is used ammonia-plant. This trip sysfem is .uaad
s safety devicas for process as well as machineries. One is
A-Class trip which stops all machineries in this plant excépt

the auxilliary boiler and anofhar is AA~class trip which stops

all with auxiliary boiler,

- The analysis of dowun-time of aﬁmonié-plant inéludas that
of the components of ammonia plant as mallfas that of othart
plants, machineries or equipmant which will stop the production
of ammonia-plant. Production(hour) losses in ammonia-plant in-
cludes the down-~time of this plant, overhauling, shortags of
raw materiéls misoperation etc. The totél production(hour)loss

due to above causes is listed in table.5.10.



Table

5.10 Production loss of Ammonia plant of UFFG

Year Down-time due to Production loss due to " Total

Failure of Machi-~ Power Mig- g"jf;n Non-gupply

neries & equip~ "~ plant operation ''® 9 of NG

ments of Ammonia and PDB -

and other plants ‘

{hour) " (Hour) $hour (hour)- (hour) (hour)

1877 1542.48 - 12844 1438 - 3469.60
1978 ‘ 667.68 136,456 - 934.85 - 1739.09
1979 292.48 297.94 - - 865439 1455.81
1980 872,86 382.32 146,25 1595:06 - = - 2996.49
1981 - - - ~ 81,48 81,48
Total 3375.50 1 B16e8B2 2%4.65 3967.91 946.87 7859.54

oLt
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;5b3.1 Down-time analysis (unit-wisa)

The down-time of ammonia-plant include the down-time
of its machinery and equipment and that of other plants which
stops the ammonia-planf. The failure of different items depends
on different causes. After careful énalysis-it can be found that

the failureoof different items depends on common factors such es:

f). High-temparatUre

2) oTréuble v

3) Blockage
4) Damage

5) Leskage



Table 5.11 The influence of different causes for the failure
of machineries anc equipments in ammonia-plant of
UFFG during 1977-1981.
Sl. Neme of Machineries Leakage Damage Bloc- ' Troubls High Total
No. wequipments _ kage S Temp.
(hour (hour <{hour) (hour) (hour) (hour)
1. Methanator effluent .
economizer .498,6 27.6 52642
2. Synthesis Compresor 232,32 ' 246.48 478.8
. 3« Vapor line of process '
Gas Rehoiler 145,92 145492
4. Methanator Catalyst 284,40 284,40
5. Air filter 233.28 233,28
Askania valve of , .
Hyper Compressor 170,40 144,00 170,40
‘7. G.V. solution pump 248,88 144,00 392,88
8. Refrigerant-Turbo~-
blower 56040 B2.32 46432 185,04
9« Demi water line 176.18 176.18
10, Coupling of Gas-Air- '
Heatar gil pump €9.76 89.76
11. Heat Exchangsr 96,00 96,00
12. PT line of PA=~117 102.96 102.96
13. Turbine of Synthesis .
Compressor 76.80 76.80
14. Knock-out Drum of 60
synthesis gas 27.6 27.
15, NG Emergency valve 24,00 24,00
Total .1653.02 1083.12 233,52 70,32 467.28 3010,22
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_$.3.2 Down-time Analysis (Factor-wise)

More detail analysis of the down-time is necessary
to find out the different elements of the items which causs

the failuts,

Table 5.18, ,5.13, 5.14, £.15, 5.16 show the doun-
time of various machineries and equipments and the factors
which are responsible for the same. The data are represented

in matrixss,

Table §.12 The failure of differsnt parts of mechanineries
' and equipments of UFFG dus to LEAKAGE(Down-time

expressed in hour

Name of Name of machineries and equipments Total

Parts Methanator Synthesis Process Gas Boiler  Waste
- Effluent Compre~ . Reboiler of Feed Wa- Heat
Economizer ssor GV-section ter Pump 8oiler
1. Tubes  498.60 498,60
2. Vapor line ' 145,92 N ‘ 145,92
3¢ Inter _
cooler 232.32 232.32
tubes ,
4, ngn Stream 111,00  111.00
line
5. Joint of
FCV-524 &
Feed Water
line 65.18 65.18
Total: 498.60 232.32 145,92 111.00 65.18 1053,.02

It is found that the tube leakage of Msethanator Efflusnt
EcOnomizer gives high Percentage of production loss. Inter-cooler
tubes of synthesis compressor and vapor-line of Process Gas
Reboiler of GV-section are also important for which repairing
require long shutdown of the plant. Down stream line of Boiler
Feed Water Pump and Waste Heat Boiler feed water lins are
less important in hampering the production because this type
of leakage requires less time in repairing,. '
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Table .5.13 The failure of different parts of machineris and
a equipments of UFFG due to DAMAGE (Down-time
expressed in hour

game of Name of squipments and machinerigs
arts Methana~ EMV~ Air- Hyper Refri- PA- GAH CV Total
tor 101 Turbo- Compre~gerant 117 0il sqlu-
blower ssor Turbo- . Pump tion
blower pump
1. Catalyst 284.4 ' ' 284.4
2. Air | - | _
Filter . 156400 77.98 B 233.28
3. Asﬂania 170. 4 170.40
valve ' : ' o
4. Fuse - - . o
breaker ?6.40 56.4

of instru-
ment Pangl

5. PT LinB ' : 102. 96 102. 94

6. Coupling B9.76 248.88  338.64
Total 284440 156.00 77.98 170.4 56440 102,96 89.76 248.88 1083.12

Methanator and GV solution pump coupling are the main item,
which hamper the production at high percentage dus to their damage.
They require long shut-down Ffor repairing‘and or replacement. Air filter
Rskania:ualue of Hyper-compressor, PT line of PA-117 and coupling of Gas
Air Heater(GAH) 0il pump are the items which cause the production loss at
considerable percentage. Fuse breaker of instrument panel of RTB is also

a item of which damage hampsrs production at less percentage.



Table 5.1a The failure of different parts of machineries and
equipments of UFFG due to BLOCKAGE(Down-time expre-

ssed in hour)

Name of Parts Name of machineriss and equipments Total
Heat Methanator - RTB Synthesis
Exchange Effluent Gas Knock-"
of GV Economizer out=drum
solution
17« Tubes 96,00 96,00
2. Drain Valves 27.60 27.60
3, Luboil line 82,32 82.32
4, Level Glass 27.60 27.60
" Total ‘96,400 , 27.60 82.32 27.60 233.52

the highest production loss. For cleaning of tubes of any

Blockage of tubes of Heat.Exchanger by GV solution causes

Heat

Exchange is a time consumable work. Blockage of lubricating oil

line of RTB also causes production losses at high percentage.

Drain valves of Methanator Effluent Economizer and Level Glass

of Synthesis Gas Knock=Out-Drum are also the items for hampering

Production,



Table 5,15
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The failure of different parts of machineries

and equipments of UFFG due to

tims expressed in hour)

TROUBLE (down=~

Name of Parts ~Name of machineries and_equipments Total
' Steam regulating NG Emergency
valve of Refrige- value '
rant=Turbo-Blower
1e Lift 46432 46.32
2e Seat 24,00 24,00
Total 46.32 24,00 70,32

The lift of the steam regulating valve of RTB and NG

emergency valve give some trouble i.e the valve lift and

seat does not move up to the specified mark during operation.
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Table =5316' The failure of different Parts of machineries
' and equipments of UFFG due to HIGH TEMPERATURE
(down-time expressed and in hour)
Name of Name of machinaries‘and'aquipments Total
Parts
Synthesis ~ Turbine GV solution
Compressor of Hyper Pump
Compressor
1+ Radial 246.48 246,48
bearing
2, Thrust 76.80 76.80
- bearing :
3. Coupling 72.00 72.00
4. Bearing 72.00 . 72.00
Total 2646.48 76,80 144,00 467.22

Radial bearing of Bynthesis Compressor, thrust

bearing of Hyper Compressor and bearing of GV solution

Pump fails due to high temperature.

Failure of any bearing

ef Synthesis Compressor Causes production loss at high per-

centage because its repairing and or replacement requires a

leng shutdown.
is the main Part for which

temperature,

In the above table it is found that bearing

equipment fails due to high
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It was discussed in Chapter 5'that ammonia plant
is one of the plants’which-is mainly responsible for the
down-time of both ths factories. The major units of the

ammonia~plants which caused these failures are:

Table 5&1 Doun-time of different units of ammonia~plants
in NGFF and UFFG during the period of analysis

Name of units Percentage of Total Percentage of down-
: Productive time time.of ammnnia plant
NGFF UFFG NGFF UFFG

1« Main Gas Compressor

/Synthesis Compre- , o 1.61 36,50 15.87
2. 1RF 136 - | 22,05 -
3. 2RF | 0.77 - 12,07 -
4, Ammonia-boolad
Cu-solution cooler O.51 - ﬂ : 8.65 -
B. Secondary Air-Comp- :
ressor/ATB 0.374 . = T 5434 -
6. Circulator/RTB 0.277  0.46 4,70 4,53
7. Methanator Effluent : , .
Economizer - : 1e77 - . 17.45
8. Methanator - ' O.é5 (- | 9.36
9, GV-solution pump - 0. 786 - 7.75
10. Air Filter : - 1. 320 - 13. 01
"11. Turbine for synthe- |
sis Compressor - 0.25 - 2.46
12..Turbine for RTB - . 0.15 - 147
13. Other equipments 0.63 . 2.80 10.69 27.61

Tatal : 5,89 10414 100.00 100,00




5001

501

4007

3504

300}

N
S

loss in hours ——— g

200

Production

150

100 ¢+

50

Circulator
Secondary air compressor

Primary reformar
Secondary reformer

Primary separator level
glass

Main gas: compressor

1968

=i
1971

1970

F"G‘Sﬂ. Down-time of different equipments of ammonia pilant in NGFF



The major factors which baused the failure of ammonia-

Plents during the period of analysis are:

Table 6+2 Down-time of ammonia-plants due to different .
factors in NGFF & UFFG during the period of analysis

Voo of factora  [SToentage of totel  Pevoentags of doun-timy
NGFF = UFFG NGFF UFFG
1. High temperature 1.9  1.57 ' $33.78 15.88
2. Leakage | 1443 3455 24427 . 35,00
3« Excessive 0,60 - - 10.18 -
vibration '
4, lWear - 0,09 - 1.52 : -
5. -Breakage 0.71 - . | 12.05 -
6. Damage : 0.68. 3.65 11.54 35,99
7. Blockage 0.55 0,78 9.33 7.69
8. Trouble .. - 0,23 | - 2.26
Total | 5.89 10,14 100,00 100,00 :

In the'Following the uariOUS'units which caused the
down-time will be discussed to identify the operational sui-

tability in both the Factories.

Main Gas Compressor(MGC) /Synthesis Compressor:

In NGFF Main Gas Compressor is used to attain the syn-

thesis pressure in Four stage(reciprocating_compressor).



Synthesis Compressor is multi-stage centrifugal compressor

used for Same purpose in UFFG.,

Fige 7.2 gives a relationship between down-t1m9 of
MGC and the output pressure of the various stages. The equa-

tion is,

X = 0,947Y - 9,478 =.0 ' (1)

- where, X Down~time of the compressor in hour

<
]

Output pressure of a compressor (kg/cmz)

The range of synthesis compressor(23.6~150 kg/cmz) is
equivalent to the range of 2nd and 3rd stage(19.a~140k9/0m2)
of MGC, Surprisingly the Point due to synthes;a compressor
~ (shoun as @ infig. 7.2) fits quite well to the equation 1. )
Thus from breakdown-time anélysis it cen be said that for the

same working range the centrifugal compressor does not have

an edge over the_reciprDCating compressor,

Primary Reformer (1RF)

" The 1RF.0F NGFF caused a production loss of 4024.8 MT
of urea due to its down-time whereas that ﬁf UFFG gives uninter-
‘rupted production during the period of analysis., In NGFF,pri-
mary reformation occurs at B.2-6.5 kg/cm2 andl399-620°C whereas
' in‘UFFG.it occuré at 34.36-30.3kg/cm2 and 410°C—817DCo The
‘high ﬁressure and T@mperature in the reformer tubsgs in UFFG has
thus besn found suitabie. The design,material and manufacturing

‘problems have not been studied in this case. But it is apparent

that these problems will be less significant in UFFG.



Secondary Reformer{2RF)

ZﬁF causes production loss in NGFF whereas it does
not hamper in production in UFFG. Secondary reformation
occurs at 6.5-6.4 kg/cmz, and 620-816°C in NGFF ﬁharsas it
occurs in UFFS at 30.3-29.7 kg/cm? and B17.8-1010°C. The
high tampe;a@ura and pressure in the brick=lining of 28F of
UFFG is suitable. The design and'manufacturing problems of
this liniﬁg are not studied. It is seems that these problems

.will be less significant in UFFG.

Secondary Air Compressor(SAC)/Air-Turbo-Blower(ATB)

Secondary Air Compressor(reciprocating Compressor) of
- NGFF elevates ths pressure of air to be used in 2RF. ATB

(centrifugél compraessor) is used in UFFG for same ﬁurpdsa.

From down-time analysis it is found that SAC causes
production loss in NGFF whereas ATB gives uninterrupted
production in UFFG, SAC works at 1=-747 kg/cmz in NGFF whereas

ATB works at 1-34. kg/cm? in UFFG.

Thus for this working range the centrifugal compressor

has an edge over the reciprocating compressor.

Circulatnr/ReFrigerantéTurbu-Bluwe:(RTB)

In NGFF, circulator is used to a elevats the pressure
of the loop gases to the synthesis pressure., RTB is used for

same purposee in UFFG,
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A

Circulator is a reciprocating compressor working at
40,4°C and 330-365 kg/crn2 whereas RTB ié centrifugal compre=
ssor working at 129.6~150 kg/cln2 and'aO—BOOC, The obéerued
down-time of the circulator is 147 hours, while that of RTB
is 138 hours. Thus for the given working range, none is signi-

ficantly better than the other.

It may be recalled that, the fourth stage of MGC in:NGFF,
which operates at 137-365 kg/cm2 caused a down-time of 3q1 hours
This diFFerence in domn-time‘between the circulator and ‘the
fourth stage of MGC is mainly due to the working range. Simi-
lafly the difference in the down-time of centrifugal compressor
in RTB as well as in synthesis compressor is due to the operating

conditione.

GV Solution Pump

GV solution pump of UFFG is used to circulate the GV
solution(CO,~absorber solution) from coz—fegenarator to CO,-
Rbsorber. GV sﬁlution pump caused a production loss of 17821.9 MT
of urea due to its domn-tima duping the period of analysis. Out
of 392,9 hours (13.01% down-time of ammonié plantq) down-time of
GY solution pump, 248.9 hours(63.26%) down-time is due to damage
of coupling and 144 hours (36.65%) is caused by the high tempera-

ture at coupling and bearing.

Rmmonia~Cooled Copper-Solution Cooler/Methanator, Methanator

Effluent Economizer:

The process involved in urea production in NGFF requires
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a Ammbnia-cooled Copper-Solution Cooler for final purifi-
cation of synthesis gases from carbon-oxids gases. In UFFG,

for final purification of synthesis gases from carbon~oxide
gasesy methanation of carbon-oxide gasaé takes place in
‘presence of cétalyst Ni(Ni on calcium éluminate) in Methanator.
After methaﬁation, the éyntﬁesis gases is cooled in Methanator

Effluent Ecuhomizsr.

Ammonia-Coolsd Copper-Solution Cooler causes 8.65% down=
time of ammonia-plant due to the blockage of its heater tube.
“ Methanator Causéa 9.36% down-time of ammonia plant due to the
damage of its catalyst., Methanator Effluent Economizer caused
a down-time of 520,72 hours(17.45% down-time of ammonia plant)
while leakage of tubes 496.6 hours(94%) and blockage of drain
valves 27.6 hoﬁrs(s%) « The process of final purification of
synthesis gases in UFFG caused a total doun-time of 810 hours

(25.91% of down-tims of ammonia-plant).

Therefore, from above discussion and from table 6.1 it
can be"said, Process of final purification, used .in NGFF will

give less down-time than that used in UFFG.

Table_§;2.shdws the major factors which caused the fai-
lure of the ammonia~plants during the period of anal}sis. Both
high temperature and leakage causes 58% of the down-time of
ammqhia Plant of NGFF. But in UFFG, leakage and damage are

responsible for 71% of the down-time. Though UFFG operates at



much lower pressure, Hut its failure due to leakage is more

Predominant; uthan the case in NGFF({ Table 5 2, 5-11. 5 2).

Damage of items such as instrument, ualve plate; heater
elemaﬁt transFormer, catalyst, coupling caused much higher
down-time in UFFG(1083 hours, 35% of total down-time of ammonia
lplant) than in NGFF(368 hours, 11 5% of total down-time of ammonia
plant). Coupling is the major cause in UFFG while the valve plates

1n NGFF.

In NGFF, high temperature at items such as 2RF, 1RF, MGC
caused much higher down-time(1064 hours, 33.78% of total down-
time of ammonia plant) than in UFFG(467 hours, 15.48% of total
down-time of ammonia plant). The £amhefature in 2RF in NGFF is
816°C and the down-time due to high temparatufe in'2RF'was
413 hours(12,077 of total down-time of ammonia plant) The 2RF
in UFFG also works at 816°C and it does not ~ have any problem,:

The cause of breakdown in NGFF may be due to product design.

High temperature at the bearing of Synthesis Compressor
Causes 246 hours(8.17% of total down time of ammonia plant)

down=-time., There is nb » such problem in NGFF,



130(3)

CHARTER ~ g

SCOPE OF FUTURE WORKS

Scope of future study may extend over the following

areasi: -

1)

Study of the design and manﬁfacturing aspects of

the troubled 8quipments kesping in view the technology

transfer,

2} Detail analysis of the causes of failures and

ldentification of the contribution of the plant inherent,

operational and maintsnance problems.

-
3) In-dapth down=-time analyéis in vurea plants,

4) Determination of scale of economy of urea ferti-

lizer factories in Bangladesh with a view to achieve tech-

nological self-reliancs in this field,
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A= G Nati 1P t f Bangl desh at current proce
1 rogs atlona roducts o angla [Million Tk)

Sectors : 1976=-77 1977-78 1978-79 1979-80 1980-8?
(Provisional)
1. Agriculture 53691 7 248 78945 - 93299 104976
2. Mining & quarrying 2 2 2 2 > 2
3. Industry 8660 9403 - 10315 12511 15050
i)large scale 4787 5298 5812 7051 6512
< ii)Small scale 3873 4405 4503 5460 6538
4. Construction 5807 6155 7232 9289 11930
5« Power,Gas Water 281 245 260 369 470
. & Sanitary services X .
6. Transport,storage 7334 8819 9547 11521 11902
and communication
7. Trade Services 10384 12832 15634 19048 21575
8. Housing services B024 B249 9338 11464 12953
9. Public Administra- ; 23 5019
tion & dofence 3350 3457 3567 4231
18. Banking & Insurance 1002 . 1034 1454 1833 2192
11+ Professional and - '
Miscallanenus service 6896 7846 8680 8883 9893

12. . GDP at market prics 105361 130290 144774 172450 195962
13« Indirect Tax, net of

subsidies(~) : 5720 6929 8142 = 11083 13316
14. GDP at current factor ' . '
cost: 99641 . 123361 136632 161367 182646

15 Net factor in come
from the rest of ths

world(+) : 425 1229 1842 3470 4269
16. GNP at current factor ‘ ' ‘
~ cost 100066 124590 138474 164837 186915
.17. Net National Prg- | .

~ duct(income) 93878 117136 130224 154982 175833
Population(in million) B81.8 83,7 85.6 87.7 89.9
Per capita GDP at
factor cost(Taka) 1218 - 1474 1596 1840 2031
Per capita GNP at .
factor cost(Taka) 1223 1488 1618 1885 2079
Par capita NNP
(National Incomg) 1148 1399 1521 1767 1956

Source: Statistical Pocket book of Bangladesh.



A~2  Sectoral shapes of GDP gt current price

Sectors Years 1980-81
: igig=-
1976=77 1977-78 1978=79  1979-80 (Egi"ls °
1« Agriculture 50,9 55.5 54.4 54.0 53.6
2. Mining & ‘ .00
Quarrying « 002 « 002 TOO1 | « 001 1
3. Industry 8.2 7e2 - Te1 Te3 Te7
- i) large scale 4.5 4e1 4.3 41 4ol
ii) Small scals- 3.7 7.1 3.1 3.2 3.3
4. Construction | 5.5 - 4.8 5.0 5.4 6e1
5. Pouwer ,Gas, '
Water & Sanitary _ . _
services 0,2 0,2 0.2 0.2 : 0.2
6. Transport,
Storage and
communication 7.0 . 6.8 6.6 6.7 6.1
7. Trade Services 9.9 9.8 10.8 11.0 11.0
8. Housing Services 7.6 6e3 6,4 6.6 : 6.6
9. Public Adminis- ‘ - }
tration and ' ’ o6
DEFBnCB 3.2 2.7 2.5 2.5 ‘ 2
10. Banking and ' ' .
Insurance 1.0 0.8 1.0 _1'0 1.1
11. Professional & _
Misc.services o 645 6.8 6.0 5.2 . 5.2
12. GDP at Market ’ .
prics -100,00 100.0 100,0 100.,0 ; 100.0

T

Sourcet Statistical pocket book of Bangladesh.
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A-3  Scientific classification of fertilizers

Ferfilizer 7
| T | )
1) Bulky organic 2) Concentrated 3) Artificial
fertilizers . - organic ferti~ fertilizer
lizer
1« Farmyard Fertilizer *1.  0il cakes
*2. Compost *2, Guano

3. OGreen fertilizer

| — T 1 |

1) Nitrogensous 2) Phosphatic  3) Potassic 4) Compound 5) Mixed

i
1) Inorganic 2) Organic
ammoniates : ammoniates
r ! ] ] | - i
Ammopiacal Nitrates Ammoniacal Animal Plant Synthetic
' and source origin
Nitrates
1. gmmunium 1.50dium 1.Ammoniumi. Blood 1 0il caeke 1, Urea
AU1Phat9 " nitrate Nitrate meal 2, Garbzage 2. Calcium
2. Ammonium o : . waste cyanamides
Chloride 2e §';;s? meal

waste S _
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A=3 Scientific classification of Fertilizers(Contd)

2) Phosphatic

i

| — — |

Natural - Treated or Industrial Chemical
' processed by-product or
synthetic
1. Ground 1.5uper
rock phosphate phosphates 1.Basic slag  t.ARmmonium
*2.Bone char phosphate

2, Bone mesal

3) Pota?sic
r , I ' ‘ 1

Natural 7 Processed . Synthetic
« P : C
1 mg:2§h *1, Muriate of 1. Potassium nitrate
18ral
. polash

2, Potiassium phosphate
2. Sulphate of ”
potash :

* GLuana is a naturally occuring concentrate organic fertilizer,
-consiting of excrements and dead bodies of sea-binds and

sea~animals, The fertilizer contains'varying of Nitrogen

5
Bonechar is a product of bones obtained by heating the bones in

5 to 16% ,P,0; 8 to 25% and K,0 2 to 3%.

the absence of oxygen and contains 30 to 35% p2°5'

Compost is the bulky organic fertilizer obtained by the decompo-
gition of waste organic residues through the action of
micro=-organism,

Blood is a concentrated organic ammoniates containing 8 to 14%

meal
nitrogen, 0.3 to 1.5% P,0, and 0.5 to 0,8% K,O0.

0il cakes are concentrated organic fertilizers containing varying

ammonuts of nitrogen,phosphoric acid and potashe

Muriate is the popularly ‘used potassic fertilizers made by refining
of Potash : ‘
- crude mineral sylvinite or canallite and analyzes for

48 to 62% K20.
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A-4 Production of fertilizers by types in selected cuuntyies

H

(Thousand metric tqgg)

Country Nitrogeneous .Fhosphate _ Potash

1976-77  1977-78 1976-77 1977-78 1976~77  1977-78
World 46223 49529 268211 30073 25259 25755
Bangladesh 12641 105,7 20,2 17.6 - -
Burma 555  * 555 - - - -
Canada 1204,0  #1342,0  631.8  %650.6  *5655.4  *6206.5
China#*# 3842.0  4600,0 1348,5 1386.9  320.0- 320,00
France | #1462.0 £1470,0  #1490,4 *1560,0 *#1567.1  ¥1669.0s
gg;gggched- 1789.8  1304.7 733,19 722.5  *2217.2  2445.4
India ©1B62.4  199.7 478.3 670,00 - -
Indoneisa *184.2 *457.6 - - = =
Iran 13642 -177.9 109.0 11044 - -
Italy 985.3 1028.7 %#282.6 493.7 141.1 134.2
Japan C 1171.0 1446.0 625.0 69640 - -
Korea, Rep. 534.5 668.8 214.8  309.3 - -
Pakistan .309,3 30647 11.9 13.5 - -
Romanig 1331.0 1B81.0 493.0 54840 - -
Turkey 189.0 1693 344.2 275.8 - -
UK. - 1071,:0 119940 43850 43750 149305 1209.0
USSR 8531, 0 9025,0 5226,0 5586.,0  8310,0 8347.0
USA

* Estimated figure
¥ FAO Estimate

Source: 1. UN Statistical year book 1978, : .
2, Bangladesh datak Statistical Pocket boock of BD 1979,

s 'I'u-\



A-5 Consumption of fartilizers per hectare 6? agricultural area

in selected countries

(1000 grams N, P20, ¥20)
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Country Years

1961=65 1966 1971 1976
World B.5 1.4 15.9 20,8
Australia 167 2¢4 1.9 -
Bangladesh 442 7.9 1148 2442
Burma 0.7 1.1 4.1 4,9
Canada 8.3 . 12.6 12.8 20.7
China ~4.5(F)  8.5(F) 13.1(F) 18.4(F)
France 82,3 995.8 152.0 15742
Germany F.R. 185.6 1965 244,3 25647
Indgia® 3.4 7.0 14.8 18,8
Indonesia 4.3 5.0 8.0 16.7
Italy 95.3 54,5 82.1 2101
3apan 298.9 347.7 333,6 29141
Korsea DPR 76,3 73.0 161.0 195,8
Korea Rep. 15645 183.2 26143 285.1
Netherlands 23242 257.1 282.5 30242
New Zeland 27.7 29,9 35.0 37.8
Norway 154,84 16947 22443 248,7
Pakistant 2.7 4.5 1547 25,7
Philipines 1149 13.6 26,2 31.8
Srilanka 36.4 3843 34,9 35.7
Thailand 21 5.1 9.0 13.2
U.S.A, 21.3 29,1 35.9 4647
USSR 6.2 10,3 171 27.9
Vietnam 1342 1.7 28.6 36.8

Source: F,A.D.
1 Hectore = 2,4711 acres
FeAu.D, Estimate,

F =

Annnal Fertilizer Review

1977



A - 6 Production fettilizers by types in Bangladesh.

(In tonnage)

138

Year Urea TSP Ammonium

Sulphgte
69-70 94,500 - -
70=71 51,200 - -
71-72 47,000 - -
72-73 207,200 - 5,006
73-74 274,590 - 10,129
74=75 - 68,011 32,337 4,850
75~76 275,541 48,190 5,710
76=77 287,343 47,222, 9,114
77-78 208,715 37,667 9,304
78-79 290,067 57,120 5,244
79-80 - 355,803 66,443 - . 9,404
Source :

Banglédesh Chemical IndustriesiCDrPDration;



A=7  Distribution of fertilizers by type and by nutrisnt content in Bangladesh

(000 Tons)
Year. Urea TSP mpP Total N 46% P04 K,0, NH;CO, Total
' of 60% of 60% of - 28% of
Urea TSP MP _ H.P,
TSP AR '
1970=71 212.34 74.81 17.08 304,30 97.67 34.44 18424 - 142435
©1971=72 169,71 60.13 13,92 249.82 78,06 27.65 8.35 - 114,06
1972=73 275.64 BB.91 18.47 384,02 126.89 40,89 11.08 - 178,76
1973=74 267,67 93.82 18,39 379.83 120,36 43.15 19.03 - 174454
1974=75 176.06 75,09 17662 281.20 804,20 34,99 10,57 3,19 129.23
1975-76 311,96 110.06 21.74 448,12 143,50 50,62 13,04 1422 208,38
1976=77 349.26 125,59 22,38 505,27 160.66 55,77 13.43 1.13 230,99
1977=78 477,45 191.33 41,00 713.05  219.63 88,01 42,60 0.92 333,16
1978=79 470.56 177.65 47,50 704.17  216.46 B81.72  28.50 0,93 327.61
1979~80 535,98 206,19 88.24 B41.97 246.55 94.B9 *2.94 0.89 395,20
Sourcse Bangladesh Agricultural Deualobment-Corporation.

6CL



R=-8 Cas analysis(Mol-%) of Natural Gas of Haripur

Gas Fields(NG of NGFF)

140

Methane 96,26
Ethane 1.99
Butane & Higher 0.32
Propane 0. 14
Nitrogen 0.95
Carbon~di-oxide 0.54
Total Sulphur(Grain/100 SCF) - 0.298
Specific Gravity(Air-1) 0,575
Calorific Value (BTU/SCF) 1052
Gas Pressure(before Compression) 450 PSIG,

Source: Petrg Bangla
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A-9  Specification of NG of Titas Gas Field(NG of UFFG)

1.
2.
3e
G

59

6o

7.

Specific gravity(air=1)
Carbon/Hydrogen(Wt.ratic)
Molecular weight 7

Net calorific value(at 16.6°C)
Composition |

tarbonwdi-oxide

Nitrogen

Methane

Ethane

Propane

Iso-butane

N=butane

Iso~-pentane

N~pentane
Hexanes
Heptanes

Sulphur

Gas pressure{before compression)

Gas temperature

0.574

3.036

16.616
8761 K.cal./NM>

Volume %
0.21
O.Zé

97. 11
1. 77

0,02
10 ppm,.
24.5 to 2840 kg/cmZG. .

329C

Source : Petro Bangla



A~10

Attual Production of urea and its Capacity utilisation during the period of . analysis

NEFF UFFG
Year Capacity Actual Cabacity Year Capacity Actual Capacity
(M7 g§°dUCti- Utilisation (MT) Production utilisation
(MT) . (MT) _
1967-68 106,000 73,969 69.78 1977-78 340,000 151,037 44,42
1968-69 106,000 54,315 51424 1978=79° 340,000 236,123 69.44
1969-70 106,000 60,852 57.40 1979-80 340,000 240,614 70476
1970-71 106,000 37,637 35,50 1880-81 340,000 245,482 72420
1971-72 106,000 35,156 33416 1981-82 340,000 252,863 74437
Average production 52,385 49,4 228,423 67.2

chb



A=11 Actual production of urea in sach flow=line of UFFG and NGFF during the period of
analysis, . _

Factory Total operating Capacity Average production

- hours Annual Total - In each  Annual  Total In each
. flow line . . flow line
(MT)  (MT/Hr)  (MT/hp) (MT) (MT/hr)  (MT/hr)
NGFF 46,834 106,000 1441 7.0 52,385 11¢2 5.6
(Jul.1967
to
Jun,' 1972)
UFFC. 24,824 340,000 47.2 47,2 - 228,423  45.3 45,3
(Jul.1977
to

Jun. 1982

ChL
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A=12 Working pressurs and temperature of compressors of NGFF & UFFG

Name of NGFF
equipments _ - UFFG
Input Output Name of _“hput , Dutput
Ptess Temp. from Press Temp To equipment Presg Temg. From/\Presg Temp, To
Stage kg/cm? (oC) kg/ (oC) kg/cm (og _kg/cm (oc)
cml : ,
1s Main Gag Ist 6 378 Knock 20 . 107 Cozab- 1¢NG compr. 28 32.5 Filter 35 45 Fead
Compress~- out ' Stock
or Drum sorber Steam
: L - ) Heater
2nd 19,4 40 Gas after 140 40.4 Cu-lig.2.Synthesis 23.6 40,0 Syne 150 170  Synthe
& codler scrubber compr. : knock sis
3rd ' : out Hot
' Orum ExcHa-
‘ nger
4th 137 Te?2 High Prg= 365 40,4 Filter 3sRecircu- 129.6 40 Syn,’ 150.. '55 Syne
'~ ssure & then lator : Ist Hot
separator cold Cold Exch=-
axchan=- Exch= anger
o ger angaer ‘
2. Circulae- 330 40,4 Primary 365 . 40.4 Filter 4.Air Compr.Atmosperic Atmos- 34 140 2nd
tor separator ' & then press and phere steam
' Cold temp. supar-
: Exchan- . ‘heater
ger
3. Secondary - Atmospheric Atmog~ T7e7 37.8 Airp=
Air-Compr,. pPressurs & phers Receivar

temp,

L

;é.



A-13 Productive and Non=productive

hour of NGFF and UFFG during the period of analysis

Factory Period Availa- Non productive hour dus to : Non Prod.‘ Productive
of ~ ble pver fower fai- Risk Crea- _Non Supply of hour hour
analysis hour hauling sure from ted by = ] o '

POR political” Natural; Lub,oil ,
background 928 : -
IOI [ IOI g Total % To- . 4 . To- % Total%'-mfb Total ¢
w-a -ea -tal -tal
NGFF  Jan./e8 - ‘
- 32; =" 63,360 3977.74 - -  5507.6 6 5305 = 10021.8 - 53338 -~
Dec./71 6427 *8.69 .837 15,01 84,18
UFFG 3“t£77 35040  3967.9 526,56 BB4.4 537849 29661 1
f
Jun/81 11432 1.5 2.52 15, 35 84,64

* From 1J01,68 to 01,02.,71 include 42 months,
For double flow line of Production, total available hour = 44 months x 30x24

is not obtained.
= 63,360 hour,

LA 2

but 4 months deducted becauss their down-time analysis

Ouring 1971 war and liberation movement in 1969,

b o
Wl

=

(4!



A- 14 Down-time of differsnt machinerises and equipments of Ammonia-Plant

in NGFF during January 1968 to Dacember, 1971

Total Main Gas 1Igt 2nd Heater Sacondary_ Circulator
production Compr. Reformer Reformer Tubse of Air Compr,
hours - Cu-ligqg.

section

Other squipments

Total Per¢t. Total Perct Total Per.fotal Peret, Total Pe- Total Peret,
-rct. ret,

(hr) . (hr) (hr) (hr) (hr) (hr)

- Total Pergt,

(hr)

53,338.2 1151.1 720,75 413 273,75 199.8 147.8

2415 - 1364 0,77 0s51 = 0,374 - 06277

337.66

0.63




A-15 Down=time of differsnt machineriss and equipments of Ammonia-Plant in UFFG
during July 1977-Jan, 1981 .

Total Syn. Methanator GV,Soln, Methanator Air RTB Turbine Turbine Other Loss of Pro,

Productive Compr. Effluent pump Catalyst Filter for for Syn. Equipments uctive hours
hours - Economizer _ RTB Compr, _ '
Total Per- Total Perct,Total Per Total Per~Total Ps Total Total Total Total Perct,Total Perct,
- ct. , ~ct. “ot. | ~rct; .Per- Per-~  Pgrct. ' |
' o ct. cte
(hr) (hr) (hr). (hr) (hr) (hr) _(hr) (hr) (hr) (hz)
29661 478.8 526.2 392.9 284,.4 233.3 1387 46,3 - 7648 832.8 - 3010.2
1.61 1,77 1.32 0,95  0.786 0.56  0.10 0.25 2§7 10414

L~

.-'.\j
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